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Christian Jacobaeus retires 
as the responsible publisher 
of Ericsson Review 

With effect from this issue ERICSSON RE­
VIEW has a new responsible publisher. 
Christian Jacobasus, D. Eng., the legally re­
sponsible publisher since 1967, retires from 
this post. The new responsible publisher is 
Gosta Lindberg, Technical Director of Tele­
fonaktiebolaget LM Ericsson. 
Christian Jacobasus has not only been the 
responsible publisher formally, he has also 
contributed a number of articles over a 
period of many years and has in variousother 
ways taken an active part in the editorial 
work. 

The editors 

CHRISTIAN JACOB/EUS 
Responsible Publisher 1967-1978 

GOSTA LINDBERG 
Responsible Publisher 1979-

During his long career in LM Ericsson, Chris­
tian Jacobaeus has been of great service to 
the company and has meant much forthe de­
velopment of telecommunication engineer­
ing throughout the world. His work for 
ERICSSON REVIEW has been equally valu­
able. 
However, Christian Jacobaeus' very consid­
erable contribution to this journal has not 
been limited to the decade during which he 
was the responsible publisher. If any person 
can be said to have put his stamp on the jour­
nal during recent decades, this person is 
Christian Jacobaeus. His first article was 
published as early as 1945 and since then he 
has often contributed articles of his own, al­
ways of great interest. The articles which 
ERICSSON REVIEW has had the priviledge of 
publishing have usually been of a general na­
ture with a very marked emphasis on future 
development. It would be no exaggeration to 
say that the content of his articles has been 
of utmost significance for the technical de­
velopment within the Ericsson Group and, 
above all, of the greatest importance for 
spreading knowledge of LM Ericsson en­
gineering all over the world. Through his con­
tributions Christian Jacobaeus' wide general 
knowledge of telecommunication engineer­
ing has made ERICSSON REVIEW the objec­
tive and informative technical journal it is to­
day, 

Bjorn Svedberg 



The First Stage of the 
Saudi Arabia Project Completed 

Knut Albertsson and Sten Henschen 

Previously in this journal it has been described how the world's largest telecom­
munication contract was signed between the Ministry of Post, Telegraph and Tele­
phone in Saudi Arabia and a consortium consisting ofLM Ericsson, Philips and Bell 
Canada\ As far as LM Ericsson and Philips are concerned the contract comprises 
delivery of telephone exchanges, buildings, cable, PCM equipment, network mat­
erial etc., and its installation to form a complete, modern telephone network ready 
for service. The Bell Canada contract comprises the operation and maintenance of 
this network for a period of five years. This article deals mainly with the LM Ericsson 
AXE exchanges that have been installed during the first stage of the project. 

b. three transit exchanges type AXE; 
one in Riyadh for 4800 multiple posi­
tions, one in Buraydah for 3 600 and 
one in Abha for 2400 multiple posi­
tions. 

c. a new computer-controlled system 
for centralized operation and 
maintenance, AOM 101. 

Philips' telephone exchange commit­
ment for stage 1 comprised nine local 
exchanges, PRX, for a total of 62 500 
lines. 

UDC 621 395.34 The contract specifies that the first of 
the three stages in the project had to be 
completed by December 13, 1978, i.e. a 
year after the official announcement 
from the Ministry of Post, Telegraph and 
Telephone that the project had been 
awarded to the consortium. This stage 
has now been successfully completed 
and the exchanges were handed over to 
the Ministry at the specified time. 

As regards the supply and installation of 
telephone exchanges LM Ericsson's 
commitment for stage 1 comprised: 
a. two local exchanges type AXE in 

Riyadh, for 10 000 lines each, namely 
Al Malaz and Al Ulaya. The latter also 
handles local transit traffic. 

Characteristics 
of the AXE system 
The AXE system as supplied to Saudi 
Arabia has several outstanding 
characteristics and the most prominent 
of these will be discussed briefly here 

Digital group selector with integrated 
switching and transmission 
The junction line network in multi-ex­
change areas is to a great extent built up 
of PCM lines and all AXE exchanges are 
equipped with digital group selectors. 
This nas made it possible to integrate 
switching and transmission. Saudi 
Arabia is one of the first countries in the 
world to introduce such integration on a 
large scale. 

Fig. 1 
The Ministry of Post, Telegraph and Telephone in 
Riyadh 
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This means that the group selector 
through-connects digital lines without 
the speech signals having to be con­
verted to analog form through the 
selector stage. This eliminates the need 
of equipment for analog/digital conver­
sion and savings are made as regards 
signalling repeaters. In addition the 
transmission quality is improved. The 
advantages of this method have been 
described in more detail in a previous 
issue of the journal2. 

Savings are also made in the junction 
line network, thanks to the excellent 
traffic routing properties of system AXE 
and because the digital group selector 
works with full availability. 

Optimization calculations have been 
made with the aid of a computer in order 
to make the best possible use of the 
economic advantages offered by the 
features described above. These calcu­
lations form the basis for the traffic rout­

ing in both the long-distance network 
and in the multi-exchange areas. 

A new function is required in exchanges 
in integrated digital networks, namely 
network synchronization2,3. This means 
that in practice the interworking ex­
changes work without any frequency 
deviation, which would otherwise cause 
transmission disturbances. 

The exchange configuration in Riyadh 
with two local exchanges and one tran­
sit exchange represent the first AXE ex­
changes with network synchronization 
delivered by LM Ericsson. 

Local call charging with data link 
transmission and toll ticketing for 
LD calls 
The transit exchanges contain toll tick­
eting equipment, in which the charging 
information is recorded on tape. For 
local calls the charging data are trans­
mitted via a data link to the computer-

Fig. 2 
The 10000-line AXE local exchange at Al Ulaya 
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Fig. 3 
The centralized operation and maintenance 
system AOM 101 with connected centres. Each 
centre is manned by operators provided with var­
ious aids 

control led operat ion and maintenance 
centre in the distr ict in quest ion. 

New subscriber facilities 
The subscribers wil l be offered new 
faci l i t ies, the most important ones be­
ing: 
— push-but ton dial l ing 
— subscriber programmable abbrevi­

ated dial l ing 
- call wait ing 
- hot line 

— automatic wake-up 
- categories for priority al location and 

barr ing. 

Centralized operation and 
maintenance centre AOM 101 
The centralized operat ion and mainte­
nance system AOM 101 is used most 
efficiently when the connected ex­
changes are of the SPC type. This is the 
case in Saudi Arabia, where all new ex­
changes are of this type and all exist ing 
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Fig, 4 
Inspection of a magazine in the transit exchange 
in Riyadh 

Fig. 5 
Block diagram of the AXE exchange in Al Ulaya 

SSS 
GSS-D 
TSS 
UC 
SSN 
AJC 
BJC 
KRD 
PCD 
T 
S 
ETC 
CSD 
CRD 
RP 
CP 

Subscriber switching stage 
Digital group selector 
Trunk and signalling subsystem 
Subscriber line circuit 
Subscriber switching network 
A junctor circuit 
B junctor circuit 
Keyset code reception device 
PCM terminal device 
Time switch stage 
Space switch stage 
Exchange terminal circuit (for digital lines) 
Code sending device 
Code reception device 
Regional processor 
Central processor 

ARF crossbar exchanges are mod­
ernized to computer-contro l led ARE 
exchanges. 

AOM makes it possible to adjust the 
network conf igurat ion in pace with 
temporary changes in the network, 
wh ich gives the opt imum network ut i l i ­
zation on every occasion. 

Other operation and maintenance 
activities are also central ized, with logi­
cally defined fields of activity, f ig. 3. 

Stage 1 includes AOM 101 in its basic 
version for the Riyadh district. Three 
more such systems and a superior op­
eration and maintenance centre com­
mon for the whole of the national 
network are to be installed. 

Interworking with other 
exchanges 
With the complet ion of the first stage the 
capital, Riyadh, contains two AXE local 
exchanges, Al Ulaya and Al Malaz, and 
one AXE transit exchange, Riyadh 
Central. There are also several local ex­
changes ARF, one local exchange PRX, 
a national transit exchange ARE 13 and 
an international transit exchange ARM. 
Of these only the AXE exchanges are 
equipped with digital group selectors. 
The other exchanges have analog/d ig i ­
tal conversion for traffic over PCM lines 
to and from the AXE exchanges. In the 
AXE exchanges the PCM lines are 
terminated direct in the digital group 
selector, which gives the opt imum solu­
t ion. 
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Fig. 6 
Pre-test plant for overall testing of complete ex­
changes before delivery 

Fig. 5 shows a block diagram of the AXE 
exchange in Al Ulaya wi th a digital group 
selector for local traffic and local transit 
traffic. MFC signall ing is used for regis­
ter signal l ing between the AXE ex­
changes and also between AXE and 
other exchanges. 

Completing the first stage 
For this extensive project LM Ericsson 
built up a special organizat ion in Saudi 
Arabia, and also formed a joint organiza­
tion with Philips designated Joint Ven­
ture. In Sweden a special project section 
has been set up to handle and coord i ­
nate all activities. 

New routines and methods have been 
introduced in order to meet the very 
short delivery times. For example, the 
electronic units, all of which have been 
tested individually in the factory, have 
also been thoroughly tested together 
unders imulated operating condi t ions in 
a special AXE pre-test plant in Stock­
holm before being delivered, f ig. 6. After 
complet ion of these tests the equipment 
was packed in containers and trans­
ported by air direct to the city where it 
was to be installed. Thanks to the effec­
tive assistance of the Ministry of PTT it 

was possible to deliver the equipment to 
the site very quickly. The eff icient deliv­
ery system and the fact that the units in 
system AXE are so easy to handle meant 
that the central processors - the most 
compl icated units in the exchange -
where work ing perfectly wi th in five days 
of leaving the factory in Stockholm. 

The direct air t ransport in containers 
also meant that there was no transport 
damage. In unfor tunate cases such 
damage could delay the complet ion of 
an exchange considerably. 

Work in progress 
Installation of new equipment and ex­
tension in accordance wi th stage 2 was 
started before stage 1 was completed. 
On the part of LM Ericsson stage 2 com­
prises local exchanges for 50 000 lines, 
national transit exchanges for 24 500 
mult ip le posit ions and international 
transit exchanges for 5 000 multiple 
posit ions. 

Work is also in progress on the mod­
ernisation of the exist ing crossbar ex­
changes ARF by conversion to compu­
ter-control led exchanges ARE 11, com­
prising approximately 200 000 lines. All 
traff ic in the country wi l l thus be hand­
led by SPC exchanges, which means 
that all subscribers wil l be offered the 
same facil i t ies and that the advanced 
administrat ive possibi l i t ies offered by 
the SPC technology wil l be util ized by 
the Ministry of PTT throughout the 
network. 
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Stored Program Controlled, 
Electronic Call Distribution 
System, ASDP 162 
Hugo N. Garcia and Gosta Steimar 

LM Ericsson's Australian subsidiary company has developed a system for automa­
tic controlled distribution of telephone calls over a large number of trunks to a large 
number of operators. 
The hardware and software of the system have the same structure as the well known 
AXE system. 
The article describes briefly the possibilities and advantages of the system. 

UDC 621 395 34 All companies and organizations are 
dependent on a good telephone service 
for their activities and in addition to an 
ordinary PBX certain enterprises need a 
special telephone exchange that can 
handle a large number of incoming 
calls. Such enterprises include: 
— Airlines, railways, shipping lines etc. 
— Travel agencies 
— Department stores 
— Banks 
— Betting agencies 
— Newspaper publishing companies 
— Telephone operating companies 
— General utilities. 

Business like the above all have very 
heavy incoming telephone traffic that 
must be handled by a special group or 
groups of employees, for example book­
ing clerks. 

LM Ericsson's ASDP 162, Automatic Call 
Distribution (ACD) system, has been de­
veloped to eliminate many of the prob­
lems associated with this type of opera­

tion. The control of answering delays, 
the automatic distribution of calls, the 
recording of demand trends and the 
gearing of staffing levels to fluctuating 
traffic are merely some of the problems 
that a normal telephone system cannot 
resolve. 

ASDP 162 has a flexible and modular 
structure and is available in three basic 
sizes: 
ASDP 162/0 for up to approximately 500 
trunks and approximately 500 opera­
tors. 
ASDP 162/1 for up to approximately 90 
trunks and approximately 90 operators. 
ASDP 162/2 for up to approximately 60 
trunks and approximately 60 operators. 

Connection to ASDP 162 can be either 
via separate trunks for incoming and 
outgoing traffic or via two-way trunks. 

ASDP 162 is a sophisticated call dis­
tribution system, fig. 2, with the follow­
ing characteristics: 
— The system handles a large number 

of calls simultanously. 
— A large number of queues are avail­

able. Each queue works on the "first 
in, first out" principle. 

— The system is flexible and has a mod­
ular structure (building block princi­
ple). It is therefore easy to obtain 
systems of different sizes. 

Fig. 1 
Operators using the ASDP 162 call distribution 
exchange. Quantas Airways in Sydney, Australia 
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Numerous different traffic facil i t ies 
are available to the operator and 
supervisory staff and also to the op­
eration and maintenance organiza­
t ion. 

A complete system with traffic rout­
ing and supervision includes an op­
eration and maintenance subsystem 
compr is ing teleprinters, display 
screens, tape recorders etc. 

Distribution ot calls 
The basic structure of the ASDP 162 
queue system is shown in f ig. 3. The in­
coming trunks are divided into trunk 
groups which specify the or igin of the 
calls and determine how they are to be 
handled. When a call enters a trunk 
group a search is first carried out in a 
distr ibut ion table to determine which 
groups of operators can handle the call. 

Fig. 2 
The structure of call distribution system ASDP162 
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Fig. 4 
Operator console 

The distr ibut ion table can choose bet­
ween three alternative operator groups 
per trunk group. The selected operator 
group is then searched for free 
operators. If there are free operators in 
the group the call is routed to the one 
who has been free longest. If no 
operators in the group are free, the next 
group is searched in the same way and 
so on. If no operator is free the call is 
automatical ly queued. During the wait­
ing period the r inging control tone is 
sent unti l one of the fol lowing three 
alternatives occurs. 

1. An operator becomes free to answer 
the call. 

2. After a certain t ime a recorded mes­
sage is sent, saying that there is a 
queue and that the call wil l be ans­
wered as soon as possible. 

3. The caller hangs up, and the call is 
then removed from the queue. 

When an operator becomes free a pr ior i­
ty table is used to determine which trunk 
group is in turn to have a call answered. 

The priority table gives a "f i rst cho ice" 
group and up to three alternative trunk 
groups. The first choice group is 
searched first, and if there are calls 
camped on to this group the call that has 
waited longest is connected to the 
operator. If there are no calls wait ing in 
this group the three alternative groups 
are searched in turn. If no calls are wait­
ing in these three groups either, the free 
operator is placed in a queue. 

The operators are divided into groups, 
each with a monitor. There are also 
system supervisors, who normally are 
not in charge of operator groups and do 
not handle traffic. The system 
supervisors can restructure the queue 
order so that it suits different traffic 
condit ions. The system supervisors can 
also obtain information continuously 
regarding the number of lost calls, the 
wait ing times for answer, handl ing times 
etc. and can carry out measures to en­
sure that the call distr ibut ion system op­
erates in an optimal way. 

Fig. 3 
The queue system in ASDP 162 
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Fig. 5 
A monitor at Quantas Airways in Sydney, Australia 

Operator aids 
The operator console 
The operator console contains funct ion 
buttons, a key set for dial l ing, informa­
tion display with l ight-emitt ing diodes 
(LEDs) and alphanumerical indicators, 
f ig. 4. It also contains a button for check­
ing that the LEDs and indicators func­
tion correctly. 

Each console can be allocated one of 
fourca tegor ies fo rou tgo ing calls, with a 
three-digit analysis for control of long­
distance calls, made by operators. 

The operator console has three different 
operating states. 

1. Immediately prepared to answer in­
coming calls. The call comes in w i th ­
out any button having to be depres­
sed. A short tone notif ies the operator 
that a call has been connected. If the 
public exchange signall ing system 
permits, the calls can also be termi­
nated automatical ly i.e. hands-free 
operat ion. 

2. Non-service condi t ion. After termina­
t ion of a call the operator can prevent 
a new call being connected (to com­
plete paperwork) by depressing a but­
ton. If a certain, preset time per 
operator group is exceeded, the 
monitor is alerted. 

3. Unmanned, i.e. the headset is d iscon­
nected. 

The operator console provides the 
operator wi th 
- informat ion regarding route and 

trunk numbers of incoming calls 
- information that calls are wait ing 
- information regarding the status of 

parked and transferred calls 
- the possibil i ty of demanding recall of 

all displays inc luding connected 
t runk route, t runk number, operator 
group and operator number 

- the possibil i ty of cal l ing the monitor 
for assistance 

- the possibil i ty of choosing to answer 
only internal calls or all types of calls 

- the possibil ity of t ransmit t ing music 
or recorded messages to parked or 
queuing subscribers. 

The monitor 
- has access to all operator facilities 
- can monitor the calls of individual 

operators with or wi thout a warning 
signal 

- can enter operator calls and speak to 
the operator only or to both parties 
(three-party conference) and can 
also take over the call 

- can obtain informat ion on herdisplay 
about each operator in the group as 
regards call state, category, allocated 
trunk groups, connected trunk group 
and type of connected or wait ing call 

- can check, via the display, whether 
any operator is unable to handle calls 
within preset t ime limits 

- can program abbreviated dial l ing. 

Fig. 6 
Operator consoles with computer terminals in a 
tailor-made desk at Totalisator Agency Board, 
Melbourne 
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Fig. 7 
ASDP 162 is built up in the same way as the AXE 
system 

The system supervisor 
— has access to all facil it ies available to 

a monitor 
— is equipped with a monitor console a 

display terminal and in some cases 
also a printer 

— supervises the system with the aid of 
periodically updated reports regard­
ing the states of the trunk and 
operator groups 

— supervises the statistically processed 
t ime reports and information pro­
vided by the system concerning indi­
vidual operators, individual trunks, 
trunk groups and operator groups 

— can change the fo l lowing system 
data: 
• category of individual operators as 

regards the control of long-dis­
tance calls 

• operator grouping 
• monitor grouping 
• trunk route grouping 
• the distr ibut ion table for trunk 

groups towards operator groups 
• the priority table for operator 

groups towards trunk routes 
• the queue order of the direct dial-

l ing-in lines for calls to an operator 
group 

• recorded messages that are to be 
transmitted to trunk groups 

— can change the fo l lowing: 
• the preset of non-service time per 

operator group 
• the call t ime limit per operator 

group 

• the answer delay t ime before a re­
corded message is sent to a wait ing 
call, per trunk group 

• the call t ime limit per trunk group 
• the call t ime l imit per outgoing 

trunk route 
• the maximum permissible wait ing 

t ime per trunk group 
• the number of permissible lost or 

abandoned calls 

can connect special facil it ies, such 
as: 
• night service 
• spontaneous pr int-out 
• individual traffic recordings 

obtains indicat ions of different types 
of alarms. 

In addit ion to what has been stated 
above concerning the operator aids and 
the facil it ies provided for operators, 
monitors and system supervisors for 
distr ibut ing and moni tor ing incoming 
calls, the system also offers the fol low­
ing facil it ies: 
- direct dial l ing to special facil it ies 

and/or individual operators 
— enquiries and transfer between 

operators in the same group, other 
groups of operators, the monitor, the 
system supervisor, operators and ex­
tensions in other PABXs, special 
facil it ies (e.g. recorded messages) 
and enquiries to the public exchange 
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- separate transfer queues, with priori­
ty over normal queues, for transfer­
ring calls to other operator groups 

— repeated enquiries of all types 
— repeated transfers of calls 
— three-party conferences controlled 

by a monitor 
— automatic change of the system con­

figuration during light traffic and low 
manning periods 

- recorded messages 
- external abbreviated dialling for the 

operators 
- call recording. 

Operation and maintenance 
The principles for the operation and 
maintenance of ASDP 162 can be sum­
marized as follows: 
— the function of the exchange is con­

tinuously monitored by a built-in 
supervisory system 

- if a disturbance should occur the 
system will automatically carry out 
measures to limit the effects of the 
disturbance 

— preventive maintenance and routine 
testing when the exchange is in op­
eration are avoided 

- faults can be localized down to the 
printed board assembly level with 
simple aids. 

For control and supervision of the ex­
change it is possible: 

— to connect or disconnect trunk and 
operator equipment in groups of 15 
and 16 units respectively 

— to connect or disconnect regional 
processors and to load a regional 
processor with the aid of a tape re­
corder while the system is in opera­
tion 

- to set up test circuits through the di­
gital switch 

- to test the central processor buses, 
the regional processors and their 
buses. Certain of these test programs 
are recorded on a tape cassette and 
are included in the maintenance aids 

- to read alarm buffers which record 
details concerning system alarms 
and which give references to the 
system maintenace manual as an aid 
for the maintenance staff 

— to monitor faulty trunks, unused 
trunks and lost and abandoned calls. 

Mechanical construction 
ASDP 162 is built up using the BYB 101 
design practice, which was developed 
for LM Ericsson's well-known system 
AXE. 

Fig. 9 shows the functional structure 
with the four levels: system, subsystem, 
function block and function unit. The 
mechanical side is built up in a cor­
responding way. The function block 
with its documentation thus cor-

Fig. 10 
Exchange equipment and maintenance terminal 

Fig. 9 
The functional structure ot ASDP 162 



Data for ASDP 162 

Maximum capacity trunks/operators 
Maximum capacity operators/trunks 
(1 monitor/system supervisor equals 4 operators) 

Central processors 
Regional processors 
Maximum number of trunk groups 
Maximum number of trunk routes 
Maximum number of operator groups 
Maximum number of transfer queues 
Maximum number of trunk groups per operator group 
Maximum number of operator groups per trunk group 

Switch terminations 
Number oftrunks per trunk route 
Number of trunks per trunk group 
Number of operators per operator group 
Number of operators per monitor 
Number of operators per system supervisor 

Maximum effect of a single fault: 
— switch terminations 
- trunks 
— operators 
— processors 
*) Mean time before total system failure: 3 years 

Number of trunks per extension module 
Number of operators per extension module 
Number of switch terminations per extension module 

Row structure BYB 101: 
Height 
Depth 

Single-side row 
Double-side row 

Width 
One shelf section 
One cable section 

Nominal operating voltage 

Environmental requirements: 
Ambient temperature 
Relative humidity 

Traffic handling capacity 

ASDP 162/2 
60/64 
64/60 

1 
0 
16(32) 
60 
16(32) 
16(32) 
4 
4 

128 
1-60 
1-60 
1-64 
1-20(50) 
1-64 

64 
15 
16 

•) 

15 
16 
64 

ASDP 162/1 
90/112 
112/90 

2 
0 
16(32) 
64 
16(32) 
16(32) 
4 
4 

256 
1-90 
1-64 
1-112 
1-20(50) 
1-112 

64 
15 
16 
0 

2250 mm (6 shelves) 

360 mm 
620 mm 

1097 mm 
1097 mm 

48 V 

+ 5° to +45 
20% - 8 0 % 

A non-block 

° C 

ASDP 162/0 
675/240 
640/420 

2 
5 
16(32) 
64 
16(32) 
16(32) 
4 
4 

1152 
1-675 
1-64 
1-640 
1 -20 (50) 
1-640 

64 
15 
16 
0 

ing switch gives 
maximum traffic on conn ected trunks 

responds to the magazine with its 

documentat ion etc. This design permits 

the use of funct ional modules, direct 

cabl ing between the units with standard 

cables for front connect ion, good 

natural cool ing and f lexible placing of 

the power supply equipment. 

All components are mounted on dou­

ble-sided printed boards which are 

placed in magazines. 

The circuits are of the integrated TTL 

type ( low-power Schottky) with 4K 

dynamic MOS stores for most processor 

and control funct ions and miniature re­

lays for interworking with the public 

network. 

Fig. 8 shows a typical system for 150 

trunks, 100 operators and 12 monitors. 
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Installation of AXE Exchanges 

Per-Olof Hagberg, Stig Hammarlund and Rune Ostling 

A new telephone exchange system should be easy to install, test and extend and 
the final product should have a high functional quality. This article describes how 
these requirements are fulfilled in the AXE system and also the aids and methods 
that are used when installing the system. 

UDC 621 395 34 002 LM Ericsson's telephone exchanges are 
installed all overthe world under varying 
conditions, and by a labour force that 
consists mainly of local employees. It is 
therefore important that the AXE system 
is well arranged from the point of view of 
installation. The far-reaching modulari­
ty of the system is an obvious advantage 
in this respect. For example, all function 
units are built up of magazines of vary­
ing size. These magazines/function 
units are equipped with printed board 
assemblies and tested at the factory be­
fore being delivered to the site. All the 
exchange cables are equipped with 
plugs and the majority are supplied from 
the factory as complete cable trunks. 

The testing is mainly program-control­
led and can therefore be carried out very 
quickly and without any risk of handling 
errors. Furthermore overall testing of 
the complete exchange can be carried 
out before delivery in order to reduce 
the work on site still further, and this was 
actually done in the case of the Saudi 
Arabia project'. The installation of an 

AXE exchange is carried out in two 
stages, construction and testing, and 
each stage comprises a number of 
activities, see fig. 3. 

Construction 
Material handling made easy 
The installation work has been greatly 
simplified compared with earlier 
practice. The material handling at the 
installation site is now much easier. The 
material for an AXE exchange is deli­
vered in two deliveries (A and B), one 
containing all the necessary mechanical 
items and cabling and the other the 
magazines, equipped with their printed 
board assemblies, and any other units. 
Each delivery is divided into a numberof 
packages, each containing the material 
required for a limited part of the con­
struction work. Thus no material need 
be unpacked until it is actually needed 
and the amount of handling required 
during the assembly is reduced to a 
minimum. 

Rapid assembly of shelf rows 
The traditional racks are not needed in 
an AXE exchange. The magazines 
(already assembled and factory tested) 
are instead mounted on shelves. Fig. 1 
shows shelves being installed in a row 
section. 

Fig. 1 
Assembling shelves in an AXE exchange 
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Fig. 2 
A prefabricated cable trunk. The trunk consists of 
a number of cables held together by clamps. The 
cables are connected to plugs and then checked. 
The cable trunk is ready to be placed in the cable 
section and plugged in 

A row section with magazine shelves 
and cable chutes is built up of a few sim­
ple parts. The hole spacing and the gen­
eral structure are based on modules and 
the overall construction is in some re­
spects similar to a meccano building 
set. The limited range of parts simplifies 
both the assembly work and the material 
handling. The assembly work can be 
carried out guickly and easily, without 
complicated measurements and check­
ing of angles. Floor irregularities are 
easily compensated, fig. 5. 

Plug-in cables 
There is no laced, fixed cabling in the 
row construction. All connections be­
tween magazines are instead made with 
front cables, which are equipped with 
plugs at both ends. The number of cable 
types has been kept to a minimum. 
Furthermore all cables are made so that 
pin 01 at one end is connected to pin 01 
at the other end, pin 02 to pin 02, and so 
on. This standardization simplifies cable 
handling, documentation and testing to 
a great extent. 

All cables are connected at the front to 

jacks along the front edges of the 
printed board assemblies or to special 
terminal strips, fig. 8. Existing cables 
can thus easily be changed or added to, 
which is particularly advantageous 
when extending an exchange. The ca­
bles can be fixed with a few clamps and 
there is no need for time consuming lac­
ing. 

All internal cabling in a group of 
magazines (e.g. a pair of regional pro­
cessors and the magazines controlled 
by these) is usually carried out with pre­
fabricated cable trunks equipped with 
plugs, and the cables are taken direct 
from the package as and when they are 
to be fitted, figs. 2 and 4. 

A large part of the cabling work consists 
of the manufacture of such cable trunks, 
and hence the amount of work on site is 
very considerably reduced. 

The external cabling between different 
groups of magazines is dependent on 
the layout of the premises, and conse­
quently this is done by running cables in 
the conventional way. 

Delivery A 

Delivery B 

Fig. 3 
The main activities during the installation work. 
The equipment is delivered at two times, A and B 



Fig. 4 
Installation of cable trunks straight from the pack­
age. The trunks are packed and marked in the 
order they are to be placed in the cable section, 
which eliminates much handling and identification 
work 

Fig. 5 
Adjusting floor irregularities. Any such irregulari­
ties are compensated by means of an adjusting 
screw under each upright 

Most of the cables are connected to 
plugs that have wire-wrap terminals A 
wrapping method is used, which gives 
wiring of a high quality, fig. 6. 

Checking 
An important part of the construction 
work is the 100 % checking of all work 
carried out on the installation site. The 
prefabricated cables are checked be­
fore delivery. 

In addition to a thorough inspection of 
all equipment an electronic cable tester 
is used to check all cables that have 
been prepared on site. The standardized 
connection of the two ends of the cable 
(pin 01 to pin 01 etc.) means that there is 
no need to program the cable tester for 
the different cable types, and thus the 
checking is very quick and simple. 

Equipping 
When the assembly described above is 
completed the shelves are equipped 
with the various types of magazines, fig. 
7, after which the cables are plugged 
into the correct jacks and terminal 
strips, fig. 8. The equipment is then 
ready for the installation testing. 

Fig. 6 
External cables are connected to plugs by means 
of wire wrapping 



Fig. 7 
Equipping a row section. The central processor is 
slid into position 

Fig. 8 
Cables are plugged into jacks and terminals strips 
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Fig. 9 

The field ve 

AVS-BAS 

MITO 

MIT1 and 2 

AVS-RPT 

PROM 

CPU-A, B 
MAU 
RPO, RP1 
and RP 
PS 
DS 
RS 
PTU 

rsion of testing system AVS 

Aid for testing the hardware in the data 
processing system. AVS-BAS consists 
of software stored on cassette tapes and 
the printed board assemblies RAT and 
ROT 
Random access (read and write) extra 
micro program store boards, which are 
inserted in the CPU magazines during 
the test. RAT is used for storing micro 
test programs, which are loaded from the 
AVS-BAS cassettes 
Read-only extra micro program store 
boards, which are placed in the CPU ma­
gazines during the test. ROT contains 
permanently stored administrative test 
programs 
Cassette tape recorder, which belongs 
to the data processing system and via 
which the AVS-BAS programs are loaded 
into RAT and the program stores PS be­
longing to the data processing system 
Display unit, which belongs to the data 
processing system and which shows the 
test results. Fault localization is carried 
out down to the printed board assembly 
level 
Fault tracing aid tor tracing micro pro­
cesses in the central processor and for 
the indication and setting of states in 
CPU. AVS-MIT consists of a panel unit 
MITO and the printed board assemblies 
MIT1 and MIT2 
Control panel tor the tracing equipment 
AVS-MIT 
Printed board assemblies with tracing 
stores which are placed in the CPU ma­
gazines when the tracing equipment is to 
be used 
Fault tracing aid for detailed fault tracing 
In regional processors. I/O devices and 
processor test unit PTU 
Programmable read-only program store 
boards which are temporarily placed in 
the regional processors in which fault 
tracing is to take place, or in the case of 
fault tracing in I/O devices or PTU in the 
regional processors that control these. 
The boards contain permanently stored 
test programs 
Central processor units 
Maintenance unit 

Regional processors 
Program store 
Data store 
Reference store 
Processor test unit 

Installation testing 
Testing methods 
The installation testing is carried out in 
accordance with well prepared methods 
which enable the work to be carried out 
efficiently and quickly. 

The methods are based on the use of the 
exchange data processing system APZ 
210 with its extensive maintenance 
funct ions for testing the switching 
system APT 210. Special installation test 
programs have been prepared for the 
work. 

With the aid of these test programs a 
great number of tests can be carried out 
very quickly, uti l izing the facilit ies for 
fault detection inherent in the data pro­
cessing system. Handl ingerrorsarea lso 
avoided since the programs are au­
tomatized. Moreover, t ime consuming 

programs can be performed during 
times when there is no staff at the ex­
change. 

Efficient traffic generators, which are 
described later on in this article, are 
used in order to be able to generate a 
large number of test connect ions in the 
exchange with in a short period of time. 

The f lexible structu re of the AXE system 
also offers the possibil i ty of carrying out 
overall testing of a whole exchange be­
fore it is delivered to the installation site. 
This testing is carried out in special test 
exchanges and reduces further the 
amount of t ime required for testing on 
site. 

Data processing system APZ 210 
Data processing system APZ 210 is 
thoroughly tested in the factory at all 
levels from the components to a com­
plete system in parallel operation. The 
data processing system can therefore 
be tested very quickly at the installation 
site and is then ready to be used for test­
ing switching system APT 210. The test­
ing of APZ 210 is carried out in two 
stages. 

First the data processing system hard­
ware is tested before its operating 
system is loaded. A field version, AVS, of 
the testing system that is used for 
factory testing of APZ 210 is utilized for 
this purpose. The testing system con­
sists mainly of programs which are 
loaded in the central processor. Check­
ing the hardware takes only a few hours. 
Fig. 9 shows the principles of the testing 
system and the funct ions of the various 
units that are included in the system. 

The second stage consists of a func­
t ional check of the data processing 
system. The central processor is loaded 
with its operating system and started up 
in the parallel work ing mode. A number 
of essential funct ions are then tested by 
using certain of the control system's op­
eration and maintenance commands 
from the exchange I/O devices. The re­
sults are checked by means of the print­
outs obtained f rom the system. This 
stage takes approximately a day, after 
which the testing of the data processing 
system is completed. The system is then 
dealt wi th as if it was in normal opera­
t ion. 
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Fig. 10 
Test ing of an ana log subsc r ibe r se lec to r s tage 
us ing a sw i tch ope ra t i on and l ink tester . 
The test a id compr i ses test p rog rams, wh ich are 
loaded into the cen t ra l p rocesso r CP, and test cir­
cu i ts , wh ich are tempora r i l y ins ta l led in some of 
the AJC pos i t ions. 
The test p rog rams con t ro l the set t ing up of con ­
nec t ions f rom test c i rcu i ts to LIC and f rom the 
same LIC to AJC or B J C With the aid of AJC /BJC 
the test c i rcu i t then ca r r ies out cont inu i ty and 
leakage tes ts of the sw i t ch ing pa ths , wh ich are 
chosen so that all sw i tch mat r i ces and l inks are 
tes ted 

LIC Subscriber line interface circuit 
AJC Junctor circuit, A-subscriber 
BJC Junctor circuit, B-subscriber 
RP Regional processor 
CP-A Central processor, side A 
CP-B Central processor, side B 

Switching system APT 210 
The switching system is tested in three 
stages, which comprise (1) selector 
stages, junctor circuits, code senders 
and code receivers, (2) operation and 
maintenance funct ions and (3) traffic 
funct ions. 

Selector stages, junctor circuits, code 
senders and code receivers 
Subscriber selector stages, junctor cir­
cuits, code senders and code receivers 
are tested automatical ly with aids which 
are mainly realized in software. The re­
gional processors to which the test 
objects are connected are also included 
in the tests, since the testing is control ­
led by the central processor. 

Operating tests are carried out in the 
analog subscriber and group selector 
stages on each cross point relay, and 
continuity and leakage tests on each 
link. Fig. 10 shows the method used for 
testing subscriber selector stages. 

In the digital group selector stage the 
digital switching paths are tested, with 
the speech and control stores being tes­
ted using different combinat ions of 
channels and t ime slots. Fig. 11 shows 
this test method. 

Operation and maintenance functions 
Most of the operation and maintenance 
funct ions in APZ 210 are realized entire­
ly in software, which has been thorough­
ly tested before delivery and which is 
subjected to fur ther tes t ing in the opera­
tional testing described below. As a 
complement to this all operation and 
maintenance funct ions that contain 
hardware are tested separately. The 
funct ions to be tested are activated by 
commands or by the introduct ion of 
faults that affect the supervisory c i rcu­
its. 

Traffic functions 
A systematic check of all traffic cases 
and special services is carried out. This 
check includes digit, route and tariff 
analysis, and is carried out with the aid 
of test connect ions. Every subscriber 
line mult iple posit ion and junct ion line 
equipment is also tested. Finally the 
funct ional quality is checked using a 
large numberof test connect ions, which 
are set up in accordance with different 
patterns. 

The traffic generators mentioned above, 
STG for connect ion to the subscriber 
line mult iple, f ig. 12, and TTG for con­
nection to terminal circuits, are used for 

Fig. 11 
Tes t ing of a d ig i ta l g roup se lec to r network . The 
tes ts are ca r r i ed ou t by m e a n s of p rog rams inc lu ­
ded in the opera t ion and m a i n t e n a n c e sys tem for 
APT 210. The test p r o g r a m s con t ro l the se t t ing up 
of test connec t i ons . The d ig i ta l sw i t ch ing pa ths 
and the s p e e c h and con t ro l s to res are tes ted w i th 
d i f fe ren t comb ina t i ons of channe l s and t ime s lots 

TSM 
SPM 
PCD 
ETC 
DLT 

SSA 
SSB 
CSA/B 
CSC 

Time switch module 
Space switch module 
PCM terminal device 
Exchange terminal circuit for PCM 
Digital link tester. Is connected to the 
channels that are not connected to any device 
when the test Is carried out 
Incoming speech store 
Outgoing speech store 
Control store for the speech store in TSM 
Control store for the cross points in SPM 



these tests. They are independent of the 
AXE system and are controlled by their 
own minicomputers. 

The traffic generators are operated from 
a panel and the test results are present­
ed on a printer, and a large variety of 
fault types can be indicated on the 
printout. The software is standardized 
and need not be changed for TTG to suit 
different register or line signalling sys­
tems or for STG to suit different supervi­
sory tone characters. TTG can also be 
connected to exchange terminal circu­
its for PCM lines with the aid of an adap­
ter. 

More data for the traffic generators are 
given on the adjoining page. 

Fig. 12 
Work with the subscriber traffic gene ra tor STG 

Final testing 
The final testing comprises overall test 
of the complete exchange and consists 
mainly of operational testing, which is 
carried out in as realistic conditions as 
possible. It comprises a number of indi­
vidual tests, which are performed in ac­
cordance with a detailed plan. 

During the operational testing a large 
number of test connections are genera­
ted from STG and TTG as well as over 
the lines from interworking exchanges, 
and the supervisory and statistics func­
tions of the exchange are activated. A 
number of operational routines are run 
through, and faults are introduced into 
the exchange so that supervisory and 
maintenance functions can be checked. 
The functional quality is supervised dur­
ing the whole of the testing with the aid 
of result printouts from STG and TTG, 
and also the supervisory functions of the 
AXE system. 

The operational testing provides a very 
efficient method of verifying quickly that 
the quality of the exchange is such that it 
can be taken into service. In most cases 
the customer's and the manufacturer's 
staff collaborate during the testing, in 
which case the operational testing will 
serve as the acceptance testing. 

Extensions 
The methods and aids for testing the 
AXE system described above are also 
used when testing exchange exten­
sions. The modular structure of the AXE 
system makes such extension easy. De­
tailed instructions are availableforeach 
type of extension. These instructions 
describe how the new equipment is to 
be connected to the equipment already 
in operation, how new data are to be in­
troduced, how the testing is to be car­
ried out and how the new equipment is 
to be put into operation. 

Conclusion 
System AXE has a comprehensive mo­
dular structure and has been specially 
designed for quick and efficient installa­
tion. Effective aids and work methods 
have been prepared and developed. 
This means that an AXE exchange can 
be assembled and tested in only a third 
of the time required for a corresponding 
g y r h a n n p nf an oarl iar t i , n n 

20 



Traffic generators 
LM Ericsson have developed two types of 
traffic generators which can be used for in­
stallation and acceptance testing of all 
types of telephone exchanges. The genera­
tors have a high capacity, which makes it 
possible to test the traffic functions of the 
exchange in question in a very short time in 
quite realistic conditions. 

One type is a generator for subscriber traf­
fic, STG, and the other a generator for trunk 
line traffic, TTG. Both are controlled by 
their own minicomputers, the one used in 
STG being the same as the AXE regional 
processor. 

STG 
STG is connected to the subscriber line 
multiple in local exchanges and functions 
as the A-subscriber by generating test traf­
fic and as the B-subscriber by receiving 
such traffic, fig. 13. 

STG is used to 
— determine the functional quality of the 

exchange during the final and accep­
tance testing 

— test automatically every subscriber line 
multiple position 

— carry out crosstalk tests 
— generate up to 40 simultaneous calls 
— generate test traffic to the code answer­

ing device in the interworking exchange. 

Fig. 13 
Block diagram of the subscriber traffic genera­
tor STG 

SLI Interface towards subscriber line multiple 
inlets 

MPU Operating panel 
CTI Cassette tape interface 
CTD Cassette tape device 
PRI Printer interface 
PRD Printer device 

Technical data and functions 
- Up to 128 multiple positions can be con­

nected simultaneously. In addition to the 
traffic between these, test traffic can al­
so be generated towards 16 code an­
swers 

- Up to 18000 test connections can be 
handled per hour 

- Digit transfer can be carried out by 
means of both decadic impulsing and 
tone frequency key sending 

- 20 fault types can be identified, for ex­
ample faulty connection, missing or 
faulty tone and ringing signals 

- The loading of subscriber data into STG 
can be done with a cassette tape record­
er 

- Statistics and fault printouts are obtain­
ed on a printer 

- STG is operated from a panel with com­
mand and digit buttons and digit indica­
tors. 

Fig. 14 
Example of how the genera tor TTG for trunk traf­
fic can be connected to an AXE local exchange . 
The 16 outlets in TTG can be connected to any 
type of terminal circuit (ITC, OTC or ETC) and to 
subscriber line circuits (LIC) as desired. An ex­
ternal adapter is required for connection to digi­
tal terminal circuits 

TLU Interface towards terminal circuits or subscriber 
line circuits 

MPU Operating panel 
CTI Cassette tape interface 
CTD Cassette tape device 
PRI Printer interface 
PRD Printer device 
PAD PCM adapter device 

TTG 
TTG is intended for use in transit and local 
exchanges. It is connected to the incoming 
terminal circuits for generating test traffic 
towards the exchange and to outgoing 
terminal circuits for terminating test traffic 
from the exchange. TTG can also be con­
nected to the subscriber line multiple and 
thus covers all traffic cases in connection 
with traffic over trunk and junction lines, 
fig. 14. 

TTG is used to 
- determine the functional quality during 

final and acceptance testing 
- test all traffic cases 
- test the terminal circuits individually. 

Technical data and functions 
- Up to 16 terminal circuits or subscriber 

line multiple positions can be connected 
simultaneously 

- TTG can be adapted to different analog 
line and register signalling systems and 
to PCM signalling with the aid of adapter 
devices. There is no need to change 
software 

- Loading of data for the appropriate sig­
nalling processes between TTG and the 
exchange can be carried out by means of 
a cassette tape recorder 

- Statistics and fault printouts are obtain­
ed on a printer 

- TTG is operated from a panel with com­
mand and digit buttons and digit indica­
tors. 
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ERICALL CONTACTOR-a Paging 
System with Message Transmission 

Dag Akerberg 

As a result of further development carried out by SRA Communications AB on 
their wireless paging system ERICALL CONTACTOR messages can now be trans­
mitted and shown on a display in the receivers. Messages of up to 8 characters 
can be transmitted in each paging. Each character can consist of the digits 0-9, 
the letters a-e or a blank character. The message can consist of a telephone 
number to call, a room number, the code of a faulty machine etc. 
This article describes briefly the new units that make it possible to transmit display 
messages, and gives some examples of system applications. 

UDC 654 938 

* There are two types of paging systems: on-site 
systems and city-wide or country-wide systems. 
On-site paging systems form part of the internal 
communication system of a company or an 
administration. The systems vary in size from five to 
over 1000 receivers and cover areas that vary from 
small offices which need only one control unit with 
transmitter to large industrial plants, fire brigades 
and hospitals, with several transmitters and many 
simultaneous pagings. They can have several 
operators' positions, be connected to the PABX 
and/or intercom, haveautomatically released alarm 
calls, group calls, different characters for the vari­
ous receiver alert signals, function supervision, 
charging rack, absence indication etc. Moreover it 
must be possible to provide local systems with 
facilities for sending speech messages to the pock­
et receiver with a transmitter for acknowledgement 
or talk back 
SRA Communications AB have marketed wireless 
local paging systems of their own manufacture 
since 1961. 

ERICALL CONTACTOR is an advanced 
complete wireless on-site paging sys­
tem*. The heart of the system is a spe­
cially developed digital decoder which 
is included in all pocket receivers. The 
digital decoder, together with the mod­
ular structure of the stationary equip­
ment, gives ERICALL CONTACTOR 
many advantageous characteristics, 
and the system has been greatly appre­
ciated by the customers ever since its 
introduction in 1975. 

This article describes briefly the new 
units that enable display messages to be 
transmitted and gives some examples of 
system applications. For a detailed de­
scription of the system see "ERICALL 
CONTACTOR-a New Generation of 
Wireless Paging Systems" in Ericsson 
Review no. 3/4, 1975, pp. 136-1471. 

The new units, see figs. 1 and 2, are de­
signed to match the previously develop­
ed units in the CONTACTOR system, 

both as regards system design and 
mechanical construction. 

System applications 
In general it can be said that the display 
system provides a faster, simplier and 
more reliable means of transmitting in­
formation, which earlier could only be 
transmitted by means of speech. 

Display paging, especially when com­
bined with a vibrator, is very discreet 
compared with a spoken message. 

Another advantage is that the transmis­
sion and presentation of the messages 
on a display is more reliable than a 
spoken message. Not only can the dis­
play message be received at a consid­
erably lower field strength than speech 
but the display message is easier to dis­
tinguish in noisy surroundings. Furth­
ermore the display message, unlike 
speech, remains in the receiver memory. 

If the message consists of, for example, 
a telephone number to call, it can also 
comprise such information as "urgent" 
or "call when convenient". Thus the cal­
ler need not break off what he is doing 
just because he is being paged. 

Connection to a PABX or an intercom 
system is very simple. An ordinary junc­
tion line or tie line in the PABX can be 
used for the transmission. Information 

Fig. 1 
Receiver variants, 25 — 45 MHz. 
From the left: EC 400/410, EC 400/410 with vibra­
tor, EC 401/411 with extra high audio output and 
the display receivers EC 405/415 (front) and EC 
405/415 with vibrator 
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SRA Communications AB 

Fig. 2 
Control unit EC 115/125. 
The installation-free control unit EC 115/125 has a 
built-in transmitter and a mains plug for direct 
connection to 110/220 V. The range of the unit is 
such that it covers small offices and buildings. If a 
large range is required the built-in transmitter (0.5 
W and 1 W respectively) is replaced by separate 5 
W transmitters and aerials 

Fig. 3 
Code format, standard code. 
The code is of 300 ms duration. The code repetition 
time is 340 ms, which means a maximum of 177 
codes per minute. The first 60 ms of the code are 
used for a start bit, which can have two different 
lengths. This is used to differentiate between two 
types of codes, the A a nd B codes. Each receiver is 
programmed for an arbitrary A and an arbitrary B 
code. The numbers of the codes are determined 
by 12 binary code number bits, each of 20 ms dura­
tion. The twelfth bit is the most significant. The 
binary code consists of what is called biphase 
code. The figure gives an example showing the 
call code A064 in the BCD coded version. The two 
rows at the bottom show the tone-carried code. 
High level corresponds to frequency f1 and low 

regarding the source of the paging does 
not have to be stored in expensive, spe­
cially developed PABX equipment, but is 
instead transmitted to the display circuit 
in the paged receiver. The paged person 
then calls the number shown on the dis­
play. Thus the PABX connection in­
terface is occupied for a very short 
time for each paging and consequently 
has a very high capacity. The seizure 
time is estimated to be 10-20 seconds 
per call. With 10% congestion during 
the busy hourthis permits 110-220 re­
ceivers in a system with one paging 
channel from the PABX, and 430-860 
receivers in a system with two paging 
channels from the exchange. 

The display system provides many dif­
ferent application possibilities for op­
eration and process supervision and 
guard and alarm purposes. The mes­
sage can consist of the number of a faul­
ty machine, a measurement result, a 
room number for an acute case or a bed 
number in a hospital, part of a burning 
building or a building that has been sub­
jected to illegal entry etc. 

In the case of supervision it is often es­
sential to obtain acknowledgement that 
a message has been received and un­
derstood. If not, it must then be possible 
to take rapid action. The receivers can 

be fitted with a small acknowledgement 
transmitter for this purpose. CON­
TACTOR has a unique system (patented 
in Sweden, England, Germany and the 
USA) for synchronous tone ack­
nowledgement. All paged receivers can 
acknowledge without delay or risk of 
confusion, even if paging istaking place 
from all terminals. The system also pro­
vides acknowledgement for the paged 
person, since the paging is repeated, 
but ceases when the central unit has re­
ceived the acknowledgement. Details 
about different applications are also gi­
ven in ref. 1. 

Code format 
The code and the digital decoder which 
were introduced with the CONTACTOR 
system in 1975 have worked very well 
and been very reliable. This standard 
code is shown in fig. 3. 

The code consists of a start bit and 12 
code numberbits. The receivercontains 
a decoder which is able to receive two 
different codes, an A code and a B code. 
The difference between codes A and B 
lies in the length of the start bit. The 
code number bits consist of binary ones 
and zeros in what is known as biphase 
code. Both ones and zeros have an edge 
in the centre of the bit. The one has a 
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Fig. 4 
Code format, display code. 
The display code is a prolonged standard code. 
The 12 address bits a re followed by 2 bits that give 
the code type, 2 bits that give the signal sequence 
and 16 or 32 bits for the message. The code type 
bits are always 2 ones for the display code (zero or 
no bit is Interpreted as the standard code). The 
sequence bits indicate whether the audible indi­
cator device is to transmit a repeated 1-bleepor2, 
3 or 4-bleep signal, see fig. 8. The number of mes­
sage bits is 16 for 1 —4 characters and 32 for 5 —8 
characters in the message. The example in the 
figure shows code A164, signal sequence 1 -bleep 
and message 123 

Fig. 5, right. Code format, special code. 
The special code is a standard code that has been 
lengthened by 2 bits for code type and 2 bits for 
signal sequence. The code type bits for the special 
code are a one and a zero. The signal sequence 
bits indicate, as in the case of the display code, 
whether the audible indicator unit is to give a re­
peated 1, 2, 3 or 4-bleep signal. The special code 
transmits, in one code, the same information as is 
conveyed in the standard code repeated a number 
of times. Compare figs. 6 and 8 

negative edge and the zero has a posi­
tive edge. 

Fig. 3 shows the call code A064 in BCD 
coded form, which is standard. The 12 
code number bits give 1000 combina­
tions with BCD coding and 4096 com­
binations with binary coding. Before the 
code can modulate the transmitter car­
rier it is first converted into tone fre­
quencies, which are indicated by the 
white and red strips in fig. 3. High level is 
represented by frequency f1 and low 
level by frequence f2. 

A further four frequency pairs f1/f2 can 
be obtained, giving a total of 5000 call 
codes of each type A and B with BCD 
coding, and 20480 with binary coding. 
The number of codes is so large that 
there is no need for adjacent systems to 
use the same call code. 

The same code is used to transmit dis­
play messages, the only difference be­
ing that a number of bits have been 
added for the message part, fig. 4. 

Safeguards against false calls 
Test prove that mere noise cannot acti­
vate the decoder. No false calls have 
been obtained above and below the 
sentitivity limit. It is only just on the low­
er edge of the sensitivity limit, where 
about half of all correct calls are lost, 
that 0.16% false calls were obtained 
(one of the four figures was wrong). The 
average risk is insignificant that the re­
ceiver in a local system will be exactly on 

the lower edge of the sensitivity limit 
when a call comes in. A figure of 1 in 106 

as the practical risk for false calls would 
be no exaggeration'. This figure is reas­
suring. 

Nevertheless attention should be paid to 
the risk of dialling the wrong number on 
the telephone or control unit. Tests indi­
cate a fault risk in the order of 2 % when 
dialling 7-digit numbers on push-button 
telephones in public telephone net­
works. However, the display in the con­
trol unit makes it possible to check the 
dialled number before it is transmitted. 

The decoder 
The decoder has been redesigned to 
enable message transmission. The new 
decoder has been designed to receive 
both the standard code and the display 
code in order to obtain compatability 
with standard receiver systems without 
display. Thus the old decoder can be re­
placed by the new. A third code format, 
the special codeshown in fig. 5, can also 
be received. The decoder determines 
whether it is a standard, display or spe­
cial code on the the basis of the number 
of bits in the code. 

The decoder also contains logic circuits 
for automatic opening of the speech 
channel, synchronous acknowledge­
ment via acknowledgement transmit­
ters, current saving and generating the 
alert signal. 



Fig. 6 
The receiver signal characters, standard code. 
The signal sequence is controlled by the encoder, 
which means that a short 200 ms bleep is heard in 
the receiver each time the code is sent out. A call 
code can consist of 1, 2, 3 or 4 identical codes in 
succession, which gives a signal of 1, 2, 3 or 4 
bleeps from the receiver. The call code is repeated 
a number of times, the number of repetitions being 
determined by the control unit. Each receiver can 
be coded for an arbitrary A code and an arbitrary B 
code. Which of the two codes has been received 
can be decided by optical indication, which makes 
possible a maximum of eight different signal 
characters, four for the A code and four for the B 
code 

Fig. 7 
Different types of display messages. 
The characters that can be transmitted are the 
lower case letters a —e, the digits 0 — 9 and blank 
character. If more than 4 characters have been 
received, characters no. 5 — 8 are obtained by de­
pressing the listening button twice. Different bleep 
signals indicate whether the message contains 
more than 4 characters or not 

In the case of the standard code the alert 
signall ing is control led by the encoder. 
The receiver gives a bleep each time its 
own code is received. The stationary 
equipment, the encoder, repeats the 
code in accordance with different preset 
patterns in order to provide different 
alert signal characters, see f ig. 6. 

In the case of the display code or special 
code the receiver provides signals in the 
same way as in the case of the standard 
code, but the signal sequence is contro l ­
led by the receiver on the basis of the 
signal sequence information (1, 2, 3 or 
4-bleep) received with the code. When 
the code is received the decoder starts 
the signall ing which lasts 5 seconds. 
During this t ime the sequence is re­
peated 4 times, f ig. 8. The signall ing can 
be cut short by depressing the l istening 
but ton. 

To receive and store messages the de­
coder must be equipped with a display 
drive circuit, which contains a store for 
the message, and also mult iplex and 
drive stages for a 4-digit LED display. 

The display lights up dur ing the signal­
ling t ime and for approximately 1.5 sec­
onds after a manual recall f rom the 
store. The last message to be received 
remains in the memory until a new mes­

sage is received. If more than 4 charac­
ters are transmitted, characters 5 —8 are 
obtained by depressing the l istening 
button twice. The number of characters 
in the message ( 1 - 4 or 5 - 8 ) is au­
tomatical ly indicated by means of dif­
ferent signal characters, f ig. 8. 

The receiver 
The standard receivers (without display) 
for the frequency range 2 5 - 4 5 MHz are 
still designated EC 400 (superregenera-
tive) and EC 410 (superheterodyne). The 
new decoder does not alter their func­
t ion since it can receive the same 
standard code as the old decoder. 

The display receivers, designated EC 
405 and EC 415 respectively, are 
obtained by changing the top of the 
standard receivers to a raised top that 
contains a LED display and a display 
drive circuit wi th a message memory, 
f ig. 1. 

The display receivers can receive stan­
dard codes as well as special and dis­
play codes. This makes for a very flexible 
system structure. Standard and display 
receivers can be combined in one and 
the same system. Previously delivered 
systems with standard receivers can be 
extended using display receivers, since 

Fig. 8 
The receiver signal characters, display and spe­
cial codes. 
The signal sequence is controlled by the receiver. 
Bits 15 and 16 indicate whether the receiver is to 
give a repeated 1,2,3, or 4-bleep signal. The bleep 
sequence is repeated 4 times during a perid of 5 
seconds before it is automatically cut off. The 
signal can be cut off earlier by means of a button 
on the receiver. As in the case of the standard 
code the A and B codes can be distinguished by 
means of optical indication, which gives 8 different 
signal characters. If the receiver is set for auto­
matic listening, the receiver will automatically 
connect the speech channel to the audible indi­
cator device after 3 bleeps 



Fig. 9 
Receiver EC 424, 420-470 MHz. 
The receiver has a large loudspeaker for loud and 
clear speech transmission. The available attach­
ments include display, vibrator and talk-back or 
acknowledgement transmitter 

these also funct ion as standard receiv­
ers. 

Like the standard receivers the display 
receivers can receive spoken messages. 
They can also be equipped for silent vib­
rator paging, f ig. 1, and with a talk-back 
or acknowledgement transmitter in the 
frequency range 146— 174 MHz. 

A new receiver, EC 420, for the f requen­
cy range 4 2 0 - 4 7 0 MHz has also been 
designed. It is of the double superheter­
odyne type and has the same funct ion as 
the other receivers. However, automatic 
opening of the speech channel and a 
loudspeaker are standard features. A 
variant, EC 424, with a buil t- in talk-back 
or acknowledgement transmitter in the 
range 146 — 174 MHZ is also available, 
f ig. 9. 

Control equipment 
The control equipment consists of an 
"a l l - in -one" control unit EC 105/115/ 
125 and for large systems, also a new 
control unit EC 284 and a number of new 
printed board assemblies for the exist­
ing modular system EC 200. 

System EC 100 
EC 105 with a buil t- in transmitter is de­
signated EC 1 1 5 f o r 2 5 - 4 5 M H z , a n d EC 
125 f o r 4 2 0 - 4 7 0 MHz, fig. 2. The control 
unit is control led by a micro computer. 
The choice of standard (or special) or 
display code is made on the control unit. 
Like in the previous version of system 
EC 100 flexible group call is the stan-

Fig. 10 
System EC 100. 
EC 105/115/125 can be supplemented with the 
functions one-way speech, two-way speech, relay 
traffic, alarm board for automatic release of 3 pre­
selected codes with message, acknowledgement 
from a talk-back transmitter and absence indica­
tion via a charging rack. The figure shows an 
example with absence indication via a charging 
rack and release of a preselected alarm code 

dard and one of eight signal characters 
can be chosen fo reach code. A message 
length of between 1 and 8 characters is 
chosen with the aid of the key set on the 
contro l unit. The contro l unit display 
shows the called number, signal charac­
ter and message. Three pagings can be 
handled simultaneously. 

Optional extras in the system are, as be­
fore, one-way speech, two-way speech, 
relay traffic, alarm board for automatic 
release of three preselected codes in­
c luding message, absence indication 
via a charging rack and acknowledge­
ment via the talk-back transmitter, fig. 
10. 

Indication is obtained on the control 
unit of transmission in progress, ab­
sence, acknowledgements from ack­
nowledgement transmitters and when 
the speech channel is open. In the case 
of absence and acknowledgement the 
number of the receiver concerned is 
also shown. This is necessary since a to­
tal of 6 simultaneous pagings can be 
handled by the contro l unit. 

System EC 200 
System EC 200 is built up of module 
boards in a central unit. The boards are 
connected to different terminals, such 
as control units, PABXs and alarm con­
tacts. 

Fig. 11 shows schematical ly how the 
sequence giver cyclically scans differ­
ent number givers. In the standard ver­
sion 16 arbitrary number givers (chan­
nels) can be scanned by the sequence 
giver. The new module boards comprise 
the sequence giver and four number 
givers. Each number giver in its turn can 
then scan a number of subchannels. For 
example, the alarm numberg iver has 16 
subchannels. 

The control unit, EC 284, is the same as 
EC 105 but with a different control pro­
gram. It has exactly the same funct ion 
and features, except that the alarm 
board has been removed and that 4 pag­
ings can be handled simultaneously. 
The unit is connected to a new number 
giver, EC 267, in the central unit, EC 201, 
via a 4-wire circuit . 

The old sequence giver board, EC 251, 
has been mnlarpr i hv a nou/ ,-vn,-> c r 
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251 A, in order to be able to send the dis­
play (or special) code. The new board 
can generate either standard codes or 
display codes depending, in the infor­
mation obtained from the various num­
ber givers. 

Fig. 11 
Module system EC 200. 
Sequence giver EC 251A scans the various 
number givers cyclically. 16 arbitrary number giv­
ers (channels) can be scanned in the standard 
version. Each number giver in its turn can scan a 
number of subchannels. For example, the alarm 
number giver EC 262 has 16 subchannels and EC 
267/284 has 4. The figure shows a combination of 
the new modules. The board positions are un­
marked and new and old number givers can be 
combined arbitrarily 

EC 262 is a new alarm number giver 
which can be programmed with 16 dif­
ferent call codes with individual mes­
sages, signal characters and number of 
repetitions. Indications are obtained for 
no acknowledgement and/or absence. 
Transfer of calls is also possible in cases 
where acknowledgement is not receiv­
ed. 

EC266and EC268arenumberg ivers fo r 
connect ion to PABXs when messages 
are to be transmitted. EC 268 also con­
tains a "meet me" funt ion. A telephone 
set with a line length of 10 — 20 km can 
also be connected to EC 266 as a control 
unit. 

The new printed board assemblies can 
be placed in arbitrary posit ions in the 
central unit, as in the previous system. 
The sequence giver EC 251A can in-
terwork with old units or new units or a 
mixture of both in the same system. 
Thus older systems with standard re­
ceivers can be extended to include a few 
or a large number of display receivers. 
The only changes that need to be made 
in system EC 200 are to change the 
sequence giver and to add one or more 
terminals for t ransmit t ing the display 
code. 
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for Rural Networks 
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This article outlines the various problems encountered by Telecommunications 
Administrations when they undertake to provide rural areas and small communities 
with telecommunication service. In connection with this the article describes a 
number of transmission systems that have been specially developed for sparsely 
populated areas. 
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In many countries the rural areas and 
small communities have been neglected 
as regards telecommunications. Tele­
communications Administrations all 
over the world have concentrated 
primarily on building up their long dis­
tance networks and their transit and 
local exchanges and local networks in 
the cities. This development is only 
natural since from an economic point 
of view it is difficult for the Administ­
ration to justify the same investment in 
the rural networks as in the city tele­
phone networks, mainly because busi­
ness calls form the most important 
source of revenue for a Telecommunica­
tions Administration. Furthermore the 
investment per subscription is higher in 
rural networks, partly because of the 
greater distances. On the other hand it 
may be argued that the provision of 
good telecommuncations in rural areas 
constitutes one of the most important 
prerequisites for expansion and exten­
sion of trade and industry outside the 
built-up areas, a development that most 
people would consider favourable. 

The extension of rural networks has be­
come a matter of considerable im­
portance during recent years. The need 
to provide rural areas with a telecom­
munication service, with all its potential­
ities, has to an increasing extent been 
expounded at conferences and written 
about in journals and newspapers. The 
reasons for this may be that 
- there is now a greater understanding 

of the importance of telecommunica­
tions for the consolidation of the na­
tional infrastructure 

— there is a growing demand from the 
rural areas for a better telephone 
service—people living in rural areas 
should have the same facilities as 
those living in the cities 

- there is a desire to create conditions 
that will encourage people to move 
out of the cities or at least will retard 
the movement into the cities 

— through the use of new technology it 
is now possible to offer economical 
technical solutions that have not 
been possible hitherto. 

By rural network is meant here the part 
of the network between the local ex­
change in a built-up area and small dis­
tribution points in the rural area, to 
which the subscribers are connected. If 
the number of subscribers is fairly large, 
greater than 30 — 50, such a distribution 
point can be equipped with a small local 

Fig. 1 
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Fig. 2 
Typ ica l cond i t i ons in a deve lop ing count ry and an 
indust r ia l ized coun t ry 

a. Telephone density in communities of different sizes 

b. The distribution of community sizes 

— Industrialized country 

^ ^ — Developing country 

— •• — Planned extension of the rural network 

exchange or a line concentrator in order 
to reduce the number of lines required 
to the parent exchange. This article 
deals primarily with systems for con­
necting groups of up to approximately 
50 subscribers to each distribution 
point. 

The problems that arise when extending 
rural networks are different in in­
dustrialized countries and developing 
countries. Industrialized countries, 
normally countries with high telephone 
density, have efficiently branched 
networks, and the distance from the 
subscribers to the nearest local ex­
change is usually fairly short. The tele­
phone density in rural areas is only 
slightly lower than that in the cities. 

Developing countries with low tele­
phone density have widely dispersed 
local exchanges, not so well branched 
networks and often insufficient capacity 
in the trunk network. The telephone 
density in rural areas is only a fraction of 
that in the cities. 

Fig. 2 gives a clear picture of the differ­
ence between typical industrialized 
countries and developing countries. 

When the rural network is extended in a 
developing country, the primary aim is 
not to achieve a uniform telephone de­
nsity throughout the country, but rather 
to get the rural communities connected 
to the national network at all. It is only at 
a later stage that the question of an even 
telephone density can be considered. 
This may often mean the connection of 
fairly large communities, with perhaps 
up to 10000 inhabitants, which today 
are wholly without telephones. 

A planned extension of the rural 
network shown in fig. 2a means a 
scarcely noticeable rise in the telephone 
density of the country. Nevertheless the 
number of communities that are not 
connected to the network must be re­
duced from approximately 97 %to70 %, 
or, in other words, it is necessary to in­
crease the number of connected com­
munities by a factor of 10 (from 3 % to 
30 %). This means a very great increase 
in the number of branches in the 
network. 

Building up rural networks obviously 
presents considerable financial prob­

lems for many developing countries. 
The World Bank and other financing 
sources have realized this and for some 
years they have granted advantageous 
loans for rural network projects in dif­
ferent countries. These financing 
facilities should speed up the develop­
ment. 

LM Ericsson's transmission 
systems for rural networks 
LM Ericsson have developed three dif­
ferent transmission systems suitable for 
use in 
— subscriber networks as the link be­

tween small, 
geographically 
concentrated 
subscriber 
groups and the 
nearest local 
exchange. 
PBXs can be 
connected to 
the local ex­
change in the 
same way 

— junction networks for connecting 
small local ex­
changes to the 
parent exchange 
or for direct 
routes between 
local exchanges. 

The systems have the following designa­
tions: 
ZAE 12 which comprises FDM (fre­
quency division multiplex), terminating 
equipment and radio link equipment for 
12 channels 
ZAE 24 as above but for 24 channels 
ZAE 30 which comprises PCM (pulse 
code modulation) multiplex, terminat­
ing equipment and radio link equipment 
for 30 channels. The system can also be 
used on pair cables. 

A PCM system for 10 circuits will also be 
included in the product program. 

SYSTEM STRUCTURE 
One of the objectives of the design work 
wasthatthe planning, ordering, delivery 
and installation of theequipmentshould 
be as simple as possible. Personnel who 
are not specialists in transmission en­
gineering should be able to plan and in­
stall the systems and put them into op-



Fig. 3 
The equipments are placed in lockable cabinets. 
External connections a re made in a terminal panel 
at the top of the cabinet 

eration. It must also be possible to install 
the equipment in premises that are also 
used for other purposes, such as office 
bui ldings etc. 

In order to meet these demands the 
equipment is built into a lockable cabi­
net, type BYB 201. All equipment for 
mult ip lexing, terminations, current 
feeding and the generation of r inging 
current is placed in this cabinet, which is 
delivered wired for external connect ion 
to a terminal panel at the top of the 
cabinet, f ig. 3. 

As far as possible the different systems 
have been built up using the M5 con­
struct ion practice1 wi th the use of the 
same units as are found in LM Erics­
son's other mult iplex systems. Examples 
are the channel modem unit with out-
band signall ing for FDM systems2 and the 
channel, modulator and demodulator 
units for PCM systems3. Special units 
have been designed for carrier genera­
t ion and group translat ion. 

Three "combination shelves" have been 
developed in order to make the equip­
ment as compact as possible. 

The 12-channel combination shelf con­
tains 
— four channel units with modems, 

fi lters and out-band signall ing 
equipment, each of which converts 
three speech channels with the as­
sociated E&M signall ing channels to 
a subgroup in the group band 

— a group modem unit for translating 
the subgroups into the band 12 — 60 
kHz or 6 0 - 1 0 8 kHz. When the system 
is equipped with only 6 channels the 
band used is 1 2 - 3 6 kHz or 6 0 - 8 4 

kHz. The desired frequency band is 
selected simply by restrapping 

— two units with a master osci l lator and 
equipment for generat ing all carriers 
and signal l ing frequencies. The same 
units are used in the 24-channel 
combinat ion shelf 

— a d.c. converter for power feeding 
f rom a 24, 36, 48 or 60 V d.c. voltage 
source, for example the exchange 
battery 

— four-wi re / two-wi re terminat ions or 
subscriber line relay sets including 
terminat ing units. 

The 24-channel combination shelf is 
equipped with the same units as the 12-
channel shelf and in addit ion 
— modems for convert ing two groups 

into the frequency bands 1 2 - 6 0 and 
6 0 - 1 0 8 kHz or 6 - 5 4 and 6 0 - 1 0 8 
kHz. The desired bands are selected 
by means of straps. The standard ver­
sion of the equipment is equipped for 
both alternatives 

— four-wi re / two-wi re terminations for 
24 channels or subscriber line relay 
sets (see the 12-channel combinat ion 
shelf above), but in this system they 
are placed in separate shelves with a 
four-wi re/E&M interface towards the 
mult iplex equipment. 

The fact that the units used in these 
systems are mainly the same as those 
used in the large M5 mult iplex systems, 
which were designed for long-distance 
circuits, means that the small systems 
described here wil l have the same high 
transmission quality and reliability as 
the large ones. High reliability and few 
types of plug-in units are two important 
condi t ions for keeping the cost of 
maintenance and stocking of spares at a 
low level. 

Fig. 4 
E*M interfaces for junction networks 
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Fig. 5 
MINI-LINK 13 with a parabolic antenna 

Fig. 6 
Interfaces for subscriber networks 

The 30-channel PCM combination shelf 
contains 
— channel units, for either a two-wire or 

four-wire output towards the low fre­
quency side, with modulator and de-
modulatorun i ts , transmit and receive 
contro l units and a line interface unit 
for connect ion to a pair cable or 2 
Mb/s radio relay link 

— E&M signal l ing equipment 
— alarm equipment. 

When required, subscriber line relay sets 
are mounted in separate shelves, as in 
the case of the 24-channel terminal. 

Signalling 
On the low frequency side the mult iplex 
equipment is terminated in a two-w i reo r 
four-wire standard type E&M interface. 
These interfaces are used in the junc­
t ion network applications, f ig. 4. 

When the systems are used on sub­
scriber lines, i.e. for connect ing ord i ­
nary CB telephone sets, CB equipment 
in a manual switchboard or PABXs to a 
publ ic telephone exchange, special re­
lay sets are required for transmitt ing 
hook signals and digit pulses from the 
set to the exchange and transmitt ing 
r inging signals and microphone current 
f rom the exchange to the set. These 
funct ions are performed by two types of 
relay sets, one at the subscriber end and 

one at the exchange end of the circuit. 
The relay sets also contain facilit ies for 
transmitt ing charging pulses dur ing 
calls. Thus such circuits enable sub­
scriber call-fee meters to be used either 
as an attachment to the ordinary tele­
phone set or to coin-box sets, f ig. 6. 

Automatic call ing between two CB sets 
in a point- to-point c ircui t can easily be 
arranged by using the subscr iberend re­
lay set at both ends. The B subscriber 
will then receive a r inging signal when 
the A subscriber lifts the receiver. 

The equipment for transmitt ing charg­
ing pulses and subscriber call-fee met­
ers for install ing together with the tele­
phone set are optional equipment in the 
ZAE systems, and can be connected to 
any channel. 

Power supply 
The terminal installed at the exchange 
end is normally fed from the exchange 
battery, usually —48 V. The terminal at 
the subscriber end can be equipped 
with a rectifier unit and connected to the 
a.c. mains. The capacity of the rectifier 
unit is sufficient to feed the radio relay 
link terminal and charge a 48 V standby 
battery. A standby battery is recom­
mended when the reliability of the a.c. 
mains is low. The ringing current for 
signall ing to the subscriber equipment 



Fig. 7 
2RL410 radio terminal mounted in a rack together 
with a 24-channel multiplex terminal 

is obtained from a r inging current 
generator, which is also fed f rom the 
battery in order to ensure cont inuous 
operat ion in the case of loss of the mains 
voltage. 

Radio relay system 
The choice of a suitable radio relay 
system is determined by local cond i ­
tions, such as the type of terrain, dis­
tance, available frequency bands and 
frequencies wi th in these, the need for 
expansion etc. These condit ions vary 
considerably f rom country to country 
and in different parts of the networks, 
and in o rder to satisfy them LM Ericsson 
have developed a range of different 
types of low capacity relay systems, 
namely: 

MINI-LINK 10 for 120 channels FDM or 
30 channels PCM in the band 1 0 . 3 8 -
10.68 GHz. A complete terminal wi th 
transmitter/receiver and internal power 
unit and a flat antenna array is mounted 
in a sealed unit 3 0 x 3 0 x 1 7 cm for instal­
lation out of doors, for example on a 
mast. The equipment is also available 
with a60 cm parabolic antenna, in which 
case the overall dimensions of the 
terminal are 6 7 x 6 3 x 5 2 cm. Up to 10 km 
can be bridged by a flat antenna array 
and up to 20 km with a parabolic anten-

Fig. 8 
MINI-LINK 10 with the rear cover removed 

na depending on the number of chan­
nels, the terrain, t ransmission availabil i­
ty requirements etc. Line of sight is al­
ways a prerequisite. 

MINI-LINK 13 for 120 channels FDM or 
30 channels PCM in the band 12 .75 -
13.25 GHz. The standard version of this 
equipment includes a 60 cm parabolic 
antenna and has the same dimensions 
as the corresponding version of MINI-
LINK 10. Typical hop lengths are 1 5 - 3 5 
km depending on the condit ions 
ment ioned above for MINI-LINK 10. 

MINI-LINK 10 and 13 were designed with 
a view to providing easily installed radio 
relay systems with low maintenance 
costs. The systems are of the "a l l inclu­
sive" type with a high degree of integra­
t ion of the microwave circuits. 

ZRL 410 for 24 channels FDM in the 
band 2 7 0 - 4 7 0 MHz. This equipment is a 
recently developed successor to LM 
Ericsson's popular system ZRL 400. The 
band permits greater hop lengths than 
MINI-LINK 10 and 13, but it cannot be 
used in as many direct ions at each 
central point, since the directional effect 
of the antennas is lower in this frequen­
cy range. 

Other material 
Supplementary material, such as d i ­
versity equipment and installation kits 
f o rmoun t i ng MINI-LINK on a roof, a wall 
or in a mast can also be suppl ied, and 
also suitable terminat ing strips with 
overvoltage protect ion for connection 
of distr ibut ion cables. Petrol or diesel 
powered generators are also available. 

PLANNING 
The systems descr ibed above are 
part icularly suitable for connecting 
groups of 6 — 30 subscribers direct to a 
local exchange. In many cases this will 
solve the telephone problem for a long 
t ime. In places with rapid expansion, 
however, the number of subscribers 
may have increased so much after only a 
few years that it wi l l then be suitable to 
put up a local exchange at the sub­
scriber concentrat ion point. 

The transmission systems described in 
this art icle are in accordance with the 
recommendat ions of CCITT and can 
therefore be used wi thout restrict ion as 
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a link between the new exchange and 
the parent exchange without causing 
any reduction in the quality of the 
network. 

When many small systems are to be 
ordered, kept in stock and installed it is 
advantageous to be able to work with 
units that are as large and easy to handle 
as possible. The system sizes and 
equipment variants have therefore been 
standardized, such as the type of power, 
type of circuits etc. Simple diagrams 
have also been prepared that simplify 
the choice of the right MINI-LINK with 
respect to distance, type of terrain and 
reliability requirements. 

INSTALLATION 
Equipment that is to be installed atmany 
different places, often far f rom where 
the installation and maintenance staff 
are stat ioned, and often in very primitive 
premises, must be very simple and easy 
to install. The ZAE systems meet these 
requirements since 

- all mult iplex and power equipment 
has been combined to form one 
unit —the BYB cabinet —which can 
be installed even in bui ldings that are 
not specially adapted to telephone 
equipment, for example offices and 
similar premises, and there easily be 
connected to the power source, radio 
link and subscriber network 

- the MINI-LINK terminal is an "al l in­
c lusive" unit, which can easily be 
mounted on a mast, a roof or a wall 

- the equipment has been tested and 
its signal levels adjusted at the 
factory, so that the amount of l ining 
up required on site is reduced to a 
min imum, compris ing only checking 
of the feeding voltages and antenna 
direct ion for the maximum signal 
level in the receiver (AGC voltage) 
and funct ion testing of the lines. 

MAINTENANCE 
High reliability is at least as important in 
equipment that is to work in rural 
networks as it is in equipment in long­
distance networks, al though the 
reasons are different: in long-distance 
networks a loss of traffic caused by fai l­
ures is very expensive; in rural networks 
the amount of t ime used, and hence the 
cost of maintenance on site, calculated 
per subscriber line, can very easily be­
come excessive. Very high reliability 

and good stability, and thus the lowest 
possible maintenance costs, are 
achieved by using, asfaraspossib le, the 
same units and components in the rural 
systems as are used in the systems for 
the long-distance network. 

Alarms are provided for faults in the fo l ­
lowing funct ions, feeding voltages, car­
rier generation (FDM), bit faults, loss of 
frame al ignment and codec faults 
(PCM), loss of receiver signal (radio re­
lay link) etc. 

Periodic maintenance is required only 
for any batteries included in the system. 
All other maintenance consists of fault 
clearing, which is done by changing 
faulty printed board assemblies and 
units. This method requires that a suita­
bly dimensioned stock of spare parts is 
available. 
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Uninterruptible AC Power supply 
System, Type BZV 102 

Anders Hansson 

The input and output devices in computer-controlled telecommunication systems 
are usually fed with alternating current, and stringent requirements are imposed as 
regards the absence of interruptions and the quality of the AC voltage. 
This article describes LM Ericsson's new system for uninterruptible AC power sup­
ply, a system which adequately fulfils these requirements. Solid-state inverters, 
which generate an uninterruptible sinusoidal AC voltage, form an essential part of 
the system. 

UDC621 311 4 Large electronic systems usually re­
quire uninterruptible and reliable power 
supply. In LM Ericsson's electronic tele­
communication systems the greater 
part of the equipment is fed with direct 
current. However, there is an important 
equipment category that is fed with 
alternating current, namely the input 
and output devices that communicate 
with the exchange computer. Certain of 
these devices have such stringent re­
quirements that feeding from the mains 
power supply is not acceptable in view 
of the risk of interruptions and other dis­
turbances. 

LM Ericsson have developed a new AC 
power system, BZV 102, in order to 
satisfy these requirements. It is based on 

solid-state inverters as replacement for 
the mains power supply. It provides 220 
V 50 or 60 Hz AC voltage and is fed from 
the normal DC supply of the telecom­
munication plant. The main features of 
BZV 102 are: 
— simple and robust circuit design-

high reliability 
— a few basic units but nevertheless a 

high system flexibility 
— easy to install, put into operation and 

maintain 
— fully automatic operation 
— special earthing system —a high de­

gree of personnel safety. 

Experience from ten years of AC supply 
of AKE telephone exchanges has been 
utilised in the design of system BZV 102. 
The work was carried out in close col­
laboration with, among others, the de­
sign groups responsible for the input 
and output devices in telecommunica­
tion plants. The special characteristics 
of the load, such as high start currents, 
have also affected the system design. 
The new equipment is particularly 
suitable for the modern AX systems, but 
can also be used in many other applica­
tions, not necessarily in the field of tele­
phony. 

Fig. 1 
The development of AC system BZV 102 was car­
ried out in LM Ericsson's modern power supply 
laboratory in Stockholm. Two inverters that form 
part of the system are being tested here 
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AC system 
BZV 102 constitutes a complete system 
for AC feeding of particularly sensitive 
loads, such as the input and output de­
vices in stored program control led tele­
phone exchanges. The main require­
ments of such loads, which have de­
termined the design of BZV 102, are: 
— voltage drops, however short, must 

not occur, since they can cause per­
manent disturbances, for example 
shutdown of connected devices 

— high start currents, several times 
larger than the rated current, occur 
frequently 

— dur ing operation the feeding voltage 
must not deviate f rom the rated value 
of 220 V AC by more than 10 % even 
dur ing the transient condit ions de­
scribed above. 

These requirements can be satisfied in 
different ways. In the LM Ericsson AC 
system (BZV 101) used hitherto the 
problem was solved elegantly with the 
aid of an uninterrupt ible thyristor 
switch1 . However, this system is fairly 
compl icated. When designing the new 
AC system BZV 102 the aim was to 
create a simple and flexible system. 

Function 
The main units in the system are a 
number of inverters type BMS 301, 
which give uninterrupt ible AC voltage. 
Each inverter normally feeds only one 
load item. In this way the requirements 
of the load are satisfied. The output vol­
tage of the inverter may fall when a de­
vice is started (current l imitation takes 
place in the inverter if the start current is 
high) but this does not cause dis­
turbances in other devices already in 
operat ion. 

Fig. 2 
A block diagram of AC sys tem BZV 102 wi th power 
supply and connec ted load i tems 

R, B Feeding rectifier/battery 
11 — 14 Ordinary Inverters 
SBY Standby power supply (from the mains) 
DS1 — DS3 Direct supply from the mains 
C1 - C4 Contactor switches 
L1 - L4 Critical load Items 
LS-L7 Non-critical load items 

Each critical load item is fed from a separa te inver­
ter, via a con tac to r swi tch, and the non-critical 
i tems are fed from the mains via transformers . A 
mains transformer usually cons t i tu tes s tandby 
for the inve r te rs 

A rack accommodates up to four in­
verters, 11 —14 in f ig. 2. The inverters are 
fed from a rectif ier/battery R, B. Each 
inverter feeds one crit ical load item, 
L1 — L4, via a contactor switch, C1 — C4 
respectively. There are often also less 
crit ical devices, L5 —L7, which are nor­
mally fed f rom the mains via trans­
formers of 500 VA each, DS1 - D S 3 . A 
similar transformer, SBY, constitutes 
the common standby for the inverters. In 
the case of a fault in an inverter, it is 
automatically replaced by the standby 
powersource by means of a changeover 
in the relevant contactor switch. 

The standby capacity is rated 500 VA. To 
avoid overloading the standby supply if 
more than one inverter fails, the standby 
is connected in accordance with a given 
order of priority, wi th 11 having the h igh­
est priority. However, the reliability of 
the inverters is high and in practice it is 
therefore unlikely that any load item wil l 
lose its feeding voltage. 

System alternatives 
The equipment described above with a 
fully equipped rack is the normal system 
alternative. Such an equipment is 
shown in f ig. 3. Different system variants 
can be obtained by changing the 
numbero f units equipped. Forexample, 
if an inverter is removed there wil l be 
space for four more transformers for d i ­
rect supply from the mains. 



Table 1 
Possible system alternatives in BZV 102 SYSTEM 

ALTERNA­
TIVES 

Inverters 
with standby 

Inverters 
without 
standby 

Only direct 
supply 

Ordinary 
inverters 
(11...) 

Standby (SBY) tor 
ordinary inverters 

From 
mains via 

transformer 

• 
• 

From 
mains via 
stabilizer 

• 
• 

From 
standby 
inverter 

• 

Direct supply 
(DS1...) 

From 
mains via 

transformer 

• 

• 

• 

From 
mains via 
stabilizer 

• 

• 

• 

If the quality of the mains is poor it is 
unsuitable to use direct supply from the 
mains via transformers. In cases where 
large transient voltages are en­
countered magnetic stabilizers, fed 
from the mains, are used instead so as to 
form an efficient transient filter. This 
alternative also gives a stabilized mains 
voltage. 

In places where mains failures are fre­
quent it would be unsuitable to use 
mains supply at all. An extra inverter is 
then used as the standby (SBY) for the 
ordinary inverters. It must then be de­
cided in each individual case whether 
the non-critical load devices also are to 
be fed from inverters. 

In certain cases it is not necessary to 
have a standby for the inverters, and the 
contactor switches are then not equip­
ped. Direct supply from the mains is 
possible in accordance with the pre­
mises described above. Finally it is pos­
sible to equip a rack purely for direct 
supply from the mains. 

Table 1 shows the possible system 
alternatives. Each alternative has differ­
ent variants depending on the number 
and distribution of the units in question. 

The blank squares are theoretically pos­
sible, but normally there is no practical 
use for such alternatives. 
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Fig. 3 
A complete AC rack BZV 102 with the front plates 
removed. In this case the rack is equipped with 4 
ordinary inverters, standby and direct supply from 
the mains via transformers and contactor 
switches for switching in the standby supply to the 
inverters. The top of the rack contains a connec­
tion panel with lamps for the outgoing alarm sign­
als 
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Fig. 4 
Inverter BMS 301 
48 V DC/220 VAC 500 VA 
The principle of magnetic regulation gives simple 
circuit designs and high reliability 

Inverter 
The inverter BMS 301 converts 48 V DC 
voltage, which is usually obtained from 
the central DC power supply of a tele­
phone exchange, into 220 V sine wave 
AC voltage with an output power of 500 
VA. It is manufactured in two variants, 
for 50 Hz and 60 Hz respectively. The in­
verter is designed with a magnetic 
stabilizer, which gives the fol lowing 
advantages: 
— simple and robust design 
— good regulation with a large regula­

t ion range in spite of the low number 
of components 

— low distort ion 
— short-circuit proof. 

The inverter is designed for system BZV 
102 but can also be used as an individual 
unit, f ig. 4. 

Function 
The 48 V DC supply is connected via an 
input fi lter and input contactor to an in­
verter circuit INC as shown in f ig. 5. The 
circui t contains two alternately conduct­
ing thyristors, providing a magnetic 
stabilizer MS wi th a rectangular AC vol­
tage at a freguency of 50 or 60 Hz. The 
thyristors are tr iggered by pulses f rom a 
tr igger device TD. These pulses also de­
termine the frequency of the output vol­
tage. The thyristors are turned off with 
the aid of special commutat ion compo­
nents, L c and Cc-

The magnetic stabilizer MS consists of a 
specially designed transformer with 

very loose magnetic coupl ing between 
the primary side (P) and the secondary 
side (S), to which a resonance capacitor 
Cr is connected. The corresponding part 
of the transformer core works in the 
saturated area, and so-called ferroreso-
nance is obtained. A constant voltage is 
then obtained across the resonance 
capacitor and also on the output. The 
output becomes sinusoidal through the 
resonance capacitor being connected in 
series with a special f i l ter winding (F). 

The task of the input filter IF is to at­
tenuate the ripple components that are 
produced in the inverter circuit. In addi­
t ion it protects the inverter from t ran­
sients in the supply voltage. The input 
contactor IC is used to start and stop the 
unit. 

Regulation and control 
All regulation is carried out in the 
magnetic stabilizer MS. Thus the design 
of the tr igger device circuit TD can be 
kept very simple. The output voltage is 
kept constant as long as the load current 
does not exceed the rated value. In the 
case of an overload the current l imita­
t ion funct ion starts operating and the 
output voltage is reduced. The inverter 
can also withstand a complete short-
circuit on the output. 

The unit is started and stopped with an 
operating device OD, which affects the 
input contactor and tr igger device. It is 
essential that these are activated in the 
correct order. 

Fig. 5 
A block diagram of inverter BMS 301 
func t ional signals 

IF 
IC 
INC 
MC 
OD 
TD 

Input filter 
Input contactor 
Inverter circuit 
Magnetic stabilizer 
Operating device 
Trigger device 

showing th 



Fig. 6 
Inverter BMS 301, with its front plate removed, 
seen from the front when mounted in the rack. The 
inverter is operated by two push buttons, start and 
stop, mounted on one printed board assembly to 
the left in the unit 

Fig. 7 
A complete AC rack BZV 102 with front plates at­
tached 

Protection and alarm 
The inverter contains several protective 
functions and alarms for abnormal 
operating conditions: 
— current limitation protects the unit 

against overload and short circuits 
— a slow-acting output fuse blows in 

the case of a persistent short circuit 
on the output and causes an alarm 

— a fast-acting input fuse protects the 
thyristors in the inverter circuit 

— an earth fault indicator gives an alarm 
if any of the output terminals of the 
inverter is earthed. 

The alarms are transmitted via the 
operating device OD. 

Other characteristics 
The inverter can also be provided with 
the following functions, which are not 
part of the standard equipment: 
— remote start and stop 
— parallel operation 
— synchronization with another AC vol­

tage source. 

Mechanical design 
The inverter consists of a plug-in unit, 
fig. 6. The operation and trigger devices 
each consist of a printed board assem­
bly plugged into a cassette. When 
mounted in a rack the unit is equipped 
with a front plate. The control buttons 
and indication diodes are accessible 
through a hole in the plate. Fuses and 
connection points are easily accessible 
after removing the front plate. 

Mechanical structure 
AC system BZV 102 has the same 
mechanical design as LM Ericsson's 
new generation of power supply equip­
ment type BZD 112. This packaging 
structure has been described in an 

earlier issue of Ericsson Review2, and 
hence only a few characteristics will be 
mentioned here. A complete rack is 
shown in fig. 7. 
- Each unit is built up of standardized 

modules-great flexibility. 
- Theunitsareeasytomount —theyare 

slid into the racks on rails. 
- The units are cooled naturally (cool­

ing through self-convection) in ac­
cordance with the parallel cooling 
method. 

- The racks can be placed in single 
rows, double rows or against a wall. 

Distribution 
All alternating current is distributed 
from a central point, the contactor unit, 
placed in the top module unit in the rack, 
fig. 8, via plugs. This method makes it 
very easy to redistribute the load among 
the supply sources if necessary. 

Earthing 
Considerable thought was given to the 
earthing principle when designing 
system BZV 102, in order to ensure the 
greatest possible personnel safety. 
The latest Swedish electrical safety reg­
ulations are also met. The main 
characteristics of the earthing system 
are: 
- The system is not directly earthed, i.e. 

the neutral is not earthed 
- Mains feeding always takes place via 

separation transformers, which are 
equipped with class 2 insulation 
(Fi-marking) and encapsulated, fig. 9 

- Earth fault relays on all 220 V outputs 
give an alarm if any of the outward 
distribution lines comes in contact 
with an earthed object; however, dis­
connection will not occur 

- The short-circuit current to earth 
does not exceed 15 mA 

- The voltage to earth is limited to 110 
V. 



Fig. 8 
A contactor unit containing 4 contactor switches. 
The load units can easily be connected to the var­
ious supply sources by means of plugs 

Fig. 9 
Two transformer units, with the front plates re­
moved, seen from the front in the rack. All 220 V 
connections are efficiently encapsulated and pro­
tected from accidental contact. The units are Fl 
marked (class 2 insulation) 

Technical data for inverter 
BMS 301 
Output data 
Output voltage, nominal 
Static regulation, with per­
missible variation of all 
parameters 
Dynamic regulation with a 
load change of ±30% or a 
step-wise change of the 
input voltage of 6 V 
Response time 
Frequency 
Waveform 
Distortion 
Output power with linear 
load 
Permissible power factor 
Output current, peak value 
Short-circuit proof 
Short-circuit current 
(stationary) 

Input data 
Input voltage, nominal 
Permissible variation 

technical data met 
maximum 

Input current with nominal 
input voltage and 
nominal load 
Recommended input fuse 
Efficiency with nominal in­
put voltage and nominal 
load 

General data 
Psophometric noise level 
on the input, measured 
across 15 mQ battery 
impedance 
Radio frequency inter­
ference on the input and 
output (In accordance with 
recommendations by 
C.I.S.P.R.) 

0.15-0.5 MHz 
0.5-30 MHz 

Ambient temperature 
Operation 
Non-destrictive 

MTBF 
Dimensions and weight 

Width 
Height 
Depth 
Weight 

220 V AC 

± 5 % 

±15% 
Max. 100 ms 
50 or 60 Hz ± 1 % 
Sinusoidal 
Max. 5 % 

500 VA 
0.6-1.0ind. 
Max. 3.1 A 
Yes 

5 - 1 0 A 

48 V DC 

44-56 V DC 
40-60 V DC 

Max. 16 A DC 
35 A DC 

Min. 67% 

Max. 1 mV 

Max.80dB(10mV) 
Max.74dB(5mV) 

Oto +45° C 
-10 ° to +55° C 
44 years 

530 mm 
297 mm 
565 mm 
35 kg 
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Automatic Protection Switching 
of Transmission Links 

Ulf Hedman, Torbjorn Johnson and GCinther Ouvrier 

The article describes a system for automatic protection switching of transmission 
links, which is intended to be put into operation when a fault occurs on a long­
distance transmission system. The switching system has been developed by LM 
Ericsson in cooperation with the Norwegian and Swedish Telecommunications 
Administrations. The article also describes a field trial at present in progress in the 
Stockholm region. 

UDC 621.315: 
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In most countries the long-distance 
network is based on wideband coaxial 
cable and radio relay link systems. 
These communications systems oper­
ate with very high reliability thanks to 
modern electronic technology. How­
ever, in certain cases external occur­
rences can affect the operation of the 
system, and this can lead to serious traf­
fic disturbances in the long-distance 
network. One example is a break in a 
coaxial cable section, which would oc­
cur if an excavator or the like happened 
to damage a buried cable. Experience 
shows that the number of disturbances 
caused by such and other external oc­
currences is considerably higher than 
the number of serious disturbances 
caused purely by equipment faults. 

There are a number of possible methods 
of dealing with such disturbances. A 
common aim for all methods is that a 
total breakdown of one wideband 
transmission route shall not result in the 
failure of all circuits between any two 
places in the long-distance network. 

The following alternative methods may 
be mentioned: 
— spreading the traffic over several 

transmission paths that are indepen­
dent of each other 

— duplicating the transmission sys­
tems, i.e. transmitting the same traf­
fic over two independent paths 

— using a protection switching system 
that permits to form different standby 
links of the standby capacity in the 
network. 

Spreading the traffic over several 
transmission paths is an old and well-
tried method, which can easily be ap­
plied in most long-distance networks. 
However, the traffic routes are usually 
rather small, and it is therefore neces­
sary to through-connect many small 
multiplex groups instead of a few large 
ones and almost without exception this 
is a costly business. Furthermore the 
method has its limitations as regards in­
dividually leased lines, since these are 
not connected through the switching 
stages of the telephone exchanges. A 
transmission breakdown on such lines 
will thus persist until the fault has been 
repaired. 

The second method is advantageous for 
a few special traffic categories with a 
high degree of priority but requires far 
too great a transmission capacity to be 
used generally throughout a whole 
long-distance network. 

Fig. 1 
Accidents will happen-an excavator has dam­
aged a telecommunications cable 
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Equipment 

Type 

2 
3 
4 

Capaci ty per equ ipment 

Standby sect ions 

2 
3 
4 

Work ing l inks 

2 
6 
8 

Fig. 2 
A hypothetical long-distance telephone network 

The third method is described in more 
detail in this article. 

Protection switching 
system 
PRINCIPLES 
The basic structure of the protect ion 
switching system is described with re­
ference to figs. 2 and 3, which show the 
traffic routes and traffic loads in a 
hypothetical long-distance network 
contain ing repeater stations A - F . (See 
the captions.) 

Fig. 2 shows condi t ions during normal 
operation and f ig. 3 how the protection 
switching can be made in the case of a 
break on the route between stations A 
and B. As can be seen, the two faulty 
work ing links have been connected to 
suitable standby links, which consist of 
individual standby sections that have 
been connected together. Similar 
standby switching is made when a 
fault occurs in any other part of the 
network. 

One characteristic of the system is that 
there is only one standby section per 
line section. This in its turn means that 
the protect ion switching equipment re­
quired at each repeater station only has 
to handle a l imited number of standby 
sections and terminat ing work ing links. 
Such a part of the standby network — 
which thus consists of a single standby 
section per line section and the neces­

sary switching e q u i p m e n t - i s called a 
switching plane in the remainder of the 
article 

With only one switching plane it is of 
course only possible to arrange protec­
tion switching for a l imited number of 
work ing links. However, there is nothing 
to prevent the installation of several 
switching planes in one and the same 
long-distance network. The different 
switching planes are then entirely inde­
pendent of each other. Moreover they 
do not need to have the same capacity. 
By using this method the whole of the 
protect ion switching system can be 
adapted to the work ing link density of 
the particular network. 

Three switching planes were used in the 
field trial described later in the article. 

PROTECTION SWITCHING EQUIPMENT 
The protect ion switching equipments 
used in the field trial are built up for var­
ying maximum extension capacities in 
accordance with table 1. 

All equipments have the fol lowing char­
acteristics: 
— they can be used for all CCITT 

standard carrier groups, from basic 
groups of 12 channels up to whole 12 
MHz line bands 

- they can be remotely control led via 
an alarm and control system and also 
locally control led via buil t- in push­
buttons 

Standby link 

Protection switching of a normal working link at 
its terminating points 

Standby sections connected together via the as­
sociated through-connection filter 

Fig. 3, right 
A break be tween s ta t ions A and B. 
Traffic via in terconnec ted s tandby sec t ions 

Protection switching equipments in repeater 
stations A to F inclusive 

Working link 

Standby section 
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Fig. 4 
The supervisory loop in the trial network 

— the protect ion switching is always 
made for both transmission direc­
t ions even if only one direct ion has 
been reported as faulty 

— decentralized logic equipment pre­
vents prohibi ted switching condi ­
t ions 

— standby pilots can be fed into all con­
nected sections, i.e. the standby sec­
t ions and also the released work ing 
links. The pilots are fed in automat i ­
cally and can be inhibited by either 
remote or local control 

— informat ion regarding the operating 
state and the posit ion of the change­
over switches can be obtained elec­
trically via output circui ts and visually 
via bui l t- in l ight-emit t ing diodes 

— no repeaters are connected into the 
transmission paths of the protection 
switching equipments 

— the switch contacts consist of 
mercury-wetted relay contacts 

— the equipments are powered via de­
centralized power units 

— the same types of units are used in all 
equipments with the exception of a 
few special units. 

CONTROL SYSTEM 
Central control equipment 
The central contro l equipment consists 
of the LM Ericsson real t ime computer 
UAC 1610. It has two tasks: 
— to communicate with the terminals in 

the remote contro l system 
— to process all data associated with 

automatic protect ion switching in the 
supervised wideband network. 

The computer is equipped with a real­
t ime clock, alarm unit, console typewrit­
er, transmission line interface units and 
cassette tape recorder. 

The alarm unit is used to call a computer 
operator if a fault occurs in the compu­
ter system, since it normally works un­
manned. The console typewriter is used 
for computer-dependent alarms and di­
rect interventions in the program system 
dur ing tests etc. 

The transmission line interface units are 
used for connect ion to the remote con­
trol terminals and also for connect ion to 
the operator devices. The latter consist 
of two colour moni tors with key-boards 
and a line printer, which can be placed 
in a suitable locat ion, not necessarily 
adjacent to the computer room. 

The cassette tape recorder, which is du ­
pl icated, is used for loading the program 
system when the system is started up, 
and for recording all incidents that oc­
cur in the system, including pilot alarms 
and state informat ion. 

Remote control system 
LM Ericsson's terminal system JZA 700 
is used as the remote contro l system. 

Modem 

MG translating equipment 300/900 

SMG translating equipment 900/2700 

Protection switching equipment 
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In the field trial all terminals are con­
nected to form a loop, and the ends of 
the loop are connected to the central 
computer UAC 1610, fig. 4. The trans­
mission loop consists of physical lines 
which are completely separate from the 
coaxial cable routes of the wideband 
network. Standard modems with a 
transmission rate of 1200 bit/s are con­
nected between each terminal and the 
transmission loop. The loop connection 
of the terminals increases the transmis­
sion reliability, since all terminals can be 
reached from the computer even if there 
is a one-way or a both-way break in the 
transmission loop. 

Each terminal is equipped with an 
appropriate number of digital input and 
output boards, which have reed relays 
for earth separation and good protec­
tion against interference. The input and 
output boards are connected to the pro­
tection switching equipment via an in­
termediate distribution frame (IDF) with 
jacks. The IDF was introduced in order 
to simplify redistributions, which can be 
carried out easily and accurately with 
movable connectors without the need 
for soldering or other connection work 
(fig. 13). This is an important contribu­
tion to the operational reliability of the 
system, since an incorrect connection 

during a redistribution could have seri­
ous consequences. 

Reporting of pilot alarms and all state 
information from the terminals is con­
trolled by the computer, which starts a 
cyclic process by requesting terminal 
no. 1 to transmit. If there has been a 
change in its input data since the last 
request, terminal no. 1 will then send all 
its information, otherwise it will just 
send its address. The message from 
terminal no. 1 then acts as a request to 
terminal no. 2 to transmit, and so on. The 
whole cycle continues in this way, and 
when the message from the last terminal 
has been received, the next cycle can be 
started. 

In order to ensure that no information is 
lost the computer requests each of the 
terminals in turn —one terminal during 
each cycle-to send all its data, irre­
spective of whether any changes have 
occurred or not. 

When the computer listens to the trans­
mission loop during the cycles a super­
vision takes place which detects any 
break in the transmission of data. If no 
data are received from a terminal the 
computer sends a new request in the 
normal direction round the loop. If there 
still is no response the request is sent in 
the other direction round the loop. 

When a persistent pilot alarm has been 
obtained the computer automatically 
sends out changeover orders. These are 
sent between the cycles since the com­
puter cannot stop a report cycle once it 
has started. 

Control program 
The program system is based entirely on 
primary storage and comprises 32K 16-
bit words, including data areas. It was 
specially developed forthis project, with 
the exception of the operating system 
and certain handling routines, which 
were available as standard programs. 
The program language is assembler. 

The main functions of the program sys­
tem are: 
— to analyze indications from the pro­

tection switching equipments in the 
repeater stations 

- to convert operator commands to or­
der telegrams that are transmitted to 
the terminals in the repeater stations 

Fig. 6 
UAC 1610. Central unit with control panel 

Fig. 5 
Remote control terminal 



Fig. 7 
Overall display picture of the trial ne twork 

This picture gives a concise version of the alarm informa­
tion from all repeater stations 

Fig. 8 
The coaxial cable rou tes in the trial network 

The figures give the number of supermastergroups (SMG) 

- to automatical ly carry out protect ion 
switching of l inks when persistent 
alarms are received from the as­
sociated pilot receivers 

- to present the state of the supervised 
wideband network, the data trans­
mission network and the protect ion 
switching equipments. 

To enable the software to carry out these 
funct ions it has been designed as a 
number of funct ion modules, which in 
their turn consist of individual programs 
with simple and well defined interfaces. 
Individual funct ions and programs can 
thus be modif ied quite simply wi thout 
affecting adjacent programs. 

Operator interface 
The system carries out protect ion 
switching of l inks independently and 
wi thout operator intervention when 
faults occur. All other funct ions, such as 
restoration to normal work ing links, are 
init iated by the operator. 

The state of l inks, protect ion switching 
equipments and transmission lines is 
cont inuously indicated on the colour 
monitors. By means of commands the 
operators can choose whether to have 
an overall picture, which shows the 
most important information for the 
whole system, or a detail picture show­
ing all available informat ion f o ra l imited 
number of stations. 

All incidents that occur in the network 
are printed on the line printer and re­
corded on the cassette tape. This record 
can be used for statist ical processing. 

Each command consist of a mnemonic 
code with a max imum of 6 characters 
and, when necessary, a number of 
parameters. The contro l system checks 
whether the code and parameters are 
correct and exist. If for any reason the 
command cannot be carried out correct­
ly an error pr intout is obtained which 
gives the reason in text en clair. Apart 
f rom the various contro l commands 
there are also a number of commands 
that initiate various types of state re­
ports. 

Field trial 
AIMS AND REQUIREMENTS 
An extensive f ield trial was planned in 
order to obtain experience of automatic 
protect ion switching before deciding on 
its int roduct ion on a larger scale in the 
Swedish te lecommunicat ion network. 
In addit ion to the recording and meas­
urement of different reliability and qual­
ity parameters the man-machine 
aspects were considered to be of great 
interest, and great efforts were put into 
specifying means of presentation, 
printouts, commands etc. 

To particularize, the field trial was to 
provide answers to the fol lowing prob­
lems: 
— detect ion of and remedies for un­

foreseen problems when putt ing the 
system into operat ion, dur ing the trial 
run and when carrying outal terat ions 
to the system 

— assessment of the operational relia­
bility 

— data for transmission levels etc. dur­
ing changeover, interrupt ion times, 
changeover t imes and the sensitivity 
of the system to interference. 

Some basic requirements that can be 
set for automatic protect ion swi tching, 
and which were consequent ly se t fo r the 
trial system, are: 
— in the case of persistent faults protec­

t ion switching must take place before 
the call isd isconnected (whetherthat 
is done automatical ly in the ex­
change or by the subscribers replac­
ing the handsets). The l imit was set to 
10 seconds 
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Fig. 9 
A display picture with detailed information from 
some repeater stations 

Fig. 10 
Operator's position with the two colour monitors 
and line printer (on the left) 

— single short interruptions (<1 sec­
ond) must not cause protect ion 
switching 

— there must be no substantial quality 
deteriorat ion for traffic dur ing nor­
mal operation 

— only negligible disturbances be­
tween systems in operation when 
switching takes place 

— return f rom the standby link to the 
normal work ing link must not take 
place automatically but must be con­
trol led by the operator and carried 
out only when the link has been 
approved 

— it must be possible to shift between 
automatically and manually contro l ­
led switching 

— it must be possible to record im­
portant occurrences in the network 
in order to make possible fo l low-up 
and analysis 

— it must be easy to adapt the system to 
changes in the network (new cable 
routes, groups and stations) 

— breaks in the carrier network must 
not mean the loss of the control or 
supervisory funct ion for any station. 

TRIAL NETWORK 
A part of the Swedish carrier network 
consist ing of several meshes was cho­
sen for the field tr ial. The trial network 
comprises 9 repeater stations and 11 
coaxial cable routes between the sta­

t ions, each of which includes two or 
three 12 MHz line links, f ig. 8. The total 
cable length used for the trial is 560 km. 
The dimensioning of the standby capac­
ity is such that each cable section con­
tains three spare supermastergroups 
(SMG) which when connected up in 
suitable combinat ions provide ade­
quate alternative routes for the 21 SMG 
links in traffic in the network. 

The trial network provides a 100 % pro­
tect ion switching possibil ity for total 
breakdown, for example a cut cable, un­
less similar catastrophes occur in adja­
cent parts of the network at the same 
time. 

Fig. 4 shows the structure of the trial 
system with protect ion switching 
equipment, remote control terminals, 
data lines, central computer and opera­
tor equipment. 

Figs. 7, 9 and 10 shows the operator's 
posit ion in the operation and mainte­
nance centre in Stockholm with an 
overall picture and detailed information 
regarding alarms and switch states on 
the monitor screens. The operator can 
put questions and give orders to the 
system via the keyboard. 

TRIAL OPERATION 
Putting the system into operation 
Careful preparations were made for put­
ting the protection switching system 
into operat ion, which was carried out 
wi thout a hitch. The computer, remote 
contro l terminals and changeover 
equipments were installed and tested 
separately. The system was then con­
nected up (without any SMGs in service) 
and tested, first by means of manual 
orders from the operation and mainte­
nance centre and then by means of au­
tomatic control . After the successful 
conclusion of these tests the system was 
put in the manual mode and the SMGs 
were connected in. The changeover to 
automatic control then took place wi th­
out any problems. 

Functional reliability 
The funct ional reliabil ity of the system 
was severely tested dur ing the first five 
months of the field trial. A test l ink was 
connected up and breaks were s imu­
lated continual ly by generating pilot 
failures of varying length and per iodic i -
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Fig. 11 
Part of a group distribution frame (GDF) 

The coaxial connection panel in the centre belongs to a 
protection switching equipment placed back-to-back with 
the GDF rack 

ty. A fairly large number of real faults 
also occurred, namely no less than five 
total breakdowns on the cable sections 
involved and some ten SMG faults. In all 
cases the trial system carried out the 
protect ion switching according to plan. 

It may also be ment ioned that the opera­
t ing staff consider the funct ional relia­
bility of the system to be so good that 
when a transmission system has to be 
taken out of service temporari ly, dur ing 
periods of low traffic they simple dis­
connect the transmission route in ques­
tion and leave it to the automatic control 
system to connect up a standby link. 
However, the recommended procedure 
is to order the system to connect up a 
standby link and not to initiate the actual 
changeover unti l this has been done. 

Changeover times 
The actual changeover t imes were 
measured in connect ion with the breaks 
generated on the test link. 

Basically the system is designed so that 
the computer only accepts incoming 
pi lot alarm informat ion when the same 
information has been reported at least 
twice in succession. This makes the 
system more reliable al though it in ­
creases the changeover t ime. Roughly 
speaking the changeover time can thus 
be considered as corresponding to at 
least three scanning cycles, two for 
alarm collection and one for order 
transmission. To this must be added the 
detection t ime in the pilot receiver, the 
processing t ime in the computer and the 
order transmission t ime. 

The expected changeover t ime calcu­
lated on the basis of the condit ions that 
exist in the trial network was approxi ­
mately 3.5 seconds. The actual mea­
surement results gave values between 
3.2 and 4 seconds on condi t ion that the 
data transmission loop was complete. 
With one data link disconnected the 
times were sl ightly over 5 seconds. 

It is desirable that faults that last less 
than 2 scanning cycles should not cause 
changeover. During the testing of this 
funct ion a large number of breaks of 
varying durat ion were generated inten­
tionally. 

The fo l lowing results were obtained: 
breaks < 2 s: never any changeover 
breaks 2 — 3 s: occasional changeovers 
breaks > 3 s: changeover every time 

The above results apply for a complete 
data transmission loop. The times were 
approximately 2 seconds longer if any 
data link was d isconnected. Thus the 
equipment meets the requirementthat it 
must not carry out protect ion switching 
if the breaks are short. 

Changeover took place when the SMG 
test link was subjected to bursts of short 
breaks (each less than 2 s), but the time 
between the start of the burst and the 
changeover varied considerably. 

As has already been ment ioned, the 
cr i ter ion for a changeover is that the 
same alarm must be obtained during 
two consecutive cycles, and this occurs 
sooner or later even in the case of 
bursts. This type of fault, a burst of short 
breaks, is fairly rare but causes consid­
erable disturbance. Hence a change­
over should take place but as ordinary 
calls are not d isconnected in this case, 
as they would be with a complete break, 
there is no need to insist on the 10-sec-
ond limit. Thus the system behaves 
satisfactori ly in spite of the fact that no 
specif icat ions for bursts of breaks had 
been drawn up in advance. 

A changeover between two funct ioning 
links, fo rexample when returning to the 
normal work ing link f rom a standby link 
or when changing over to a standby link 
in order to carry out maintenance work 
or similar work on the normal working 
link, causes a short interrupt ion in 
service. The changeover t ime consists 
of the operate t ime (<2 ms) of the switch 
plus the difference in transmission time 
for the orders to the two terminal ex­
changes. The lat ter t ime has been found 
to be approximately 180 ms when the 
exchanges are next to each other in the 
alarm loop. The only effect on any calls 
in progress is that observant subscrib­
ers hear a "c l i ck " . 

Transmission level, attenuation, 
crosstalk 
It is important to know what short- term 
changes in t ransmission level occur 
when protect ion swi tching are made, 
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Fig. 12 
Partially equipped pro tec t ion switching equip­
men t in a repea ter s ta t ion 

mainly in order to decide how many 
SMG sections can be connected to­
gether without negative effects. 

When an automatic protection switch­
ing is carried out the course of events is 
so rapid that the terminal repeaters in 
the individual standby sections do not 
have time to regulate the transmission 
level jumps that occur, partly as a result 
of systematic attenuation deviations in 
the individual switching points. This oc­
curs in spite of the fact that the opera­
tions are not made synchronously but in 
the order as the telegrams arrive at the 
various stations. The size of the level 
jump is mainly dependent on 
— the sum of the attenuations of the 

changeover switches concerned, in­
cluding cabling 

— the sum of the residual attenuation 
errors per standby section that re­
mains after pilot regulation 

— the sum of the systematic attenuation 
deviation of the SMG through-con­
nection filters. 

the effect of the changeover switches on 
the attenuation is almost negligible. 

The measurements carried out showed 
that under the conditions prevailing in 
the trial network it is perfectly possible 
to connect together more than 10 
standby sections without any apparent 
disturbing effects. However, for plan­
ning purposes, a limit of 8 to 9 standby 
sections in cascade is recommended. 

Some other quality parameters have 
been investigated. For example, the 
near-end and far-end crosstalk attenua­
tion through the protection switching 
equipment was measured and it was 
found that in no case was itlessthan 112 
dB, which is decidedly better than the 
specification for an ordinary group dis­
tribution frame (GDF). Furthermore the 
measurements did not show any other 
measurable noise contribution from the 
changeover switches, which is to be ex­
pected as they contain no electronically 
active components. 

The measured attenuation through a pro­
tection switching was <0.1 dB, with var­
iations of ±0.05 dB. No frequency-de­
pendent attenuation was found beyond 
what can be attributed to the necessary 
cabling between the equipments. Thus 

Man-machine interface 
Interviews with the operating staff have 
indicated that the presentation means 
and commands were clear and easy to 
handle. It is possible that more informa­
tion is presented in the trial network 
than is really necessary. For example, 
the overall display has proved to be of 
little value but in a larger network it is 
likely to facilitate a rapid understanding 
of the situation. 

Fig. 13 
In termedia te distribution frame (IDF) 
The frame Is built up with movable connectors which sim­
plify rearrangement and extension 

Reallocations in the network 
On a few occasions checks have been 
made in order to determine how reallo­
cations and extensions in the long-dis­
tance network affect the handling and 
function of the protection switching 
system. Generally speaking it can be 
said that more work has to be done in 
networks with protection switching 
equipments than in ordinary long-dis­
tance networks. This is because rear­
rangement work in the stations con­
cerned has to be carried out not only in 
the existing GDFs, fig. 11, but also in the 
protection switching equipments 
(OMK), fig. 12, in the IDF, fig. 13, and 
sometimes also in the remote control 
terminals, fig. 5. Thus these networks 
require more extensive and above all 
more careful preparation than long-dis­
tance networks without OMK. 



The rearrangement work has otherwise 
gone well and without problems. During 
the actual station work the system had 
to operate manually, that is to say the 
automatic protection switching was 
deactivated but not the supervision, and 
when everything had been connected 
in, the computer was taken out of circuit 
for a few minutes while the input of the 
new program module was carried out. In 
a fully developed system even such 
short breaks in the supervision can easi­
ly be avoided if the method of feeding in 
basic data from the operator's desk is 
used for minor changes. 

Noticeable disturbances in the 
telephones channels 
A number of test calls were recorded on 
tape for evaluation in order to get a bet­
ter idea of the subscribers' reaction to 
the length of the transmission breaks 
during calls, i.e. the time between the 
fault's occurence and the completion of 
the protection switching. These calls 
were transmitted via a test link on which 
breaks were generated. The participants 
were personnel who had previously 
been informed about the tests, but none 
of them knew exactly when the breaks 
were to occur. 

The results of the investigation are not 
really surprising since they showed that 
usually only one of the two participants 
noticed the break, namely the one who 
was not speaking. However, what is 
perhaps more interesting is that the 
break was seldom considered to have a 
disturbing effect. The reason for this is 
probably that the listener often experi­
ences a relatively large part of the break 
time as a natural pause in the speech of 
the other party. The participants reacted 
quite differently to breaks when music 
was being transmitted. The break was 
then much more noticeable. 

It must be pointed out that the investiga­
tions are based entirely on breaks with a 
duration of between 3.2 and 4.0 sec­
onds. They therefore provide no infor­
mation about the degree of patience the 
subscribers can be expected to show, 
i.e. the time that elapses before the av­
erage subscriber decides to break a call 
by replacing the handset. However, 
there is no doubt that this time is longer 
than 4 seconds. 

Conclusion 
The field trial has shown clearly that it is 
possible to establish a system, which 
with satisfactory reliability can restore 
the service in the long-distance network 
within a few seconds when transmission 
breaks occur. 

In the present situation the calls that are 
in progress are disconnected and traffic 
on the broken line cannot be expected 
to be restored for several hours. An au­
tomatic protection switching system 
improves the degree of service provided 
for the subscribers to such an extant 
that for instance a cable break on the 
route is experienced only as an in­
significant disturbance. 

The development now in progress, 
namely to operate an ever increasing 
number of stations in the network un­
manned, is helped considerably if pro­
tection switching of transmission links 
can be done by remote control from op­
eration and maintenance centres. 

The future development of protection 
switching in the Swedish wideband 
network will mainly depend on the di­
mensioning of the standby capacity in 
the line systems. The target of 100% 
protection switching facilities in all 
parts of the long-distance network is 
apparently too expensive. A standby 
capacity that can make up for 30 — 50 % 
of the line capacity that is lost as a result 
of a fault would probably be sufficient to 
achieve an acceptable congestion level 
in public networks and also permit pro­
tection switching forthe more important 
leased lines. 

The switching level in the trial network, 
i.e. theSMG level, seems to strike a good 
balance between on the one hand com­
plexity and cost of the protection switch­
ing system and on the other hand effi­
cient utilization of the line capacity. 

The additional cost of automatic protec­
tion switching is in the order of 20 % of 
the cost of the standby capacity in the 
network. This extra cost is compensated 
by the reduction of the loss of revenue in 
the case of a fault, and the fact that a 
higherservice level is achieved, which is 
an important goal for a telecommunica­
tions administration. 
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AKE 132 with Signalling System 
CCITT No. 6 in London/Thames ISC 

Christopher Wright and Jan Swerup 

This article describes LM Ericsson's new, advanced subsystem called CCITT6, 
which has been developed to implement signalling system CCITT No. 6 into AKE 
132. It also deals with the signalling system No. 6 test traffic, which was successfully 
established between the AKE 132 exchange in London and an international gateway 
exchange in New York. 

UDC 621 395.38 Signalling system No. 6 was originally 
implemented in AKE 131 for a field trial 
exchange delivered in 1970 to the Over­
seas Telecommunications Commission 
(Australia), OTC(A) in Sydney1. Afterthe 
field trial OTC(A) placed an order with 
LM Ericsson for another AKE 131 ex­
change with signalling system No. 6. 
This exchange was handed over in 1974. 
It was the first exchange in the world 
capable of using the new signalling 
system on a commercial basis. There 
were, however, no telecommunications 
administrations with which this poten­
tial could be exploited until July 1978, 
when signalling system No. 6 was inau­
gurated for traffic between Sydney, To­
kyo and New York. 

LM Ericsson's new implementation, 
CCITT6, which has now been developed 
to introduce signalling system No. 6 into 
AKE 1322 takes full advantage of the AP2 
150 processors. The first exchange with 
this new implementation has been deli­
vered to the British Post Office for Mon­
dial House, London, fig. 1. Today work is 
in progress for two other exchanges, 
namely a new international AKE 132 ex­

change being installed in Sydney and 
the extension of an exchange in Rot­
terdam. 

It has been forecast that by 1985 as many 
as 18 countries will have introduced 
signalling system No. 6. This should 
benefit international telephone custom­
ers by providing faster and more reliable 
telephone service. Maintenance costs 
should also be reduced. 

Important characteristics of 
signalling system No. 6 
Signalling system No. 6 has been 
specified by the CCITT for international 
semi-automatic and automatic tele­
phone traffic3 over unidirectional as well 
as bothway circuits. All types of trans­
mission systems can be used including 
satellite, TASI and digital systems. The 
system has a large unused signal code 
capacity, which will allow for the addi­
tion of new signals. This spare capacity 
may be used for increasing the number 
of telephone signals as well as for intro­
ducing other types of signals, e.g. for 
network management and network 
maintenance. 

All signalling information is carried over 
a separate data link, common to a 
number of speech circuits, fig. 2. On the 
data link information is organized in 
signal units of 28 bits each. To associate 
the information with the speech circuits, 

Fig. 1 
London/Thames International Switching Centre 
(ISC) is situated on the north bank of the River 
Thames 
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Fig. 3 
Modes of operation 

•^^^~— Signalling links 
^ ^ ^ — Speech circuits 
STP Signal Transfer Point 

Fig. 2 
Signalling principles 

a circui t identity (label) is contained in 
each signal message. Since this label 
requires a large number of bits, provi­
sion is made for sending mult i -uni t-
messages consist ing of several signal 
units under one label. Line signals (e.g. 
B-answer) are transferred as one-unit-
messages whi le e.g. B-subscriber 
numbers are normally transferred as 
mult i-unit-messages. 

Detection of transmission errors is 
based on the decoding of check bits in­
cluded in each signal unit and on a data 
channel failure detector. Errors are cor­
rected by retransmission of the informa­
t ion and, in the event of an excessive 
error rate on the link, by transferring 
signal ling to a reserve I ink. As the signal­
ling in signall ing system No. 6 takes 
place on a separate data link, a broken 
speech path would not in itself prevent 
the complet ion of a call. Therefore the 
speech path is tested with a cont inui ­
ty check tone, dur ing the set-up phase 
of each call. 

The signall ing system may be used in 
the associated mode of operation or 
with signal transfer points (STP) in the 
non-associated mode, f ig. 3. The as­
sociated mode is suited for large routes, 
while the non-associated mode is in­
tended for small or medium size routes. 
With the non-associated mode several 
routes wil l share the capacity —and the 
cost —of the same signall ing equipment. 

Signalling system No. 6 
in AKE132 
The third AKE 13-generation of signal-
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ling system No. 6 now developed is 
based on extensive experience. Many 
fundamental concepts from earlier de­
signs have been adopted, applying 
modern technology. The latest techni­
que for structured software design has 
been used. 

The new implementation offers several 
important features and fulf i l ls the most 
exacting opt ions specified by the CCITT, 
such as using speech circuits as reserve 
data l inks, applying parallel and serial 
STPs and rerouting upon receipt of a 
congestion signal from subsequent ex­
changes. It also has a fully developed 
man-machine interface, faci l i tat ing the 
operation of the system. Regional pro­
cessors have been introduced in the 
signall ing terminals to perform routine 
work, thus reducing the load on the 
central processors. 

Subsystem CCITT6 
Signal l ing system No. 6 is introduced 
into an AKE 132 exchange by the addi­
tion of the new subsystem CCITT6, 
which contains both hardware and 
software, f ig. 4. The speech circuits and 
the signal l ing links are connected to the 
hardware, whereas the software per­
forms the logic functions. The programs 
are executed in the central and regional 
processors. 

The programs for subsystem CCITT6 
contain 36 000 instructions, 18 000 be­
longing to central software, 5 000 to re­
gional software and 13 000 to non-resi­
dent software. 



Fig. 4 Introduction of signalling system No. 6 into 
AKE132 

Design of subsystem CCITT6 
The subsystem CCITT6 consists of 13 
funct ional blocks. They form five groups 
wi th different funct ions, i.e. terminal, 
signal handl ing, link conf igurat ion, 
telephone and administrative blocks. A 
short descript ion of the blocks is given 
in the legend of f ig. 5. Some addit ional 
information fol lows below. 

The signal l ing terminal units STU con­
tain regional processors of the APN 163 
min icomputer type4, each control l ing 
up to eight signall ing links, f ig. 6. The 
STU only performs routine work, leaving 
the quali f ied tasks to the central proces­
sor. In order to avoid loss of information 

at STU-failure the retransmission stores 
are placed in the central processor. 

Different types of informat ion are 
transmitted over the signal l ing links, i.e. 
telephone signals concerning a particu­
lar call and speech circuit, system con­
trol signals not related to telephone 
signal in format ion, but necessary forthe 
proper funct ion ing of the signalling 
system and network management sig­
nals used for the supervision and con­
trol of the speech network and the 
signal l ing network. There are different 
blocks in the subsystem CCITT6 hand­
ling these funct ions. Basic sending and 
reception funct ions, such as link selec-

Fig. 5 
Func t iona l s t ruc tu re of subsys tem CCITT6 

Regional software 

I Central software 

Signalling terminal unit. Used for synchroniza­
tion, transmission of information, detection of 
transmission errors and other faults 
Terminal adaptation block. Coordinates the 
communication between the central processor 
and STU 
Reception block. Distributes the received 
signals to the relevant blocks for telephone 
and link configuration functions 
Signal preparation block. Performs label trans­
lation and link selection 
Emission block. Stores signals in a priority 
queue before sending 
Link block. Supervises link status and performs 
signalling to take links into and out of operation 
Link set block. Ensures that each link set 
always has workable links according to the 
exchange data for that link set 
Signalling network block. Ensures the existence 
of a working signalling path through the 
network for each telephone route 
Call processing block. Controls signalling for 
each call and connects the speech circuits to 
the switching network or to a continuity check 
loop 
Continuity check block. Applies a check tone 
to the speech circuits for checking purposes 
Terminal switch block. Connects STU switch-
able links, when required 
Exchange data block. Loads exchange data 
before the exchange is put into operation and 
in connection with extensions and modifica­
tions 
Traffic recording block. Measures the signalling 
traffic on the signalling links 
Blocks in the switching system APT 131 coor­
dinating the interwork between incoming and 
outgoing trunk circuits 
Blocks in the control system APZ 150 super­
vising the regional processors 

Hardware for connection ol speech circuits 
and signalling links 

Regional software for performing routine 
signalling work 

Central software 

Subsystem for implementing CCITT signalling 
system No. 6 
incoming selector stage 
Outgoing selector stage 
Bothway trunk circuit 
Signalling terminal unit 
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tion and label translation are performed 
by the common signal handling blocks. 

If a link fails, signalling must be transfer­
red to a reserve link. The configuration 
blocks then perform the necessary 
analysis to select such a reserve link. 
This may be initiated either when a link 
failure has been detected, or when there 
has been a service interruption in 
another part of the signalling network. 
Exchanges inform each other of such 
situations by means of system control 
and network management signals. In 
order to get the link configuration func­
tions realized in a logical and easily un­
derstandable way, they have been 
structured into three levels; i.e. the link 
level, the link set level and the signalling 
network level. 

The telephone blocks control signalling 
for each speech circuit and interwork 
with the central parts of the switching 
system APT 131, to establish call control 
and access to other equipment. 

For administration of exchange data 
three types of commands are used, i.e. 
insert, delete and printout commands. 
Whenever the operator uses a command 
the system checks thoroughly the validi­
ty of the parameters before taking any 
action. The administrative functions 
also include means for measuring the 
signalling traffic on the links. This can 
be used to assess the dimensioning of 

the signalling network and for calculat­
ing the amount of signal traffic transited 
through the exchange, when serving as 
STP 

Operation and maintenance 
When new traffic requirements arise, 
exchange data can be modified by 
means of commands. New signalling 
routes, new reserve links etc. can thus 
be introduced without disturbing the 
traffic in progress. 

The maintenance functions are de­
signed in accordance with the LM Erics­
son philosophy of Controlled Corrective 
Maintenance (CCM)5. Controlled Cor­
rective Maintenance means that no 
manual actionsshall betaken before the 
supervisory functions indicate that the 
service quality has fallen below a 
specified level. This level can be ad­
justed for each route individually, ac­
cording to its importance. Thus the 
system provides the possibility of select­
ing at any time, by command, the 
optimum balance between service qual­
ity and maintenance activities. 

In many fault situations the system cor­
rects itself without manual intervention. 
Examples of such situations are spora­
dic transmission failures on speech 
circuits and signalling links, as well as 
service interruptions in interworking 
exchanges. 

Fig. 6 
Signalling terminal for subsystem CCITT6. Re­
gional processor APN 163 in the foreground, link 
adaptors and modems in the background 



Fig. 8 

Example of network configuration with 
signalling system No. 6 

Commands are also provided so that 
maintenance staff may, at any time, 
question the system about the status of 
the exchange and about exchange data. 
The Automatic Transmission Measuring 
Equipment ATME 26, and special link 
test equipment are available for mea­
surements and tests specified by the 
CCITT. The International Transmission 
Maintenance Centre in London/Thames 
ISC is shown in fig. 7. 

AKE 132 in the signalling 
network 
AKE 132 with subsystem CCITT6 has 
been designed to permit full exploita­
tion of the signalling network, which is 
of vital economic importance. Signal­
ling networks can be designed in many 
ways, taking into account aspects of re­
liability, economy, availability, label al­
location etc. Some of these aspects will 
be considered here, with reference to an 
intercontinental network. 

In order to maintain service in the event 
of a link failure, it is desirable that there 
is more than one permanently synchro­
nized signalling path to a distant ex­
change. The regular signalling ar­
rangement between exchange A and B 
in fig. 8, could be an associated link, us­
ing a circuit from A to B. The reserve 
could be to a nearby exchange C, which 
can serve as STP. This implies that in­

stead of occupying an extra interconti­
nental circuit A—B, a low cost link A - C 
to the STP could be used. According to 
the same principles exchange A may 
serve as STP for traffic between C and B. 

The cost of signalling arrangements 
could be substantially reduced, if the 
associated link could be eliminated. 
Administrations may however, be re­
luctant to rely on a third party for normal 
service of important routes. If more 
STP's could be connected, then the 
service might be considered sufficiently 
secure without the associated link. In 
AKE 132 it is possible to define up to five 
STP alternatives for each route. 

In orderto further improve reliability, the 
use of switchable links is recom­
mended. These links are normally used 
as speech circuits, but are automatically 
switched over to signalling links when 
necessary. The cost of defining them as 
switchable links is negligible compared 
with the cost of a permanent link. In AKE 
132 it is possible to define up to 11 
switchable links in each route, in addi­
tion to the permanent links. 

London/Thames internatio­
nal switching centre 
Thames International Switching Centre 
(ISC) is situated in Mondial House, 
London on the north bank of the River 

Fig. 7 
The In terna t ional Transmission Main tenance 
Cen t re in London/Thames ISC with signalling 
links for signalling sys tem No. 6 on the left 
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Thames. It contains an AKE 132 ex­
change with an initial traffic capacity of 
5 000 Erlangs and it has presently the 
largest capacity in the wor ld in respect 
of signal l ing system No. 6. The principal 
t runking of theexchange is shown in f ig. 
9. 

Initially the exchange will switch traffic, 
not requir ing international operator 
facil it ies, between the United Kingdom 
and major route countries. These com­
prise 12 continental and 4 intercont i ­
nental countr ies having the highest traf­
fic level to and from the United King­
dom. International transit traffic is also 
possible. The catchment area for outgo­
ing international traffic wil l be restricted 
to London only, whereas incoming in­
ternational traffic will have full access to 
the national network. 

Engineering tests with 
signalling system No. 6 
Bilateral engineering tests with signal­
ling system No. 6 were conducted be­
tween London/Thames and New York/ 
Broadway international exchanges dur­
ing November 1978. Previously func­
tional testing of CCITT6 in AKE 132 had 
been done in a simulated environment 
at a testplant and on a back to back basis 
in the exchange. It was considered im­
portant however, to verify the design of 
the subsystem CCITT6 in a real envi­
ronment and at the same t ime check the 

interpretat ion of some of the CCITT re­
commendat ions. Notwithstanding the 
compl iance to CCITT recommenda­
tions, it was important to ensure that the 
equipment was compatible with com­
parable equipment overseas. 

Scope 
The engineering tests were based on 
test schedules used for the earlier tests 
between USA, Japan and Australia. 
Functions for switchable reserves and 
non-associated working were not 
tested, as these optional funct ions were 
not available in the New York/Broadway 
exchange at the t ime. 

A total of 110 tests were programmed 
over a four week period. Two data links 
and two speech circuits were used. They 
were fully interchangeable and spread 
over both cable and satellite routes. The 
tests covered five main test areas as de­
tailed below: 

Tesf of the data links 
Preliminary tests were made of trans­
mission characteristics of the circuits, 
which were lined up to data standard. 
Synchronizat ion tests were then made 
to ensure that the AKE 132 and the New 
York system could synchronize under 
normal condit ions. 

Security arrangements 
The data links were arranged in a con­
f igurat ion with one regular l ink and one 

Fig. 9 
Trunking diagram of AKE 132 with CCITT6 

FDR 
FIR 
FUR 
Gl 
GU 
KM 
KS 
CCITT6 
FDR6 
STU 
C6W 

CONTC 

Bothway trunk circuit 
incoming trunk circuit 
Outgoing trunk circuit 
incoming selector stage 
Outgoing selector stage 
Code receiver 
Code sender 
Subsystem for signalling system No. 6 
Bothway trunk circuit for system No. 6 
Signalling terminal unit 
Unit for connection ol STU to a switchable 
link (any speech circuit) after a signalling 
link failure 
Check tone transceiver 



Fig. 10 

AKE 132 with CCITT6 in the London/Thames ISC 
will provide high quality international telephone 
service 

synchronized reserve. A short break was 
then made in the regular link to ensure 
that it was taken out of service and a 
changeover made to the reserve. 
Checks were also made to conf i rm that 
the regular link regained synchroniza­
t ion and was automatical ly put back into 
service when the link was restored. 

Call processing, terminal traffic 
Most of the normal and some abnormal 
call processing sequences were 
checked including the en-bloc mode (all 
digits transmitted in one message) and 
the overlap mode (split up digit trans­
mission). 

Call processing, transit traffic 
Normal transit call sequences were 
tested in the en-bloc and overlap mode. 

System failure conditions 
Complete fai lure of the l inks was in­
cluded to test the effects on devices that 
were idle, b locked, in register phase or 
in speech posit ion. Similar tests were 
donew i th processorfai lures result ing in 
different types of restarts. 

Test aids 
The tests were conducted mostly with 
normal test aids available for AKE 132 
systems in service. A link fail simulator 
was also used, which had been de­
signed by the Telecommunicat ions De­

velopment Department of the British 
Post Office. It enabled the transmit and 
receive direct ions of the links to be 
broken permanent ly or for approximate­
ly 100 ms. 

Testing aids also included a data regist­
ration block used for the installation 
test ing, a modem tester, call generating 
and terminat ing devices, a lamp display 
showing a part of the data store con­
tents and a software trap. 

The terminal equipment in New York 
was normally in service to Tokyo, but it 
was rearranged dur ing the daily testing 
period wi th London. 

Results 
The tests were generally very successful 
and demonstrated that the AKE 132 and 
the New York system had compatible 
implementat ions of signal l ing system 
No. 6. Some minor faults were found and 
corrected in both London and New 
York. Some differences in design 
phi losophy and interpretat ion of CCITT 
recommendat ions were also evident, 
but these points should have no inf lu­
ence on the proper operat ion of the 
system. It is thus evident that the AKE 
132 with CCITT6 wil l provide high qual­
ity international telephone service to 
many customers. 
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Power Supply System for Small 
Telecommunication Plants 

Leif Hansson and Arne Strickert 

The article describes a new generation of equipment for the power feeding of small 
telecommunication plants, such as remote subscriber stages and PBXs. The equip­
ment consists of single-phase, thyristor-controlled rectifiers of different sizes to­
gether with distribution equipment. 
The power supply equipment constitutes a complete system equipped with all 
necessary functions (automatic charging, protection, alarms). It is easy to install 
and requires no attention when in operation. 
The mechanical design is extremely flexible, and as a result the equipment can be 
used in different ways. For example, the power supply equipment can be combined 
with the telecommunication equipment in the standard LM Ericsson packaging 
structure or it can be packaged as separate power racks (19"). Single units can also 
be supplied separately in their own cases for wall mounting. 

UDC 621.311.4: 
621.395.65 

Fig. 1 
Power supply equipment BZA 106 consisting of 
two rectifiers BMT 243 (25 A) and distribution unit 
BMG 661 mounted in a 19 rack. 
The equipment can be extended/supplemented 
by additional racks containing only rectifiers. 
The rectifiers work in parallel and can be used in 
systems with or without battery. 
A block diagram of the system is shown on the 

The power supply equipment intended 
for small telecommunication plants, 
such as remote subscriber stages (con­
centrators), rural exchanges and PBXs, 
must satisfy stringent demands as re­
gards flexibility in order that it shall be 
suitable for the different applications. 

For example, the equipment must be 
able to work with or without batteries, 
i.e. it must be possible to use the rectifi­
ers as battery chargers and also battery 
eliminators. 

Mechanically the equipment must be 
adapted to different packaging struc­
tures. It must be possible to combine the 
power supply equipment with the tele­
communication equipment in the LM 
Ericsson standard packaging structures 
BYB 101 and BYB 201 orto install it in a 
rack of its own (19"). Furthermore it must 
be possible to use separate units indi­
vidually in their own cases for wall 
mounting. 

Some other requirements are: 
— The powersupply equipment mustbe 

easy to install and must not require 
attention since usually no qualified 
operating staff is available on the site. 

— Heat losses must be kept as low as 
possible. This is essential because 
the equipment may be installed in the 
same rack as the telecommunication 
equipment. 

— The equipment must satisfy the re­
quirements regarding power supply 
for an electronic load (ability to with­
stand incoming transients from the 
feeding network, low transient volt­
age deviation, low noise voltage). 

— The equipment should be suitable for 
use in an office environment (low 
noise level, pleasant appearance). 

— A high level of personnel safety (live 
parts protected against accidental 
contact etc.). 

LM Ericsson have designed a new pow­
er supply system to meet the above-
mentioned requirements. It consists of 
single-phase, thyristor-controlled recti­
fiers in three current sizes together with 
distribution equipment. The system and 
its units are described below. 

Power supply system 
Power supply system BZA 106 is built up 
of rectifiers, one or several working in 
parallel, togetherwith adistribution unit 
and one or more batteries, fig. 1. 

The rectifiers normally provide current 
for the telecommunication plant and a 
floating charge for the batteries. In the 
case of a mains failure the batteries 
supply the necessary current for the 
telecommunication equipment without 
interruption. When the mains voltage is 
restored the batteries are recharged by 
the rectifiers. The rectifiers also au­
tomatically charge the batteries at an in­
creased voltage, so-called operating 
charge. 

Rectifier 
The new rectifiers, fig. 2, have been de­
veloped for three current values and two 
system voltages. The rectifiers are 
thyristor regulated in single-phase con­
nection. They are adapted for feeding 
from standby power units and from 
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mains networks of poorquality. The rec­
tifiers can therefore cope with large vol­
tage and frequency variations, frequent 
mains failures and large distortion in the 
mains networks to which they are con­
nected. 

From a technical viewpoint an unlimited 
number of rectifiers can, in principle, 
work in parallel and they would then 
share the load equally. For the sake of 
operational reliability it is often better to 
choose several small rectifiers con­
nected in parallel than one or a few large 
ones. 

The rectifiers are provided with protec­
tion and control equipment which 
permits fully automatic operation and 
operation in unmanned exchanges. 

Main circuit for 10 A and 25 A rectifier 
The transformer is connected to the 
mains supply via a switch, fig. 3. The 
secondary side of the transformer is 
connected to a rectifier bridge consist­
ing of two diodes and two thyristors. The 
thyristors receive trigger pulses from 
the control device. The current is mea­
sured by means of a current trans­
former, whose primary winding is con­
nected on the anode side of each diode. 
The secondary winding is connected to 
the control device. The rectifier bridge 

gives a pulsating DC voltage. Since cur­
rent commutation takes place twice per 
cycle the basic ripple frequency will be 
100 Hz. The voltage is smoothed by a 
filter consisting of two chokes and two 
capacitor banks. There is an ammeter 
and a fuse with alarm indication on the 
output of the rectifier. There is also a test 
terminal for checking the output volt­
age. In the 25 A rectifier the control de­
vice is fed via a transformer, connected 
to the secondary side of the main trans­
former, and in the 10 A rectifier it is fed 
via extra windings on the main trans­
former. Metal oxide varistors are con­
nected across the secondary side of the 
transformer and protect the rectifier 
against the mains overvoltages. 

Main circuit for the 4 A rectifier 
The design of the 4 A rectifier is some­
what simplified but in principle it is the 
same as that described above. The 
printed board with the control device 
circuits also contains the rectifier bridge 
with thyristors and diodes, fig. 4. 

Control circuit 
The control circuit provides the 
thyristors of the bridge with two trigger 
pulses per cycle. The pulses have a 
mutual phase shift of 180° and a variable 
phase position with regard to the mains 
voltage (phase shift control). In this way 

Fig. 2 
The new line of single-phase rectifiers 

BMT 241 rectifier 4 A 
BMT242 rectifier 10 A 
BMT 243 rectifier 25 A 
All for 24 and 48 V system voltage 



Fig. 4 
Printed board assembly for rectifier. In addition to 
the control circuits BMT 241 (4 A) also contains a 
bridge with thyristors and diodes 

the output voltage can be varied be­
tween zero and maximum. Regulation 
normally takes place at constant volt­
age. When the rated current is exceeded 
the control system changes over to con­
stant current regulation (current l imit­
ing), which protects the rectif ier against 
overload. The control circuit generates 
a linear sawtooth voltage, which is in 
synchronism wi th the mains voltage. 
The output voltage from the rectif ier is 
sensed by an operational amplif ier, 
which compares the actual value of the 
voltage with a reference voltage. Cur­
rent sensing is carried out in a similar 
way, with the current signal being 
obtained from a current transformer. 
The output signal of the control amp­
lifier in its turn is compared with the 
sawtooth voltage in a comparator. The 
output signal of the comparator con­
sists of square wave pulses with a vari­
able phase posit ion, which after proces­
sing and ampli f icat ion are used as the 
tr igger pulses for the thyristors. 

Operating charge is obtained when a 
signal affects the voltage regulation via 
a transistor coupl ing. This signal is 
obtained either from an external device 
(automatic charging, which is described 
below) or f rom a push-button on the 
control unit (manual charging). 

Protective circuits 
The rectif ier contains circuits for protec­
tion against abnormal condit ions. 

— Current l imit ing, which protects the 
rectif ier against overload and exter­
nal short c ircui t ing. 

— Output fuse, which in case of an in­
ternal short circuit disconnects the 
rectif ier and thus makes possible 
cont inued operation from battery or 
other rectifiers. 

— Mains voltage monitor, which gives 
an alarm if the mains voltage disap­
pears because of a fuse failure or any 
other fault. 

— Internalvol tagemonitor whichb locks 
the f i r ing pulses if the mains voltage 
falls to a value that can jeopardise the 
funct ion of the rectifier (disconnec­
t ion at 60 % and reconnection at 70 % 
of the nominal mains voltage). 

When the rectif ier is started the current 
rises gradually to the required level. This 
also occurs in the case of a restart after 
any alarm condi t ion that caused dis­
connect ion. This gradual start prevents 
unnecessary current surges and voltage 
overshoots. 

The rectif ier control unit contains the 
fo l lowing adjustment devices: 
— Two potentiometers for fine adjust­

ment of voltage levels (normal opera­
t ion, charging). 

— A potent iometer for setting the cur­
rent to between 0 and 1 1 0 % of the 
rated current (current l imit ing). This 
is also used for manual charging with 
a selected constant current value. 

Fig. 3 
The mains voltage is connected via the mains 
switch to the mains transformer. The voltage is 
rectified and regulated in the diode/thyristor 
bridge and smoothed in an LC filter. The control 
unit senses the output voltage and output current 
and gives trigger pulses to the thyristors so that a 
constant output voltage is obtained 
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Mains switch 
Mains transformer 
Current transformer 
Oiode/'thyrlstor bridge 
Fitter choke 
Filter capacitor 
Output fuse 
Control device 
Ammeter 



Fig. 5 
Rectifier BMT 243 (25 A), with the front plate re­
moved, seen from the front. The plug-in printed 
board assembly contains all control and monitory 
functions. Light emitting diodes for the indication 
of the operating state and push-buttons for control 
are placed on the front of the control unit printed 
board. The rectifier bridge is placed to the right of 
the ammeter, with the thyristors and diodes easily 
accessible, which simplifies fault localization and 
service. Components with mains voltage (mains 
switch and mains transformer) are placed in the 
lower section of the rectifier case 

Indication and signalling 
The rectifiers have light emitting diodes 
for indication of the operating state and 
push-buttons for control, all of which 
are placed on the front of the control 
unit board, fig. 5. 

The following signals can be sent from 
the rectifiers: 
— Mains fault 
— Fuse alarm 

The following functions can be remotely 
controlled: 
— Automatic charging 
— Disconnection/restart (from the 

overvoltage monitor). 

The rectifiers contain a plug connector, 
to which a cable can be connected for 
signalling between rectifier, distribution 
unit and any central unit. 

Distribution unit 
A separate unit, a distribution unit, for 
connecting distribution and battery ca­
bles, has been developed for this new 
series of single-phase rectifiers, see fig. 
6. The advantage of a separate distribu­
tion unit is that the rectifiers can be 
changed without the operation being in­
terrupted. Moreover custom-made dis­

tribution units can be used for different 
applications. The standard unit contains 
3 fuses in values from 6.3 to 35 A and a 
fuse unit with 10 glass-tube fuses 1 -6.3 
A. A voltmeter and an ammeter are 
mounted in the front of the unit. The cur­
rent is measured by a shunt. 

The unit also contains printed board as­
semblies for supervision of the output 
voltage and automatic charging, which 
are described below. 

Voltage supervision 
The object of the voltage supervision is 
to protect the equipment and give an 
alarm in the case of abnormal operating 
conditions. If a fault occurs in the recti­
fier and its output voltage rises to an 
abnormal level, the overvoltage protec­
tion blocks the trigger pulses and gives 
an alarm. In the case of battery dis­
charge the under-voltage monitor gives 
an alarm when the distribution voltage 
level becomes too low. 

Automatic charging 
The automatic charging operates on the 
principle of periodically charging the 
battery during a constant time, to full 
capacity. How often this periodic charg­
ing has to be carried out depends on the 
size and type of battery and how often 

Fig. 6 
Distribution unit BMG 661001, with the front plate 
open, seen from the front. 
The distribution unit contains three fuse sockets 
for fuses of values from 6.3 to 35 A and a fuse unit 
with 10 glass-tube fuses 1 —6.3 A. The fuse holders 
are equipped with an alarm device. 
The printed board assembly contains circuits for 
supervising the distribution voltage and for au­
tomatic charging. The front of the printed board is 
equipped with light emitting diodes and push-but­
tons for indication and control 
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Fig. 7 
Power supply system BZA106 with the front plates 
removed. The rack is equipped with two rectifiers 
BMT 243 (25 A) and distribution unit. 
The rack is held to the wall by four spacing ele­
ments, which gives free cable paths along the wall 
behind the rack 

Fig. 8 
Rectifier BMT 243 (25 A) in PABX ASB 900. A dis­
tribution unit (BMG 660001), which is specially 
adapted for this PABX, is mounted at the top of the 
rack. The distribution unit contains automatic 
fuses, a printed board assembly for supervision of 
the distribution voltage and automatic charging 
and a special alarm collecting board 

mains failures occur. The length of the 
period can be set to between 1 and 80 
days with a charging time of between 22 
minutes and 30 hours. The standard set­
tings are adapted for ordinary lead-acid 
and Ni-Cd accumulators, i.e. a charging 
time of 7.5 hours every 20 days. If mains 
failures occur daily, with a consequent 
discharge of the batteries, the interval 
between charges should be reduced to 
10 days. If sealed lead or Ni-Cd batteries 
are used, the times should be changed 
to charging for 1.5 hours every 24 hours. 
These recommendations apply for nor­
mal operating contitions. The floating 
and charging voltages of the rectifiers 
must be correctly adjusted in order to 
obtain maximum utilization of the bat­
teries. The following voltage levels are 
recommended. 

Type of Floating voltage Charging voltage 
battery 
Lead-acid 
Sealed lead 
Ni-Cd 
Sealed Ni-Cd 

V/cell 
2.18-2.20 
2 13 
1.40-1 42 
1.40 

V/cell 
2 3 0 - 2 3 5 
2 3 0 

1.50-1.55 
1.50 

Power supply system BZA 106 can be 
supplemented with an equipment for 
automatic battery charging which works 
on the principle of current and time 
measurement (BMP 131)'. 

Mechanical construction 
of the units 
The unit case is available in three sizes. 
The mechanical dimensions are given in 
the technical data. 

A unit case consists of a rear plate, side 
members and top and bottom mounting 
plates (alike). 

The rear plate is used for mounting 
heavy components, such as trans­
formers and chokes. In order to achieve 
efficient ventilation of the units the top 
and bottom mounting plates are perfo­
rated with rectangular holes. These 
holes are also used for the mounting of 
the components and the construction 
gives good flexibility for different types 
of components. Printed board assem­
blies are installed with the aid of plastic 
guide strips, which are clipped into the 
top and bottom mounting plates. The 
units can be equipped with handles at 

the front, which makes them easier to 
handle. In the packaging structure BYB 
201 and in 19" version the handles are 
used as mounting brackets. 

The unit case has a removable front 
plate, which is fastened with two captive 
screws. The necessary instruments, in­
dication lamps and control devices are 
visible and accessible through cut-outs 
in the front plate. 

The mechanical construction of the rec­
tifiers is characterized by great flexibili­
ty, which makes it possible to place 
them in different types of racks and 
cabinets, for example 
— in a separate rack 
— in a rack with telecommunication 

equipment 
— in a wall-mounted case. 

Mounting in a separate rack 
Power supply system BZA 106 is usually 
mounted in the newly developed 19" 
rack BAF 601 04 (530x260x1500 mm), 
fig. 7. 

The load-bearing parts of the rack con­
sist of four U-shaped steel plates, which 
also constitute the top, bottom and side 
plates. They are joined by means of 
standard screws. 

Steel guide rails are mounted on the 
side plates at the heights required for 
the units concerned. A plate is mounted 
at an angle between the guide rails. It 
serves both as a cabling support and a 
guide for the air circulating through the 
rack. The units are cooled in ac­
cordance with the parallel cooling 
principle, which means that the rectifi­
ers work under similar conditions, re­
gardless of their positions in the rack. 

The rack is delivered in parts in order to 
reduce the volume during transport. The 
final erection work on site then takes 
only a few minutes. 

The front of the rack consists of the front 
plates of the units inserted. All visible 
steel surfaces are finished in blue ham­
mer lacquer, which combines well with 
the anodized aluminium handles and 
the black fronts of the instrument 
panels. The rack is equipped with ad­
justable feet that compensate for any 
unevenness of the floor. 



Fig. 9 
Rectifier BMT 241 (4 A) in transmission equipment 
ZAE 12 — 1. The rectifier contains a separate dis­
tribution fuse. 
The rectifier can be supplemented by a standard 
printed board assembly for automatic charging 
and will then function as a battery charger 

Fig. 10 
Rectifier BMT 242 (10 A) for wall mounting. The 
lower part of the case contains two distribution 
fuses and terminals for measuring the distribution 
voltage and current. 
A similar case is available for rectifier BMT 243 
(25 A) 

The equipment is designed for installa­
tion against a wall. This, in combination 
with the fact that the units are of a very 
compact construction, means that the 
available space is utilized very efficient­
ly. 

Mounting in a rack for telecommuni­
cation equipment 
The power supply equipment is often in­
tegrated with the other telecommunica­
tion equipment, and the standard pack­
aging structures BYB 101 or BYB 201 
are then used. 

In certain cases the power supply 
equipment can occupy a whole rack in 
the exchange. One example of this is the 
PABX ASB 900, fig. 8. In other cases it 
constitutes a unit placed with the other 
telecommunication equipment in a 
common rack, such as in transmission 
system ZAE 1 2 - 1 , fig. 9. 

Mounting in a wall case 
In small plants, where only one rectifier 
is needed, the rectifier can be placed in a 
wall-mounted case together with a sim­
ple distribution unit, fig. 10. The equip­
ment is also arranged so that it can be 
equipped with a printed board assembly 

for automatic charging if a battery is in­
cluded. 

The cases used for the 10 A and 25 A 
rectifiers are constructed of the same 
details as the floor rack. 

Installation and maintenance 
The units and racks are designed so that 
they can be installed very easily and put 
into operation quickly. 

The units are delivered as complete 
factory-tested units. They are mounted 
with the aid of simple hand tools and the 
installation testing is limited to a visual 
inspection, a check for any transport 
damage, and a simple functional test. 

The rectifiers are designed for high 
personnel safety. Even with the front 
plate removed any components and 
terminals with mains voltage are well 
protected against accidental contact. 

Alarm and signal wires are run in a cable 
equipped with a plug (TSR cable), which 
is designed so that new units can be 
added very easily. 
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Technical data for rectifiers 48 V 
Type 

Output data 
Rated voltage 
Rated current 
Static regulation accuracy 
Transient voltage deviation with 
the battery connected in parallel 

25-50-25 % current variation 
50-75-50 % current variation 

Transient voltage deviation 
without battery 

25-50-25 % current variation 
50-75-50 % current variation 

Noise voltage 
psophometric value 
peak value 

Input data 
Mains voltage, single-phase 

nominal value 
permissible variations 
permissible variations with 
slightly lower regulation 
accuracy 

Permissible frequency variation 
Primary current with nom. 220 V 

and nom. output data 
Power factor at 80 % lou, 
Efficiency 
Ability to withstand transients 
coming in from the mains 

amplitude 
rise time 
half value time 

Radio interference, mains side 
Requirement: CISPR 
recommendation 

0.15-0.5 MHz 
0.5-30 MHz 

Radio interference, DC side 
0.15-0.5 MHz 
0.5-30 MHz 

General data 
Permissible ambient temperature 

function 
non-destructive 

V= 
A= 
mV= 

V= 
V= 

v= 
v= 
mV 
mV 

V 

% 

% 
Hz 

A 
cos v 

% 

kV 
«s 
,"S 

s=66dB 
s60dB 

«80dB 
«74dB 

°C 
°C 

Noise level max dBA 
Dimensions 

width 
height 
depth 

Weight 

mm 
mm 
mm 
kg 

BMT241 48/1 

48 
4 
200 

0.75 
0.75 

4 
4 

<2 
<200 

220/110 
±10 

- 3 0 - + 2 0 
47-63 

1.6 
0.7 
80 

1.5 

-
-

is met 

is met 

0 - + 4 5 
- 1 0 - + 5 5 

-
243 
243 
243 
14 

BMT 242 48/1 

48 
10 
80 

0.75 
0.75 

3 
3 

<2 
<200 

220/110 
±10 

- 3 0 - + 2 0 
47-63 

4.1 
0.68 
85 

2.5 
2 
500 

is met with 
filter BMF 
101 036/2 
is met 

0 - + 4 5 
- 1 0 - + 5 5 
50 

485 
265 
260 
30 

BMT 243 48/1 

48 
25 
80 

0.75 
0.75 

4 
4 

<2 
<200 

220/110 
±10 

- 3 0 - + 2 0 
47-63 

9.3 
0.7 
88.5 

2.5 
2 
500 

is met with 
filter BMF 
101 036/2 
is met 

0 - + 4 5 
- 1 0 - + 5 5 
50 

485 
399 
260 
52 
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Stored Program Controlled PABX, 
ASB 900 

Robert Dietsch and Nils Pierre 

The modernisation of LM Ericsson's range of PABX systems continues with the 
introduction of ASB 900, which is a stored program controlled PABX with electronic 
cross points in the switching network. 
ASB 900 for 60-960 extensions satisfies the requirements of medium-sized com­
panies and ASB 100 for 20-100 extensions, which has been described in a previous 
issue of Ericsson Review\ is intended for small companies. 

U DC 621 395 24 

Fig. 1 
PABX ASB 900 

ASB 900 offers a large number of traffic 
features and an efficient operation and 
maintenance system. The program 
structure with function modules, which 
has been developed for ASB 900, makes 
the exchange reliable and easy to 
administer. 

ASB 900 is a modern, fully electronic, 
stored program controlled PABX. With 
its modern traffic features and well de­
veloped operation and maintenance 
system it is well able to satisfy all the 
present day requirements of an efficient 
PABX. 

ASB 900 is built up in three levels, name­
ly system, subsystems and function 
blocks, see fig. 2. Each function in the 
exchange has its own function block, 
which contains the hardware and soft­
ware required for the entire function. 
This gives the exchange a simple 
structure and also makes it very flexible, 
since each function is then an indepen­
dent unit, being completely indepen­
dent of the other functions. This makes 
ASB 900 very easy to operate and 
administer. 

The programs for ASB 900 are stored in 
a dynamic store of the RAM (Random 
Access Memory) type. This greatly simp­
lifies the process of changing programs, 
for adaption to special markets and 
customers. Programs and data are 
loaded into the store from a cassette 
tape on the tape recorder that is built 
into the exchange. Changes in the store 
can then be carried out either via addi­
tional cassette tapes or via a typewriter 
terminal, which can be portable or per­
manently connected to the exchange. 

ASB 900 is built up in the BYB 201 
cabinet construction practice, which is 
a further development of the rack con­
struction practice BYB 101, which was 
originally developed for exchange 
system AXE. ASB 900 is intended for 
60-960 extensions. Two cabinets are 
required for an ASB 900 with 120 exten­
sions, one for the control system and 
one for the extensions. Another cabinet 
is required for every additional group of 
120 extensions until the maximum 
capacity of the exchange is reached, 
namely 960 extensions, which means a 
total of 9 cabinets. The cabinets can be 
equipped with a combination of single 
and double magazines or with power 
feeding or main distribution equipment 
if required. 

The trunking diagram for ASB 900 is of 
the traditional type, with one extension 
and one device multiple, which are con­
nected by an electronic three-stage 
switching network with thyristor cross 
points. 

System design 
ASB 900 is divided into two subsystems: 
THSS (Traffic Handling Subsystem) and 
OMSS (Operation and Maintenance 
Subsystem). 
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Fig. 3 
The software can be modified or extended without 
disturbing the operation of the exchange 

Fig. 2 
The function block s truc ture of ASB 900 

THSS Traffic handling subsystem 
OMSS Operation and maintenance subsystem 

The subsystems in turn, consist of a 
number of function blocks, each of 
which handles one function in the ex­
change. A function block contains all 
the programs, data and hardware re­
quired for the function in question. The 
division into function blocks has made it 
possible to meet the demands as re­
gards handling that are put on a modern 
PABX. ASB 900 satisfies the following 
requirements, see also fig. 3: 
— Extensions can be made to the ex­

change hardware and software with­
out interrupting the operation. 

— Program changes can be carried out 
without interrupting the operation. 

- Program and data changes that con­
cern a specific function do not dis­
turb otherfunctions in theexchange. 

- The programs stored in the exchange 
are identified by means of the article 
number and revision status of the in­
dividual program. 

— Efficient fault localization and 
maintenance work can be performed 
during operation without interfering 
with the function of the exchange. 

- Disturbances and faults are limited 
so that they do not affect other parts 
of the exchange. 

Program system 
The program system in ASB 900 has 
been designed to meet the demands 
made by different categories of users 
and other people concerned, for exam­
ple service staff, administrators, 
salesmen and instructors. 

The following requirements constituted 
the basic guidelinesforthe program de­
sign: 
— a structure that permits changes both 

as regards function and size 
— comprehensive testing and fault 

localization features 
— a minimum amount of work to adapt 

the system for different telephony 
applications 

— simple order routines 
— high operational reliability. 

In accordance with these guidelines, the 
program system has been optimized as 
regards the number of function blocks 
rather than the program volume. 



Fig. 4 
The ASB 900 bus system 

ASB 900 contains three different types 
of programs (fig. 2): 
Analysis programs, which detect and 
analyze signals f rom the exchange 
hardware. 

Procedure programs, i.e. programs with 
macro instruct ions for actions that are 
to be initiated as a result of the analyses. 

The procedure programs are written in a 
high level language developed especial­
ly for ASB 900, where each switching 
funct ion directly corresponds to one in­
struct ion. 

Function programs, which are the tools 
the exchange uses for executing re­
quested actions. 

These types of programs are included in 
the various funct ion blocks in different 
combinat ions, depending on the task of 
the block. The funct ion blocks that are 
provided with data areas also contain 
special programs for administering the 
data. 

Identif ication and the addressing of 
blocks and programs are carried out us­
ing the relevant block and program 
numbers. The relation between block/ 
program number and address is stored 
at the beginning of the store in an 
address table. This addressing principle 

contr ibutes largely to the high flexibility 
of the software since it enables blocks 
and programs to be placed arbitrarily in 
the store. 

In addit ion to the advantages already 
ment ioned, bui ld ing up the exchange in 
the form of funct ion blocks also makes it 
easier to adapt the exchange to suit dif­
ferent markets. Only the funct ion block 
that is particular for the market in ques­
tion has to be modif ied, and it is also 
possible to test the funct ion of this block 
separately since it contains all the pro­
grams required for the funct ion. 

Control system 
The control system in ASB 900 is built up 
around the processor APN 163 de­
veloped by LM Ericsson. The program 
and data store is the RAM type with a 
capacity of 128K words, with a word 
length of 17 bits. 

The standard version of ASB 900 is 
equipped with one control system. It can 
be dupl icated if even higher reliability is 
required. Dupl icat ion of the control 
system means dupl icat ion not only of 
the processor and store but also of the 
bus system between the control system 
and the switching equipment. 

In an exchange wi th a dupl icated con­
trol system the processors work in the 
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active-passive mode. This means that 
only the active control system handles 
the traffic whi le the passive control 
system is cont inuously carrying out in­
ternal routine tests in order to be ready 
all the t ime to take over control of the 
exchange. Communicat ion between the 
two control systems takes place via an 
internal signal l ing channel over which 
information concerning the status of the 
control system is exchanged, f ig. 4. 

ASB 900 has been provided with two re­
start levels in case of faults: minor re­
start, which means only restart of the 
program concerned, and major restart, 
wh ich means a reloading of the store 
and restart of the whole exchange. 

The procedure for minor restart is the 
same irrespective of whether the ex­
change has a dupl icated control system 

or not, but in the case of a major restart 
in a dupl icated control system a chan­
geover is made to the passive system, 
the faulty system is then reloaded and 
restarted. No copying of the operating 
data takes place in connect ion with the 
changeover, which eliminates the risk of 
any fault in the work ing system affecting 
the passive system. 

Alarm indications are obtained with 
both major and minor restarts, regard­
less of whether the control system is du ­
plicated or not. These restarts are 
supervised internally. An alarm indica­
t ion is obtained if the restart rate is too 
high. 

Bus system 
The exchange of information between 
the units in the exchange is carried out 
via a bus system. In ASB 900 the bus 
system has been divided into four levels 
in order to obtain greater reliability and 
flexibil i ty (fig. 4). 

The CPU bus, a high speed bus for in­
format ion wi th in the processor. 

The A bus, for information between the 
control system and the various 120-
groups. This bus is also duplicated if the 
exchange has a dupl icated control 
system. 

The B bus, for information between the 
magazines wi th in each 120-group. This 
makes each 120-group independent of 
the other groups with respect to signal­
l ing. 

The C bus, for information internally 
within a magazine. 

Switching network 
The ASB 900 switching network is space 
divided and made of thyristor cross 
point matrices for symmetrical, two-
wire through-connect ion. The switch is 
grouped in three stages with an exten­
sion mult ip le of 120 extensions and a 
device mult iple wh ich is common for all 
120-groups. In this way all devices are 
fully accessible to all extensions, f ig. 5. 

Traffic features 
The SPC (Stored Program Control) 
technique has made it possible to intro­
duce a large number of new features 

Fig. 5 
Block diagram for ASB 900 
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and at the same time make old features 
more efficient. In ASB 900 many of these 
features are provided entirely by soft­
ware. Thus there is no need for any 
changes in, for example, the cabling, 
which makes the exchange easy to 
administer. 

The basic exchange has been prepared 
for the extra hardware required for the 
few features that require both additional 
software and hardware. 

Different types of telephone sets can be 
connected to the exchange. This means 
that both push-button and dial tele­
phones can be used in one and the same 
exchange without it being necessary to 
divide the extensions into categories. 

Features 
The traffic features offered by ASB 900 
include: 
— internal calls 
— incoming calls via the operator 
— outgoing calls, either direct or via the 

operator 
— inquiry during both internal and ex­

ternal calls 
— transfer of external calls 
— priority 
— common, universal or individual 

night service 

— automatic call-back 
— add-on conference 
— flexible numbering and class-of-

service allocation 
— group hunting 
— direct call diversion to an individual 

or common answering position 
— direct in lines 
— follow me 
— group call pick up 
— "call waiting" tone 
— non-dialled connection to pre­

selected extension or operator, ("hot 
lines") 

— trunk call discrimination 
— direct in-dialling 
— tie-lines 
— transit traffic 
— common external abbreviated dial­

ling 
— individual external abbreviated dial­

ling. The function is programmed by 
the operator and can be used by ex­
tensions equipped with push-button 
sets 

— operator-controlled call metering 
— individual call metering 
— paging, visual or via radio (ERICALL 

CONTACTOR) 
— busy indication panel for the 

operator 
— MFC signalling for direct indialling 

and tie-line traffic. 

Fig. 6 
The opera tor's se t con tains a small number of 
function bu t tons and explana tory symbols instead 
of tex t 



Table 1 

The capacity of ASB 900 
Ex tensions 

120 
240 
360 
480 
600 
720 
840 
960 

Opera tors 

2 - 3 
4 
5 
6 
7 
8 
9 

10 

Trunk 
lines 

24 
40 
56 
72 
88 

104 
120 
136 

Local 
junctors 

12 
18 
24 
30 
36 
42 
48 
54 

Tone senders 
' 'Regis ters" 

6 - 8 
11 
14 
17 
20 
23 
26 
29 

Cabine ts 

2 
3 
4 
5 
6 
7 
8 
9 

Fig. 7 
Cabinet for ASB 900 

Optional features 
ASB 900 will also be adapted for use in 
several special fields. A number of op­
tional features are now being studied for 
this purpose and the following may be 
mentioned: 
- hotel features 
- toll ticketing 
- least cost routing 
- multi-PABX function 
- centralized attendant position. 

Operator's equipment and 
functions 
The operator is an important link be­
tween a business concern and the rest 
of the world. It is therefore essential that 
the operator's equipment is well de­
signed. When developing the operator's 
set used in ASB 100 and 900, great atten­
tion has been paid to the simplification 
and improvement of the handling pro­
cedures, as well as the operator's set it­
self. The aim has been to obtain the best 
possible man-machine relationship, fig. 
6. 

The operator's set is equipped with a 
small number of function buttons, and 
explanatory symbols have been used in­
stead of text. An information panel ena­
bles the operator to follow the setting-
up of a call through the exchange. 

Up to 10 operator's sets can be con­
nected to ASB 900. This provides a good 
margin even in the case of an exchange 
built out to its maximum capacity. 

In addition to the normal operator's 
functions the operator can receive in-

Fig. 8 
A double magazine 

formation concerning different types of 
alarms. Furthermore the operator's set 
can be used as a terminal for the pro­
gramming of features, for example 
number series, categories, abbreviated 
numbers and trunk call discrimination. 

Traffic capacity 
ASB 900 with 120 extensions offers a to­
tal traffic of 0.21 erlang per extension 
(7.56 ccs), and with the maximum 
number of extensions, 960, 0.18 erlang 
per extension (6.48 ccs), with a conges­
tion of 0.01 and with 2 0 - 4 0 % internal 
traffic, see table 1. 

The exchange can easily be adapted to 
different traffic environments, since all 
trunk line positions in the 120-groups 
can be equipped with direct indialling 
trunks (ITC-CD), tie-line trunks (BTC-P) 
or ordinary two way trunk lines (BTC-C) 
in the desired combination. 

Mechanical construction 
ASB 900 is built up of electronic compo­
nents of the low power type. These are 
mounted on printed circuit boards with 
single or doublesided foil. The boards 
are mounted in magazines. 

In the magazines all wiring between the 
printed circuit boards is carried out on 
the back wire-wrapped plane, which is 
equipped with board connectors. The 
magazines, which can be either single 
or double, are optimized for their func­
tion as regards extension modules, 
power consumption and the internal 
and external cabling. 

The magazines are mounted in BYB 201 
cabinets, which can be placed against a 
wall or back to back. The compact con­
struction means that very little floor 
space is required, 0.18 m2 per cabinet. 
The cabling between the magazines in a 
cabinet is carried out with prefabricated 
standardized cables. The cables are 
equipped with plugs and are plugged 
into front mounted connectors of the 
printed circuit boards, figs. 7 and 8. 

The construction of the BYB 201 
cabinets, in combination with the low 
power consumption of ASB 900, 0.5 — 
2.5 kW depending on size, completely 
eliminates any need for forced cooling 
or air conditioning in ambient tempera­
tures up to +40°C. 



Power feeding 
ASB 900 is powered from the mains via a 
rectifier which converts the mains vol ­
tage to 48 V D.C. The exchange is nor­
mally equipped with batteries in order to 
ensure uninterrupted service. The bat­
teries are charged cont inuously f rom 
the rectifier. 

The system voltage, 48 V, is distr ibuted 
f rom rectifiers and batteries to the ex­
change cabinets. A distr ibut ion unit is 
built into each cabinet and the various 
magazines are fed f rom this unit via four 
separate power feeding cables. The in­
ternal power requirements of the 
magazines are met by local converters 
for 5, 12 and 20 V. This type of power 
distr ibut ion increases the reliability of 
the exchange, since the unit that is put 
out of action by the loss of a voltage, for 
example 5 or 12 V, can never be more 
than a magazine. 

Installation and testing 
ASB 900 undergoes funct ional testing at 
the factory before it is delivered, and 
this, in combinat ion with prefabricated 
cables and special programs for instal­
lation testing, reduces the installation 
t ime considerably. 

The installation is divided into the fol­
lowing stages, see f ig. 9: 
— assembly of the exchange and con­

nection of the internal and external 
cabling 

— loading of test programs. These are 
stored on cassette tape and loaded 
using the tape recorder built into the 
exchange 

— installation testing 
— loading of the system software (gen­

eral system data are also stored on 
cassette tape). Addit ional data that is 
specific for the exchange in question 
can be loaded from a typewriter 
terminal 

— system cut over. 

Fig. 10 
Loading the system software 

Fig. 9 
The main stages from manufacture until the ex­
change is finally put into service 



Technical data 71 
Capacity 
Extensions 
Trunks incl. tie-lines 
Local junctors 
Tone senders 
Operators 

Traffic capacity 0 21 -0.18 

60 
8 
6 
6 
2 

erlang 

960 
136 
54 
29 
10 

with 

Cabinet 

Telephone sets 

Current feeding 

Loop resistance 

Leakage resistance 

Attenuation 

Crosstalk 
attenuation 
Number series 
Control system 

Processor 

Store 

Components 

Power supply 

Power consumption 

Environmental 
requirements 

at 800 Hz 

congestion of 0.01 and with 
20-40 % internal traffic 
Height Width Depth 
mm mm mm 
1800 600 300 

with a dial for 10 or 16 Hz 
and a pulse ratio of 30/70-
50/50. orwith push-buttons 
for tone frequency key 
sending in accordance 
with CCITT 
2x400 ohms, 48V 

max. 1800 ohms for exten­
sion lines, including the te­
lephone set 
min. 40 kohms 
external con­
nection 0.8 dB 
internal con­
nection 7 dB 
min. 80 dB at 1100 Hz 

Three or four digits 

Single or duplicated pro­
cessor and bus system 
APN 163 with 16-bit two-
way data bus with one 
parity bit 

128K wordsx17 bits dyna­
mic RAM (Random Access 
Memory) 

Thyristor crosspoints 
Integrated circuits 
TTL and LS-TTL 
Transformers and minia­
ture relays 

110/127/220/230/240 V 
AC 50/60 Hz, alt. 42 - 54 DC 
0.5-2.5 kW depending 
on size 

+ 5 °C -+40°C ambient 
temperature 20-80 % rela­
tive humidity 

Operation and maintenance 
The operat ion and maintenance of ASB 
900 take place through 
— cont inuous funct ional supervision by 

a supervisory system built into the 
exchange 

— automatic activation of funct ions for 
l imit ing the effect of disturbances on 
the operation of the exchange 

— simple and efficient fault localization 
down to a faulty printed board as­
sembly. 

The cont inuous operational supervision 
is carried out by a number of built- in 
funct ions, for example 
— time monitor ing of the program 

handling to avoid program loops 
— monitor ing of the restart rate 
— monitor ing of rectifiers and power 

feeding. 

There are also automatic, periodic 
routine tests of 
— the processor 
— the program and data store 
— the bus system 
— the cassette tape recorder 
— the changeover between the two con­

trol systems when the exchange is 
equipped with a dupl icated control 
system 

— the tone senders 
— the r inging generators 
— the switching network. 

In the switching equipment a dis­
turbance rate supervision is carried out 
on traffic carrying devices. Devices and 
data areas can be disturbance marked in 
order to limit the number of traffic dis­
turbances caused by technical faults. 
The devices and areas that are thus 
marked wil l then not be selected until all 
those wi thout disturbance markings are 
busy. The disturbance marking is au­
tomatical ly cancelled if the marked de­
vice or area is used in a successful con­
nect ion. 

Fault localization in ASB 900 is carried 
out partly by means of special test pro­
grams that are built into the system and 
partly with control led test connections, 
which are initiated from the I/O device. 

The procedure is simple and efficient 
and permits rapid localization of faults 
down to the printed circuit board level 
wi thout interfering with the normal op­
eration of the exchange. 

Aids 
All operation and maintenance informa­
tion to and from ASB 900 is carried out 
via an I/O device, which can be a 
typewriter terminal, display terminal etc. 
For this purpose ASB 900 is equipped 
with a special input having a 
standardized interface in accordance 
with CCITT V24, f ig. 10. 

The operational supervision of ASB 900 
is carried out locally f rom an I/O device 
that is permanently connected to the 
exchange, or remotely via a modem 
from a central supervision centre. 

The system supervision includes 
— programming of system data 
— init iation of special test programs 
— printouts of the result of test pro­

grams 
— printouts of devices that are dis­

turbance marked 
— printouts of busy, blocked or test 

marked devices 
— printouts of traffic recording data. 

The cont inuous system supervision au­
tomatical ly gives an alarm if a fault oc­
curs in the exchange. The alarms, which 
are divided into four different urgency 
categories, are indicated on the 
operator 's sets and on alarm displays. 

The operator 's set can also give sup­
plementary informat ion, for example 
which unit has caused the alarm. 
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10-Channel PCM System 

Hans-Jorg Frizlen and Walter Widl 

The increasing digitalization of telephone networks leads to demands for economi­

cal transmission also of small channel groups. Furthermore flexible connection 

facilities for different types of branching are required. 

LM Ericsson have therefore developed a 10-channel PCM system, which is mainly 

based on building elements that are used in the 30-channel PCM multiplex and 2 

Mbit/s line systems. In this article the background and general design of the 10-

channel systems are described and also a number of examples of different applica­

tions and their economy. 

UDC 621 376 56 

Fig. 1 
10-channel PCM system. The subsystems used for 
the connection of 10 subscribers 

the increase in the number of channels 
obtained by mul t ip lex ing, the need for 
synchronizat ion and signal l ing informa­
t ion, the required repeater spacing and 
also the exist ing CCITT recommenda­
tions. 

An evaluation1 of these factors and the 
current network requirements have led 
to the design of a 10-channel PCM 
system with 704 kbi t /s (i.e. 11 t ime slots 
of 64 kbit /s). The number of channels 
gives a simple mul t ip lexing factor in re­
lation to the 30-channel PCM system. 
The lower bit rate permits a regenerator 
spacing of almost twice that of the 2.048 
Mbi t /s line system. When 30-channel 
systems are installed on previously 
loaded cables it is usually necessary to 
include regenerators at each loading 
coil point. In the case of the 10-channel 
system it is suff icient to install a re­
generator at every second loading coil 
point. 

Frequency and time multiplex systems 
(carrier and PCM systems) have been 
developed in order to be able to utilize 
transmission media efficiently. The de­
velopment trend has been towards an 
increasing number of channels both in 
carrier and PCM systems, but at the 
same time systems with only a few 
channels have been developed, particu­
larly in the carrier field, which are in­
tended for the peripheral parts of the 
networks, particularly in fairly sparsely 
populated areas. Today the lowest 
standardised number of channels is 12 
for carrier systems and 30 for PCM 
systems (24 in the USA and Japan). The 
increasing digitalization of the tele­
phone network now makes it feasible to 
develop time multiplex systems with 
less than 30 channels. A specification 
for a PCM multiplex system with few 
channels was therefore prepared. When 
choosing the number of channels and 
bit frequency, consideration was paid to 



73 

HANS-JORG FRIZLEN 
ELLEMTEL Development Company 
WALTER WIDL 
Transmission Division 
Telefonaktiebolaget LM Ericsson 

System structure 
The 10-channel system consists of a 
number of subsystems, which can be 
combined so that a system configura­
tion is obtained that is suitable for its 
position in the network and the type of 
connected exchanges. Fig. 1 shows the 
subsystems available for installation be­
tween subscribers and the terminal ex­
change. 

Some of the subsystems are described 
in more detail below. 

10-channel PCM multiplex equipment 
The task of the 10-channel PCM multi­
plex equipment is to carry out ana­
logue/digital conversation of 10 speech 
channels and to combine these digitally 
to form a 704 kbit/s bit stream. The 
system is thereby in conformity, both as 
regards construction and function, with 
LM Ericsson's 30-channel PCM multi­
plex2 in accordance with CCITT Rec. 
G.732, but with only 10 time slots used 
for the transmission of speech, and one 
time slot used alternatingly for 
synchronization and signalling. This 
gives a frame structure consisting of 11 

time slots. For signalling purposes there 
is also a multiframe structure which 
consists of 16 frames, see fig. 2. Frame 
and multiframe alignment and signal­
ling information is placed in time slot TO. 
Frame alignment word 1 is found in 
frames 0, 4, 8 and 12, frame alignment 
word 2 in frames 2, 6, 10 and 14 (X indi­
cates free bits). The multiframe align­
ment word is found in frame 1, and 
frames 3, 5, 7, 9 and 11 are used for the 
channel-associated signalling. 

Signalling between the 10-channel PCM 
multiplex equipment and the signal 
converter is transmitted at a rate of 64 
kbit/s and, as can be seen from the 
right-hand side of fig. 2, in the same 
frame structure that is used for the 30-
channel system, but with signalling in­
formation in only the 10 first positions. 
Thus the signalling equipment de­
veloped for the 30-channel system can 
also be used forthe 10-channel system. 

The multiplex equipment consists of 
two channel boards for filtering and 
amplification of 10 channels, together 
with one modulator and one demod­
ulator board for common A/D and D/A 

Fig. 2 
10-channel PCM system, frame and multiframe 
structure. The signalling information is accessible 
via the 64 kbit/s interface. The chosen format 
permits the connection of different types of signal­
ling converters 

T Telephony channels 
S Signalling channels 
X Free bits 



Fig. 4 
10-channel PCM multiplex shelf in a BYB cabinet. 
The cabinet is equipped with power supply, ring­
ing generator and connectors for the connection 
of 10 subscribers 

Fig. 3 
10-channel PCM multiplex shelf. In addition to the 
PCM multiplex equipment there is room for an E & 
M signalling converter, a subscriber line signalling 
converter (subscriber side or exchange side) and 
a 0.7 Mbit/s line terminal equipment 

CHU Channe l unit for 5 speech channels 
MOO 0.7 Modulator unit 
DEM 0.7 Demodulator unit 
TCU 0.7 Control unit, transmitter 
RCU 0.7 Control unit, receiver 
IU Interface unit 
HDB3 LC HDB3 codec unit (optional) 

conversion, see f ig. 3. Two logic units 
are required for the generation and re­
generation of t iming, frame and 
mult i f rame al ignment, branching of 
signall ing information and code con­
version for line signals. 

Normally the AMI (Alternate Mark Inver­
sion) line code is used, but with the aid 
of an opt ional HDB3 code unit or HDB3 
versions of the control units the HDB3 
code can also be obtained. 

The signall ing information is taken 
through a rate converter for adaption to 
the 64 kbi t /s interface. 

A 10-channel PCM terminal shelf con­
structed in the LM Ericsson M5 con­
struct ion practice for a 600 mm rack or 
BYB cabinet can accommodate the fo l ­
lowing subsystems: 
— a 10-channel PCM mult iplex equip­

ment 
— an E&M signall ing converter 
— subscriber line relay sets (the sub­

scriber side or exchange side) 
— a 0.7 Mbi t /s line terminal 
— a DC/DC converter for connect ion to 

the exchange battery. 

Fig. 4 shows a complete terminal for the 
connect ion of 10 subscribers. 

Equipment for 0.7/2 Mbit/s 
digital branching 
Mult i -point networks with branches and 
connect ion of 10-channel systems to 
30-channel systems creates a need for 
digital branching. A maximum of three 
704 kbi t /s bit streams then form a 2.048 
Mbi t /s bit stream with the frame 
structure of the 30-channel system in 
accordance with CCITT Rec. G.732. The 
interleaving of the three 10-channel 
frames, which is shown in f ig. 5, is con­
trol led by the incoming 2 Mbi t /s t im ing. 

The funct ion of leak branching is i l­
lustrated in the block diagram of f ig. 6. A 
2 Mbi t /s bit stream consist ing of 30 
channels is received f rom the terminal 
that determines the t iming, i.e. terminal 
A, and from this bit stream 0.7 Mbit /s (10 
channels) are leaked off and 2 Mbit/s 
with 20 channels cont inue to B. In the 
branching unit the bit, frame and 
mult i f rame posit ions are detected, the 
last mentioned in order to distribute the 
signal l ing informat ion in t ime slot 16 to 
t ime slot 0 in the 10-channel system. In 
the branching unit 0.7 Mbi t /s bit timing 
is generated synchronously through di­
vision by 32 /11 . A complete 10-channel 
frame is stored in a frame buffer, new 2 



Fig. 5 
The relation between the 10-channel and 30-
channel PCM multiplex frames 

Mbit /s and 0.7 Mbi t /s frame al ignment 
words are generated, and speech and 
signall ing information is inserted in the 
new frames. In the opposite direct ion 
the 2 Mbi t /s t iming, which is looped in B, 
controls the interleaving of the 0.7 
Mbi t /s bit stream that is coming in from 
C via a frame buffer. It is necessary to 
loop the 0.7 Mbi t /s t iming inC in order to 
be able to synchronize the interleaving. 
After inserting new frame and 
mult i f rame al ignment words the then 
complete 30-channel frames are sent 
back to A. 

If a fault occurs in the terminals or the 
lines to C and B, an alarm indication is 
transmitted in the alarm bit X3 in the 
frame al ignment word two: 

Digital multiplexing, i.e. branching into 
three 0.7 Mbi t /s subsystems, is carried 

out in accordance with the same pr inci­
ples and using the same shelf as for leak 
branching. The shelf is then equipped 
for simultaneous branching of 3 bit 
streams at 0.7 Mbi t /s by replacing one 2 
Mbit /s interface equipment by two more 
branching equipments. 

0.7 Mbit/s digital line systems 
over pair cable 
The line system consists of line terminal 
equipment and remotely powered re­
generators. The voltage values of the 0.7 
Mbi t /s interface correspond to CCITT 
Rec. G.703 for 2.048 Mbit /s with pulse 
times proport ional ly converted to 0.704 
Mbit /s. 

The reduced transmission speed per­
mits larger regenerator spacing than in 
the case of a 2.048 Mbit /s line. Fig. 7a 
shows typical regenerator spacings for 
different cable types, calculated for 704 
kbi t /s and the fairly conservative ampl i ­
f ication of 30 dB per section. For com­
parison purposes f ig. 7b shows the re­
generator spacings for 2.048 Mbi t /s 
lines. 

Fig. 6 
Block diagram for branching equipment 

IT 

BR 

a 
i 
© 
HDB3 

Interface unit 

Branching unit 

Frame alignment 

Multiframe alignment 

Timing 

Coding/decoding 

The national alarm bits X6X7X8 can be 
used to transmit the alarm to the 
supervising exchange A. 

30-channel 
frame 

10-channel 
frame 
System 1 

10-channel 
frame 
System 2 

10-channel 
frame 
System 3 



Fig. 7a 

Repeater spacing in kilome tres 
PE cable 
0.704 Mbi t /s 

Fig. 7b 

Repea ter spacing in kilome tres 
PE cable 
2.048 Mbi t /s 

The line regenerator equipment for two 
directions of transmission is placed on 
one board. The basic regenerator func­
tions, ampl i f icat ion, equalization and 
pulse regeneration, are carried out by a 
monol i th ic circuit that uses very little 
current. The regenerator is equipped 
with automatic gain control for adapta­
t ion to line attenuation values of be­
tween 5 and 35 dB, which simplif ies the 
installation work. The regenerator is 
protected against overvoltages by vac­
uum l ightning protectors, diodes and 
zener diodes. 

Faulty regenerators are localized by 
means of a fault localization system 
based on control led loop connect ion. 
Addresses, which with the aid of fault 
localizing instruments can be fed out via 
the 0.7 Mbi t /s interface of the line termi­
nal, are used to carry out the loop con­
nection in the indicated two-way line re­
generator, after which a test signal is 
sent out and then compared with the re­
turning signal. The address code is de­
signed so that a normal digital signal 
cannot cause a loop connect ion. This 
fault localizing method has the advan­
tage that it does not require a separate 
supervisory pair and thus is particularly 
suitable for cables with only a few line 
pairs. 

The line terminal consists of a connec­
t ion board, terminal repeater, alarm unit 
and power units, and it can be placed in 
either a 10-channel PCM terminal shelf 
or a 0.7 Mbi t /s branching shelf. 

0.7 Mbit/s radio relay link terminal 
The radio relay link terminal is con­
nected via the 0.7 Mbi t /s interface. The 
transmission normally requires a band­
width of up to 700 kHz. The required 
band can be l imited to 60 — 500 kHz 
when using band l imit ing with a vestigial 
sideband filter. Regeneration of the digi­
tal signal and t iming recovery takes 
place at the output of the radio relay link 
receiver. Fairly simple radio relay links 
with a hop length of up to 50 km can be 
used because of the low bandwidth re­
quirement. 

Applications 
The 10-channel PCM system is used in 
the network in order to 
— increase economical ly the number of 

circuits over small pair cables, e.g. 
the rural junct ion and subscriber 
networks in sparsely populated areas 

— bring digital transmission out into the 
local networks when replacing elec­
tromechanical local exchanges by 
digital exchanges and concentrators 

Fig. 8 
10-channel PCM sys tem. Connec t ion of 10 sub­
scribers via a new pole line 

LT Line terminal equipment 
TUKA 4-wire screened aerial cable with a suspension 

wire 
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30 Km 

Fig. 10 
The relative cost of different system alternatives. 
Point-to-point connections 

1. 10-channel PCM system, existing cable 
2. 10-channel PCM system, radio relay link: 0 -20 km type 

"MINI-LINK", 20-30 km type ZRL 410 
3. 10-channel PCM system. TUKA on existing poles 
4. 30-channel PCM system. TUKA on existing poles 
5. 30-channel PCM system, existing cable 
6. New 10-pair cable on existing poles 
7. 10-pair cable on new pole line 

Fig. 9 
10-channel PCM system. Extension of the trunk 
circuits in an existing cable 

PCM 10 Contains subsystems ZAK 1/10-1, 

- connect subscribers who require 
advanced digital facil it ies. 

The range of appl icat ions of the 10-
channel system is described below by 
means of a number of typical cases. The 
economy of the various cases is also 
discussed to some extent. 

Point-to-point connections 
Fig. 8 shows the connect ion of 10 sub­
scribers to a terminal exchange and f ig. 
9 extension of the t runk lines between 
two exchanges. The number of circuits 
is increased by means of 10-channel 
PCM systems via aerial cable, along an 
exist ing or new pole line, or via existing 
buried cable. The need for modernisa­
t ion can justify the introduct ion of 10-
channel systems even if the amount of 
traffic does not increase. For example, 
open wire lines with high maintenance 
costs can be replaced by an aerial 
four-wire star quad cablewi th asuspen-
sion wire (so-called TUKA cable), using 
the existing poles. 

The PCM equipment for subscriber 
connect ion is usually placed on existing 
premises or in outdoor cabinets with 
local power feeding. A suitable com­
bination of the system parts shown in 
f ig. 1 is required, depending on the ap­
pl icat ion. The cost comparison in f ig. 10 
gives the relative total costs for different 
transmission alternatives and distances, 
based on Swedish condit ions. 

1. 10-channel PCM system, existing ca­
ble 

2. 10-channel PCM system, radio relay 
l ink: 0 - 2 0 km type "MINI-LINK", 
2 0 - 3 0 km type ZRL 410 

3. 10-channel PCM system, TUKA on ex­
isting poles, a maximum of one sys­
tem 

4. 30-channel PCM system, TUKA on ex­
isting poles, a maximum of one sys-
tern 

5. 30-channel PCM system, existing ca­
ble 

6. New 10-pair cable on exist ing poles 
7. 10-pair cable on a new pole line. 

The costs are calculated for the exten­
sion of trunk lines between two ex­
changes and include the purchase, in­
stallation and testing of the terminal and 
line equipment and the cables or radio 
relay links required. 

The cost comparison shows the 10-
channel system to be superior for 
transmission over either deloaded or 
new four-wire screened cable with 
suspension wire (e.g. TUKA) and exist­
ing pole line or over radio relay links 
with a l imited bandwidth and long hop 
length. For comparison purposes f ig. 10 
also shows the cost of physical circuits 
on loaded 10-pair trunk cable with plas­
tic insulation and a 10-channel PCM 
system on the same type of cable. 

The main factor that affects the costs is 
how much new installation work will be 
required, e.g. new cables, pole lines and 
houses. Radio relay links, which are 
connected to terminal equipment 
placed in a house, cabinet or buried 
container, therefore constitute interest­
ing alternatives to cables. 

Outdoor cabinets, similar to the dis­
tr ibut ion cabinets in the subscriber 
networks, can be used and the power 
suppl ied f rom the nearest mains fuse 
cabinet. AC/DC converters and standby 
batteries are dimensioned in accor­
dance with the requirement as regards 
operating time in the case of a mains 
failure. 

Z A K 0 1 - 2 a n d Z A S 0 1 - 7 

Line terminal equipment ZAD 0.7-

0.7 Mbit/s regenerator, ZAD 0.7-

Analogue exchange 



Fig. 11 
The relative cos ts of several branchings along a 
rou te in accordance with fig. 12 

1. Leak branching and 10-channel PCM multiplex. Existing 
cable, deloaded 

2. Leakbranchingand 10-channel PCM multiplex. TUKA on 
existing poles 

3. 30-channel system with demodulation and modulation 
(PCM 30 back-to-back) at each point instead of branch­
ing. TUKA on existing poles 

4. Leak branching and 10-channel PCM multiplex. Radio 
relay link, type "MINI-LINK", 13 GHz 

5. New 30-pair cable on existing poles 
6. 30-pair cable on a new pole line 

Fig. 12 
Several branchings along a rou te 

Legend, see fig. 13 

Branching 
A number of communi t ies are often 
connected by means of a telephone line 
that fo l lows a road, river or valley and 
which connects the exchanges in the 
various communit ies. Fig. 12 shows a 
general example of such an appl icat ion. 
Leak branching is carried out at several 
points along a 2 Mbi t /s route. The sub­
scribers are connected to the local ex­
changes via physical lines. An existing 
deloaded buried or aerial cable, a new 
4-wire screened cable (TUKA) with a 
suspension wire or a small radio relay 
link can be used for the line system. 

In the diagram of f ig. 11 a comparison is 
made of the costs of the fo l lowing 
system and line types as a funct ion of 
the total distance: 
1. Leak branching and 10-channel PCM 

mult iplex. Existing cable, deloaded 
2. Leak branching and 10-channel PCM 

mult iplex. TUKA on existing poles 
3. 30-channel system wi th demodula­

t ion and modulat ion (PCM 30 back-
to-back) at each point instead of 
branching 

4. Leak branching and 10-channel PCM 
mult iplex, radio relay link type 
"MINI-LINK", 13 GHz 

5. New 30-pair cable on existing poles 
6. 30-pair cable on a new pole line. 

The diagram shows that in this case also 
there are good reasons for replacing old 
open wire lines with PCM systems and 
leak branching. 

The branching facil i ty is economical ly 
advantageous compared with the meth­
od of demodulat ing and modulat ing 
with a 30-channel PCM mult iplex at 
each p o i n t - a method that would have 
been used if the 10-channel system did 
not exist. 

Another appl icat ion of interest is the 
case of a new, small community, such as 
a tourist establ ishment in a sparsely 
populated area, where it would not be 
prof i table to bui ld a new exchange. In­
stead the new subscriber group is 
branched off f rom the nearest terminal 
exchange, if this already has incoming 
PCM systems or if PCM systems are in­
stalled to cope with the increase in traf­
f ic, see f ig. 13a. In the new community 
the terminal equipment, which also con­
tains subscriber line relay sets, can be 
placed in a bui ld ing (e.g. shop) or 
alternatively in an outdoor cabinet. 

The factors affect ing the choice of line 
system are similar to those for point-
to-point circuits if exist ing poles can be 
used. The more expensive subscriber 
line relay sets and outdoor cabinets, 
when these are used, reduce the pro­
fitabil i ty margin towards loaded aerial 
cable by a few ki lometres compared 
wi th the case i l lustrated in f ig. 10. Gen­
erally speaking the economic attractiv-
ness of the 10-channel system is re­
duced by the high costs that will be in­
curred if it is necessary to build a new 
pole line or lay a new cable. 

Future digitalization aspects 
The present tendency to introduce digi­
tal transit exchanges and at the same 
time place digital PABXs or concentra­
tors further out towards the subscriber 
makes digital transmission increasingly 
attractive. For example, when the rural 
exchange network is modernised, small 
terminal exchanges can be replaced by 
digital concentrators, which are control­
led f rom the immediately superior ex­
change. Thus the case shown in fig. 13a 
can in future be realized as shown in fig. 
13b. 



Fig. 13 
Branching to a new community 
a. With an analogue exchange in the terminal 
b. With a digital concentrator in the terminal 

PCM 10 Contains subsystems ZAK 1 /10-1 , 
ZAK 0 1 - 2 and ZAS 0 1 - 7 

PCM 30 Contains subsystems ZAK 1/30 — 3, 
ZAK 01 -2and ZAS 0 1 - 7 

LT Line terminal equipment ZAD 0.7 or ZAD 2 

Analogue exchange 

Two-way regenerator ZAD 0.7 or ZAD 2 

Branching equipment (IT + BR, see (ig. 6) 

Digital group selector 

Digital izing the subscriber network also 
opens up the possibil i ty of using the 
network for digital services. For exam­
ple, data terminals or equipment for 
crypto-telephony could then be con­
nected. This would also create a de­
mand for the transmission of digital 
signals over the long distance network. 
This demand could be met, particularly 
in an initial stage wi th a l imited amount 
of digital traffic, using the equipment 
described above for 0.7 Mbi t /s digital 
streams, which can be placed above the 
line frequency band of carrier systems 
(data over voice), or by using multi-level 
modems which place the streams in a 
supergroup band (data in voice), and 
thereby bridge the analogue carrier sec­
tions. With the aid of digital mult iplexors 
that allow complete flexibil ity, the 0.7 
Mbi t /s signal streams can then be com­
bined with 2 Mbi t /s streams and trans­
mitted over the digital lines of the PCM 
hierarchy. 

Summary 
LM Ericsson's 10-channel PCM system 
has been developed as a subsystem of 
the standardised PCM primary multiplex 
system. The system solution is very simi­
lar to that of the 30-channel system. 
Furthermore the mechanical construc­
t ion and the maintenance and signall ing 
principles of the two systems are similar 
and compatible. 

Digital branching and multiplex equip­
ment permits connect ion to 2 Mbi t /s d i ­
gital links. 

The system is at present economical ly 
advantageous in sparsely populated 
areas compared with new cables or 
overdimensioned 30-channel systems. 
With the future successive digital ization 
of the rural network the system wil l ena­
ble the necessary digital circuits to be 
provided in a convenient and economic 
way. 

References 
1. CCITT Cont r ibut ion Com. XVIII No. 

192-E, July 1978. Swedish Tele­
communica t ions Administ rat ion. 

2. L indquist , S. and Wid l , W.: 30-
Channel PCM Terminal Equipment. 
Ericsson Rev. 53 (1976):1, pp. 3 8 -
49. 



Power Supply Units in the 
M5 Construction Practice 

Bo Viklund and Bengt Assow 

A new type of power unit for the power feeding of transmission systems has been 
designed by LM Ericsson. The units are of what is called the triple output type and 
thus particularly suitable for systems utilizing PCM technology. The new power 
units are intended primarily for decentralized feeding, which means that each func­
tion unit (shelf) is supplied from its own converter. The article describes the 
advantages of the triple output unit, its design, operation and characteristics. 

Fig. 1 
Typical power supply system for telecommunica 
tion equipment 

In principle a power supply system for 
telecommunication equipment com­
prises three voltage levels, fig. 1. The 
primary level consists of the voltage and 
the converters used for charging the ex­
change battery. This voltage is often 
obtained from a national network and 
has a standardized value between 110 
and 240 V and is usually an AC voltage 
with a frequency of 50 or 60 Hz. 

The second level, the secondary volt­
age, consists of the voltage from the bat­
tery. It is fused and distributed to the 
racks in which the electronic equipment 
is mounted. The battery voltage is 24,36, 
48 or 60 V. 

The racks contain the converters that 
are required for generating the electron­
ic voltages. The M5 construction 
practice contains converters for +5, 
+ 12 and - 1 2 V and various types of 
converters for remote power feeding of 
different line equipments. These volt­
ages constitute the tertiary voltages. 

The converters are built into the equip­
ments in accordance with one of two 
principles: 
- Centralized power supply 
- Decentralized power supply 

Centralized power supply 
The converters, which were described in 
Ericsson Review no. 3/4 19751, are 
mounted in power supply shelves, fig. 2. 
A summary of the input and output 
range and the output power from these 
different converters is given in table 1. 

There are two types of shelves, with 
space for 
- one AC/DC and one DC/AC converter 
- two DC converters. 

In the first case the rectifier powers the 
DC/DC converter in its own shelf. In the 
second case the converters are powered 
from a secondary voltage. The left-hand 
upright of the M5 rack contains a con­
nection strip, from which the secondary 
voltage can be distributed to several 
power supply shelves. 

The tertiary voltages from the shelves 
are connected to the bars in the right-
hand upright of the rack via contact 
tabs. When the electronics shelves are 
mounted in the rack they are connected 
to the same bars via contact tabs and are 
thus connected to the same power unit, 
and a centralized power supply system 
is thereby obtained, fig. 4. 

Racks for analogue equipment have six 
bars in the right-hand upright. Table 2 
shows the function of these bars. The 
right-hand uprights are also used for 
distributing the carriers from the carrier 
shelf to the channel shelves. 

Racks for digital equipment have a 
right-hand upright with nine bars. Their 
function is also shown in table 2. 

Fig. 2 
Power shelf, equipped with a DC/DC converter. 
The shelf holds two converters 
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') when the rack is divided between two DC/DC 
converters 
**) U8 = exchange battery voltage 

In the case of central ized power feeding 
it is possible to connect up the con­
verters via diodes, so that a standby 
power supply is obtained. 

Decentralized power supply 
In a decentralized power supply system 
each funct ion unit, which often consists 
of only one shelf, is fed from its own 
converter. 

A decentralized system is preferred 
— for small stations with only a few 

shelves in a rack. A decentralized unit 
is less expensive than a centralized 
unit since the output power is less 

— for stations with a low rate of exten­
sion. The decentral ized system gives 
a lower initial cost than centralized 
power supply 

— in order to prevent the failure of a 
power unit f rom affecting more than 
a small section of the equipment 

A tr iple output unit, in which the sec­
ondary voltage is converted to three 
tertiary voltages, has been developed 
for decentralized power feeding of 
shelves in PCM systems. 

The converter units for power feeding of 
the various line equipments are de­
central ized: each power unit supplies 
only one system. 

Triple output unit 
Function 
Fig. 3 shows a simpli f ied circuit diagram 
of a tr iple output unit, type BMR 90704, 
BMR 90705 and BMR 90706. 

The input voltage is fed to capacitor C1 . 
L1 reduces transients f rom the input 
voltage and also noise f rom the unit to ­
wards the input voltage. C2 is large 
compared with C1 and is dimensioned 
primarily to handle the pulse currents 
obtained when transistor T1 opens and 
closes. 

Transistor T1 controls transformer Tr1 
in accordance with the fly-back pr inci­
ple. This means that energy is stored in 
Tr1 when T1 is conduct ing and when T1 
ceases to conduct the voltage across 
Tr1 increases until the rectifier diodes 
D1, D2 and D3 start conduct ing. Energy 
is then transmitted to the outputs. 

The output voltages + 5 V and + 1 2 V are 
added and compared with a reference 
voltage. The difference voltage then 
obtained is fed to the light emitt ing 
diode in an optical coupl ing unit, which 
transmits information to the primary 
side of the tr iple output unit. As a result 
the conduct ing t ime of transistor T1 is 
increased or decreased depending on 
whether the output voltages are too low 
or too high. 

Fig. 3 
Triple output unit, simplified circuit diagram 



Fig. 4 
Connection of a shelf to the bars in the right-hand 
rack upright 

Fig. 5 
BMR 90704. The power unit seen from below, 
showing the connector arrangement (to the right) 

Ageing can affect the coupling factor of 
the optical coupling unit by 10 — 
2 0 % - a realistic value after ten years of 
operation-but this does not affect the 
output voltages by more than 10 mV or 
so as the optical coupling unit comes 
after an amplifier. Ageing of the 
electrolytic capacitors during the same 
period will also give a change in the out­
put voltage but in the opposite direction. 

Characteristics 
The switching method used (fly-back) 
means that the input voltage range of 
the unit can be made very large. The 
above-mentioned power units can work 
with any of the battery voltages 24,36,48 
and 60 V without any restrapping being 
necessary. 

The three output voltages can be loaded 
with a total maximum of 50 Wand a max­
imum of25Won +12V,25Won - 1 2 V 
and 50 W on +5 V. However, the power 
unit should not be loaded continuously 
with more than 40 W on the +5 V output 
with an input voltage of 24 V, since oth­
erwise its life will be reduced. 

The limits for the output voltages are 
± 4 % for +5Vand ± 5 % for +12 V and 
—12 V, provided that the loads are fairly 
evenly distributed on the output volt­
ages. In the case of a very uneven load, 
forexample45 Won + 5 V and only a few 
watts on +12 V and - 1 2 V, the +12 V 
and - 12 V voltages will not stay within 
the given limits because they cannot be 
regulated individually. 

Under certain extreme loading condi­
tions it may be necessary to adjust the 
output voltages. This can be done with­
out dismantling the unit, by means of a 
trimming potentiometer which is acces­
sible from the outside of the unit. 

The outputs are made short-circuit 
proof by limiting the output currents. 
However, short-circuiting of, for exam­
ple, the - 1 2 V output gives a fairly high 
short-circuit current, corresponding to 
the full output power of the power unit, 
but the unit is dimensioned to take this 
for a period of several weeks. The age­
ing of the electrolytic capacitors sets a 
limit on the duration of the overload. The 
output current limiting level is approxi­
mately 30 % above the maximum output 
current on all outputs, so that occasion­

al load peaks, for example when con­
necting new units into the shelf, will not 
cause dips in the output voltages. 

All outputs are equipped with over-
voltage protection. The +5 V output 
protection consists of a completely du­
plicated regulation loop and the other 
outputs are protected by zener diodes. 

The input and output are galvanically 
separated, and thus any output point 
can be earthed. For example, if a - 5 V 
voltage is needed, the +5 V output is 
earthed and —5 V can then be obtained 
on the neutral. However, this will also 
change the other voltages, which then 
become +7 V and - 1 7 V. 

Figs. 6 — 8 show some interesting pa­
rameters of the triple output unit. 

Mechanical construction 
Triple output unit 
- BMR 90704, is connected to M5 

shelves 
- BMR 90706, is placed in M5 shelves 

BMR 90704 
BMR 90704 is constructed mechanically 
as a ventilation unit, so that the heat 
from the shelf below and that generated 
by the power unit itself is ventilated 
away from the shelf above the power 
unit, fig. 5. A circuit breaker that func­
tions as a fuse is mounted to the left on 
the unit, for disconnecting the sec­
ondary voltage to the power unit. This 
voltage, the three tertiary voltages and 
the alarm function are accessible in a 
terminal block on the right-hand side of 
the power unit. 

The power unit is connected to the bars 
(secondary voltage and alarm function) 
and to the shelf or shelves that are to be 
supplied via a guide with connectors. 
The connectors for the different volt­
ages are not interchangeable. This 
eliminates the risk of faulty connection, 
fig. 5. 

The tertiary voltages are connected to 
the shelf by means of the circuit break­
ers mounted on the front of the shelf 
side member. No changes have to be 
made in the rack when installing the 
shelf. 



Fig. 9 
A double shelf connected to BMR 90704. A protec­
tive grating is mounted in front of the power unit 

Fig. 10, right 
Triple output unit BMR 90706 

Power 

Fig. 6 
The efficiency as a function of the load with an 
input voltage of 48 V. Half the output power is at + 5 
V and half at ±12 V 

When the r ight-hand guide has been in­
stalled, a simple guide is mounted on 
the left-hand rack upright. The power 
unit is inserted and connected and then 
locked in posit ion. A protective grating 
is then fitted in front of the power unit, 
f ig. 9. 

The guide with the connector can be de­
signed so that the shelf above and the 
shelf below are fed. It is also possible to 
arrange different voltage alternatives 
wi th in the specif icat ion of the electrical 
possibil i t ies of the power unit. 

The power unit is also available in 
another version, BMR 90705. From a 
funct ional point of view this is identical 
to BMR 90704, but a few mechanical de­
tails have been changed to make it pos­
sible to install and connect the unit in 
19" racks. 

BMR 90706 
Fig. 10 shows the tr iple output unit BMR 
90706 constructed as an "ord inary" M5 
unit. Shelves designed for this power 

unit can be constructed so that they can 
also be connected to a centralized pow­
er supply. 

Application 
The triple output units have almost uni­
versal use and cover a very wide range of 
appl icat ion, above all in PCM technolo­
gy. One l imitation is that if very little 
power is drawn from one or two of the 
output voltages it is necessary to check 
that these remain within their limits. The 
power unit is therefore specified with a 
min imum load for each output voltage, 
so that the output voltage limits are met 
with certainty. 

The advantages of using one triple out­
put unit instead of three one voltage 
power units are primari ly greater relia­
bility, lower cost and reduced space re­
quirement, since the number of compo­
nents in a triple output unit is only about 
a th i rd of the number in three one volt­
age power units. 

Fig. 7 
The output voltage as a function of the load with 
uniform loading. Input voltage 48 V. Half the output 
power is at +5 V and half at +12 V 
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Fig. 8 
The output voltage as a function of the load with 
uneven loading. Almost all the output power is at 
+ 5 V. The ±12 V outputs have a constant load of 
150 ohms (1 W)each. 



Computer-Controlled, 
Automatic Battery Charging 

Hakan Lind 

Reliable equipment for automatic charging of storage batteries is of great im­
portance for the life of the batteries. 
The article describes an arrangement based on a new principle: Supervision of the 
change in the charging current as a function of time during the charging process. 
This arrangement gets round the difficulties caused by the changes in battery 
characteristics with temperature and age. The charging current is measured using a 
magnetic compensation method, with a Hall element as the detector. A data proces­
sing unit, a small computer, then controls the charging of the battery. The equip­
ment also carries out periodic equalization charging and provides facilities for the 
recording of data so that the condition of the battery can be monitored. 

UDC 621.355: 
621.311.41 

Storage batteries play an important role 
in uninterrupted power supply systems 
for telecommunication plants. An im­
portant function of such batteries is to 
provide the telecommunication equip­
ment with the necessary power without 
interruption when a mains supply failure 
occurs, either during the whole of the 
failure time or until a standby power 
plant starts up. 

One example of a battery operated DC 
power supply system is LM Ericsson's 
booster converter system, fig. 1, where a 
regulated DC/DC converter is placed 
between the battery and the load in or­
der to successively compensate for the 
falling battery voltage during a dis­
charge. In this way the load receives a 
constant voltage during the whole 
standby time1,2. 

Batteries and 
battery charging 
The cost of batteries in uninterrupted 
systems is considerable. In LM Erics­
son's booster converter system for 48 V 
the batteries can constitute up to 30% 
of the total cost of the system, in spite of 
the fact that saving in battery cost is one 
of the main features of this system. 

The life of the batteries is therefore a 
factor of great importance when asses­
sing the cost of a power supply system. 
Good maintenance of the batteries gives 
them a life of 10-15 years, whereas 
neglected maintenance can shorten 
their lives to less than 5 years. 

One important part of the battery 
maintenance is the charging. Lead-acid 
accumulators must always be kept fully 
charged. Insufficient charging leads to 
sulphating of the negative plates with a 
consequent reduction in capacity. On 
the other hand, overcharging leads to 
increased water consumption, acceler­
ated corrosion of the positive plates and 
an undesirable rise in temperature. In 
extreme cases the rise in temperature 
can develop in an avalanche manner so 
that the battery is ruined. 

Manual charging of batteries requires 
well trained staff who follow the man­
ufacturer's instructions carefully. Man­
ual charging is also time consuming, 
which means high maintenance costs. 

When the batteries have been dis­
charged it is important to start the re­
charging immediately the mains power 
is restored, in order to regain the stand­
by capacity as soon as possible. This 
gives rise to considerable problems in 
unmanned exchanges and in networks 
where mains failures are fairly frequent 
and where equipment for automatic 
charging is not available. 

Equipment for automatic charging 
therefore has a wide range of applica­
tion and various methods are used for 
starting and stopping the charging pro­
cess. However, it has proved to be dif­
ficult to find a simple reliable function 
principle for detecting when the charg-

Fig. 1 
Booster converter system BZD 112 
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ing is to be stopped, partly because the 
characterist ics of a battery changes with 
temperature and its age. 

LM Ericsson, who have been manufac­
tur ing and supplying automatic battery 
charging equipments for a very long 
t ime and who have thereby gained con­
siderable experience of such equip­
ments, have now developed an equip­
ment for automatic charging in ac­
cordance with a completely new pr inci­
ple. The funct ion of this equipment is 
based on the supervision and control of 
the charging current as a funct ion of 
t ime. On the basis of this the equipment 
sends the rectif ier either an operating 
charge signal, which results in the volt­
age level being raised to approximately 
2.35 V/cel l , or a f loating charge signal, 
which results in the rectifier resuming 
normal f loating charging, usually 2.20 
V/cel l for lead-acid accumulators. 

An example of 
a charging process 
An example of a charging process is 
shown in f ig. 2. The mains power is re­
stored at t ime " 0 " and at the same time 
an operating charge signal is sent to the 
rectifier. 

During stage 1 the charging current is 
l imited by the current l imit ing device of 
the rectifier. The charging voltage rises 
cont inuously in step with the increase in 
the charge in the battery and finally 

reaches the nominal operating charge 
voltage of 2.35 V/cel l . 

How long stage 1 takes wil l depend 
mainly on 
— the extent to which the battery was 

discharged at the commencement of 
the charge. The greater the extent of 
discharge the longer the t ime 

— the amount of avai lablecharging cur­
rent. The smaller the charging cur­
rent the longer the t ime. 

During stage 2 the battery is charged at a 
constant charging voltage. The charg­
ing current decreases successively in 
step with the growth of the charge in the 
battery. When the current decreases 
very slowly the degree of charging is 
approaching 100%. 

How long stage 2 wil l take depends 
primarily on the state of charge of the 
battery when it leaves stage 1 at a certain 
charging voltage. 

During stage 3 the charging current 
levels out. The battery is not being 
charged any more (its counter e.m.f. 
does not increase). The current is now 
2 - 1 0 mA/Ah. In order to avoid over­
charging, the charging voltage must be 
reduced to the f loat ing charge level as 
soon as the current ceases to fall, i.e. at 
the start of stage 3. Thus the task of the 
f loating charge is to maintain the state 
of charge of the battery, i.e. to com­
pensate for its self-discharge. 

Fig. 2 
An example of a charging process 
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Fig. 3 
Current measuring device. 
The current measuring device is mounted round 
the charging bar. One end of the device is re­
movable and hence the device can be installed 
during operation 

Fig. 4 
Data processing unit. 
Up to 5 current measuring devices can be con­
nected to the unit, where the measured values are 
added 

The amount of the final charging current 
varies over a very large range (several 
100 %) and is mainly dependent on 
- the temperature of the battery; the fi­

nal charging-current is doubled for 
approximately every 10° C increase 
in the temperature of the acid 

— the age of the battery. The final charg­
ing current can be up to 3 - 5 times 
greater for, for example, an antimo­
ny-alloy lead-acid accumulator that 
is 5 — 6 years old than for a new ac­
cumulator. 

Thus the charging process is dependent 
on several factors. Because of the 
changing characteristics of the battery it 
is very difficult to get charging equip­
ment to operate well if it has to work with 
preset parameters. For example, there 
are charging equipments that break off 
the battery charging when the charging 
current falls below a preset value. The 
main problem in such cases is the 
above-mentioned variation in the final 
charging current. 

BMP 130-new equipment 
for automatic battery 
charging 
As has already been mentioned the 
charging current is stabilized at a con­
stant value (steady state value) when the 
battery is fully charged, but this value 
varies within wide limits because of 
such factors as the age of the battery 
and the temperature of the acid. In order 
to eliminate the effect of all these factors 
LM Ericsson have developed a charging 
equipment that measures the change of 
the loading current with time. In this way 
it is possible to stop the charging at the 
correct time, i.e. when the current has 
become steady. 

The advantages of the new method are 
as follows: 
a. Can be used for both lead-acid and 

alkaline batteries. 
b. Is independent of the size and age of 

the battery. 
c. Is independent of the temperature of 

the battery acid during the charging 
process. 

d. The charging can be interrupted if 
anything abnormal happens, for 
example a rise in the charging cur­
rent, which is a sign of rising acid 
temperature. 

The new method, which utilizes a uni­
versally applicable relationship between 
charging current and time, nevertheless 
poses considerable measuring prob­
lems of a technical nature. During the 
final stage of the charging the current 
change is very slow and sensitive 
measuring devices are required to de­
tect the change with sufficient accuracy. 

For example, in the case of a lead-acid 
accumulator of 1000 Ah the steady state 
value of the charging current is approx­
imately 4 A with a cell voltage of 2.35 V. 
Moreover the change in charging cur­
rent during the final stage of the charg­
ing is approximately 0.1 A per hour, 
which must be detected so that the 
charging is not stopped too early. 

The measuring method used is based on 
magnetic measurement of the charging 
current, and digital technology for stor­
ing and comparing the different mea­
surement values. 

Function 
The charging equipment includes a cur­
rent measuring device with a high de­
gree of measuring accuracy, fig. 3, and a 
data processing unit, which controls the 
charging on the basis of the charging 
current, fig. 4. 

The function is described with the aid of 
the block diagram, fig. 5. The control 
unit gives a signal to the current measur­
ing device to measure the charging to 
the battery. 

The measured value from the current 
measuring device, in the form of an 
analogue signal, is then converted to a 
digital word in the data processing unit. 
This digital word corresponds to the 
mean value of the charging current dur­
ing approximately 30 seconds. The 
measured value is then stored in store 
S1. A previous measured value (e.g. the 
preceding one) is stored in store S2. By 
comparing these two values the control 
unit can then detect whether the charg­
ing current falls, rises or levels out. 

The measurements are carried out at in­
tervals of 71/2 minutes, and if the current 
has not fallen by more than for example 
0.1 mA/Ah during 16 consecutive mea­
surements (2 hours), the battery is fully 
charged and the charging is stopped. 
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Fig. 6 
The operation ot the current measuring device. 
The Hall element controls the current I so that the 
flows O. and O become equal. The current I is 
used as the measured value 

Starting the charging 
The battery charging is started in the fo l ­
lowing way. 
a. When the battery current exceeds a 

preset value (e.g. 30 mA/Ah) the 
charging starts wi thout delay. This is 
what normally happens after a mains 
break 

b. When the battery current exceeds the 
steady state value of the previous 
charging (e.g. 5 - 1 0 mA/Ah), charg­
ing starts wi th in 15 minutes (two 
measurements at an interval of 7'fe 
minutes). This compensates for occa­
sional short discharges. 

c. Periodic equalization charging every 
third week or three weeks after the 
previous charging. In this way the bat­
tery is kept equalized and the acid is 
agitated. 

d. Manual start of charging. This is used 
for example after the battery has been 
topped up with water. 

Stopping the charging 
The charging of the battery is stopped 
when any of the fo l lowing condit ions 
occurs: 
a. If the charging current levels out, i.e. 

has fallen by less than 0.1 mA/Ah dur­
ing a period of 2 hours (16 measure­
ments at an interval of 71/2 minutes). 
This is the normal work ing. 

b. If the charging current increases, the 
charging is stopped within 15 min­
utes. The increase in charging current 
indicates an increase in acid tempera­
ture. 

c. If the charging has been going on for 
32 hours. 

Demands on current measurement, 
current measuring device ZTE 012 02 
The uti l ization of the relationship be­
tween charging current and t ime makes 
great demands on the equipment that 
measures the current. 
— The measuring device must be sensi­

tive to direct ion. Discharge currents 
must be ignored. 

— The measuring device must have a 
measuring range of 0—100 mA/Ah 
with a resolution of 0.1 mA/Ah, i.e. 
0.1 % of the measuring range. 

— The measuring device must w i th­
stand large currents, more than 1 A/ 
Ah, i.e. more than 10 times the 
measuring range, without its func­
t ion being jeopardized. 

— The measuring device should be 
galvanically separated from the bat­
tery. 

A magnetic measuring method is used 
which satisfies the above requirements, 
f ig. 6. An iron core is placed around the 

Fig. 5 
The charging current to the battery is measured 
with the aid of the current measuring device. The 
measured value is stored in store S1 where it is 
compared with a previously stored measured val­
ue in store S2 

AD 
A 
CU 
CM 
S1 
S2 

Analogue/digital converter 
Alarm unit 
Control unit 
Current measuring device 
Store 1 
Store 2 
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charging bar. The current in the bar 
gives rise to a magnetic f low, 0 , in the 
iron. This f low is detected by a 
semiconductor that is sensitive to such 
f lows, a Hall element. 

The output signal of the Hall element is 
used to control a current in a compensa­
tion winding on the iron core, via a cur­
rent generator. This current, lk, gives 
rise to a f low 0 k , in the core circuit which 
is in opposi t ion to the f low caused by the 
charging current, 0S . The regulating 
system of the current measuring device 
attempts to keep 0 S and 0 k equal, so 
that the sum f low is zero. The value of 
the compensation current lk is then used 
as the measured value for the charging 
current in the bar. 

Choice of floating charge voltage for 
lead-acid accumulators 
The main task of the f loating charge 
voltage is to maintain the state of charge 
of the battery for a long period wi thout 
overcharging. This means that the bat­
tery must not be " cha rged" by the float­
ing charge voltage and the changeover 
f rom operating charge to f loating 
charge must not take place until the bat­
tery has become fully charged. 

Charging of the battery is a relatively 
rare occurrence and only takes place af­
ter mains breaks and when an occa­
sional equalization charge is necessary, 
whereas f loating charge is the normal 
condi t ion. Consequently the f loating 
charge voltage must be chosen with 
care, since it helps to determine the life 
of the battery. 

In practical appl icat ions with conven­
tional devices for automatic battery 
charging it has been necessary to 
choose a fairly high f loating charge 
voltage, approximately 2.22 V/cel l wi th 
an acidity of 1.24 g /cm 3 . As has been 
described above, the reason for this is 
that it has been diff icult to stop the 
charging when and only when the bat­
tery has reached 1 0 0 % charging. The 
charging has instead been stopped at 
approximately 9 5 % charging level and 
the final charging has been carried out 
with the f loat ing charge voltage. 

BMP 130, on the other hand, stops the 
charging of the battery only when the 
state of charge has reached 100 %. The 
f loat ing charge voltage can then be re­
duced to approximately 2.18 V/cel l , 
which has the fo l lowing advantages as 
regards the battery maintenance: 

— the water consumpt ion is reduced by 
30 — 5 0 % compared with batteries 
with a f loat ing charge voltage of 2.22 
V/cel l 

— the corrosive current is reduced, 
which gives the battery longer life. 

Periodic equalization charge 
BMP 130 is equipped wi th a device that 
initiates recharging of the battery, i.e. 
increases the voltage to approximately 
2.35 V/ce l l , three weeks after the last 
occasion the battery was charged. In 
this way the battery is kept in good con­
di t ion and the acid agitated. The 
periodic equalization charging is useful 
to counteract any differences between 
the battery cells, for example the differ­
ences in sel f-discharging. 

Recording of battery data with 
the aid of BMP 130 
One important parameter for the as­
sessment of the condi t ion of a battery is 
the steady state value of the charging 
current. A low value (2 — 6 mA/Ah with a 
charging voltage of 2.35 V/cell) indi­
cates that the battery is in good condi­
t ion, whereas a high value (>10—15 
mA/Ah) indicates that a check of the bat­
tery is necessary. 

The steady state value of the charging 
current dur ing the most recent charge is 
available at any t ime on a display panel 
with binary coded l ight emit t ing diodes, 
which is included on the BMP 130 data 
processing unit. This value is never 
more than three weeks old because of 
the device for periodic equalization 
charging. 

A complete charging process can be re­
corded quite simply with BMP 130, so 
that a battery can be studied in detail. A 
simple printer is then connected to the 
data processing unit and a record of the 
charging current, wi th decimal presen­
tat ion, is then obtained dur ing the whole 
of the charging sequence. 
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The LM Ericsson 
Prize Winners 1979 

This article is an excerpt from the speech given by Dr. Hakan Sterky, chairman of the 
Ericsson Prize Committee, at the awards ceremony of the 1979 LM Ericsson Prize, May 7, 
1979. The Prize, which consists of a gold medal and the sum of 100 000 Swedish Kronor, was 
first awarded at the LM Ericsson centennial in 1976, and according to the conditions 
governing the award of the Ericsson Prize it shall "be awarded to recognize an especially 
important scientific or technological contribution to telecommunications engineering made 
during the previous three-year period, or an earlier contribution whose significance has 
been acknowledged during the period". 

By October 1st 1978, 40 proposals involving 44 candidates working in 12 different fields of 
activity had been submitted to the Ericsson Prize Committee. The Committee consists of 
three members and is completely independent of the LM Ericsson's Board of Directors and 
President. It has sole responsibility for selecting the prize winner among the candidates 
nominated. If an achievement has been shared by two or three persons, these persons may be 
awarded the prize jointly. 

The Prize winners' presentations will be found on the following pages of this issue. 

The 1979 Ericsson Prize is being shared by 
two men, both of whom, while working in 
separate fields, have made fundamental 
contributions to the long-distance trans­
mission of information through optical 
fibres: 

Dr. Charles Kuen Kao, who was born in 
Shanghai in 1933 and is now employed by 
the International Telephone and Tele­
graph Corporation in Roanoke, Virginia, 
and 
Dr. Robert Distler Maurer, who was born 
in St .Louis in 1924 and now works at the 
Corning Glass Works in Corning, New 
York. 

It would not be fair to all the other highly 
qualified candidates if 1 were to state that 
the Committee faced an easy task in select­
ing the 1979 Ericsson Prize winners. After 
extensive interviews with several experts 
in various fields, however, the Committee 
selected these two men. The decisive 
points which attracted the attention of the 
Committee, and which were influential in 
our final selection, were the imagination, 
the perseverance and the competence 
which Dr. Kao and Dr. Maurer exhibited 
in introducing the use of light waves as 
transmitters of information over long dis­
tance. 

In their presentation the prize winners will 
describe in more detail how they began 
their work in the field of Optronics, the po­
tential they foresaw in their early visions 

and discoveries, the current situation in 
optronics and the developments they 
foresee in the future. 

As a supplement to their presentations, I 
would like to outline briefly the historical 
development of the art of transferring mes­
sages using light waves. 

Transmission of messages by 
light waves-historical aspects 
For thousands of years, beacons have been 
used to warn people of military actions. 
The message of Troy's fall was sent across 
the sea by the same meansLight from fires 
in lighthouses guided ships through peril­
ous waters. Flares have long been used as 
danger signals. The content of information 
conveyed in this manner, however, was 
severely restricted. It was not until codes 
were established that these messages 
could contain more substantial informa­
tion. About 150 years ago the Morse code 
alphabet was introduced in electrical tele­
graphy. In optical telegraphy, the same 
alphabet has been used from the 1800s up 
to modern times. One method used in this 
field was to tilt a mirror to reflect sunrays, 
the so-called Heliograph method, to con­
vey messages from one point to another 
tens of kilometers away. In shipping, using 
the same basic method, signalling lamps 
have long been used to send Morse signals 
from one ship to another by keying a blind 
in front of the light source. 

The Morse code, a forerunner 
to digital technology 
As you all know, the Morse code consists 
of a number of combinations of dots and 
dashes which correspond to the letters of 
the alphabet, numbers and punctuation 
marks. Using this code translated into 
short and long electric impulses, messages 
could be cabled over long distances. Morse 
code was the forerunner of the digital tech­
niques now used in the computer age, in 
which digital technologies are used on an 
increasing scale to transmit text, pictures, 
speech and music via electromagnetic 
waves. For these applications, however, 
the number of impulses, or"bits", must be 
increased from about ten to several mil­
lions per second. In other words, the 
bandwidth must be large enough to permit 
rapid and extensive transmission of infor­
mation. This is made possible through 
optical telecommunication. 

Prerequisites for optronics 
Another prerequisite for the 1979 Ericsson 
Prize winners' achievements is the ability 
of light to be transmitted through a curved 
path. As you all know, light, like all other 
electromagnetic waves, is propagated in 
straight lines through space and the 
atmosphere. If light is conducted through a 
tube or a fibre, however, it can be prop­
agated-under certain conditions-along 
paths other than straight lines. A basic 
condition for this phenomenon is that the 
tube must have a reflective inner surface or 
that the fibre must consist of a material 
with a higher refractive index than that of 
its surroundings, for example air. Another 
basic condition is that the attenuation of 
the light must be low enough to make it 
technically and economically feasible for 
optical methods to compete with other 
transmission systems. 

In physics, it has been known for a long 
time that certain fibres can conduct light 
along curved lines. This phenomenon has 
been utilized for different technological, 
medical and decorative purposes. One 
such application has been used in medicine 
by inserting a glass fibre in the heart to 
study conditions of this vital organ. Nor­
mal optical glass, however, has a high 
absorption ratio, similar to that of the 
clouds in the atmosphere, and consequent­
ly the range of transmission was limited to 
ten or twenty metres. A radical change in 
this restricted capability was necessary if 
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optical systems were to meet the demands 
placed on today's commercial systems for 
transfer of information. Another prerequi­
site was access to suitable electro-optical 
converters for transmitting information 
and opto-electrical converters for receiv­
ing information. During the past decade, 
electronic components such as light-emit­
ting diodes, diode lasers, photodetectors 
and avalanche diodes have been developed 
and are now produced commercially. 

The Prize winners' 
contributions 
In 1966, Dr. Kao, together with G.A. 
Hockham, published a paper on the pos­
sibilities of using glass fibres as conductors 
for optical transmission of information. 
His efforts at that time meant that he was 
proposing a special fibre design for optical 
transmission of information. He also 
foresaw that it would be possible to purify 
quartz glass to such a degree that the con­
ductors' attenuation would be less than 20 
decibels per kilometre. The first revolu­
tionary proposal was based on fundamen­
tal theories. However, considering that 
Dr. Kao was not a specialist in various 
glass materials' optical properties, nor in 
the production of highly purified quartz 

Fig. 1. Dr Robert Distler Maurer and Dr Charles Kuen Kao receive their prizes from His Majesty, 
Carl XVI Gustaf, King of Sweden. In the background Dr Hakan Sterky. 

fibres, his second proposal on the de­
velopment of Optronics must be regarded 
as visionary. For the benefit of experts in 
this field, I would like to point out that 
optical glass available in the mid-1960s had 
an attenuation minimum of 1,000 decibels 
per kilometre and now, near the end of the 
1970s, quartz fibres have been produced 
with an attenuation of less than one decibel 
per kilometre for certain light wavelengths. 
For laymen, these figures may be clearer if 
one considers that about ten years ago, the 
interior of the heart could be studied overa 
distance from one-half to one metre. To­
day, the transparency of an optical fibre is 
so high that the same observation could be 
made by a physician who is situated tens of 
kilometres away from the patient. 

As the Director of Research at Corning 
Glass Works, Dr. Maurer realized, de­
spite the doubts of many experts, that it 
would be worthwhile to attempt to develop 
a fibre made of such highly purified quartz 
that it could be used in telecommunica­
tions systems. Within an exceedingly short 
span of time, as early as 1970. the Corning 
research laboratory staff developed and 
produced several hundred metres of fibre, 
about 0.2 millimetres thick, with a core 
diameter of 3 to 4 u,m and an attenuation of 
20 decibels per kilometre at a light 
wavelength of 0.63 u.m. At the same time, 
they also showed that fibres could be bent 
without significant radiation losses. Con­
sequently, there would be no practical dif­
ficulties involved later on in laying fibre 
cables. 

Dr. Kao and Dr. Maurer have through 
their theoretical research work and techni­
cal development of methods for the pro­
duction of optical fibres opened promising 
new areas for telecommunications. Test 
installations for telephone traffic are now 
in operation and the world's telecommuni­
cations companies are convinced that 
Optronics will make it possible for them to 
place better and less expensive transmis­
sion systems at the disposal of society and 
subscribers. 

After many years of research and creativi­
ty the prize winners have given mankind 
access to new technical and economical 
methods of transferring information. In the 
true sense of the word, they have shed new 
light on a field which researchers and en­
gineers will explore further in the fascinat­
ing future of telecommunications. 



Optical Fibers and Systems: 
History and Future 

Charles K. Kao 

DR CHARLES K KAO 
Charles Kuen Kao. who was born in 1933 in Shang­
hai, China, received a B Sc degree in Electrical En­
gineering from the University of London in 1957 and 
a Ph D degree in Electrical Engineering, also from 
the University of London, in 1965, 

He was the Chairman and Professor of Electronics 
of the Electronics Department of the Chinese Uni­
versity of Hong Kong from 1970 to 1974, and in 1974 
he became associated with the ITT Electro-Optical 
Products Division as a Staff Scientist, which posi­
tion he presently holds, Dr Kao is a pioneer in the 
field of optica I fiber communications and has work­
ed in this field since 1963 His experience includes 
theoretical studies and basic research in optical 
communication systems, fiber optic waveguide 
communications, circuits and systems design, and 
quasioptical techniques applicable to microwave 
systems 

He has been elected a Fellow of IEE (UK) and is a 
Senior Memberof IEEE He received the 1976 Morey 
Award from the American Ceramic Society for out­
standing contributions to glass science and tech­
nology and in 1977 was awarded the Stewart Bal-
lantine Medal by the Franklin Institute for his con­
ceptual work on optical fiber communication 
systems He was the recipient in March 1978 of the 
Sir Arthur Rank Prize of the Royal Society of Eng­
land for his pioneering work in optical fiber com­
munication Recently he was honored with the 1978 
Morris N Liebmann Memorial Award for making 
communication at optical frequencies practical by 
discovering, inventing and developing the material, 
techniques an configurations for glass fiber 
waveguides and in particular for recognizing and 
proving by careful measurement in bulk glasses 
that silicon glass could provide the requisite low 
optical loss needed for a practical communication 
system He has written many technical papers and 
holds 11 patents. 

In the 1950's the need for vastly im­
proved communication facilities and 
services was recognized. This led to the 
search for a means to open up more of 
the electromagnetic energy spectrum 
for communication purposes. By late 
1959 the laser was invented, heralding 
the entry of the equivalent of a radio fre­
quency source at optical wavelengths. 
At last, the optical spectral region with 
its enormous potential for communica­
tion was opening up for exploitation. 
What was needed was a compatible set 
of a source, a detector, and a transmis­
sion medium. It soon transpired that the 
myriads of advantages of optical com­
munication were not easily accrued in a 
practical and economic manner. The 
components simply did not come to­
gether to form a working system. 

The early lasers were either bulky and 
power inefficient or must work at very 
low temperatures. Even the propagation 
paths offered unforeseen difficulties. 
There was the free space. Surely light 
should travel in a straight line through 
space. Not so, in our terrestrial domain. 
The inclement weather severely influ­
ences propagation conditions. Fog and 
snow can cause orders of magnitude 
change of the light intensity. In fact, 
even in clear weather, the density 
fluctuation of the atmosphere signific­
antly alters the properties of the light 
propagation path. Over a kilometer a 
collimated beam could dance around in 
a disc with a diameter as large as a few 
meters at the destination due to the 
fluctuation of air density along the 
propagation path. 

The matter of fiber material 
The dielectric waveguide in the form of 
an optical fiber was a very attractive 
candidate as a transmission medium at 
optical wavelengths. However, optical 
fiber waveguide was not considered at 
that time to be a likely transmission 
medium since the optical loss was suf­
ficiently high as to attenuate the light 
level to an unusable value over only 
several meters. Also at that time, semi­
conductor light sources and detectors, 
which matched well with the optical 
fiber to form the basic system, were in 
very early stages of development. The 
magnitude of problems appeared form­
idable. However, believing that a pro­

mising but difficult problem warranted 
special attention, we started work, in 
those days, in this area. 

The principal tasks at that time were to 
establish theoretically the waveguide 
and material properties, and to demon­
strate that the material and dimensional 
requirements were essentially realizable 
in practice. 

While waveguide propagation was 
rather easily demonstrated by using 
specially prepared fiber samples, the 
material evaluation and dimensional to­
lerance studies presented a far greater 
challenge. The situation was almost as 
bad as attempting to measure an object 
which is less than a millimeter in diame­
ter with a ruler whose smallest incre­
ment is one meter. Instruments to 
measure optical loss had sensitivities 
several orders less than what was re­
quired. Dimensional tolerance require­
ments had to be established on simulat­
ed fibers. In spile of these apparent 
drawbacks, the work proceeded suc­
cessfully and encouragingly. The 
principal findings were published in a 
series of papers starting in 1966. In 1968 
the existence of materials with suffi­
ciently low loss was established experi­
mentally. These events led to an in­
creased interest and eventually to a 
world-wide activity. It is interesting to 
note how the fiber loss improved over 
the years, fig. 1. This is the result of the 
combined contribution of many talented 
people who have injected the necessary 
academic stimuli, management skill, 
professional talents, and societal con­
cerns. 

Today optical fiber systems technology 
has come of age. Optical fiber, source 
and detector characteristics have not 
only exceeded the target optical 
performances values in the research 
laboratories, but are also capable of 
meeting exacting physical and reliability 
requirements important in a real world 
environment. Other basic components, 
such as cable, connector and coupler, 
are at a similar stage of development. 
Fiber system technology is poised to 
step from the R&D phase into the pro­
duction phase and is ready to vindicate 
its most important, but yet to be fulfilled 
promise, of cost effectiveness. 
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Type of Application 

Common Carrier 
Satellite Entrance Link 
CATV Trunking 

Power Utility 
Communication 
Broadband Distribution 
Nuclear Power Station 
Control 
Computer System 
Interlinks 
Private Transmission 
Guided Weapons 

Sensors (Pressure/ 
Temperature) 
Intra Building 
Communication 
Intra Vehicular 
Communication 

Advantage 

High Bandwith, Long 
Repeater Spacing 

No EM Interference 

High Bandwidth 
No Fire Hazard & 
EM Interference 
No EM Interference 

No EM Radiation 
Light Weight, High 
Bandwidth 
High Sensitivity 

Improved Privacy 

No EM Interference 
Lightweights Small 
Size 

Advantages of optical fiber 
systems 
Let us relook at the major benefits of 
optical fiber. Those benefits can be 
grouped into three categories: 

Its physical attr ibutes include small size, 
light weight, high strength, and f lexi­
bility. 

Its transmission benefits include wide 
bandwidth, low loss, and low cost. 

Its special features are that it wil l not in­
duce combust ion, wil l not pick up R.F., 
wil l not radiate R.F., and will withstand 
very high temperature. 

These advantages and special features 
can be exploited singularly or in com­
bination to provide system performance 
and cost benefits to almost all types of 
appl icat ions across the entire modern 
industrial base. The roles and missions 
of optical f iber systems penetrate every 
aspect of communicat ion and control . 

A substantial number of systems have 
already been installed. It wi l l be seen 
that the various systems installed, ex­
ploit in one way or another the main 
advantages of optical fiber systems, ta­

ble 1. One aspect is worth not ing. The 
special features are being exploited ear­
ly. This indicates that a new product is 
more easily introduced to fulf i l l a new 
funct ion than an improved product to 
fulf i l l a replacement funct ion. A more 
important aspect is that the advantages 
of optical fiber communicat ion systems 
are opening up new system possibil it ies. 
These have far-reaching social and 
economic impacts beyond the better 
performance and low cost aspects. 

Optical fiber systems give new 
features 
Perhaps the most signif icant new 
service optical fiber systems can bring is 
the wide bandwidth information dis­
tr ibut ion network. If the cost of br inging 
services into each home via one or more 
fibers is not prohibit ively high, it is pos­
sible to envisage such a network which 
permits voice, data, music, and TV to be 
available on an interactive basis. 

The mode of introduct ion of such 
services is by no means defined. It is 
only possible to see that such services 
can have much sociological impact. For 
example, the remote surveil lance of in­
dustrial sites or communi ty thorough­
fares can improve fire and security 

Fig. 1 
Best fiber loss 
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services without the need of extra 
personnel; the video conferencing and 
shopping can save time and travel; low 
speed data services can be provided at 
reduced cost; and energy management 
such as preferential load shedding can 
become a reality. All in all, the existence 
of wideband distribution network ena­
bles the network provider to be the key 
operator in information distribution. 
The network is used not only for provid­
ing the interconnection of subscribers, 
but also for distributing the facilities of­
fered by service vendors. 

The network with its wide bandwidth 
capability is powerful enough to im­
prove control and communication func­
tions by leaps and bounds Moreover, 
optical fiber, the wide bandwidth trans­
mission medium, is emerging at the 
same time as VLSI technology which 
vastly increases the speed and func­
tional capability of control circuits 

These two complementary key tech­
nologies are maturing at a crucial time 

when communication and control are 
moving into an intensive man-machine 
interactive phase. It is not far-fetched to 
say that man-machine interrelationship 
is a new survival criterion for mankind 
and that the optical fiber multiservice 
distribution system will play a major 
role. 

It is evident that the range of optical fiber 
system applications is broadening very 
rapidly. In fact, everything associated 
with optical fiber is growing. The differ­
ent types of applications, the installed 
fiber length, fig. 2, the current sales, and 
the number of people involved are all 
growing at an exponential rate. 

This is a good indication that optical 
fiber business, indeed, will grow expo­
nentially and will generate the volume 
demand and result in the necessary cost 
reduction to sustain the growth and to 
enable economic introduction of new 
services, such as the broad band dis­
tribution network. 

Fig. 2 
Total worldwide yearly installed fiber-length 
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Optical technology promises to provide 
our next major advance in telecom­
munications In choosing light to carry 
the signal, technologists are breaking 
entirely from previous engineering 
practice. Until now, advances in tele­
communications had occurred by 
gradually changing the electromagnetic 
wavelength that was used. This gradual 
evolution continued until wavelengths 
of about one centimeter were the 
shortest that were utilized. Now, by us­
ing light we have suddenly reduced the 
wavelength to one micrometer—10,000 
times smaller —or one per cent of the 
diameter of a human hair. This great 
change has been the source of many 
benefits, as well as problems, for the new 
technology and for component construc­
tion in particular. For each major com­
ponent, we can show how the change 
in wavelength has affected an important 
characteristic of that component and in 
this way illustrate the complexity and 
possibilities of this new technology. 
These few illustrations will provide less 
than a complete understanding. In a 
technical area as broad as optical com­
munication components, a brief discus­
sion can only hope to provide an ac­
quaintance with the topic. 

The components I will discuss are the 
primary ones: glass fibers, cables, con­
nectors, signal sources and receivers. 
These exert a major influence on the 
system possibilities in both system 
architecture and performance. Indeed, 
no significant systems were feasible, or 
even considered, before satisfactory 
fibers had been made. As you know, the 
use of fibers in early optical systems was 
impossible because the attenuation was 
too high. The best fibers that existed at 
that time, the early 1960's, would trans­
mit signals only about 20 meters. Practi­
cal considerations required transmis­
sion at least 100 times further —this re­
quirement corresponds to one per cent 
of the incident light emerging after pas­
sing through one kilometer of fiber (20 
dB/km). My personal work at that time 
was concentrated in achieving the large 
improvement in transmission that was 
required. 

Two decisions were made near the be­
ginning of this research that became the 
foundation of all that followed. One was 
to use glasses consisting primarily of 

silica, with oxides added to the extent 
necessary to increase the refractive in­
dex. These glasses have provided the 
lowest attenuations yet achieved and 
have excellent physical properties. The 
other decision was to use vapor phase 
processes for manufacturing the glass 
preform, or rod, from which the fiber is 
drawn. Vapor phase processes have not 
only provided the necessary purity but, 
in addition, have turned out to be 
surprisingly flexible when adapted to 
new ways of making the preform. As a 
result, both ideas seem to have stood 
the test of time and remain at the heart of 
today's technology. 

A major advantage of vapor phase 
glass-making is in eliminating the 
customary step of melting. By eliminat­
ing melting, the impurity dissolved in the 
glass from the melting container is 
avoided. Liquids, such as chlorine com­
pounds of the glass ions, are vaporized 
and passed with oxygen gas through a 
hot region where the liquid vapor is oxi­
dized to form a dust of small glass partic­
les. These are collected and, when 
heated, consolidate to a dense bulk 
glass. An added advantage in this pro­
cess is that the starting liquids can be 
purified by distillation. 

This basic approach, with considerable 
elaboration, led to steady progress in re­
ducing fiber waveguide attenuation. Af­
ter some initial experimentation in 1966, 
the first high silica fibers were made in 
1967. By 1970 Corning made the first 
fibers that met the transmission goal of 
one per cent through a kilometer (20 
dB/km), fig. 1. This sparked a world­
wide effort to develop the new tech­
nology and further advances have oc­
curred in all aspects of this new area 
of telecommunications. By 1974, at­
tenuation had been reduced another 20 
fold, to one dB/km. It is even lower to­
day. 

The evolution of components for the 
new technology reflects major charac­
teristics caused by the short wavelength 
of light, as mentioned earlier. Most 
notable is the small size of all the com­
ponents. This is one of the major be­
nefits because it conserves both equip­
ment space and material. In accord with 
equipment size, information transmis­
sion with light now becomes more com-
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Fig.1 
Progress in reducing attenuation ot high silica 
optical waveguides at Corning. The first 
waveguides ever to meet the practical goal of less 
than 20 dB/km were achieved in 1970 

patible with information storage and 
processing which have also been great­
ly miniaturized. 

Fiber Waveguides 
Perhaps there is no better illustration of 
the dramatic change caused by the shift 
to light than in the search for new mat­
erials for fibers. Every research projects 
begins with considerable uncertainty 
about what factors have been over­
looked or what unknown obstacles will 
be discovered Fiber waveguides were 
no exception. Shortly after this research 
began, it became apparent that no one 
had considered some important optical 
effects. Two of these, absorption by 
atomic defects and intrinsic absorption, 
are discussed here. 

The inherent transparency of many mat­
erials is masked by impurities and im­
perfections. Recall that windows appear 
transparent because they are thin; we 
are surprised when we can see the bot­
tom of a river. The early optical wave­
guide research answered the question 
of what remains when these impurities 
and imperfections are removed. Only 
then are the fundamental roles of atomic 
defects and of intrinsic absorption re­
vealed. Of these two, intrinsic absorp­
tion has proven of more practical in­
terest. 

Atomic defects occur in absolutely pure 
glass and absorb light to some degree. 

They arise because of the fundamental 
tendency to increase entropy, or disor­
der. This force is pervasive in nature, 
and we face it every day as the tendency 
for things to go wrong. In glass-making, 
entropy is increased by the evolution of 
oxygen gas during the melting, since the 
gaseous form of matter is more dis­
ordered than the liquid or solid. When 
oxygen gas evolves in this way at high 
temperatures, the glass left behind is de­
ficient in oxygen. Defects are thereby 
generated in the glass structure where 
oxygen atoms normally would be. In the 
early glasses, a single defect of this kind 
absorbed more light than the typical im­
purity atom. Glasses used today circum­
vent this problem because the defect 
absorptions are outside the wavelength 
region of the signal light. 

However, it is of historical interest to 
realize that the first low loss fibers re­
quired finding an answer to the problem 
of atomic defect absorption. The sol­
ution was to utilize a chemical reaction 
within the glass that re-oxidized the de­
fects. Various time-temperature treat­
ments were required to control the reac­
tion rate. As might be surmised, this was 
a complicated procedure and finding a 
workable method proved to be one of 
the obstacles in reaching the transpa­
rency goal. However, the effort was 
valuable in the end. The work showed 
that this fundamental absorption mech­
anism could be overcome to the degree 
necessary and the existence of high 
transparency was proved. 

Fig. 2 
Schematic diagram showing the intrinsic absorp­
tion for a transparent substance. The absorption is 
present in the transparent wavelength region of 
even an absolutely pure material 

The second fundamental property of 
material transparency that is reached 
when impurities are removed is the in­
trinsic absorption. Glasses, and many 
"transparent" solids, are not transpar­
ent at short wavelengths of light (the 
ultraviolet) and are not transparent at 
very long wavelengths (the infrared). In 
these wavelength regions, the glass 
absorbs light and only in between them 
is the wavelength region called "trans­
parent". However, these absorbing re­
gions do not cease absorbing abruptly 
at the edge of the transparent region. 
Instead, they gradually decrease and it 
can even be shown theoretically (by the 
Kramers-Kronig relations) that their 
absorption extends entirely across the 
transparent region, fig. 2. In the trans­
parent wavelength region, the absorp-
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Fig. 3 
Upper Curve: Data for a fiber of very low attenua­
tion. Lower Curve: Residual attenuation remain­
ing after substracting known attenuation effects 
from upper curve. This residual attenuation is the 
best estimate of the intrinsic absorption 

tion was not known because it was 
masked by impurities. This lack of 
knowledge about the magnitude of the 
absorption, plus the fact that there is no 
way to alter its magnitude, led to con­
siderable concern. Should the intrinsic 
absorption prove too high to make a 
practical waveguide, the whole idea of 
the research could prove impossible. 
However, we now know that the intrinsic 
absorption is essentially negligible in 
the wavelength region of interest. By 
measuring the signal loss in the best fib­
ers and subtracting the losses that are 
known, an upper estimate for the in­
trinsic absorption is obtained, fig. 3. The 
answer shows that there is a low 
minimum for this absorption some­
where in the near infrared (about 1.6 
|.im). Perhaps the most remarkable re­
sult of optical waveguide research has 
been the discovery of how small the 
absorption at this minimum is, or how 
transparent matter can be. We now 
know that light can pass through 20 
kilometers of glass with more than half 
of it emerging. It has been remarked that 
if the deepest ocean were this transpar­
ent, we could easily see the bottom. 

Partly because this minimum intrinsic 
absorption is at near infrared wave­
lengths, the best fibers today show their 
maximum transparency in this region. 

The highest transparency may be some 
ten times better than available today. 
Therefore there is still significant poten­
tial for increasing the transparency of 
fiber waveguides. 

Sources and Detectors 
The higher transparency region has en­
couraged research toward making 
components for the longer wave­
lengths, in the near infrared. The 
sources and detectors for the first gen­
eration of optical communication sys­
tems came from technology that existed 
prior to the fiber. Now, work is underway 
to provide new solid state sources and 
detectors for an optimum system that 
utilizes the best possible fiber 
characteristics. 

Lasers have been sought as a signal 
source for optical communications be­
cause of the increased signal powerand 
concentration of this power within a 
narrow wavelength range. However, 
progress has been slow in achieving 
stability that endured over decades of 
use, so lasers are now only considered 
for short-lived situations. This degen­
eration in performance occurs because 
small defects (again, the order of a 
wavelength of light in size) develop with 
use. The new lasers designed for longer 
wavelengths exhibit much more promis­
ing durability than former lasers did at a 
comparable stage of development. This 
is attributed to the different materials 
that are being used. Thus, the shift to 
longer wavelength light may bring with 
it unforeseen benefits in the light 
source. 

The signal receiver usually consists of a 
solid state detector and an amplifier. 
Present research on receiver amplifiers 
may also alleviate the problem of mak­
ing detectors for the longer wavelength 
light. The present solid state detectors 
which have the highest sensitivity are 
complicated in their structure. Making 
these components from new materials 
involves considerable experimentation. 
If amplifiers can be perfected to the ex­
tent that simpler (p-i-n) detectors can be 
used with equivalent sensitivity, materi­
als research would be greatly simplified. 
In general, it would then be possible to 
develop receivers for new wavelengths 
of light much more easily. 
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Cables 
Optical cable technology has been able 
to utilize existing cabling techniques, 
materials and design knowledge, and 
this has been a major benefit. There is 
one important exception. New techni­
ques have had to be devised to cope 
with the problem of microbending. The 
tiny fibers are flexible, and irregular dis­
placements of their axis by as little as 
1 % of the diameter can cause serious 
loss of light, fig. 4. It is no coincidence 
that 1 % of the diameter is our familiar 
quantity, the wavelength of light. These 
minute distortions are called micro-
bends. The discovery of this effect is an 
interesting story of early optical 
waveguide research. At the time, ex­
perimental fibers were wrapped on 
cardboard drums. It was noticed that the 
light loss in travelling through the fiber 
seemed to vary erratically from day to 
day. With some searching, this variation 
was traced to the humidity. Cardboard is 
notorious for expanding and contract­
ing with changing humidity, and as it 
expanded the fiber was pressed against 
the rough cardboard surface, causing 
microbends. 

Microbends can arise from uneven ap­
plication of the protecting plastic coat­
ing on fiber, from differential thermal 
contraction of the materials in the cable, 
or from external applied forces. As a re­
sult, a great deal of engineering effort is 
going into this practical problem. No 
immediate end to this effort is in sight. 
As the transparency of fibers is in­
creased, especially by shifting tech­
nology to the longer wavelength of light, 
microbending losses must also be re­
duced in order not to sacrifice all the 
benefit gained. Thus, cabling technolo­
gy can be expected to remain an area of 
active interest. 

Connectors 
Connectors are mechanical devices for 
joining ends of fibers, or cables, with 
negligible loss of light. The wavelength 
of light leads to both disadvantages and 
advantages in making these compo­
nents. The small size of the fiber, a result 
of the wavelength, makes mechanical 
control difficult. Again, the fiber posi­
tion must be controlled to about one 
micrometer, an extremely difficult task 
to accomplish with inxpensive devices. 
As a result, connector development lags 
in this respect and there is considerable 
room for innovation. At the same time, 
crosstalk from one fiber to a neighbor­
ing fiber is extremely low in connectors 
for multiple fibers. This is partly because 
the short wavelength of the light results 
in scattering upon reflection within the 
connector which soon dissipates the 
power that leaks out of a fiber. Absorp­
tion of this leaked power is also stronger 
for light than for longer wavelength 
electromagnetic radiation. 

Anticipated Progress 
The components mentioned above are 
sufficient to provide simple links, de­
fined as a signal source, transmission 
line and detector. This limited technolo­
gy can be utilized in most of today's ap­
plications and many of tomorrow's. 
However, for widespread application, 
further reduction of costs through man­
ufacturing efficiency is needed. This is a 
very large task but is so fragmented that 
it is almost impossible to pick a single 
point worthy of discussion here. On the 
other hand, the general importance of 
this effort cannot be overestimated. The 
future will see further innovation in 
manufacturing but it should be realized 
that as the technology becomes more 
definitive, the opportunity for innova­
tion decreases. Further progress in this 
respect is assured only by the large ef­
fort now under way —the size of the ef­
fort compensating for the restricted op­
portunity. 

Fig. 4 
Schematic showing the effect of microbends on a 
fiber waveguide. Microbends the wavelength of 
light in size cause measurable attenuation 

Components of the future will include 
more than the simple types already 
mentioned. New system forms and func­
tional requirements will suggest new 
types of devices. One example of this is 
the star coupler. No analogy of this de­
vice has been previously used on 
systems of high information capacity 
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(high bandwidth) because optical 
wavelengths are needed for the efficient 
construction of such devices. The inven­
tion of the star coupler came about be­
cause data bus structures using light 
were needed. As examples of possible 
new devices, we may see distributed 
amplifiers, holographic couplers, opti­
cal signal processors, etc. Whatever 
these future devices may be, and they 
will be more imaginative than the exam­
ples given here, we can only be sure they 
are largely unforeseen today. These new 
forms will permit future systems of grea­
ter complexity and capability. Here, as in 
the past, we expect new technologies 
like optical communicationsto open av­
enues and ideas not previously en­
visioned. 

Telecommunication history shows a 

steady increase over the last 100 years in 
information transmission capability for 
a single link. Quantitatively, this in­
crease is represented by a series of 
gradual steps until the present. In the 
near future, optical technology will ap­
parently generate a sharp discontinui­
ty—the transmission capability will in­
crease at least 100 times (to over 1 Gb/ 
sec. for a single link). What does this 
mean? The invention of optical com­
munications provided the meansforthis 
discontinuity. However, the increased 
capability can only arise if the technolo­
gy is developed to a practical form by 
thousands of technologists. They are 
working because of a social need for 
vastly increased communication in an 
increasingly complex society. Optics 
will provide the means for entering this 
new era. 



The Second Stage of the 
Saudi Arabian Project Completed 

Bengt Johansson and Johan-Erik Mansson 

A description of how the first stage of the large telephone extension project (TEP) in 
Saudi Arabia was carried out was the subject of an article in a previous issue of 
Ericsson Review\ The second stage was successfully concluded on 13 June 1979 
and this article contains further comments on this vast project. 

UDC621 395 34 Telephone exchanges 
For LM Ericsson and Philips the second 
stage comprises 11 new local ex­
changes and 4 additions with a total of 
95 900 lines. Thus stages 1 and 2 to­
gether have almost doubled the 
country's local network in a period of 
only 18 months. The number of lines has 
been increased from 198 800 to 377 300. 

LM Ericsson's undertaking in stage 2 
consists of two new AXE local ex­
changes in Mecca, each of 10000 lines, 
a new AXE local exchange in Dammam 
of 8000 lines, the extension of an ARE 11 
local exchange in Al Khobar by 2000 
lines and the extension of the AXE local 
exchanges Al Malaz and Al Ulaya in 
Riyadh by 10000 lines each. It also in­
cludes four new national transit ex­
changes of type AXE in Mecca, Medina, 
Jeddah and Dammam, with a total of 
22 500 multiple positions, and three in­
ternational transit exchanges of type 
ARE 13 in Riyadh, Jeddah and Dam­
mam, with a total of 5000 multiple posi­

tions. In 18 months LM Ericsson have 
thereby supplied ten turn-key transit ex­
changes of a total of 38100 multiple 
positions, which has considerably im­
proved the country's long-distance and 
international traffic facilities. 

A summary of the extent of the whole 
Saudi Arabian project and the size of the 
contracted extension stages for ex­
change lines is given in table 1 (page 
103). According to the terms of the con­
tract the agreed completion dates for 
the 476 000 local exchange lines meant 
that 75 000 lines had to be completed 
during the first 12 months, a further 
100 000 lines by the end of 18 months 
and the remaining 301 000 lines by the 
end of 36 months, all periods reckoned 
from the date of the Letter of Intent, 
which was issued on 13 December 1977. 
As can be seen from the table the total 
numberof lines forstages 1 and2 is well 
above the stipulated number. 

LM Ericsson's undertaking comprises 
both local and transit exchanges. All 
new local exchanges supplied by LM 
Ericsson are of type AXE. AXE ex­
changes for both local and national 
transit traffic are also being supplied. 

Philips are providing only local ex­
changes of type PRX. 

Fig. 1 
Transit exchange AXE 10 in Riyadh 
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LM Ericsson's share of the project also 
includes an extensive program for the 
conversion of all existing ARF ex­
changes to ARE 11. The four existing na­
tional transit exchanges in Riyadh, Taif, 
Jeddah and Damman have previously 
been converted from ARM to ARE 13 ex­
changes. 

During the second stage of the project a 
number of AXE exchanges were put in 
operation in the cities of Mecca and 
Medina. Since only Muslims are allowed 
into these cities, the installation and 
testing of these exchanges were carried 
out by the Saudi Arabian installation 
company EPPCO. The work was very 
successfully carried out by staff whc 
had been trained by LM Ericsson in 
Stockholm (Sweden) and in Saudi 
Arabia. 

Buildings 
In addition to the telephone exchange 
equipment the Saudi Arabian project in­
cludes the buildings to house the ex­
changes with the associated equipment 
for standby power and air conditioning. 
A total of 29 exchange buildings have 
been modernised and in some cases en­
larged in order to adapt them to the new 
SPC systems. 

Before the expiry of stage 2, work had 
also started on 11 of the stipulated 36 
new exchange buildings. 

Subscriber and junction line 
network 
In addition to the installation of local ex­
changes the project comprises delivery 
and installation of large quantities of 
cable and network material for extend­
ing the subscriber and junction line 
networks in the cities. The latter 
networks are largely extended by means 
of PCM. 

By the end of stage 2 the following work 
had been carried out and the required 
PCM equipment installed in the junction 
line network. 

4 mil l ion 
700 
400 km 
5000 km 
3600 
600 km 
800 km 
1200 km 

200 000 

35 000 

cable pair joints 
cable cabinets 
duct ing 
ducts total 
manholes 
cable running in ducts 
cable trenches 
cable running direct in 
the ground 
cable pairs terminated in 
main distr ibut ion frames 
distr ibut ion points 
of 10 pairs 

Fig. 2 
Installation testing of the AXE 10 local exchange in 
Dammam 



The networks have been planned so that 
the duct ing wil l suff ice until the year 
2000. 

Very considerable personnel resources 
had to be employed to ensure that this 
vast amount of work would be com­
pleted in the short t ime available. With 
ful l installation capacity the work force 
amounted to 6000 men. Approximately 
300 of these belonged to the Joint Ven­
ture organizat ion formed by LM Erics­
son and Philips and the remainder were 
subcontractors for duct and cable in­
stallation work. 

The project has necessitated the pre­
paration of a very large number of draw­
ings. Over 1000 design drawings have 
already been completed and many more 
wil l be required dur ing the course of the 
work. Drawings are also made showing 
the various stages of the subscriber and 
junct ion line networks. By the end of the 
project the number of such drawings 
wil l be about 20 000. 

Telephone sets 
The Telephone Extension Project in­
cludes approximately 500000 telephone 

sets of the new type DIAVOX 100. This 
set forms part of a family of telephone 
sets which LM Ericsson are developing 
in close col laborat ion with the Swedish 
Telecommunicat ions Administration. 
DIAVOX 100 is a push-button set that 
meets the very str ingent requirements 
for transmission characteristics and 
stability imposed by the PTT Mininstry. 
The telephone set has been adapted for 
local condit ions. For example, the 
push-buttons have both Arabic and 
western numerals. 

105 000 telephone sets were delivered 
dur ing the second stage, and the total 
delivered is now 180 000 sets. 

Traffic changes in the 
network 
Any change made in an existing tele­
phone network wil l affect all exchanges 
in that network, since new traffic routes 
are introduced and this changes the dis­
tr ibut ion of traffic between the various 
exchanges. This means that in all ex­
changes some of the equipment, for 
example registers and group selectors 
in ARF exchanges, must be adapted to 
the new traffic pattern in accordance 

Fig. 3 
Building ducting in Riyadh 

Fig. 4 
Building ducts through the centre of Riyadh 



Table 1 
Telephone exchange lines included in the Saudi 
Arabian project 

Exchange type 
Stage 1 Stages 1 + 2 Stages1 + 2+3 
(12 months) (18 months) (36 months) 

AXE local exchange lines 
ARE 11 local exchange lines 
PRX local exchange lines 
AXE national transit exchange lines 
ARE 13 international transit exchange lines 

Total number of local exchange lines 
Total number of transit exchange lines 

20 000 

62 600 
10 600 

82 600 
10 600 

68 000 
2 000 

108 500 
33 100 
5 000 

178 500 
38 100 

161 000 
3 000 

312 000 
52 800 
8 000 

476 000 
60 800 

The stipulated time for taking the lines into service is given in brackets for each stage above, 
counted in months from the issue of the Letter of Intent. 13 December 1977 

with a detailed t ime plan. Naturally this 
can only be done in well defined stages. 
Traffic matrices for both the long-dis­
tance network and the various mult i-ex­
change areas were therefore prepared, 
not only for the final network plan after 
the complet ion of the TEP contract but 
also for important intermediate stages, 
using computerized network optimiza­
t ion calculations. Work plans were then 
drawn up for the different exchanges on 
the basis of these matrices. 

It may be mentioned that, in conjunct ion 
with the radical structural change of the 
Saudi Arabian network resulting from 
the project, the charging, signall ing and 
numbering systems will also be 
changed. 

Coordinating the project 
Such a rapid extension of a large na­
tional telephone network requires very 
considerable coordinat ion at all stages 
of the project. A number of entirely dif­
ferent jobs must be completed in ac­
cordance with a carefully prepared t ime 
plan if it is to be possible to introduce a 
telephone exchange in the telephone 
network at the appointed time. If the 
t ime plan is not met there wil l be un­
necessary loss of t ime and delays, which 
would mean serious f inancial consequ­
ences in a project of this magnitude. The 
coordinat ion work is carried out by the 
Joint Venture organizat ion, which has 
its headquarters in Riyadh. 

Operation and maintenance 
During the course of TEP the Ministry 
wil l gradually take over the responsibi l i ­
ty for both the administrative and tech­
nical maintenance. Saudi Telephone, a 
company formed by Bell Canada, wil l 
then organize the maintenance on be­
half of the Ministry. 

LM Ericsson and Philips are bui lding 
four different types of centres to faci l i ­
tate the maintenance work: 
1.AOM for centralized operation and 

maintenance activities2. 
2. Software centre, SWC, for handl ing 

the software. 
3. Documentat ion centre for copying 

and distr ibut ing documents. 

4. Repair centre, with the task of repair­
ing faulty equipment in Saudi Arabia 
as far as possible. 

The first AOM centre is already in opera­
t ion in the Riyadh district. Three more 
district centres are to be built (Jeddah, 
Taif, Dammam), and also a superior na­
tional centre in Riyadh for the supervi­
sion of the whole of the national 
network. 

The personnel of Saudi Telephone are 
undergoing instruct ion and training so 
that the company can take over the re­
sponsibil i ty for operating these centres 
on behalf of the Ministry. 

Experience of AXE exchanges 
The positive experience obtained dur­
ing the installation and cutt ing in of the 
five AXE exchanges of the first stage has 
been reinforced dur ing the work on the 
seven new AXE exchanges and the two 
exchange extensions in the second 
stage. 

The AXE system has come up to all ex­
pectations as regards installation3. The 
test ing, including the f inal testing for 
"prel iminary acceptance", was com­
pleted within the planned time wi thout 
diff iculty. 

As regards operational reliability it is of 
course too early to be able to show any 
statistically processed material. How­
ever, it can already be stated that the 
general trend is very favourable. Statis­
tics wil l be publ ished as soon as suff i ­
cient information has been obtained. 
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Operation and Maintenance 
of Telephone Networks with AXE 10 

Lennart Soderberg 

LM Ericsson have always attached great importance to the operation and mainte­
nance characteristics of their telephone exchange systems. Thus methods for con­
trolled, corrective maintenance were developed for the electromechanical systems 
AGF, ARF and ARM. For example, traffic route testers were used to determine the 
service quality. It was only when the quality level fell below a preset limit in any part 
of the equipment that corrective measures were applied. 
The introduction of SPC technology meant that the supervision could be au­
tomatized and carried out on real traffic instead of test traffic and cover not only the 
exchange in question but also the surrounding network. The fault tracing could be 
developed to automatically isolate and indicate faulty functions. The many features 
of the AXE 10 operation and maintenance system are described in this article. 

UDC 621.395 74-7 Telephone exchange system AXE 10, 
which has been described previously in 
a number of articles '~8, is an SPC 
system intended for all levels in digital 
and analogue telephone networks. 
Other members of the AX family are the 
AXB systems for telex and data 
networks 9~11. Fig. 1 shows an AXE 10 
local exchange and f ig. 2 an AXB 20 
telex exchange. Uti l izing the extensive 
oroduct range of the AX family means 

great advantages for the administra­
t ions, primarily as regards uniformity in 
t ra in ing, documentat ion , stocking of 
spares and software handl ing. The sub­
sequent article describes how the op­
eration and maintenance activities for 
these different types of telecommunica­
t ion equipment can also be coordinated 
by connect ing them to a common, com­
puter-control led operat ion and mainte­
nance system, the AOM 101 system12. In 
this article the fo l lowing characteristics 
of system AXE 10 wil l be discussed in 
more detai l : 

- The automatic supervision of each 
connect ion through the exchange, 
combined with checking that the 
service quality remains within the set 
limits. 

- The simple methods for changing 
and adding funct ions and data, 
which are made possible by the func­
t ional modular structure of the soft­
ware and the stardardized signalling 
interfaces between the function 
blocks. 

Fig. 1 
The AXE 10 local exchange for 10000 lines at Al 
Ulaya, Saudi Arabia 
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- The command-controlled collection 
of operational data, which are pro­
cessed by the system before being 
presented in text en clair. 

- The simple methods for clearing 
hardware and software faults. 

- The integrated maintenance of the 
surrounding network and ex­
changes. 

- Time-saving work methods which are 
adapted to the personnel. 

- The possibilities of centralizing the 
operation and maintenance func­
tions. 

Supervisory functions 
concerned with the service 
quality 
The system contains functions for 
supervising the hardware and software 
functions and the traffic load. The 
supervision is carried out on real traffic, 
not test traffic. Faults and overload are 
immediately detected and are dealt with 
in a suitable way depending on type and 
degree of urgency. 

Table 1 
Important supervisory functions in AXE 10 

Digital switching network 

Supervision of: 
Through-connection by 
means of parity inversion 

Speech paths by means of 
parity check 

Addressing paths by means 
of parity check 

Clock pulse paths by means 
of parity check 

Clock frequency by means 
of majority choice 

Planeselection by meansof 
routine testing 

Address path supervision 
by meansof routine testing 

Speech path supervision by 
means of routine testing 

Clock pulse path supervi­
sion by means of routine 
testing 

Control system APZ 210 

Supervision of: 
The program handling by means of 
"watch dogs" in the processors 

The hardware in the synchronously 
duplicated processors by means of 
side comparison 

Stores by means of parity check 

Data buses by means of parity check 
and time supervision of asynchronous 
signalling 

Power by means of voltage supervision 
in each magazine 

Maintenance circuits and changeover 
functions by means of routine testing 

Software by means of addressing and 
signalling checks 

Load supervision 

Supervision of: 
The central processor load 
by means of a call buffer 

The load on the code sen­
der and code receiver 
groups and the incoming 
and outgoing routes 

Table 1 shows some 
supervisory functions. 

important 

Hardware supervision 
Units that are common to more than 128 
subscribers are duplicated. If a fault oc­
curs in such a unit a changeover to the 
standby etc. is done automatically. For 
example, if a hardware fault were to lead 
to malfunction of one side of a proces­
sor pair, this side would automatically 
be stopped and the side that is free from 
faults would continue to process the 
traffic without any traffic disturbances. 
The operating staff would receive an 
alarm. 

However, devices that are built up using 
analogue circuit technology, for ex­
ample trunk and junction line units 
working into analogue networks, are 
supervised by means of statistical 
methods. Individual units with the as­
sociated lines will be blocked automati­
cally if it is found that they are causing 
too many time forced releases, too poor 
transmission guality, unwanted discon­
nections etc. This normally keeps the 
service quality within predetermined 
limits that can be set by means of com­
mands. Fault clearing is not necessary 
until so many devices have been 
blocked that there is a risk of too poor 
service quality during the busy hour. 
This is indicated by an alarm from the 
blocking supervision. Thus the principle 
used here is the same as in LM Erics­
son's earlier systems, namely controlled 
corrective maintenance13. 

In digital networks there is a bit flow re­
gardless of whether the devices carry 
traffic or not. In the digital parts of 
system AXE there is therefore supervi­
sion at the PCM word level, not only dur­
ing actual traffic but also during the idle 
and blocked condition, so that faults 
can be detected in all situations. The 
units in question are automatically 
blocked when a fault occurs and de­
blocked when the fault disappears. 

Automatic routine testing is carried out 
for some auxiliary functions that are 
seldom used, but which are neverthe­
less important, for example the plane 
selection functions in the digital group 
selector stage. In addition to the plane 
selection the supervisory and diagnostic 
functions concerned are checked. 
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The method utilized, with service quality 
supervision on real traffic, means that 
every connection set up through the ex­
change is supervised. This gives a much 
better picture of what effect the faults 
have on the service quality than when 
using routinely generated test traffic, 
which does not take the subscriber be­
haviour into consideration. 

The method, in combination with au­
tomatic fault diagnosing and fault indi­
cation, means that the staff are not en­
cumbered by large quantities of fault 
printouts and analyses of these. Nor is 
there any need for special test equip­
ments with the associated test pro­
grams. 

Software supervision 
The fault rate in the AXE 10 programs is 
kept low by means of extensive testing 
and by using mainly standardized pro­
grams. The structure with function mod­
ules, in combination with the special 
addressing principles3, effectively limits 
the consequences of software faults, 
and these are also easy to locate with the 
aid of special tracing functions. 

Nevertheless, automatic restart will take 

place if implausible data or program de­
railment should be detected by the 
supervisory functions. This function 
maintains the operational reliability of 
the system by limiting the effects of seri­
ous faults. In connection with the restart 
an informative printout is obtained, 
which provides the basic data for the 
necessary corrections. 

Load supervision 
Automatic load supervision of both the 
control system and the individual routes 
is carried out in order to ensure 
optimum use of the equipment and the 
best possible handling of occasional 
load peaks. 

If the control system gets overloaded, 
adjustments are automatically carried 
out, for example by giving preference to 
traffic from a transit exchange before 
locally initiated traffic. 

An alarm is given if the sum of blocked 
and engaged lines on a route exceeds a 
preset level, since there is then a risk 
that calls are rejected or delayed. After 
detailed measurements the staff can de­
cide which measures are to be taken. 

Fig. 2 
The AXB 20 telex exchange in Malmb, Sweden. 
AXB 20 contains the same processor, APZ 210, as 
AXE 10. Moreover the general design, the compo­
nents and the mechanical construction are the 
same 
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Administration of subscriptions and charging 
Check of call metering 
Reading ot call meters 
Toll ticketing 
Data collection for settling between administra­
tions 
Tariff statistics per tariff rate 
Service observation for superior quality control 

Traffic planning and administration 
Traffic measurement on routes 
Traffic measurement of different types of traffic, 
e.g. outgoing and incoming traffic 
Recording of traffic interest 
Recording of the load on the central processor 
system 
Recording of the call frequency to the central 
processor system 
Recording of the load on the regional proces­
sors 

Maintenance 
Disturbance statistics 
Service quality statistics 
Transmission quality statistics (ATME) 

Table 2 
An example of functions for the collection of op­
erational data 

Fig. 3 
Adding a new function block in AXE 10. 
*lf the new software is faulty a changeover is 
made to side B and the original program package 

^m^ Connected processor side 
H^_ Separated processor side 

New function block not yet activated 

For example, if a fault has occurred that 
results in large rejection, a temporary 
improvement can be obtained by chang­
ing the data. By this means the traffic 
can be rerouted for a short time and 
other traffic-limiting measures can also 
be carried out. More long-term changes, 
such as moving devices from one route 
to another, are performed by reallocat­
ing hardware or making the relevant 
data changes. 

Supervision of certain subscriber 
facilities 
Immediate operator intervention may be 
required for certain subscriber facilities, 
for example tracing of malicious calls 
and if the alarm call service fails be­
cause of a technical fault or lack of an­
swer. In such cases the system super­
visory function will give an alarm. 

Alteration methods 
A main advantage of AXE 10 is that al­
terations are easy to make. A distinction 
is made between data changes, where 
the characteristic in question is altered 
solely by means of changes in the data, 
and function changes, which always re­
quire the addition or change of prog­
rams but often also of data. In rare cases 
it is also necessary to add or change 
hardware. 

Data changes 
Data changes can concern the connec­
tion and disconnection of subscribers 
and facilities, changes in the character­
istics of certain devices and routes, rout­
ing and tariff analyses, service quality 
levels, command authorization, printout 
routing etc. In the case of subscriber 
number changes the need of vacant 
multiple positions is reduced, since new 
subscribers can be allocated previously 
used multiple positions in accordance 
with the principle of free numbergroup. 

Small changes are preferably carried 
out from local or remote terminals, 
whereas extensive changes are best 
made with the aid of cassette or magne­
tic tapes, which have been loaded with 
the change commands in advance. 

In order to prevent critical data changes 
from causing serious disturbances, a 
changeover to the old data can easily 
be made if necessary. Old, well-tried 
data are retained in the system until the 
new data have been tested. 

Function changes 
Function changes include for example 
the introduction of new or revision of ex­
isting subscriber facilities, operation 
and maintenance functions, signalling 
systems and I/O functions. These 
changes are made by introducing new 
function blocks or changing one or 
more blocks. The other function blocks 
are not affected. 

The functional modular structure of AXE 
10 and the standardized signalling in­
terfaces of the function blocks towards 
interworking blocks3 make it easy to in­
clude new or revised function blocks in 
an AXE 10 exchange by means of special 
alteration functions. Fig. 3 shows the 
general method for such an alteration: 
introducing a new function block with­
out causing traffic disturbances. 

Operational performance 
information 
The system conveniently provides the 
required operational information in the 
form of operational data and alarms. 

Operational data 
The operational data comprise informa­
tion concerning charging, traffic. 



Tab le 3 

Examp les of a la rm c l asses , t ypes and ca tego r ies 

A la rm c lass A la rm type Alarm ca tegory Origin 

Immediate act ion 
Ac t ion the same day 
Ac t ion du r ing the 
week 

Fault alarm 
Observat ion alarm 
wh ich is released 
by a major manual 
in tervent ion 

Sw i tch ing system 
Cont ro l system 
Subscr iber l ine 
network 
Transmiss ion network 
Power 
Over load 
Subscr iber faci l i t ies 

Identi ty of the 
exchange of o r ig in 

service quality etc. Table 2 shows the 
most important funct ions for the col lec­
t ion of such data. 

The operational data are normally pre­
sented processed and edited, and are 
printed out in text en clair. However, 
when the data are to be processed 
further in an administrat ive computer, 
for example with toll t icket ing, the out­
put is in unprocessed form. 

The col lect ion of operational data is al­
ways initiated by a command from an 
operator. The output can either be made 
immediately or at predetermined times. 
The data are output to a printer, cassette 
or magnetic tape, either direct or via a 
data link. 

Alarms 
Abnormal condi t ions that affect the 
service quality direct are detected by the 
AXE 10 supervisory funct ions or, if ap­
plicable, are transmitted to the ex­
change in question f rom subordinate 
equipment and connected supervisory 
systems. The alarms are divided into 
alarm classes, types, categories and 
origins, see table 3. Each alarm can then 
be routed direct to the staff group con­
cerned, i.e. the one responsible for ex­
changes, transmission, power etc. 

In addit ion to local indication in ex­
changes, alarms can be given on re­

motely connected panels in the form of 
visual or audible signals or they can be 
handled by the computer ized operation 
and maintenance system AOM 101, de­
pending on the exist ing maintenance 
organizat ion. 

Detailed information concerning the 
alarm state of the exchange is given in 
its alarm list, which can be shown on a 
display by means of a command. 

Spontaneous pr intouts are made only 
for alarms that require immediate ac­
t ion. 

Fault clearing 
The funct ional modular structure makes 
it easy to clear faults in the system, botli 
in hardware and software. 

Hardware 
The hardware consists of printed board 
assemblies, I/O devices and power 
modules, placed in magazines in the 
BYB 101 construct ion practice. All units 
are easy to replace. 

If a fault occurs, the unit in question is 
automatical ly b locked. The fault should 
be cleared within a certain period of 
time, depending on the alarm class. A 
pr intout guides the repairman to the 
correct magazine, where the unit is 
identif ied by its funct ional designation, 
which is given in the printout, f ig. 5. The 

Fig. 4 
Superv iso ry and faul t loca l iza t ion func t ions for 
d ig i ta l l ines. The most impor tan t func t ions in ­
c lude : 

Superv i s ion of f rame a l i gnmen t 
Superv i s ion of mu l t i f r ame a l ignment 
Superv i s ion of a la rm ind ica t ion s igna l 
Superv i s ion of the bit error rate 
A la rm co l lec t ion f rom the l ine te rmina l LT 
C o m m a n d - c o n t r o l l e d loca l iza t ion of faul ty l ine re­
pea te rs 

GSS-D Digital group selector 
ETC Exchange terminal 
LT Line terminal 
REP Line repeater 
FDU Fault localization unit 



Fig. 5 
An example of an alarm printout 

A1 A l a r m c l a s s 
APZ A l a r m c a t e g o r y 
CP UNIT FAULT H e a d l i n e in the o p e r a t i n g m a n u a l 
M A G The m a g a z i n e tha t c o n t a i n s the i n d i c a t e d 

p r i n ted b o a r d a s s e m b l y 
CARD Pr in ted b o a r d a s s e m b l y d e s i g n a t i o n , 

m a r k e d o n the m a g a z i n e 
WEIGHT The p robab i l i t y , as a p e r c e n t a g e , that the 

i n d i c a t e d p r i n ted b o a r d a s s e m b l y is 
f au l t y 

ORL-AXE-1 
ALARM A1/APZ 
CP UNIT FAULT 

MAG 
PS-B-09 
PS-B-09 
PS-B-09 

CARD 
STS-6 
STS-14 
BFU-1 

TIME 780 

WEIGHT 
020 
020 
060 

Fig. 6 
The most important supervisory functions in a 
network with common channel signalling in ac­
cordance with signalling system no. 7. 
The most important functions comprise: 
Supervision of the bit error rate on the signalling 
links 
Supervision of the load on the send buffers 
Supervision of the signalling traffic accessibility 
towards different destinations 
Blocking supervision of the speech channels 

E x c h a n g e A can se rve as the s i gna l t rans fe r po in t , STP, tor 
t ra f f ic f r o m AXE 10 to e x c h a n g e B 
^ ^ ^ Speech c h a n n e l 
— — — S igna l l i ng l ink 

mmm S e m i - p e r m a n e n t c o n n e c t i o n t h r o u g h the s w i t c h ­
ing ne two rk 

ST S igna l l i ng t e r m i n a l for s ys tem no. 7 
MUX Mu l t i p lexo r 
PCD D i g i t a l / a n a l o g u e c o n v e r t e r 
ETC E x c h a n g e t e r m i n a l 

faulty unit is replaced and the new unit is 
tested by means of the test funct ions 
built into the system. This gives a check 
that the fault has been cleared. 

Software 
A software fault in an exchange is 
cleared by replacing the program in the 
faulty funct ion block by corrected and 
well tested software. This method is pre­
ferred to making changes in the pro­
grams by means of commands (patch­
ing). The designer corrects the fault 
himself, the program is correctly 
documented and the risk of introducing 
new faults is minimized. 

Maintenance of surrounding 
networks and exchanges 
AXE 10 contains efficient aids for 
localizing faults in the surrounding dig i ­
tal and analogue networks and in con­
nected exchanges. 

Digital networks 
The incoming bit stream from digital 

trunk lines is supervised by AXE 10 in 
accordance wi th CCITT recommenda­
tions, f ig. 4. The supervision covers 
frame and mult i f rame al ignment and bit 
error rate. When a fault is detected on 
such a line all affected devices are au­
tomatically blocked. The blocking is re­
moved if the fault disappears. Persistent 
faults give rise to an alarm. 

The trunk line terminal, LT, gives alarms 
for power faults, faults in transmitted 
and received digital signals and also for 
too high bit error rates. 

Alarms from AXE 10 and LT are routed 
either to a posit ion for integrated ex­
change and transmission maintenance 
or to a special transmission mainte­
nance posit ion. 

When an alarm is obtained, fault local i­
zation can be ordered with a command. 
The distr ibution of the bit error rate 
along the trunk line is then measured via 
a separate pair of wires, which makes it 
possible to trace a fault to the line re­
peater REP in quest ion. 
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Fig. 7 
The most impor tan t supe rv i so ry and faul t loca l iza­
t ion func t ions for i n te rwork ing wi th ana logue ex­
c h a n g e s compr i se : 
D is tu rbance superv i s ion of IT and OT routes 
B lock ing superv i s ion of IT and OT routes 
Se izure superv i s ion of i nd iv idua l ITs and OTs 
Se izure qual i ty supe rv i s i on of ind iv idua l ITs and 
OTs 

S igna l cou rse record ing , by c o m m a n d 
Gene ra t i on of test ca l ls , by c o m m a n d 
D is tu rbance reg is t ra t ion , by c o m m a n d 
Trac ing of connec t i on pa ths in the case of d is­
tu rbances , by c o m m a n d 
T ransm iss i on m e a s u r e m e n t wi th the aid of ATME 
Transfer of pi lot a larm 

Analogue equipment 
^ ^ ™ Digital equipment 
GSS-D Digital group selector 
ETC Exchange terminal for digital lines 
PCD Integrated multiplexor with digital/analogue 

conversion 
IT Relay set for incoming analogue lines 
OT Relay set lor outgoing analogue lines 
MUX Multiplexor in the digital transmission system 

with digital/analogue conversion 
LT Line terminal 
CS Code sender 
CR Code receiver 

Equipment for common channel 
signalling 
AXE 10 can supervise networks with 
common channel signal l ing in ac­
cordance with CCITT signal l ing systems 
no. 6 and no. 7. Only signall ing system 
no .7 ,wh i chw i l l be widely used, part icu­
larly at the national level, wil l be discus­
sed here. 

Signal l ing system no. 7 is primarily in­
tended for digital networks, which are 
supervised in accordance with f ig. 6. 
The signall ing equipments for system 
no. 7 work much faster than tradit ional 
line and register signal l ing (64 kbi t /s in­
stead of 10 bit /s), and thus less equip­
ment is needed and the fault rate is low­
er. However, the introduct ion of com­
mon channel signal l ing makes very high 
demands on funct ional reliability, since 
a fault in an equipment would affect a 
large part of the traffic. In AXE 10 the 
demands for funct ional reliability are 
met by means of automatic changeover 
to a standby channel when the monitor­
ing of the bit stream indicates a fault. 
The standby channel can either be as­
sociated with the speech channel or 
routed via a signal transfer point. It is 
also possible to use speech channels as 
the standby, in which case they are au­
tomatical ly converted into signall ing 
channels. 

Carrier networks 
Alarms from carrier terminals can be re­
ceived by AXE 10 and distr ibuted to the 
relevant staff. In the case of a pilot alarm 
the exchange devices concerned are au­
tomatical ly b locked. Automatic trans­
mission recording is carried out and in­
dicates groups or supergroups with un­
acceptable transmission quality. 
Supervision of individual circuits is car­
ried out on real traffic 

Connected analogue exchanges 
In the case of traffic f rom AXE 10 via digi­
tal lines to an analogue exchange it is 
possible for the system to indicate faulty 
devices in the latter, f ig. 7, alternative a. 
The system supervises each individual 
channel and if a fault is detected in any 
one it must be caused by the connected 
device in the analogue exchange, since 
in the digital transmission system there 
can be no faults in single channels, only 
whole groups. 

Analogue circui ts to connected ex­
changes are also individually super­
vised by AXE 10, f ig. 7, alternative b. 

Faults and blockings in the analogue 
exchange that affect devices which are 
common to a route, such as code 
senders and receivers, can be detected 
by route supervision in AXE 10. 
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Fig. 7 shows the most important 
supervision and fault localization func­
tions. 

cally taken back into service. An alarm is 
given if the number of deviating lines 
becomes excessive. 

Analogue subscriber line network 
The maintenance of the analogue sub­
scriber line network is very labour-de­
manding and rationalization of mainte­
nance can result in considerable sav­
ings. 

The subscriber lines are therefore 
measured and supervised in connection 
with each call to and from a subscriber 
as shown in fig. 8. In addition the lines 
are supervised with regard to occupa­
tion, and if a line has not had any traff;c 
for a certain period of time it is au­
tomatically tested. 

Lines that deviate from the normal are 
marked as faulty or are blocked, de­
pending on the amount of deviation. 
They are then automatically tested at 
regular intervals. When the fault on a 
blocked line ceases the line is automati-

Individual lines can also be supervised 
as regards line lockout. An alarm is gi­
ven for long blocking. Special supervi­
sion is provided for particular sub­
scriber equipment, such as coin box 
sets. An alarm is obtained if no call of a 
preset minimum duration is carried out 
from such a set during a certain period. 

System AXE 10 has integrated functions 
that enable a repairman to test an indi­
vidual line from a subscriber set equip­
ped with a dial or a push-button set. The 
line can also be tested by an operator 
from a terminal, for example when a 
complaint is received from a subscriber. 

Time-saving methods that are 
adapted to the personnel 
LM Ericsson continuously carries out 
ergonomic studies in collaboration with 

Fig. 8 
Supervision and measurement of subscriber 
lines 
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Fig. 9 
The most usual command and printout functions in 
AXE 10 

experts in order to obtain data for the 
design of work posit ions and work 
methods to provide the best possible 
work ing condi t ions for the personnel. 
These data have also formed the basis 
for the design of operation and mainte­
nance methods for telephone networks 
including AXE 10. 

Simple tasks 
The operation and maintenance of an 
AXE 10 exchange depends greatly on 
appl icat ion, the surrounding network, 
the rate of alteration and the organiza­
t ion in question. The f igures given below 
show the operation and maintenance 
characteristics of a normal AXE 10 ex­
change 

The operating work, which comprises 
col lect ions of operational data and al­
terations, amounts to approximately 
55 % of the total operat ion and mainte­
nance activities, whereas the mainte­
nance work accounts for only about 
45 %. 

Approximately 8 0 % of all operating 
work can normally be carried out by 
operators without system knowledge. 
They need to be able to operate the 
terminals and master the use of a 
number of commands. The task of these 

operators consists of carrying out sim­
ple alterations and col lect operational 
data. The major part of the work consists 
of subscript ion changes. 

Investigations show that up to 9 8 % of 
the maintenance work can be handled 
by technicians with the operation and 
maintenance manual as the main aid. 
Only 2 % of the maintenance activities 
need be carried out by system experts 
with knowledge of AXE 10 hardware and 
software in accordance with the system 
documentat ion. 

The large part of the maintenance work 
that consists of local izing faults in the 
surrounding exchange and network 
with the aid of the AXE 10 fault localiza­
tion funct ions can be handled by tech­
nicians with l imited knowledge of the 
system. 

Operation manual in flow chart form 
Each chapter in the operation and 
maintenance manual contains instruc­
tions for a number of jobs. The alarm 
printouts refer direct to certain of these 
jobs. The instruct ions are given in the 
form of f low charts wi th supplementary 
text, which describes to the operator in 
detail, step by step, what to do until a 
fault has been located. 
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Fig. 10 
The percentile distribution of the operation and 
maintenance jobs with centralized operation 

The manual also contains descript ions 
of commands and printouts. 

Man-machine communication 
In an SPC exchange most operation and 
maintenance activities are carried out 
by means of man-machine communica­
t ion, which is i l lustrated in fig 9 The 
man-machine language is thus a basic 
aid. In AXE 10 this language is based on 
CCITT recommendations, and LM 
Ericsson participated in their design. 

Several requirements were set for the 
man-machine communicat ion in AXE 
10. The five most important ones and the 
way they have been met are described 
below. 

The language must be easy to learn and 
use. 
It has therefore been given a simple 
structure and ordinary telephony terms 

are used as far as possible. Mnemonic 
abbreviations are always used in com­
mands, and also text en c la i r in printouts 
when it will simplify the operator's work. 

The various command codes are easy to 
remember, since they have a set length 
(five letters) and each letter or combina­
t ion of these has a meaning that relates 
to a telephony funct ion. For example, 
the last letter always indicates the type 
of action to be carried out, such as con­
nect ion, disconnect ion or print ing. 

The language must offer great security. 
Received commands are therefore 
checked by the software. Forexample, if 
the operator has written a faulty com­
mand code, a command that does not 
conform to the existing syntax rules or a 
parameter with an unreasonable value, 
a pr intout is obtained which states that 
the command cannot be accepted and 
gives the reason why. 



Psychological aspects must be consi­
dered. 
For example, the system always replies 
wi th in a short t ime after a command, so 
that the operator wi l l not have doubts as 
to how the system has reacted to the 
command. 

The operator must be in control of the 
system at any moment. 
The operator can therefore interrupt a 
pr intout if he needs to send an important 
command The input of commands can­
not be interrupted by the system. 

TA?e operator should only receive the 
printouts he needs at the time. 
This makes it easier for the operator to 
survey and plan his work. Spontaneous 
printouts are therefore given only in the 
case of alarms that require immediate 
act ion. All other printouts are the result 
of commands. 

All these requirements, which are met by 
the AXE 10 man-machine communica­
t ion, help to make the system simple and 
reliable as regards operation and 
maintenance. 

Centralized operation 
As can be seen from the above, the AXE 
10 system contains complete funct ions 
for remote control of the operation and 
maintenance activities. Only 1 0 - 2 0 % 
of the work requires act ion out in the 
individual exchanges, and thus even 
large exchanges can be kept unman­
ned, f ig. 10. 

In areas with only a few AXE 10 ex­
changes the operation and mainte­
nance of certain exchanges can be re­
motely control led f rom a large, manned 
AXE 10 exchange or f rom another suit­
able centre For this purpose lamp 
panels and terminals are used, which 
are connected to the remotely contro l ­
led exchanges via data links. 

If a network contains many AXE 10 ex­
changes, or if the number of such ex­
changes is expected to grow rapidly, the 
computer ized operat ion and mainte­
nance system AOM 101 offers addit ional 
important advantages in connect ion 
with centralized operat ion, which is de­
scribed in the fo l lowing article12. Since 
exchanges of other types in the network 
in question can also be connected to 

AOM 101, a uni form operation and 
maintenance organizat ion will be 
obtained in the network. 

The connect ion to AOM 101 is made via 
a data link in accordance with CCITT 
Recommendat ion X25. In such a link 16 
cannels are used for simultaneous 
man-machine communicat ion. 

Summary 
A summary of the most signif icant op­
eration and maintenance characteris­
tics of AXE 10 is given below. 

— The system is part of a complete and 
uni form family, which also includes 
exchanges for telex and data 
networks, and thus the operation and 
maintenance activit ies for all these 
te lecommunicat ion branches can be 
coordinated. 

- The supervision, which is based on 
real traffic, checks that the service 
quality stays wi th in the permissible 
l imits. It is an efficient method which 
reflects how well the system serves 
the subscribers. 

- The surrounding digital networks, 
signall ing networks for signalling 
system no. 7 and analogue networks 
and exchanges can also be in­
tegrated in the maintenance 
activities. Alarms can then be distri­
buted to the personnel groups con­
cerned. 

— Funct ion changes can easily be made 
wi thout d isturbing the traffic in pro­
gress 

- 98 % of the maintenance work can be 
carried out by technicians with the 
operation and maintenance manual 
as the main aid. 

— Even very large exchanges can be run 
unmanned. The system is designed 
to facil itate central ized operation in 
conjunct ion with AOM 101. 

To conclude, reference is made to fig. 
11, which shows how automatic 
supervision, fault isolation and fault 
localization by replacing a faulty printed 
board assembly greatly simplify the 
maintenance work. 

114 
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Fig. 11 
Principles of the AXE 10 maintenance 
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AOM 101, an Operation and 
Maintenance System 

Goran Nordqvist 

LM Ericsson have always devoted much effort to all aspects of the development of 
new telephone exchange systems. A well designed system and equipment of high 
quality mean thatmaintenance can be limited to automatic supervision and correc­
tive measures^2. This has been shown at annual maintenance conferences, where 
experts from the participating administrations have put forward their views and 
compared notes. 
A further step in the rationalization of the operation and maintenance activities is to 
centralize the supervisory and control functions to a few places. The computer-con­
trolled operation and maintenance system AOM 101 has been designed for this 
purpose. The system is flexible and can be adapted to individual requirements. 
In this article the advantages of AOM 101 are presented, followed by a description of 
the structure and function of the system. 

UDC621 395 72 In order to be able to manage a tele­
communication network rationally and 
economically it is necessary to au­
tomatize the operation and mainte­
nance activities further. This can be a-
chieved by putting the operation and 
maintenance functions in the actual ex­
changes under computer control to a 
greater extent, which has been done in 
AXE and ARE. The advanced operation 
and maintenance characteristics of the 
AXE system have been described in the 
previous article3. Further rationalization 
can be achieved by centralizing the 
supervision and control of the operation 
and maintenance functions. The inde­

pendent, computer-controlled opera­
tion and maintenance system AOM 101 
has been designed for this purpose. It 
provides the telephone administrations 
with additional facilities for economical­
ly maintaining the telephone equipment 
in such a condition that the subscribers' 
demands for fast and reliable connec­
tion, high transmission quality and 
accurate charging can be met. 

It is not only SPC (Stored Program Con­
trol) exchanges that can be connected 
to system AOM 101. Exchanges of types 
ARF, ARM and ARK can also be con­
nected via exchange terminals. The lat­
ter will also be used if transmission 
equipments, power plants etc, are to be 
supervised with the aid of AOM 101. 

The computer-controlled operation and 
maintenance system AOM 101 provides 
many advantages, of which the follow­
ing may be specially mentioned: 

— Reduced operation and maintenance 
costs, since the work is simplified be­
cause the number of visits to ex­
changes is reduced: the right man 
can be sent to the right place and 
other resources will also be better 
utilized. 

Fig .1 
Operation and maintenance system AOM 101. Ex­
change equipment AXE in the background 
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Fig 2. 
AOM 101 makes it possible to control the whole of 
the network in a large area from one operation and 
maintenance centre 

- Overall check at a glance. All tele­
communication equipment can be 
controlled from a suitable place, fig. 
2. By means of remote control the 
traffic flow can be distributed so that 
overloads and other network prob­
lems are reduced. Localization of 
complicated faults is also simplified. 

- Instantaneous and reliable distribu­
tion of the required data to the 
personnel groups concerned, so that 
they can carry out their work effi­
ciently. 

- Coordination between the telecom­
munication network and existing 
computer systems for network plan­
ning, sales etc., which facilitates 
such work. 

- Improved subscriber service because 
customer orders and complaints can 
be dealt with very quickly. 

Separate work centres give a 
flexible organization 
The personnel who work with AOM 101 
carry out a large part of their work with 
the aid of terminals consisting of dis­
plays and typewriters, which can be lo­
cated at any place in the network. The 
work can thus be organized in the best 
possible way for each individual case, 
since the terminals can be grouped ac­
cording to individual requirements. 

In the initial stage the existing organiza­
tion is often retained, but the personnel 
are aided by the computer in their work. 
At a suitable time special work centres 
are then set up, each centre being re­
sponsible for a particular job, fig. 3. 
These centres should be placed in the 
most appropriate place with respect to 
organization, travelling distances and 
the need for contact with the personnel 
concerned. 

Operation and maintenance centre 
From an operation and maintenance 
centre the necessary commands are 
sent for altering exchange data and 
functions. A check is also made that 
ordered changes in the hardware and 
software are carried out. Finally the 
faults that occur in the supervised 
equipment are analyzed, decisions are 
made on measures to be taken and, if 
necessary, a repairman is sent to rectify 
the faulty item. Fig. 4 shows a work 
position in such a centre. 

Centre for the maintenance of the 
subscriber line network 
The staff at this centre receive sub­
scriber complaints and carry out mea­
surements on the subscriber lines in 
question. When necessary a repairman 
is sent out, and after the repair the staff 
check, by means of measurements, that 
the fault has been cleared. 

Local exchange 

Transit exchange 

Concentrator 

Data link 



Fig. 4 
A work position in an operation and maintenance 
centre 

Sales centre 
The staff at this centre recive orders for 
new subscriptions and request for 
category changes and also carry out the 
data changes for such subscribers. They 
also issue work orders forthe personnel 
who perform the required installation 
work. 

Traffic observation centre 
The staff at this centre study the sub­
scriber behaviour and collect and pro­
cess data for statistics. 

Network planning centre 
On the basis of traffic recordings the 
staff at this centre compile information 
for short-term and long-term network 
planning. They are also responsible for 
the necessary action in the case of 
temporary overload, breakdowns etc. 

System AOM 101 and its main 
parts 
System AOM 101 consists of three main 
parts: work position terminals, a central 
processing system and exchange 
terminals, fig. 5. 

The work position terminals are equip­
ped with alphanumerical displays, dif­
ferent types of typewriter terminals and 
colour displays for network information, 
fig. 4. 

The central processing system consists 
of processors with programs, com­
munication units and external stores. 

The exchange terminals, fig. 6, are used 
as interface and data collecting devices 
when exchange systems that are not 
based on SPC technology are to be con­
nected to system AOM 101. These 
terminals can also be used for remote 
control of transmission systems, power 
equipment, buildings etc. 

The work position terminals and the 
central processing system can be instal­
led at different places if desired, since 
the various parts of system AOM 101 and 
the telecommunication equipment are 
connected together by means of data 
links. They can also be placed away from 
the telecommunication equipment. 

Fig. 3 
Computer-controlled system for centralized oper­
ation and maintenance activities. AOM 101. An 
example showing some specialized work centres 
in the system 
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Fig. 6 
Exchange te rmina l w i th OMT equ ipmen t (see f ig . 5 

below) 

The central processing system 
The central processing system has two 
main components: the application 
system APT and the control system APZ. 
Each of these consists of a number of 
modules or subsystems, whose main 
functions are described in fig. 7. The 
subsystems in their turn consist of func­
tion blocks, which are divided into func­
tion units, in accordance with the 
structural principles of system AXE. 

The main characteristic of this structure 
is that both hardware and software are 
assembled in different modules accord­
ing to different requirements. Each 
module constitutes a complete func­
tional unit. 

The system contains two types of pro­
cessors: a central processor and up to 
fifteen regional processors. 

The central processor is a medium-size 
processor specially adapted for real­

time applications. It processes the ap­
plication programs, which are written in 
a high-level language (PASCAL). 

The regional processors are of the mini 
type. Each such processor has a special 
job, for example data communication. 
The regional processors are often used 
to relieve the central processor of fre­
quently recurring routine jobs 

The main function of the control part of 
system AOM 101 are described below. 

Man-machine communication 
AOM 101 contains the necessary func­
tions for man-machine communication 
via the displays and typewriter terminals 
that are connected to the system. 

AOM 101 checks each operator's au­
thorization by means of his or her 
personal code, which prevents 
operators from utilizing unauthorized 
commands that could give them access 

Fig. 5 
The ma in c o m p o n e n t s of sys tem AOM 101 

OMT \ Terminals for exchanges 
OMST / without SPC 



Fig. 7 
Application system APT and control system APZ 
Division into subsystems 

APT contains the following subsystems: 

OCS Permits man-machine communication via display 
and typewriter terminals 

TCS Permits recording ot different types of data. The 
data are recorded in disk and magnetic tape 
stores 

DCS Permits collection ot data from the telecommuni­
cation network, e.g. charging and statistics data 

SLMS Contains functions for the maintenance ot sub­
scriber line networks 

CMS Used by system AOM (or data link communication 
with telephone exchanges. ADB systems and 
other AOM systems 

ALS Contains functions for receiving, analyzing and 
presenting alarm information 

TRS Permits traffic route testing in accordance with 
test programs specified by the operator 

APZ contains the following subsystems: 

PRS Permits printout of information on a line printer 
FMS For the administration of data files, stored on disks 

or magnetic tapes 
RPS Regional hardware and software for controlling 

I/O devices and communications units 
MPS Central hardware and software for processing ap­

plication programs 

to funct ions which they are not permit­
ted to use. In addit ion thesystem checks 
the format and partly also the contents 
of the information which the operator 
provides from his terminal, in order to 
prevent faulty commands f rom being 
sent out in the network. The system also 
contains facil i t ies for routing the output 
to an optional terminal and to interrupt 
the output. 

Up to 64 terminals can be connected to 
AOM 101, with any desired combination 
of displays and typewriters. These termi­
nals are connected either individually or 
via concentrators. In the latter case four 
terminals can share one circuit, fig. 8. 

Recording of data 
Recording of data means that informa­
t ion concerning for exam pie all changes 
that are ordered f rom work position 
terminals can be stored in data files. 
This information may prove useful in 
case of faults or suscriber complaints. 

Alarm data processing 
AOM 101 contains funct ions for receiv­
ing, analyzing, d istr ibut ing and display­
ing alarm data from the telecommunica­
tion network, f ig. 9. 

Fig. 8 
The connection of operator terminals to AOM 101 
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Fig. 9 
Presentation of alarm information on a colour dis­
play 

Fig.10 
Terminal equipment OMT for an ARF exchange in 
Tammerfors, Finland 

The alarm status is displayed in overall 
form on colour dispalys. The operator 
can then request detailed alarm infor­
mation for presentation on his terminal. 

Alarm data can be stored in different 
data files and information from these 
can be edited and presented to the staff 
in various ways. 

Dafa collection 
Thisfunction permits effective and rapid 
collection of data by means of simple 
order routines. The information from the 
network is fed in to AOM 101, where it 
can be printed out or stored on magne­
tic tape, which can then be used for pro­
cessing in an administrative data pro­
cessing system. 

Dafa communication 
System AOM 101 communicates with 
the connected systems, exchanges, 

transmission equipment, power 
systems, administrative data processing 
systems and other AOM 101 systems via 
synchronous data communication 
circuits. 

A maximum of 48 data links can be con­
nected to an AOM 101 system. A data 
link can work at any of the transmission 
speeds 1200, 2400, 4800 or 9600 bit/s. 
The data links are in accordance with 
CCITT Recommendation X25. 

Other functions 
The central processing system also con­
tains general functions for processing 
files and for printouts. 

Terminals for the connection of ex­
changes without SPC 
The terminals that are used when 
systems without SPC are to be con­
nected to AOM 101 are designated OMT 
and OMST. 

The terminals consist of a number of 
hardware and software modules, which 
can be assembled to meet different re­
quirements. 

They collect information via test points. 
Information concerning states, the 
number of changes and the seizure 
times at these test points is stored in the 
terminal stores. A maximum of 10240 
test points can be connected to an OMT, 
fig. 10, and 512 to an OMST. 

In addition to test points, control points 
can also be connected to OMT and 
OMST. The control points are used for 
remote control of any function in a tele­
communication system. A maximum of 
320 control points can be connected to 
an OMT and 256 to an OMST. 

The information that is collected and 
stored in the terminal stores can be of 
several different types and it is proces­
sed according to type. The results are 
either printed on a typewriter connected 
to OMT or transmitted via a data link to 
the central AOM 101 system. 

A number of function blocks have been 
developed for systems ARF and ARM. 
However, there is nothing to prevent 
certain of these being used for the 
supervision of transmission and power 
equipments etc. 
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Among the functions available may be 
mentioned: supervision of devices and 
lines, traffic recording, statistics, alarm 
data processing, collection of charging 
data, remote measuring of subscriber 
lines and remote control. 

Some applications 
The modular structure makes system 
AOM 101 economicalforawiderangeof 
applications. Someexamplesof the use­
fulness of AOM 101 are given below 

Maintenance of AXE exchanges 
System AXE contains functions that 
continuously monitor the traffic hand­
ling in the exchange and its own control 
system. 

If anything abnormal occurs, for exam­
ple the number of time forced releases 
exceeds a preset value, AXE generates 
an alarm message. This message is au­
tomatically and immediately sent via the 
data link to system AOM 101. 

AOM 101 analyzes the message and up­
dates the overall network information 
on the colour display concerned. If the 
alarm has high priority an audible alarm 
will also be given. This informs the 

maintenance staff that something has 
happened which requires action. From 
his terminal the operator can then re­
quest detailed information concerning 
the fault. He usually obtains sufficient 
information to be able to decide on the 
appropriate maintenance action, for 
example to order a repairman to visit a 
certain exchange and replace one or 
more printed board assemblies. 

System AXE also contains diagnostic 
programs which can be activated from 
the maintenance centre. These pro­
grams are used by the staff as an aid for 
fault localization when the alarm mes­
sage does not contain sufficient infor­
mation. 

Maintenance of the subscriber line 
network 
Maintenance of the subscriber line 
network forms a large part of the total 
maintenance work. However, experi­
ence shows that many of the complaints 
made by subscribers are caused by 
other things than faults in the subscriber 
line network, and it ought to be possible 
to verify this by simple means. It should 
therefore be possible to supervise the 
subscriber line network automatically 
and to carry out measurements by re­
mote control. 

Fig. 11 

Remote measuring of subscriber lines with the aid 

of AOM 101 

SULT \ Instruments for remote measuring of 
SLTU / a large number of parameters 



123 

All LM Ericsson's local exchange 
systems can be equipped with a measur­
ing instrument, which can be connected 
to any subscriber line by means of a 
selector. The instrument permits remote 
measuring of a large number of 
parameters, such as resistance, capaci­
tance, unwanted voltages and the 
characteristics of the dial or push-but­
ton set. 

This instrument is incorporated in ex­
changes of type AXE and ARE. In other 
exchange systems the instrument can 
be connected as a separate unit or as a 
part of OMT or OMST, fig 11. 

Routine tests of subscriber lines are ar­
ranged by the staff, who initiate test 
programs which automatically test a 
number of subscriber lines. The routine 
tests are generally carried out at night. 

In addit ion system AXE carries out a 
quick test of the condi t ion of the sub­
scriber line whenever a call is made. 

Changing subscriber data in AXE and 
ARE 
In an SPC exchange the subscriber data 
are stored in data stores, and can quick­
ly and easily be altered by means of 
commands. In AXE and ARE exchanges 
this can be done from work terminals 
that are connected to system AOM 101. 
This means that a special sales centre 

could with advantage be set up for this 
purpose. 

In system AOM 101 all ordered changes 
are recorded in special files, which can 
be used for fault localization and for up­
dating subscriber data registers. 

Alarm transmission from ARF and ARM 
Exchange terminals OMT and OMST are 
used to transmit alarms from ARF and 
ARM exchanges. Each exchange is pro­
vided with a terminal of its own, prefere-
ably the smaller one, OMST. The ex­
change equipment is connected to the 
test point connectors in the terminal. 
Alarm information can be transmitted to 
an operation and maintenance centre 
via a data link. An OMT terminal, f ig. 6, 
can form the central part in the trans­
mission system. 

Conclusion 
The cost of the operation and mainte­
nance of the telecommunicat ion net­
work constitutes a signif icant part of the 
expenditure of the telecommunicat ions 
administrat ion. Increased automatiza­
t ion and centralizing of these activities 
would therefore be a natural develop­
ment. System AOM 101 is an important 
aid in this process, since it makes such 
automatization and centralization 
attainable. 
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Office Communication System 
DIAVOX 824 

Greger Jismalm and Sten Magnusson 

DIAVOX 824, a new member of the DIAVOX family of instruments, is an electronic 
Office Communication System operating on three pairs of wires. The system has 
been developed by ELLEMTEL on a joint commission from the Swedish Telecom­
munications Administration and LM Ericsson. 

Traditional multi-wire key telephones have long been used as line selectors, sec­
retarial systems and as an alternative to small PABXs. A gradual changeover to 
electronic "few-wire" systems is now taking place. This not only means reduced 
installation and rearrangement costs, but also added flexibility and facilities. 

DIAVOX 824 is an office communicat ion 
system for a maximum of 8 trunk lines 
and 24 extensions. The system consists 
of a central control unit, to which exten­
sions are connected in a star-shaped 
network, f ig. 1. Each set is connected via 
three wire pairs, which makes installa­
t ion and rearrangement easy and inex­
pensive. The trunk lines can be con­
nected to a public exchange or a PABX 
or both. 

DIAVOX 824 is used when it is desired to 
route traffic directly to one or a group of 
extensions wi thout the aid of a special 
operator. DIAVOX 824 also offers con­
venience and ease of operation for call 
forwarding and attendance, inquiries, 
call transfers, priority calls, conference 
and switching between several calls in 
progress. The system is well suited for 
small offices, banks, travel agencies and 
airlines and for executive secretarial 
groups connected to PABXs. 

System facilities 
At present the system contains the fo l ­
lowing facil it ies: 
- External and internal calls 
- Privacy on all calls 
- Call transfer 
- Call p ick-up 
- Inquiry 
- Automatic hold 
- Call wait ing 
- Priority calls 
- Private lines 
- Call diversion 
- Pooled lines 
- Call queueing 
- Flexible call rout ing 
- Call restrictions 

Extension instruments 
The extension instruments have the 
same basic design and the same speech 
circui t as the new electronic push-but­
ton telephone DIAVOX 100. 

In the DIAVOX 824 instruments the trunk 
lines are represented by a button and a 
lamp, f ig. 2. The lamp flashes rapidly for 
incoming external calls, slowly for 
parked calls and g lows steadily for an 
engaged line, i.e. a call in progress. 

Parking is indicated at the extension 
placing the call on hold. At all other ex­
tensions the line is indicated as being 
engaged. 

Fig. 1 
Of f ice Commun i ca t i on Sys tem DIAVOX 824 con ­
s ists of a cen t ra l unit and ex tens ions connec ted in 
a s ta r - shaped ne twork 

Fig 2 
Telephones for DIAVOX 824 Types ALPHA (on the 
left) and BETA 
The push-button set and function buttons in 
ALPHA and BETA are identical regarding both 
position and function. 

Diverting an incoming call to 
an attendance position 

Call transfer 

Additional functions 
{Three-party conference and ex­
ternal abbreviated dialling) 

Service button for signalling to 
the local exchange or PABX 

Buttons for access to trunk lines 
1 Prefixes for internal dialling 

Signalling to a busy extension 



DIAVOX 824 has one type of telephone 
(ALPHA) where each trunk line is rep­
resented by a button and a lamp. The 
ALPHA set shows the state of all t runk 
lines and gives free choice between all 
of them An extension with an ALPHA set 
can thus be used as an attendance posi­
t ion for any of the trunk lines. 

DIAVOX 824 also offers another type of 
telephone (BETA) with only two buttons 
wi th lamps fo r t runk lines. One button is 
used to answer calls in a call queue or 
transferred calls, depending on the type 
of traffic distr ibut ion chosen for the ex­
tension. The other button is used to get 
access to an outgoing private line or 
alternatively a pool of common lines. 
ALPHA and BETA sets can be used in 
any combinat ion in the system. 

Operation 
The aim has been to make the operation 
easy and fast, since efficient traffic 
handl ing is particularly important in 
many applications, such as receiving 
and booking orders. The incoming ex­
ternal calls are indicated by double ring 
signals and a rapidly f lashing lamp. 
These calls are answered by lifting the 
receiver and depressing the trunk line 
but ton. 

When an external call has been com­
pleted, the extension receiver is re­
placed, which disconnects the call. If in­
stead another t runk line isselected o ran 
internal call is init iated, the original ex­
ternal call is automatical ly parked. A 
parked call is indicated by slow flashing 
of the lamp, and the call is resumed by 
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depressing the corresponding trunk line 
button. 

An external call is init iated by depres­
sing the button for a free trunk line. The 
extension then gets dial l ing tone from 
the local exchange or PABX, and is free 
to dial the desired number. 

An incoming internal call is indicated by 
a single ring signal and is answered by 
l ift ing the receiver. 

An internal call is init iated by depressing 
one of the three internal prefix buttons 
and one of the buttons in the 12-button 
set, i.e. F, G or H, fol lowed by one digit. 
The caller gets the r inging tone if the 
extension is free and the busy tone if it is 
busy. In the latter case the caller can de­
press the priority button (P). The called 
extension then gets a ring signal even 
though he is engaged on a call. He must 
then decide whether he wants to accept 
the new call, in which case he also de­
presses the priority button. 

All ring signals that arrive when the 
handset is lifted are reduced to a soft 
level in the telephone. 

In order to make an Inquiry during an 
external call it is only necessary to dial 
the number of the internal extension. 
The external call is automatically parked 
when dial l ing starts. The parked sub­
scriber cannot hear the internal call. The 
external call is resumed by depressing 
the trunk line button with the parking 
indication. If the external call is to be 
transferred to the called extension, the 
transfer button (T) is depressed. 

An external call can also be transferred 
by depressing the transfer button w i th ­
out dial l ing any internal number. The 
call can then be taken by any ALPHA ex­
tension, i.e. call pick-up. However, park­
ing indication is obtained only on the ex­
tension that carried out the parking, and 
which is therefore responsible for the 
call. This form of call transfer is con­
venient when the transfer takes place in 
one and the same room or when loud­
speaker paging is used: "Dave, please 
take f ive!" 

Traffic distribution 
The external traffic in DIAVOX 824 can 
be distr ibuted over 1 - 3 routes and 

GREGER JISMALM 
Subscriber Equipment Division 
Telefonaktiebolaget LM Ericsson 
STEN MAGNUSSON 
ELLEMTEL Utvecklings AB 
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routed in three ways, in any combina­
t ion: 
- on a trunk line route direct and in 

parallel to an associated group of ex­
tensions 

- on another line route to one or seve­
ral optional forwarding extensions 

- On lines to specif ic extensions (pri­
vate lines). These lines can be 
temporari ly diverted to an at­
tendance posit ion, when the diver­
sion button is depressed (D). 

The outgoing external traffic can be ar­
ranged so that an extension has a free 
choice of line or is l imited to a certain 
part of the trunk line route. 

The fol lowing examples show the traffic 
distr ibut ion in some typical appl ica­
tions. The examples show only one of 
the three possible groups. 

The traffic distr ibut ion is arranged by 
programming a plug board, f ig. 3. 

Line selector system 
All free extensions are called in parallel 
when a call comes in, f ig. 4. A muted 
signal is also sent to all busy extensions 
unti l the new call has been answered. 
The first extension to answer receives 
the call. 

This traffic distr ibut ion has many 
advantages for small organizations 
wi thout a special operator. All exten­
sions have ALPHA sets. 

Queue system 
In this case, the extensions also receive 
the incoming traffic in parallel. The ex­
tensions have BETA sets, f ig. 5. The in ­
coming traffic now forms a queue. The 
first call in the queue is directed to all 
extensions. The first extension to an­
swer receives the call, and the next call 
in the queue is presented to the remain­
ing extensions. 

A supervisor can be separated f rom the 
queue system and given an individual 
line. 

This type of traffic distr ibut ion has great 
advantages for groups that work with 
order reception, t icket booking, fault 
complaint reception and similar appl i ­
cations. 

Operator system 
All incoming traffic on the common lines 
is directed to an operator, f ig. 6. The 
operator then extends the calls to the 
other extensions. Outgoing calls can be 
made direct, wi thout operator as­
sistance. 

One or a few of the extensions can be 
al located a direct incoming line of their 
own The calls can be diverted to the 
operator by depressing the diversion 
but ton. 

Secretarial system 
All extensions are allocated private 
lines, for example f rom a PABX, fig. 7. 
Private line calls can be diverted to the 
secretary by means of the diversion but­
ton. The secretarial posit ion is equipped 
with an ALPHA set, and it is therefore 
possible for the secretary to see for 
whom the call was intended. 

Adaptation to the telephone 
network 
Adaptat ion to the over-r iding system is 
carried out by programming the ex­
change data store and allows for the fol­
lowing: 
- external dial l ing with VF signalling 
— external dial l ing with decadic impuls­

ing 
- with impuls ing: frequency, pulse/ 

pause ratio, pause between digits 
and digit standard (corresponding to 
the order of the digits on the dial) 

— type of register cal l ing signal 
— the length of the r inging signal pause 
- any clear-forward signal on parked 

lines. 

Central control unit, 
modularity 
The central control unit can be placed in 
an ordinary off ice environment. It is a 
compact and quiet unit for wall mount­
ing or table locat ion, f ig. 8. 

The magazine in the central control unit 
holds a maximum of 24 printed board 
assemblies, two of which consti tute the 
main distr ibut ion frame of the system. 
Eight of these board types form the 
basic equipment for all system sizes. 
The four remaining modular types of 
printed board assemblies allow a step by 
step system extension. 
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ELC Extension Line 4 extensions 
Circuits 

BTC Bothway Trunk 
Circuits 

LJC Local Junct ion 
Circuits 

SWN Switching 
Network 

per board 
4 trunk lines 
per board 
2 internal links 
per board 
8 x 8 cross points 
per board 

The modularity can be employed to ob­
tain the fo l lowing system sizes: 

Extensions Trunk Internal 

Fig. 8 
The central equipment can be placed in an ordi­
nary office environment 

Fig. 9 
The equipment in DIAVOX 824 

Central unit, a max imum of 24 
printed board assemblies 

In the basic package the system is deli­
vered equipped for 8 extensions, 4 trunk 
lines and 2 internal links. In fig. 9 the 
modular printed board assemblies that 
are included in the basic package are 
shown within the dashed line. 

A trunk line board, wh ich corresponds 
to four trunk line circuits, takes up one 
device board posit ion. Alternatively the 
same posit ion can accommodate two in­
ternal links. Within certain limits the de­
vice board space is available for t runk 
lines or alternatively internal links. The 
central control unit automatical ly 
senses which type of device board is in­
stalled in each posit ion and reacts ac­
cordingly. At present the ALPHA sets 
can only handle 8 trunk lines, but a 
system with 12 trunk lines and only 
BETA sets is possible. 

System structure 
The system structure of DIAVOX 824 is 
shown in the block diagram of f ig. 11. 
Each extension is connected to a com­
mon central unit via six wires. Two wires 
are used for analogue speech transmis­
sion and four for signal l ing. The central 
equipment consists of a switch and 
telephony devices for internal and ex­
ternal lines. The central unit also con­
tains transmitters and receivers for the 
internal signal l ing, and a control system 
with processor, data and program 
stores. All units are connected to a 
system bus. The contro l system is de­
signed for a maximum of 36 extensions 
and 28 trunk lines to cater for future ap­
pl ications. 

Signalling system 
All signall ing between the extensions 
and the control unit is made via the 
four-wire digital signal l ing channel. The 
control unit does not perform any 
signall ing detect ion on the analogue 
wire pair, since the key pad, the ringer 
and the cradle funct ion also use the d ig i ­
tal signall ing channel. 

The line signal is bi-phase modulated 
with a bit frequency of 62.5 kHz. This 
frequency is chosen so that a common 
receiver in the control unit can scan up 
to36extens ions in approximately30 ms, 
which corresponds to the shortest but­
ton depressing t ime that can occur. 

The control unit cont inously sends 32 
information bits towards each exten­
sion, and these are updated at intervals 
of 2 ms. Each informat ion bit can control 
a light emitt ing diode or tone ringer. The 
transmission t iming is extracted f rom 
the cont inuously received signal. 



Fig. 10 
Processor board, CPU 

Fig. 11 
Block diagram of DIAVOX 824 

The state of all push-buttons and the 
cradle is cont inuously transmitted f rom 
the extensions by means of signal words 
of 7 information bits. The signall ing 
f rom the extensions is periodically 
scanned by the common signall ing re­
ceiver. The signall ing receiver can scan 
up to 36 extensions in approximately 30 
ms. During each scan the receiver com­
pares two consecutive signal words for 
each extension. The signal is accepted 
and transmitted to the data store only if 
the two words are identical. In this way 
sporadic line interference is prevented 
f rom causing faulty connections. 

Control system 
The control system consists of an 8-bit 
microprocessor (CPU), program and 
data store, clock and counters for 
generating t iming signals, f ig. 10. The 
program store is a mask programmed 
ROM store compris ing 8 k bytes. The 
data store is a static RAM store of 2 k 
bytes. Adaptation to individual market 

and customer requirements is done by 
means of p rogramming in the exchange 
data store. The block diagram shows 
how the central contro l unit hardware is 
connected to the system bus. A 16-bit 
direct and inverted address is used on 
the address bus in view of the relatively 
large number of units that require indi­
vidual addressing. This leads to simple 
circui ts for address decoding. 

A large number of hardware units must 
be control led and scanned in real time. 
The data structure reflects the hardware 
structure since each unit has been allo­
cated an individual area in the data 
store. The areas contain data words for 
signals, stages and link addresses to 
other units. The CPU provides real time 
control by addressing and processing 
the units cyclically and frequently 
enough to deal wi th all the desired func­
tions in each unit. 

The t ime limits for certain funct ions re­
quire exact t iming. The t iming is carried 
out by software wi th the aid of a break 
signal, which initiates the timing 
routines every 12.5 ms. 

Trunk lines 
The trunk circuits detect r inging signals, 
send loop signals and digit information 
(pulse or tone) to the over-r iding system 
and connect the lines to hold. The tone 
signals are generated in a common tone 
oscil lator. 

During an external call the trunk line 
circuit is galvanically through-con­
nected The extension speech circuit is 
thus fed directly f rom the over-riding 
system. 

Internal links 
During internal calls the extension 
speech circui t is fed f rom an internal 
link. The internal link attenuates the 
speech level by 8 dB to provide levels 
similar to those of an ordinary external 
call, the internal l ink also sends the busy 
tone and r inging tone for internal calls. 

Switch 
The switch in DIAVOX 824 is a single-
stage congest ion-free reed switch with 
two-pole cross points. The relays are 
mounted in 8 x 8 cross points per board 
module and the swi tch is electronical ly 
control led and supervised. This switch 
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was originally developed for the sub­
scriber stage in system AXE, fig. 12. 

The speech wire pairs from the exten­
sions are connected to the rows of the 
switch matrix, and devices of the type 
trunk circuits or local junction circuits 
are connected to the columns. 

Extensions 
In addition to the conventional tele­
phone function the extensions also have 
functions for receiving lamp and tone 
ringer information and for sending 
pushbutton and cradle switch informa­
tion. 

The transmission of speech between ex­
tension and central equipment is two-
wire with conventional feeding. The 
speech circuit is electronic and located 
in the handset. The same components 
are used as in DIAVOX 100. 

Light-emitting diodes, push-buttons 
and componentsforthe transmission of 
information are mounted on two printed 
boards in the set. One wire pair is used 
for each signalling direction. The signal­
ling electronic circuits are fed in 
phantom over the two signalling wire 
pairs. The power that can be transmitted 
in this way over a 2 km line is limited, and 
low current CMOS circuits are used in 
the telephone set. Later these will be 
combined into a custom design circuit. 
A low current connection method has 
also been used for the light-emitting 
diodes in order to save power. 

Installation, operation and 
maintenance 
Installation and rearrangement is great­
ly simplified, since the system uses a 
three-pair installation cable that is the 
same for all extensions and applica­
tions. No programmable functions are 
lost if a mains failure occurs. Thus the 
system is immediately available when 
the power returns. In the case of a mains 
failure line 1 is through-connected to an 
emergency telephone. The system can 
also be equipped with a back-up battery. 

Installation testing and fault localization 
are carried out with the aid of a simple 
manual, an ALPHA and a BETA instru­

ment and a set of fault-free printed 
board assemblies. 

Systematic test connections indicate 
the fault at the printed board assembly 
level. The voltage is disconnected and 
the faulty board is changed. The voltage 
is then switched on and the system is 
ready for use. 

The central unit does not require cool­
ing fans. The same high-quality compo­
nents and the same system for quality 
audit are used for DIAVOX 824 as for 
other LM Ericsson telephone exchange 
systems. 

During normal operation the system will 
supervise itself in order to limit the ef­
fects of electrical interference and com­
ponent faults. The system also sends an 
alarm to the instruments if the pro­
gramming of the exchange data store is 
clearly implausible. 

Gas discharge tubes protect the system 
from overvoltage on the trunk lines. The 
extension line circuits are protected by 
automatic electronic fuses. 

The instrument speech circuits are pro­
tected against radio interference. Each 
set contains a special thyristor diode 
across the speech wires as a protection 
against transient voltages on the line. 

Upgraded version 
Due to requests from various markets 
the system is underfurtherdevelopment 
and will be equipped with more func­
tions, among them the following: 
— Abbreviated dialling with up to 30 

common numbers 
— Trunk discrimination control with up 

to 4 categories, comprising a maxi­
mum of 50 open or blocked direc­
tions 

— Three-party conference 
— Internal direct speech connection 

(with a loudspeaking telephone at­
tachment) 

— Night service and night blocking 
— Cyclic call distribution for the queue 

function (ACD) 
— Internal group hunting 
— Call diversion if no answer 
— Transfer before answer with recall 
— Programming of exchange data and 

directory numbers from ALPHA sets. 

Fig. 12 
Reed switches tor DIAVOX 824 



Booster Converter BMR 263~as~ine 
Active Filter in Power Supply Systems 

Folke Ekelund 

In order to obtain high quality speech connections in a telecommunication network 
it is necessary to ensure that any noise voltages generated in the system do not 
exceed permissible levels. Such noise voltages can originate in for example the 
power supply equipment, but units that are powered from the equipment can also be 
noise sources. 
LM Ericsson's power supply system type BZD 112 contains DC/DC booster con­
verters with a high conversion frequency (20 kHz). The regulation characteristics of 
these converters make them suitable as noise suppressors (active filters). The 
booster converters effectively suppress low-frequency noise generated by the 
rectifiers in the power supply equipment and also noise from the connected tele­
communication equipment. 
The attenuation of the booster converters compensates for the lower attenuation of 
the power feeding circuits for subscriber lines in electronic exchanges, so that 
CCITT recommendations are satisfied. 

UDC 621.311.4 Power supply systems for telecom­
munications must satisfy a number of 
requirements so that the telecommuni­
cation equipment can operate reliably 
and the quality of the speech connec­
tions can be kept at the desired level1-3. 
The requirements include not only 
absence of interruptions and limiting of 
voltage variations (both in the stationary 
condition and during transient proces­
ses) but also limiting of the levels of a.c. 
noise voltages that are caused by the 
power supply equipment. These re­
quirements are based on CCITT Re­
commendations G123C and Q45, which 
concern transit exchanges but which 
have to a certain extent also been ap­
plied for local exchanges. 

Recommendation G123 refers to circuit 
noise in national networks. In section C, 
which deals with noise in a national, 
four-wire, automatic exchange, it is 
specified that the mean value of noise 
during a long period in the busy hour 
should not exceed the following values: 
- Psophometrically weighted noise: 

-67dBm0p(200 pWOp) 
- Unweighted noise: - 4 0 dBmO 

(100 000 pWO) measured with a device 
with a uniform response curve 
throughout the band 30-20 000 Hz. 

At a relative level of 0 dBr 
• - 67dBmO= — 67 dBm corresponds 

to 0.35 mV 
• - 40 dBmO =—40 dBm corresponds 

to 7.9 mV 

Recommendation Q45, which concerns 
the transmission characteristics of an 
international exchange, specifies the 
same limit values. The requirements are 
intended to maintain good transmission 
characteristics for both analogue and 
digital transmission (PCM). For exam­
ple, in the case of digital transmission 
the noise voltage will affect the quantiz­
ing distortion. 

The requirements given above apply for 
trunk and subscriber lines and must be 
converted into values that are applica­
ble to the power supply equipment. The 
conversion musttake into consideration 
both the attenuation in the power feed­
ing circuits of the exchange and the 

Fig. 1 
Booster converter BMR 263, 100 A, 0 - 8 V. 
The extended printed board assembly contains 
the control unit with regulation circuits for vol­
tages and currents, including circuits for active 
filtering 
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Type of recti f ier Noise 

Three-phase thyristor recti­
fier BMT 313, 100 A 
(6-pulse coupling) 

Three-phase thyristor recti­
fier BMT 183, 630 A 
(12-pulse coupling) 

Fre­
quency 
Hz 

50 
100 
300 

50 
100 
200 
600 

Level 
(full load) 
mV 

25 
40 
2.5 

110 
23 
5 
2.1 

Table 1 
Measured no ise f rom two types of rect i f iers 

need of margins for other noise sources 
in the exchange or transmission equip­
ment. 

In electronic telephone exchanges of 
type AXE the attenuation in the power 
feeding circuits is lower than in older 
exchange types This has led to more 
stringent requirements for power supply 
equipment as regards a.c. noise. 

The permissible noise on the 48 V dis­
tr ibut ion is as fol lows: 

for transit exchanges 
< 5 mV (r.m.s.) in the frequency band 
3 0 - 2 0 0 Hz 
< 2 mV (r.m.s.) in the frequency band 
2 0 0 - 5 0 0 Hz 

for local exchanges 
<10 mV (r.m.s.) in the frequency band 
3 0 - 2 0 0 Hz 
< 5 mV (r.m.s.) in the frequency band 
2 0 0 - 5 0 0 Hz 

These limits apply for an arbitrary part of 
the power distr ibut ion network, regard­
less of the current output up to full load. 

qualif ied to apply only when the network 
unbalance does not exceed 5 %. 

The a.c. voltages generated by the rect i­
fiers in an equipment are not only de­
pendent on the unbalance of the 
network but also on the rectifier output 
current and the impedance in the bat­
tery circuit. High load and poor batteries 
give the highest noise levels. Table 1 
shows some rectifier noise voltage va­
lues. 

Booster converter 
BMR 263 as a filter 
LM Ericsson's power supply system 
contains a booster converter, whose 
output voltage is added to the battery 
voltage1, f ig. 2. 

The booster converter has to maintain 
the exchange voltage at the nominal 
level if the battery voltage falls, for 
example because of a mains failure. A 
system with booster converters ensures 
uninterrupted power supply and a high 
degree of uti l ization of the available bat­
tery capacity. 

Among the power supply units the recti­
fier constitutes a noise source in the 
above-mentioned frequency bands. A 
pulsating voltage is obtained when the 
mains voltage is rectif ied, i.e. there are 
a.c. voltage components superposed on 
the d.c. voltage, whose frequencies are 
whole mult iples of the mains frequen­
cy4. The magnitude of the noise voltages 
is greatly dependent on the unbalance 
in the three-phase mains network. The 
greater the difference between the pha­
se voltages, the greater the pulse vol­
tage obtained. The above-mentioned 
requirements have therefore had to be 

The booster converters in system BZD 
112 work at a conversion frequency of 
20 kHz. The advantages of a high con­
version frequency are not only small 
volume, low weight and silent opera­
t ion, but also very good regulation 
characteristics, which can be exploited 
to give the booster converter a funct ion 
over and above those for which it was 
originally intended. Thanks to its high 
regulation speed the booster converter 
can neutralize noise voltages in the fre­
quency band in question (0 — 600 Hz) 
and at the same time correct any devia­
tions in the d.c. voltage value. 

Fig. 2 
LM Ericsson's s tandard boos ter conver ter sys tem 

BR Rectifier, which feeds the exchange and also 
charges the battery 

C Booster converter, which supports the battery, 
f or exampledu ring a mains la Mure, and a Iso acts as 
an active filter 

Iff, Alternating current from the rectifiers, which 
generates a noise voltage across the battery 

U;- Noise voltage across the battery 
U j= The battery d.c. voltage 
U? AC voltage generated by the booster converter 

to counteract U^ 
UET Noise vo l tage that reaches the load 

Z - The impedance of the system 



Fig. 3 

B o o s t e r conve r te r s y s t e m wi th d is t r ibu t ion rec­
t i f ie rs 

Rectifier that charges the battery (It necessary 
it can also feed the load via booster converters) 
Rectifier that feeds the exchange direct via the 
distribution network D — 
Booster converter, which supports the battery 
and also acts as an active filter for all rectifiers 
(BRochDR) 
Alternating current from the charging rectifiers, 
fed to the battery 
Noise voltage across the battery 
Alternating current generated by the distribution 
rectifiers 
Alternating current which is absorbed by the 
converter and fed to the battery. Imbalances lgR 

so that I op + l ~ = 0.The alternating current that 
goes out to the load is almost zero. 

Operation in the system 
Fig. 2 shows the posit ion of the booster 
converter in the system. The a.c. voltage 
across the battery, lf£, constitutes a 
noise quantity in the regulation loop of 
the booster converter. The converter 
tries to regulate the distr ibut ion voltage, 
U£, to a constant value. With a suff i ­
ciently high ampl i f icat ion in its regula­
t ion circuit the converter is able to l imit 
the a.c. voltage, U~, to a low level (in the 
order of 1 mV) by generating an a.c. 
voltage, U~ on its output that is in oppo­
sit ion to U^ and of the same ampli tude. 
The a.c. voltage U~ is superposed on 
the d.c. voltage, Irg. In principle Lf^ 
could be zero, but the best filter effect 
is obtained if it is at least half a volt. 
When the booster converter is used as a 
filter, a special regulator in its control 
unit ensures that U ^ O . 5 V. The fi l ter 
funct ion of the converter results in very 
low output impedance for frequencies 
in the band 0 - 6 0 0 Hz (tenths of a mi l l i -
ohm). Both the noise that originates 

f rom the power supply equipment itself 
and the noise f rom other equipment is 
therefore effectively suppressed. 

A system with booster converters can 
also be built up in accordance with fig. 
3. Most rectifiers (DR) then work directly 
across the output of the equ ipmen t -
giving the distr ibut ion voltage UD. The 
branch formed by the battery and con­
verters in series is then connected in 
parallel with these rectifiers. Charging 
rectifier BR keeps the battery charged. 
The alternating current l,^, generated 
by rectifiers DR is then absorbed by the 
battery and converters. This requires 
that the d.c. load on the converters is 
not less than the peak value of the alter­
nating current ls"R. When the converter 
is used as a filter in this system a special 
regulator in the contro l uni tensuresthat 
the condi t ion \^\min is met. The value of 
lm i n has been set to 10 A in view of the 
magnitude of the alternating current 
per rectifier. 

Fig. 4 
Noise levels in BZD 112 with a network unbalance 
of 5 % 



Fig. 5 
The noise suppression capacity of the booster 
converter 

The diagram on the left shows the noise suppres­
sion (Q) caused by the converter 

Q 20-10log(us-/l>5) 
UlT The noise voltage across the battery 
U% The noise voltage across the distribution 

network 
I The frequency of the noise voltage 

The diagram on the right shows the noise voltage 
across the distribution network (Up). If these 
levels are reached (maximum permissible values 
for transit exchanges), the noise levels at the bat­
tery may be Q dB l.'gher because of the noise 
suppression capacity of the converters 

Fig. 6 
Noise voltages, without and with active filtering 

1% 
t>o 

AC voltage across the battery 
AC voltage across the distribution 
network 

The top oscillogram shows how the noise voltage 
across the battery reaches the distribution 
network without being attenuated when the con­
verters are passive. 
The lower oscillogram shows how the low-fre­
quency noise across the battery is prevented from 
reaching the distribution network when the con­
verters work as active filters 

Scale factors: 
Vertically 50 mV/cm 
Horizontally 5 ms/cm 

Performance 
Fig 4 shows the noise levels that were 
obtained in a BZD 112 system with a 
network unbalance of 5 %. The system 
contained four 100 A rectifiers and four 
100 A booster converters with full load. 
(The noise levels are lower with smaller 
load.) The impedance in the battery 
circuit was Ft = 20 mil l iohms, L = 17 
//henry, values which are higher than is 
the case in actual installations. 

The noise suppression capacity of the 
booster converter is shown in f ig. 5, and 
the noise voltages, without and with 
f i l ter ing, in f ig. 6. The diagram to the 
right (fig. 5) shows the permissible noise 
voltage levelson the output (distr ibution 
network) of a power plant for transit ex­
changes. From the diagram it is thus 
possible to read off the highest noise 
levels that the rectifiers are permitted to 
give across the batteries without ex­
ceeding the limits. For example, for a 
noise voltage at a frequency of 100 Hz 

the level across the battery (before the 
converters) must not exceed —44 dBm 
+ 28 dB = - 1 6 dBm, which corres­
ponds to 120 mV. 

Conclusion 
The use of the booster converter as an 
active filter results in noise levels across 
the 48 V distr ibut ion network that are far 
below the limits given in the relevant 
CCITT recommendations. Low-fre­
quency noise from the power unit recti­
fiers, which increases with increased 
unbalance in the mains network, is ef­
fectively suppressed and also noise 
f rom the connected telecommunicat ion 
network. 

The new funct ion of the booster conver­
ter does not involve any addit ional costs 
and gives a power supply system that 
effectively utilizes all facil it ies offered by 
the equipment in order to meet the set 
requirements. 
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Further Development 
of the ARE Systems 

Jan Christensson and Hakan Jansson 

Local exchange system ARE 11 and transit exchange system ARE 13 are continu­
ously being improved in order to meet the advanced requirements of today and 
tomorrow. This article describes the main improvements introduced during the last 
two years. They comprise new subscriber facilities, rationalization of the control 
system, faster and more efficient testing, greatly increased storage capacity, a new 
advanced I/O system, magnetic tape units and common channel signalling. 

UDC 621.395.72 The situation at present 
A large number of administrations in­
troduced LM Ericsson's crossbar ex­
changes during the 1950s and 1960s. 
More than 50 per cent of these ex­
changes, which now comprise a total of 
approximately 23 million equivalent 
lines, are less than 10 years old. From 
the technical and economical viewpoint 
it is therefore advantageous to mod­
ernize these exchanges to SPC ex­
changes of ARE type, which is achieved 
by adding the control system ANA 30. 
The advantages of such modernization 
and the positive operational experience 
obtained have been described previous­
ly in a number of articles in this 
magazine. This applies primarily for the 
following three countries: 

- Denmark, where the ARF exchanges 
in the Arhus multi-exchange area 
were modernized into ARE 111. An 
account of the operational experi­
ence has also been given2. The first 
national ARE 13 exchange was put 
into service in Nykobing-Mors in 
October 1977, fig. 1. 

- Australia, where the ARF exchanges 
are being modernized to ARE 11, and 
new ARE 11 exchanges are being in­
stalled throughout the country. It is 
estimated that the network will con­
tain approximately 4.5 million ARE 11 
lines when the work is completed3,4. 

- Saudi Arabia, where work is in prog­
ress on the modernizing of all ARF 
exchanges to ARE 11, comprising ca 
200 000 lines5. Furthermore the 
country's four ARM exchanges have 
been modernized to ARE 13 and sup­
plemented by the latest type of toll 
ticketing and operator system6. 

The table on the last page of this article 
gives a survey of the number of installed 
and ordered ARE 11 and ARE 13lineson 
1st July 1979, divided into moderniza­
tions and new exchanges. 

Fig .1 
The first national ARE 13 exchange was put into 
service in Nykobing-Mors in Denmark on 5th 
October 1977 
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Fig. 3 
Changing the number for abbreviated dialling. 
The subscriber dials "51*3*08182906* and re­
ceives tone information 
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The first ARE 11 exchange of stage 2 de­
sign was handed over in Spain accord­
ing to plan, f ig. 2. In this design the 
switching system and control system 
are supervised in accordance with the 
same advanced method. Electronic 
charging has been integrated into the 
system and the processor capacity is 
larger than before Thus the operation 
and maintenance processor OMP now 
has a more efficient operating system, 
and the central devices are routine 
tested to a greater extent than before. 
ARE 11, stage 2 design, has been de­
scribed previously in this magazine7. 

A few modif icat ions have recently been 
carried out in order to improve further 
the interworking between control 
system ANA 30 and existing equipment. 

Further development 
The ARE systems are developed further 
in step with technological advances. For 
example, modern semiconductor 
memories are to replace the present fer-
rite core memories in the central store of 
the system and micro processors are to 
be introduced to control the stores. 
Moreover the system funct ions are be­
ing improved in accordance with the 
specif ications of the administrations. 

PUSH-BUTTON DIALLING AND 
SUBSCRIBER-CONTROLLED 
FACILITIES 
Push-button sets are becoming more 

and more common. They give faster dial­
ling and are a prerequisite for most new 
subscriberfaci l i t ies. Thus it is important 
to have a small and simple tone receiver 
that can be connected wi thout 
selectors.The newtone receiverforARE 
11, which is designed in accordance 
with the new CEPT specif icat ion, 
satisfies these requirements. One re­
ceiver is required per signal transfer unit 
STU. A rack holds 135 receivers, which 
is quite sufficient for a normal exchange 
of 10 000 lines. 

ARE 11 subscribers with push-button 
telephones can operate the fo l lowing 
facil i t ies: 
— Connect ion and disconnect ion of 

barring categories 
— Connect ion and disconnect ion of in­

terception service from operator, 
machine announcement or a special 
tone 

— Change of numbers for abbreviated 
dial l ing as shown in f ig. 3. The com­
mon abbreviated dial l ing list for 
PABX extensions can be changed via 
an exchange line. 

The CEPT recommendations for sub­
scriber procedures are fol lowed. 

A four-f igure personal code can be used 
to prevent unauthorized connect ion and 
disconnect ion of facilit ies. When the 
subscriber has completed the dial l ing 
the system carries out an authorization 
check before the change is made. The 
subscriber is then informed, by means 

Fig. 2 
The first ARE 11 s tage 2 exchange design was 
handed over in Mano teras, Mad r i d , on 30th Augus t 

1978 

Connection order and separator between dil 
ferent digit codes 
The order for abbreviated dialling as recom 
mended by CEPT 
The abbreviated dialled number 
New B-subscriber number, including the 
area code 
End of message code 
Informs the A-subscriber whether the 
change has been carried out or not 



Fig. 4 
The various testing stages during the installation 
of ANA 30. 

Test programs in OMP are used to test the as­
sociated CPU, PRS and DAS. Similar tests are then 
carried out in TCP, controlled by its test programs, 
and at the same time OMP initiates tests of CS and 
the other devices in the control system. The sub­
sequent functional testing is carried out by means 
of test traffic from an ordinary exchange tester 

OMP 
TCP 
CPU 
PRS 
DAS 
CS 

Operation and maintenance processor 
Traffic control processor 
Central processing unit 
Program store 
Data store 
Central stores 

Stop 

of a tone or a message, whether the or­
der has been executed or not. These 
funct ions have been realized by means 
of new programs in the processors TCP 
and OMP Such examples show how 
SPC technology facil itates the introduc­
t ion of new funct ions with no changes in 
the existing hardware. 

RATIONALIZATION OF THE CONTROL 
SYSTEM 
When a complete ARE 11 exchange is 
suppl ied, the MFC equipment is in­
cluded as an integral part of the ANA 30 
electronic equipment. When an ARF ex­
change is modernized to ARE 11 it has 
often proved profi table to design ANA 30 
so that it can also control existing MFC 
code senders and the associated sender 
f inders, which are also supervised by the 
same methods as other devices. This 
cuts down the material consumpt ion 
considerably, and also reduces the in­
stallation and testing work. 

A new mult iplexor, MUX, has been in­
troduced for both ARE 11 and ARE 13. 
This has been designed so that it can 
address both its own devices and those 
in the adjacent rack, which is particular­
ly advantageous for the STL) racks 
where only every second STU rack need 
be equipped with a MUX. This also re­

duces the material, and the addressing 
capacity is fully uti l ized, which is an 
advantage in large exchanges. 

IMPROVED INSTALLATION TESTING 
Testing of ANA 30 
Previously ANA 30 was mainly tested us­
ing manual methods. In ARE 11 and ARE 
13 it has been possible to automatize the 
installation testing of ANA30 by using its 
own processor, the operation and 
maintenance processor OMP. The time 
required for test ing and fault f inding has 
now been reduced by two thirds. The 
tests are initiated by means of com­
mands from I/O devices, which also 
prints out the result. If a fault occurs, a 
fault pr intout code is obtained. The faul­
ty printed board assembly can then be 
identif ied wi th the aid of a test manual 
and be replaced. The various test stages 
are shown in f ig. 4. 

Interworking devices and mult iplexors, 
which consti tute the major part of the 
hardware in ANA 30, are tested in ac­
cordance with f ig. 5. In this case test 
equipment, mounted on two trolleys, is 
used, which interworks with special test 
programs i OMP. The trolleys are used 
for testing separate devices or for joint 
testing of various devices. In this way 
several types of devices can be tested 

Fig. 5 
Testing interworking devices and multiplexors us­
ing portable test equipment. 
The test object is connected to the test equipment, 
which simulates a normal environment. OMP con­
trols the test object and the test equipment via the 
AC bus, which is connected to both these units. 
The testing is started by means of a remote control 
unit RCU, which contains lamps that indicate 
whether the test has been successful or not 
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Fig. 6 
Fully electronic link tester LT 11 for testing the SL 
and GV stages in ARE 11. 
The tests are initiated by commands. If a fault is 
detected a detailed printout is obtained that 
specifies the position and cause of the fault. 
The link tester sets up 10 connections at a time 
through the SL or GV stage in accordance with a 
prepared combination pattern (the figure shows 
the SL stage), and loop resistance, leakage and 
extraneous potentials can be measured. The LR/ 
BR function and the current through bars and ver­
ticals are also checked (not shown in the figure). 
The tester also checks its own function by means 
of diagnostic programs. 

simultaneously and the fault indication 
can be improved The automatic testing 
makes less demand on the technical and 
system knowledge of the staff. 

The test trolleys with the associated 
documentation are delivered in special 
containers, which are re-used to send 
the trolleys on the next exchange. 

Link testing in ARE 11 
A new, electronic link tester LT 11 has 
been designed, which is used in new ex­
changes and extensions and in mod­
ernized ARF exchanges, fig. 6 It is used 
to test all links in each 1000-group and 
group selector, and tests loop re­
sistance, leakage etc. This is done in a 
third of the time previously required, in­
cluding the tracing and clearing of 
faults. It is also possible to carry out 
more extensive testing than before, and 
the test quality is higher. 

INCREASED STORAGE CAPACITY 
The storage capacity can now effective­
ly and economically be increased as re­
quired, thanks to the use of modern 
semiconductor memories. Previously 
ARE 11 had ferrite core memories in 
three of the central stores in the ex­
change, namely the translation store 
TRS, subscriber store SCS and 

abbreviated dialling store ADS. The 
fourth central store, charging data store 
CDS, has always been of the semi­
conductor type. 

These four store units can now be re­
placed by a single storage unit, consist­
ing of an electronic shelf, which has 
over twenty times the capacity of the 
previous shelf type using core memories 
(now 256 k words, previously 12 k 
words). The unit also contains a micro 
processor for controlling the store, so 
that the address functions of the large 
processors need not be changed. The 
store unit can be placed in an existing 
rack in an exchange that is already in op­
eration. The increased storage capacity 
can for example be used to introduce 
abbreviated dialling and the number 
group function. The latter gives better 
multiple utilization and the number of 
multiple positions can be reduced. 

An ARE 13 exchange to which no termi­
nal exchanges without registers are 
connected, is equipped with only one 
central store, TRS. However, the amount 
of data in the exchange is so large that 
even in this case it is economical to 
change to semiconductor memories. 
For example, the amount of data in an 
international exchange is approximate­
ly 36 k words. 

NEW I/O SYSTEM 
It must be possible to connect ARE 11 
and ARE 13 to the computerized opera­
tion and maintenance center AOM 1018. 
It is also desirable to simplify the loading 
of the central and processor stores in 
the exchanges. The new I/O system, as­
sociated with OMP, fulfills this desire, 
and is equipped as follows: 

The number of local I/O inputs has been 
increased sothateightsuch devices can 
now be connected instead of four. 

Cassette tape recorders will be used as 
an alternative to punched tape for the 
input and output of data and programs 
to the central and processor stores, if 
these are equipped with RAM instead of 
PROM. Cassette tape recorders will also 
be used for regular output of data re­
garding electronic charging. 

ARE exchanges contain advanced op­
eration and maintenance functions, 



Fig. 7 

M ic ro c o m p u t e r p r in ted boa rd assemb ly for the 
new I/O sys tem 

which can be control led locally o r f rom a 
special centre. When ARE 11 and ARE 
13 are connected to AOM 101 the 
activities are concentrated into different 
specialized work centres according to 
the need, which means rationalization 
of the operation and maintenance work. 

The interworking is carried out via data 
l inks, and the signal l ing interworking 
with AOM 101 satisfies the requirements 
of CCITT Recommendat ion X25. 

Up to eight I/O processes can be ex­
changed simultaneously between an 
ARE exchange and an AOM 101 via each 
data link. Fig. 8 shows the general 
structure of the new I/O system. 

MAGNETIC TAPE UNITS 
When specif ied charging is required, 
magnetic tape units are used, which are 
connected to ANA 30 and can store the 
required data vo lume for further pro­
cessing. The output funct ion is dupl i -

Fig. 8 
The gene ra l s t ruc tu re of a new I/O sys tem for ARE. 
Eight I/O dev i ces can be c o n n e c t e d and the 
sys tem can in te rwork w i th AOM 101. It con ta ins 

p r imar i l y : 

IOT Micro processor controlled unit for direct connec­
tion of display unit, printer and cassette tape re­
corder 

DLC Micro processor controlled unit for interworking 
with AOM 101 via a data link in accordance with 
CCITT Recommendation X25 

M/D Modem for remote connection ot AOM 101 and I/O 
devices 

OMP Operation and maintenance processor in ANA 30, 
which is supplemented by certain programs for in­
terworking with the new I/O system 
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Fig. 9 
Magnet ic t ape uni t for ARE exchanges 

cated for reliability reasons. Magnetic 
tape is also used as an alternative to 
cassette tape for the output of data 
when electronic charging is used. Tape 
units as shown in f ig . 9 wi l l be used as 
output devices in ARE 11, for both 
specif ied and electronic charging. At a 
later stage these units wil l also be intro­
duced in ARE for toll t icketing. 

COMMON CHANNEL SIGNALLING 
LM Ericsson have great experience of 
common channel signal l ing in ac­
cordance with CCITT signall ing system 
no. 6. This has previously been de­
scribed in this magazine9"1 1 , both in 
connect ion with local exchanges ARE 
11 and transit exchanges AKE 13. The 
signall ing system is now being intro­
duced in ARE 13, which is well suited for 
common channel signal l ing. The first 
appl ication wil l be the international ex­
change in Hong Kong, where the ARM 
20 is modernized to ARE 13. 

The new subsystem for signall ing 
system no. 6 uses LM Ericsson's 
minicomputer APN 163, to which 
microcomputer-contro l led units are 
connected, f ig. 10. The use of this signal-

ling system will give faster and more re­
liable connect ion and wil l lower the 
operating costs. 

The control funct ions for signal l ing 
system no. 6 are included in the traffic 
handl ing processor TCP, and the opera­
t ion and maintenance funct ions are in ­
cluded in the operation and mainte­
nance processor OMP, which makes it 
necessary to extend the translation 
store. 

Conclusion 
The advantages of updating local and 
transit exchanges, ARF and ARM, have 
been described by several administra­
t ions, for example in Ericsson Re-
view'~4 . Wishes have been expressed 
f rom various sources for the introduc­
t ion of certain addit ional funct ions in 
the exchanges that have been evaluated 
in col laborat ion wi th the various 
administrat ions. This has led to the fur-
ter development of the ARE system de­
scribed above. The development work 
wil l continue when and as necessary so 
that the system is able to meet new de­
mands and requirements. 

Fig. 10 
The bas ic s t ruc tu re of s igna l l i ng sys tem no. 6 in 
ARE 13 

MOD Modem for connecting a signalling link 
MOC Micro processor controlled unit for sending and 

receiving data via the signalling link, for generat­
ing and decoding check bits and for supervision, 
testing etc. 

BTC-6 Both-way international trunk circuit for signalling 
system no. 6 

TCC Micro processor controlled unit that is common for 
32 BTC-6. The interface between TCC and BTC-6 
consists of test and operate points, which are con­
trolled by the micro processor. TCC also contains 
functions tor supervision, settling of accounts and 
plausibility checks on received signals 

TAC Unit which is controlled by the mlnlprocessor APN 
163 and intended for communication between the 
ANA 30 processors and the micro processor con­
trolled units TCC or MOC as well as between TCC 
and MOC. TAC handles the transfer between ex­
ternal and internal addressing, selection of line, 
collection of statistics, supervision of routes and 
choice of international signalling code. TAC and 
the associated bus system are duplicated for 
greater reliability 

TCR Unit for checking the continuity in speech chan­
nels 

TCP Traffic control processor in ANA 30 which has 
been supplemented with particular programs for 
interlocking with signalling system no. 6 

OMP Operation and maintenance processor in ANA 30 
which has been supplemented with particular 
programs for interworking with signalling system 
no. 6 
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ARE exchanges, 
July 1979 
ARE 11 
Count ry 

Argent ina 
Argent ina 
Austra l ia 
Austral ia 
Co lomb ia 
Denmark 
Denmark 

Egypt 
F in land 
Finland 
Iceland 
Kuwai t 
Saudi Arabia 
Saudi Arabia 
Spain 
Jugoslav ia* 

Total 

ARE 13 
Country 

Argent ina 
Curacao 
Curacao 
Denmark 

Egypt 
Hong Kong 
Hong Kong 
Iceland 
Ireland 
Kuwai t 
Libya 
Niger ia 
Panama 
Panama 
Saudi Arabia 
Saudi Arabia 
Sri Lanka 

Total 

*Via N. Tesla 

the number of I 

New 

11 000 

74 000 

30 000 
37 000 

20 000 
33 000 

1 000 
45 000 

3 000 

84 000 
79 000 

417 000 

New 

18 200 
700 

1 000 
2 400 
1 400 

400 
18 000 
4 400 
3 200 
2 600 

800 

17 600 

600 

71 300 

ines in operation and 

Modern ized 
to ARE 11 

2 000 

526 4 00 

228 000 

61 200 

198 800 

1 016 400 

Modern ized 
to ARE 13 

700 

2 000 

2 000 

6 000 

10 700 

In opera t ion 

10 000 
155 200 

20 000 
28 000 

101 000 

9 000 
26 400 

8 000 
10 000 

367 600 

In operat ion 

1 600 

1 000 

3 600 

9 800 
6 000 

22 000 

on order, 

On order 

11 000 
2 000 

64 000 
371 200 

10 000 
9 000 

127 000 
20 000 
24 000 
34 800 

1 000 
45 000 

3 000 
198 800 

76 000 
69 000 

1 065 800 

On order 

16 600 
700 
700 

2 400 
1 400 
2 000 

400 
18 000 

800 
3 200 
2 600 

800 
2 000 
7 800 

600 

60 000 
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ALARMCOM-a Computer-Controlled 
Alarm Communication System 

Claes Hagland, Tor Isaksson and Bjorn Lengquist 

One of the first products manufactured by Lars Magnus Ericsson was a fire tele­
graph equipment for the transmission of alarms. This was in 1876. Since then the 
Ericsson Group have developed and marketed several alarm systems. During the 
1970s electronics and computer technology have provided new possibilities for 
developing systems to suit the needs of today. 
LM Ericsson Telematerial AB, who develop and market different alarm systems, 
present their alarm communication system ALARMCOM. There has proved to be a 
market for it not only among the traditional customers, but also among telecom­
munication administrations who wish to offer their customers these new facilities. 
Thus the system has already been delivered to the Dutch Telecommunications 
Administration. 

UDC621 398: 654.9 ALARMCOM is the common designa­
tion for the whole family of alarm com­
munication systems that is being mar­
keted at present. 

The concept "alarm communication" 
was originally created within LM Erics­
son Telematerial AB about ten years 
ago, and it comprises not only the 
transmission of alarms but also the pro­
cessing and display of incoming alarms 
and the triggering of certain actions in 
an alarm situation. 

Buildings, installations and equipment 
that are to be protected against fire, 

burglary or other damage or dis­
turbances are equipped with suitable 
detectors which can detect damage or 
the risk of damage at the earliest possi­
ble stage. 

Measures to prevent breakdown, theft, 
fire etc. must then be taken quickly so 
that the extent of the damage is limited. 
It is necessary to get service engineers, 
police or the fire brigade to the spot as 
soon as possible. However, if this is to be 
effective it is also necessary that these 
people bring the right type of equipment 
and that they know in advance what to 
do. 

Present-day technology also makes it 
possible to supplement the human ef­
forts by instant, remotely controlled 
measures, such as stopping machines, 
connecting of cameras, setting off 
sprinklers etc. These measures can be 
triggered automatically by the alarm 
communication system or manually, via 
the system, by an operator. 

A comprehensive alarm communication 
system contains all these functions. 
Since the system is able to transmit a 
great amount of information to the 

Fig. 1 
Operator's position. 
A control panel gives a survey of the alarm situa­
tion. The visual display screen shows the recom­
mended action as regards incoming alarms. All 
measures are recorded on the printer 
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Fig. 2 
System structure. 
The transmission is concentrated in several sta­
ges to adapt it to the normal telecommunication 
network 

alarm centre, alarms can quickly be 
evaluated with the aid of the computer-
control led central equipment. The alarm 
computer prints out evaluations and 
proposals for measures in text en clair, 
and the operator in the alarm centre can 
immediately compi le a list of measures 
to be taken and inform the personnel 
concerned, for exemple via telephone, 
radio or telex. 

The various parts of the system can have 
different capacity. The system can thus 
easily be adapted to different plant sizes 
by means of choice of suitable equip­
ment. All connect ions and system parts 
are cont inuously supervised. In systems 
with extremely high reliability require­
ments it is possible to transmit alarms 
over alternative connect ions in the case 
of a fault in the primary connect ion. 
Sabotage to the alarm transmission can 
always be detected if the messages that 
are sent over exposed routes are en­
crypted. 

The central evaluation equipment is 
normally built up around a small compu­
ter, to which different types of display 
and storage equipment can be con­
nected. The display equipment can con­
sist of printers or visual display screens, 
and in certain cases special lamp 
panels. Extra large storage capacity is 
required when the display is to be sup­
plemented with addresses and propos­
als for measures for different types of 
incoming alarms. 

The required capacity of the alarm 
centre is determined by the number of 
connected alarm devices, their alarm 
rates and the maximum delay permitted 
for an alarm. Normally the alarm rate is 

so low that thousands of alarm devices 
can be connected to a single display 
unit. 

The alarms are usually transmitted via 
point- to-point connect ions. Alarm 
transmitters that automatical ly call the 
alarm centre can also be used. 

The remainder of this article is devoted 
to the latest addit ion to the ALARMCOM 
family, HAZ 11101, a system specially 
suited for medium and large regional in­
stallations for the transmission of 
alarms f rom banks, industrial plants, of­
fices, defence installations etc., with 
str ingent requirements as regards secu­
rity level and operational reliability. 

System structure 
The basic units of system HAZ 11101 are 
alarm transmitter, concentrator and 
central equipment. Mult ip lexors can 
also be included so that a single circuit 
can be used jointly by a number of alarm 
transmitters or concentrators. 

Alarm transmitter 
The alarm transmitters connect the 
alarm devices and local alarm equip­
ment to the system. The alarm transmit­
ters receive control data f rom the con­
centrators and on demand send infor­
mation regarding the existing states of 
the inputs. 

Concentrator 
The alarm transmitters in an area are 
connected to a concentrator. The con­
centrator cont inuously supervises the 
alarm transmitters and the connect ions 
to these, and transmits all changes of 
state to the alarm centre. 
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The concentrator consists of a control 
unit and equipment for receiving the 
alarm transmissions. The control sys­
tem is duplicated in systems where high 
reliability is required. 

Alarm centre 
The alarm centre equipment comprises 
line units for the connection of con­
centrators, computer equipment with 
the necessary stores and display 
equipment consisting of an operator 
panel, visual display screens and 
printers. The computer equipment can 
be duplicated. 

Multiplexor 
The system structure permits flexible 
utilization of the telecommunication 
network. The introduction of multiplex­
ors at various system levels enables the 
customer to make optimum use of the 
available circuits. The system structure 
also makes it possible to use duplicated 
circuits at the system levels where high 
system availability is essential. 

System characteristics 
Basic principle 
The alarm transmitters are scanned con­

tinuously by the concentrators. During 
each scan, any control ordersaresentto 
the alarm transmitters. 

The concentrator detects if any changes 
have occurred in the information from 
the alarm transmitters since the previ­
ous scan, and reports any such changes 
to the alarm centre. A line multiplexor 
can be installed between the alarm 
transmitter and the concentrator, which 
enables up to four alarm transmitters to 
use one and the same concentrator line 
in sequence. 

In addition one or more line multiplex­
ors can be installed between the con­
centrator and the alarm centre, for the 
purpose of interleaving, encryption and 
transmitting messages and also super­
vising the circuit. 

Transmission 
All transmission between units in the 
system takes part over two-wire circuits 
via synchronous modems with frequen­
cy shift modulation. Semiduplex with a 
transmission rate of 200 bauds is used 
between the alarm transmitters and the 
concentrators. Full duplex with a trans­
mission speed of 300 bauds is used be-

Fig. 3 
A printed board assembly in the concentrator. 
LSI type micro circuits are used, making the units 
quite compact. The printed board assembly shown 
here is a connection unit for 4 lines with 4 modems 
and with line report circuits. 
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tween the concentrators and the alarm 
centre. All exchange of information be­
tween the various parts of the system is 
in the form of messages that contain 
sophisticated parity checking (HDLC 
format), which gives the system high 
immunity against interference and re­
duces the risk of false alarms. 

Supervision 
All system parts and all connections 
within the system are continuously 
monitored. Any faults are reported to the 
alarm centre by means of fault signals, 
which are treated in the same way as 
alarms. 

Encryption 
Alarm system circuits constitute a secu­
rity risk when they go through un­
supervised areas. Attempts may be 
made to put one or a group of alarm 
transmitters out of action by simulating 
the traffic that occurs when no alarms 
are being transmitted. Such sabotage 
can be prevented by providing every 
message with a signature that is 
changed with every transmission in a 
way which is known to the receiver. The 
message is encrypted and sent to the 
receiver, where it is decrypted and 
checked. The encryption eliminates any 
possibility of simulating the traffic, since 
the transmitted messages are always 

changing in an apparently random 
manner. The encryption is carried out in 
accordance with the algorithm that has 
been accepted as the standard by the 
National Bureau of Standards in the 
USA. 

Priorities 
Fault signals have priority over alarms 
from individual alarm units, since faults 
in the system or its communication 
paths can prevent the transmission of 
alarms from several alarm transmitters. 
Alarms from alarm units in their turn are 
divided into eight priority groups as re­
gards transmission. The purpose of the 
latter priority grouping is to prevent im­
portant alarms from being delayed by 
other alarms during occasional peak 
loads in the alarm network, for example 
in the case of large local power failures. 

Operator's position 
The incoming alarms are dealt with by a 
number of operators in the alarm centre. 
Each operator is provided with an 
operator panel, a display screen and a 
printer. The operator panel gives the 
operator an initial survey of the overall 
alarm state and is also used to orderthe 
desired information for display on the 
screen. 

The printer records all received alarms 
and the measures taken by the operator. 

Fig. 4 
Visual display screen and operator panel. 
The information on the screen consists of section 
number, object address, object state and propos­
ed measures 
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Functions of the alarm centre 
The operators are supported by the 
functions of the alarm centre equip­
ment. These functions are mainly real­
ized in software and by data base pro­
cessing in the computerequipment, and 
can vary in different installations. The 
functions described below may be con­
sidered as typical for a medium-sized 
alarm system. 

Authorization 
Several levels of authorization are used 
in order to prevent unauthorized in­
terventions in the various parts and 
functions of the alarm system. Each 
operator in a centre has a personal 
code, which together with one of three 
keys in the operator panel defines his 
authority level. 

The different levels used for the au­
thorized staff at an alarm centre are 
normally as follows: 

Level 1 -(lowest) Alarm operators who 
are authorized to receive and 
acknowledge alarms and to 
read out information concern­
ing the objects that give rise to 
alarms. 

Level 2-Chief operators, who can 
change the stored information 
concerning the objects and 
also their current states. 

Level 3 - T h e person responsible for a 
centre, who can change the 
configuration of the installa­
tion by changing the parame­
ters of the system. 

Level 4 - The person responsible forthe 
whole system, who can 
change the software of the 
system so that whole functions 
are changed. 

Authorization at a higher level automat­
ically gives access to all lower levels. 

The evaluation of alarms from the ob­
jects is systematized by dividing them 
into categories. The system permits a 
number of categories, and the signals 
from and to the objects are treated in a 
similar way within each category. 

Object states 
The situation at an alarm object is de­
scribed by means of the object state. 
This can be for example 
- switched on or off 
- alarm or no alarm 
- undergoing testing. 

When several alarm units are connected 
to one object, the object is divided into 
sections that can be disconnected sepa­
rately. 

Alarm display 
When the system detects a change in the 
state of an object, the operator is in­
formed by means of a buzzer and blink­
ing light in a red light-emitting diode on 
the panel. The operator acknowledges 
and the alarm is shown on the display 
screen. The display contains informa­
tion regarding 
- the identity of the object 
- the state of the object 
- number of the section in question and 

type of alarm 

Fig. 5 
Alarm printout. 
Occurrences are recorded on one or more printers 

1 Type of alarm 
2 State 
3 Date 
4 Time 
5 Controllable objects 
6 Sequence number 
7 Address and times 
8 Measures to be taken 
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- prerecorded instructions regarding 
action, with the relevant telephone 
numbers etc. 

- instructions and descriptions that 
may simplify the operator's task of ar­
ranging the correct action to deal with 
the received alarm in the shortest 
possible time. 

The operator can request further sum­
mary and detailed information displays, 
which may be needed to be able to as­
sess which measures are required. 

When the operator has completed the 
measures required for an incoming 
alarm, he removes the alarm and is then 
ready to deal with another alarm. 

Alarm priorities 
Certain types of alarms require immedi­
ate action, whereas some delay can be 
accepted for other types. Thus the 
system provides for five different priority 
levels for groups of objects. Incoming 
alarms are processed by the central 
equipment in accordance with this or­
der of priority. Each priority level is indi­
cated and handled separately and the 
operator is thereby informed about the 
priority category of every incoming 
alarm. 

There are three more priority levels in 
addition to the five mentioned above, 
namely 

- one for alarms from objects that are 
being tested 

- one for fault signals in the system 
(treated as ordinary alarms) 

- one for messages concerning recov­
ery from the alarm state. 

Expected changes in the object state 
Some changes of state are to be ex­
pected in a supervised plant. One exam­
ple are the changes that occur when a 
bank opens in the morning and closes in 
the evening. Certain parts of the security 
arrangements in the bank are put out of 
action during the day, such as alarm 
contacts in the outer doors and often 
also protective devices for the bank 
vault. 

Such normal changes are automatically 
dealt with by the system, as long as they 
occur within a preset time interval for 
the object, in order not to overload the 
operator. In practice this means that 
90 — 95% of the incoming reports are 
automatically handled by the central 
equipment. This makes the system more 
efficient, since the operators are usually 
called only when real alarms occur. 

Alarm handling 
Alarms occur at random times and gen­
erate an alarm traffic that can be calcu­
lated statistically. The traffic calculation 
methods used in telecommunications 
engineering can give the probability of 

Fig. 6 
Alarm transmitter. 
The alarm transmitter is mounted either in the 
same cabinet as the central unit or in a separate, 
similar cabinet 
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there being one, two, three etc. 
simultaneous alarms for processing in 
the centre. The system has an alarm 
queue for each priority category so that 
the alarms can be recorded and dis­
played in the right order. 

The operator is informed if there are 
alarms waiting to be processed. The 
operator can also return alarms to the 
alarm queue after they have been dis­
played, so that he can work on several 
alarms at the same time. 

Recording 
All alarms that are received and proces­
sed by the central equipment are re­
corded, both on the printer at the 
operator's position and in the data stor­
age equipment, for processing later. Ac­
tions by the operators that change the 
state of an object, the transmission 
system or the central equipment are also 
recorded. The records are used to follow 
up individual alarms and to assess other 
qualities in the operation of the system. 

Statistics 
One of the biggest problems as regards 
alarm systems is that of false alarms, i. e. 
alarms that have been released without 
there being an actual alarm situation. 
The greater the sensitivity of an alarm 

unit, the greater the risk of false alarms. 
False alarms are also often caused by 
faulty handling of equipment or incor­
rect use of various alarm units. 

Statistical evaluation, in an alarm cen­
tre, of received alarms and their causes 
provides the data for assessing and tak­
ing action regarding the numberof false 
alarms. The centralization makes it pos­
sible to record all alarms and compare 
them with corresponding alarms from 
other, similar installations. 

The statistical processing can also pro­
vide the basic data for a continual fol­
lowing up of the capacity and functional 
reliability of the system itself. 

Control facilities 
An alarm communication installation 
requires simple control facilities. For 
example, it must be possible to 
- reset alarms by means of remote con­

trol 
- switch fans, heating and lighting on 

and off 
- unlock and lock doors 
- acknowledge received alarms, for 

example from lifts 
- send various test signals. 

The system permits such control signals 
to be given either by manual interven-

Fig. 7 
Magazine with printed board assemblies. 
Central units, such as concentrators and line 
equipments, are built up of 19 magazines and 
mounted in 19 cabinets. Each magazine is con­
nected by means of plug and jack 
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Fig. 8 
Local computer-controlled alarm installation HAL 
102 

tion by the operator, by time programs 
or by the occurrence of events that were 
postulated in the program. 

Automatic testing 
The central equipment contains func­
tions that test the various system parts 
either automatically or on order from the 
operator. The pu rpose of the testing is to 
ensure that the installation is always 
ready to transmit and display alarms 
with the highest possible operational re­
liability. 

Duplicated alarm centres 
In cases where maximum security is re­
quired, the alarms can be transmitted 
from a concentrator to two alarm cen­
tres. Furthermore these two centres are 
connected to each other. When opera­
tional disturbances occur, alarms can 
also be transmitted over this connec­
tion. Alternatively the second centre can 
take over the responsibility for the alarm 
handling. 

Data base 
The data base in the alarm communica­
tion system comprises primarily the fol­
lowing information: 
- objects descriptions with addresses 

and current telephone numbers 
- registers with proposed measures for 

each alarm 
- descriptions of the emergency ser­

vices (police, fire brigade and various 
service organizations) with addres­
ses, telephone numbers and other es­
sential data. 

Input of system parameters 
Many functions that concern the com­
munication between operator and 
system are carried out with the aid of 
dialogues between the operator and the 
system. 

The system presents the operator with a 
number of possible alternative actions 
and the operator chooses one of them. 
The system then puts questions to the 
operator, who answers them either with 
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Fig. 9 
Diagram of the software in HAZ 11101. 
The purpose of the operating system RSx11-M is 
to distribute the work load on the various proces­
sors in the computers. An I/O processor is used to 
aid the central processor with the input and output 
of data to series-connected devices. The applica­
tion programs are written in a high-level language 
to facilitate adaptation to different customer requ­
irements. 

a yes or no or with various data, texts, 
telephone numbers etc. In this way, even 
staff who are not data experts will quick­
ly learn to alter and adjust the parame­
ters of the installation. The input data 
are checked and are accepted only if 
they seem plausible. 

Units in the system 
The BYB construction practice, which is 
used for system AXE, is also used forthe 
units in alarm communication system 
HAZ 11101. The magazines consist of 
19" shelves of type BFL, and contain 
printed board assemblies of type ROF13 
(178x222 mm). 

The alarm transmitters, which contain 
all the necessary electronic circuits, in­
cluding a voltage regulator and circuits 
for eight inputs and outputs, are de­
signed as printed board assemblies of 
type ROA 119(344x222 mm). 

The cabinets for the alarm magazines 
are equipped with locks and alarm con­
tacts. Inputs and outputs are connected 
via an 80-pole RNV contact to each 
magazine. Certain signalling connec­
tions between the magazines utilize the 
front contacts on the units that handle 
the signalling between the shelves. 

Each magazine contains a converterfor 
the system voltages +12, +5and —12V. 
The magazines are equipped with dif­
ferent printed board assemblies de­
pending on their function in the system. 
Each magazine also contains a micro 
computer of type APN 16501. 

The system can be powered from 
standard rectifiers for voltages between 
20 och 66 V. 

Equipment 
Units that are normally used 
Magazines 
BFL 304-For connecting four concentrator 

lines to one or two computers in the 
central equipment 

BFL 303 - Multiplexor for four concentrator li­
nes 

BFL 302 - Control unit for concentrator 

BFL 301 - Receive equipment for 32 alarm 
transmitter lines 

Other units 
ZHZ 51501 

ROA 119 9302 

PDP 11 

-Multiplexor for four alarm 
transmitters 

-Alarm transmitter for the 
transmission of 8 alarms and 
8 control signals. The capaci-
tyofthealarm transmitter can 
be increased in steps of 8 in­
puts and outputs to a max­
imum of 32 inputs and out­
puts 

- Minicomputer in the alarm 
centre having an internal 
memory of 256k bytes and 
disk stores of at least 10M 
bytes 

Special units and systems in operation 
in large numbers 

HAL 101 - A simple transmission link 
with 1200 baud FSK modem 
and semiduplex asynchron­
ous operation 

HAL 102 - Local large computer-con­
trolled alarm installation that 
supervises the security and 
operation of buildings and 
whole industries 

- Regional system with simpli­
fied alarm display 

HAL 106 -Transmission system which 
forms part of HAZ 11101 but 
which can also be connected 
to HAL 102 systems 

HAL 107 -Transmission system with 
DC pulses that is connected 
to HAL 102 and which is used 
particularly for fire alarms 

HAL 108 -Transmission system which 
forms part of HAZ 11101 

HAL 11101 - VF transmission system that 
is connected to HAL 102 and 
can transmit up to 8 state in­
dications for one object 

The transmission systems in the ALARMCOM 
family can be combined to give the desired 
function in an alarm communication installa­
tion. For example, a HAL 102 concentrator with 
a standard cable and standard units can be 
connected to a concentrator in HAZ 11101. 
Alarm transmitters in HAL 106 can also be con­
nected to a concentrator in HAL 102. 



ERICSSON SLAR -
Airborne Radar 
for Maritime Surveillance 
Birger Ekengren 

LM Ericsson's Ml Division have developed a radar that is intended particularly for 
maritime surveillance from aircraft. It was developed on commission from the 
Swedish Space Corporation and in collaboration with the Swedish Coast Guard. 
System studies proved that a side looking radar would be best for the purpose. The 
radar system ERICSSON SLAR (Side Looking Airborne Radar) has been tested in 
the aircraft of the Swedish Coast Guard since 1977. It is now in series production 
and is being marketed in several countries. 
In this article the background of ERICSSON SLAR and the radar itself are described. 
Calculated performance and test results are also given. 

UDC 621.396.967: 
629.7 
621.396.96 3 

Since 1977 most coastal nations in the 
world claim an economic zone of 200 
nautical miles off their coasts. The de­
mand for the extension from 3 or 12 
nautical miles, which was previously the 
usual limit, arose mainly because of the 
development in two fields. Firstly the 
traditional coastal industry, fishing, was 
threatened by depletion by increasingly 
efficient fishing fleets. Secondly off­
shore oil finds were of fundamental im­
portance to the economy of many 
countries. 

However, if an economic sea zone is to 
be upheld it must be possible to 
supervise it efficiently. Radar recon­
naissance is an efficient means of de­
tecting and tracing ships at any time of 
the day or night. The surveillance can be 
carried out from land-based radar sta­
tions, from ships or from aircraft. The 
choice of method must be made indi-

BIRGER EKENGREN 
Ml Division 
Telefonaktiebolaget LM Ericsson 

vidually, to suit the organization that is 
to carry out the reconnaissance. 

Radar reconnaissance 
from aircraft 
The supervision of Swedish waters is 
handled jointly by the Air Force, the 
Naval Forces and the Coast Guard. All 
these organizations utilize airborne 
radar. The Swedish Coast Guard have 
chosen to complement their coast 
supervision vessels with light aircraft. 
Two Cessna 337 Skymasters, fig. 1, have 
been in use since 1976, and in 1979 a 
Cessna 402 was added to the aircraft 
fleet. There are plans to purchase 
another plane in 1981. 

The Coast Guard aircraft are used 
mainly to supervise fishing and check 
on oil discharges. Since aircraft have 
greater mobility and surveillance capac­
ity than ships they can be used to direct 
a ship to the correct area quickly and 
thus contribute to good overall 
economy. 

Radar is a necessary aid in air recon­
naissance since the radar can locate 
ships as well as oil slicks at great dis­
tances regardless of the optical visibili-

Fig. 1 
The Coast Guard Cessna 337 with an SLAR anten­
na pod 
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Type of ship Gross Mean cross 
tonnage section (m2) 

Dinghy 0.3 0 .1-1 
Small fishing vessel 5 5 - 1 0 
Steel trawler 100 100-150 
Small coastal vessel 200 500 
Cargo ship 10 000 5 000 
Tanker 40 000 100 000 

Table 1 
Typical radar cross sections for ship targets 

Fig 3 
The relation between flying altitude and radar 
horizon in normal atmospheric conditions 

ty. The radar pulses can also penetrate 
rain and fog, which makes the method 
relatively independent of the weather. 
This increasesthe number of hours dur­
ing which air surveillance is possible. 
The surveillance can be carried out at 
irregular intervals. When sea-patrol 
aircraft are equipped with radar, inten­
tional oil discharge and illegal fishing 
can therefore not take place under the 
protection of darkness or bad weather 
without the risk of discovery. 

Radar surveillance does not normally al­
low identification of the target. However, 
when a suspect ship is discovered, it can 
be identified by flying to the spot or 
sending a ship there. The plane should 
be equipped with cameras to record the 
suspect ship, possibly supplemented by 
infrared sensors or low-light television 
for reconnaissance in the dark. The 
optical equipment usually necessitates 
flying at a low altitude. 

Radar system for airborne 
maritime surveillance 
Range for large targets 
A steel trawler or a coastal vessel consti­
tutes a large radar target, table 1. Even a 
fairly simple radar system with a moder­
ate output power can detect such tar­
gets at a distance of 50—100 km. In the 
caseof civil reconnaissance from afairly 

low altitude it is often not worth while 
investing in more powerful radar sys­
tems since the curvature of the earth 
means that the targets can only be de­
tected out to the radar horizon, fig. 3. 
However, in the case of military recon­
naissance it must be assumed that the 
radar system will be exposed to elec­
tronic countermeasures, which justifies 
more advanced and thus more expan­
sive radar systems. When designing 
radar for maritime surveillance it is thus 
essential that the system requirements 
are thoroughly analyzed, so that one 
does not pay for performance 
characteristics that can never be 
utilized. 

Range for small targets 
If the normal tasks of the airborne re­
connaissance include assistance in sea 
rescue operations and the pursuit of 
smugglers, it must be possible to detect 
very small radar targets. For these to be 
visible on the radar indicator it is not suf­
ficient that the reflected signal is strong 
enough to be detected by the receiver. 
The target signal has to compete with 
reflections from the surface of the sea, 
sea clutter, which are characterized by 
their mean amplitude and their varia­
tions with time. 

In order to reduce the mean level of the 
sea clutter the horizontal beam width 

Fig. 2 
Illegal oil discharge in the Baltic Sea. 
The photograph was taken from the Coast Guard 
Cessna 337. The data panel in the top right-hand 
corner shows that the photo was taken on July 
17th, 1978, at 16.55.32, latitude 57°29.9 and lon­
gitude 17°26.5'. These data are also used in the 
SLAR display 
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must be small, the radar must have a 
short pulse length and the aircraft must 
fly low. The disadvantage of short pulse 
length and low flying is that they reduce 
the posibilities of seing targets at great 
distances. A narrow antenna beam can 
be obtained by using a large antenna, 
which would obviously cause installa­
tion problems in the plane. 

The effect of the sea clutter varations 
can be reduced by using the mean of a 
large number of readings (video integra­
tion). This can only be done if the anten­
na beam points at the target for a long 
time. 

The conclusion is that the possibility of 
detecting small targets increases if the 
radar system is equipped with a large 
antenna, which slowly scans the rele­
vant area. A simple way of achieving this 
is to use the principle of a side looking 
radar with a fixed antenna, fig. 4. 

Corporation, LM Ericsson started work 
on the development of an airborne 
surveillance radar for the Swedish Coast 
Guard. At that time the new radar was 
mainly intended for oil spill reconnais­
sance. 

Initial system studies showed that a side 
looking radar gives better possibilities 
of detecting oil on the water than a con­
ventional forward looking radar. To be 
able to solve certain hitherto unsolved 
system choice problems it was decided 
to develop a prototype and install it in 
one of the Coast Guard planes. The 
Coast Guard were anxious to have con­
tinuous display of the radar picture in 
the plane during the flight. The radar 
system was therefore equipped with dig­
ital signal processing, so that a radar 
map could be displayed on an ordinary 
TV monitor without delay. A new anten­
na was developed that gave optimum 
coverage of the sea. 

Radar for the 
Swedish Coast Guard 
Choice of system 
In 1976, on behalf of the Swedish Space 

The prototype of ERICSSON SLAR was 
delivered in November 1977 and instal­
led in the aircraft in January 1978. The 
system has been tested both in field tri­
als and in practical operation for almost 

Fig. 4 
Side looking radar (SLAR). Functional principle. 
A large antenna is mounted so that the antenna 
beam points perpendicularly to the flight direc­
tion. The antenna is mounted fixed, so scanning 
takes place by the plane moving forward 
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two years. It has functioned satisfactori­
ly for supervision of ships as well as in 
the detection of oil slicks and small 
boats, and it was therefore possible to 
start series manufacture without any 
major changes being necessary. The 
series model of the radar is equipped 
with two antennas so that surveillance 
can be carried out simultaneously to 
both sides of the flight path if necessary. 
The tests have shown that it is not 
necessary to stabilize the antennas. 
Even a small plane as the Cessna 337 
has such stable flight over the sea that 
fixed antennas can be used. 

Description of ERICSSON SLAR 
The radar system ERICSSON SLAR con­
sists of five replaceable subunits, fig. 5. 

The antenna unit consists of a three 
metre long fibre-glass pod, which con­
tains two slotted waveguide antennas. 
The switching between antennas is 
done with the aid of a ferrite circulator. 
The antennas are designed with mini­
mum horizontal beamwidth to give max­
imum angular resolution. Vertically the 
beam must be wide in order to provide 
sufficient illumination near the aircraft 
and insensitivity to variations in roll ang­
le. The antenna gain in directions above 
the horizontal plane has been reduced 

to a minimum in order to prevent in­
terfering reflections from the wings and 
fuselage. 

The transceiver unit is in all essential 
aspects identical to an ordinary pulse 
radar of the type used as weather radar 
in civil aircraft. The receiver has high in­
stantaneous dynamic range to be able to 
receive signals of varying amplitude. It 
has a logarithmic characteristic in order 
to reduce the span between the weakest 
and the strongest signal. 

A factor that was considered of great 
importance was that the gain of the 
radar receiver should be variable with 
time, so that near echoes are attenuated 
in relation to distant echoes. This re­
duces the difference between strong 
signals from nearby targets and weak 
signals from distant targets. Targets of a 
similar size are displayed with the same 
intensity on the radar indicator, regard­
less of their distance from the flight 
path. 

The signal processing unit, fig. 6, carries 
out analogue-to-digital conversion of 
the video signals from the receiver, with 
an accuracy of 6 bits. Its main function is 
to add the signals from a large number 
of transmitted radar pulses and store the 

Fig. 5 
System block diagram for ERICSSON SLAR and 
interworking equipment 



Fig. 7 
Control panel. All system functions are controlled 
from the panel except the luminance and contrast 
of the TV monitor 

result in a TV refresh memory. From the 
memory the information is fed out to the 
TV indicator in the form of a map that 
moves down the screen as the plane 
moves. 

The signal processing unit receives digi­
tal data from the navigation equipment 
in the aircraft. From these the speed of 
the aircraft is calculated, which is then 
used to control the speed of the rolling 
map movement. In this way the picture 
gets the same scale of distance in the 
flight direction as across it. (See the fact 
panel on page 157 for further informa­
tion.) The operator can indicate a radar 
target on the screen with a light pen. A 
micro processor in the signal proces­
sing unit calculates the position of that 
target and gives the latitude and lon­
gitude in a text display area at the bot­
tom of the screen. Navigation data, time 
etc, are also displayed in the same text-
area. 

The signal processing unit is interfaced 
to a digital tape recorder. Radar map 
pictures can be recorded for later 

playback, either in the plane or, after 
landing, in a picture processing unit on 
the ground. The map picture can also be 
transmitted direct to a ground station or 
a ship via a communication radio chan­
nel. The signal processing unit gener­
ates test signals which can be used to 
locate any faults to the faulty subunit. 

From the control panel, fig. 7, the 
operator can control the whole system 
with the exception of certain adjust­
ments of the TV monitor, which must be 
done direct on the monitor. 

The video signal is in accordance with 
current (CCIR) TV standards, and thus 
both the TV monitor and video tape re­
corder can be of standard types. The TV 
techniques make it possible to display 
stable radar map pictures, which can be 
viewed in full daylight. 

The total weight of the radar system is 
less than 75 kg, of which the antenna 
pod accountsfor30 kg. However, in cer­
tain aircraft it is necessary to install an 
antenna on each side of the fuselage, 

Fig. 6 
Signal processing unit with built-in power supply 
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Fig. 10 
Fibre-glass boat with an outboard motor. Gave the 
upper radar echo at C in fig. 8 below 

Fig. 11 
Coast Guard cutter. Gave the lower radar echo at 
C in fig. 8 

Fig. 8, left 
Oil discharge in the Baltic. 
Picture area 20 • 20 km to the right of the flight 
path. The spot A is 400 I and B 50 I of diesel oil, 
which were discharged from the trial ship C 
approximately one hour before the flight. The 
large oil slick D is an illegal discharge of bilge wa­
ter approximately 2 days earlier. Wind speed 8 m/s 

Fig. 9, right 
Oil discharge in the North Sea. 
The recording shows 25 tonnes of crude oil 
(Ekofisk), which had expanded to 12 km - 2 km 
approximately 24 hours after the discharge. The 
spot E is a research ship and F a trawler. Wind 
speed 4 m/s 

which increases the overall weight 
somewhat. The installation in the air­
craft is very simple and only requires 
connection to 28 V DC and where 
appropriate also matching to the 
navigational equipment, tape recorder 
and radio. 

Performance 
ERICSSON SLAR has undergone fairly 
extensive trials in order to evaluate its 
performance as regards different tar­
gets. This applies particularly to control­
led oil discharges. Figs. 8 and 9 show 
recordings from such trials. Experience 
indicates that discharges in excess of 
100 litres show up very clearly within 20 
km of the flight path. The contrast be­
tween oil and water is good regardless 
of the wind direction with wind forces of 
more than 1 m/s. Even very thin oil 
layers give good contrast relative the 
water. It is not possible to determine the 
quantity and type of oil via the radar. 
However, the surface area, position and 
drift of the oil slick can be mapped, and 
also its position relative any ships. 

Theoretical calculations for surveillance 
from an altitude of 500 m, fig. 12, show 
that the possibility of discovering small 
radar targets is good up to approximate­
ly 20 km, after which it deteriorates. The 
smallest detectable target radar cross 
section is largely dependent on the fly­
ing altitude and sea state. Calm sea and 
low altitude give the best performance. 
Large ships can be seen right out to the 
radar horizon. The trial results agree 
with these calculation results, although 

it has not been possible to make exact 
comparisons. Fig. 12 also shows that a 
side looking radar gives considerably 
better performance for small targets, 
and better surface coverage than a cor­
responding forward looking radar. 

For ship reconnaissance the ability of 
the radar to distinguish between closely 
grouped targets is important, for exam­
ple to determine the number of boats in 
a fishing fleet. A SLAR with its large 
antenna can distinguish between such 
targets better than a conventional for­
ward looking radar. In afield trial a small 
glass fibre boat, fig. 10, was positioned 
approximately 300 m from a Coast 
Guard cutter, fig. 11. As can be seen 
from fig. 8 both boats could be disting­
uished on the radar screen when they 
were 13 km from the plane. 

Conclusion 
Airborne reconnaissance of Swedish 
territorial waters has proved to be an 
efficient way of deterring potential law 
breakers. The number of intentional oil 
discharges has successively decreased 
since this surveillance started. The re­
connaissance capacity of the aircraft 
fleet will be radically improved in 1980 
through the installation of SLAR. Any 
skipperwho then decides to clean his oil 
tanks at sea or fish in Swedish waters 
can no longer count on avoiding dis­
closure. The Coast Guard also obtain an 
efficient surveillance aid that will stand 
them in good stead in sea rescue opera­
tions and oil catastrophes. 



Fig. 12b 
The sea su r f ace s c a n n e d du r i ng one hou r of f l y ing . 
The d iag ram shows the d i f fe rence in c o v e r a g e be­
tween ERICSSON SLAR and an equ iva len t for­
ward look ing radar (FLAR). 
A s s u m p t i o n s : F ly ing a l t i tude 500 m 

F ly ing speed 100 m/s 
Sea s ta te 2 - 4 

E R I C S S O N S L A R 
D i s p l a y r a n g e ± 8 0 k m x 3 0 k m 

Fig. 12a s h o w s ca lcu la ted de tec t ion a reas for 
ERICSSON SLAR wi th s o m e typ ica l radar ta rge ts : 
a l i feboat , a sma l l f i sh ing vesse l and a ca rgo sh ip. 
As a c o m p a r i s o n the co r respond ing de tec t i on 
area for a f o rward look ing radar (FLAR) has been 
ca lcu la ted . The two sys tems are a s s u m e d to have 
the s a m e radar pe r f o rmance and to di f fer only as 
regards scann ing sys tem, d i sp lay a n d b e a m wid th 
(0.5° for SLAR and 3° for FLAR). The ca lcu la t ions 
show that the less g o o d angu la r reso lu t ion of such 
a FLAR makes it unab le to de tec t ta rgets of less 
than 20 m 2 w i th the g i ven assumpt i ons . 

Lifeboat 
(radar cross section : 

Small fishing vessel 
(radar cross section : 

Detection range 
SLAR FLAR 
(across) (radially) 

1m2) 1-19 km 

20m2) 1 -38km 2 - 3 0 k m 

^ M Cargo ship 
(radar cross section >500 m2) 1 - 78 km 1 - 62 km 

Assumptions: Flying altitude 500 m 
Flying speed 100 m/s 
Sea state 2 - 4 

Table 2 
Techn ica l da ta fo r ERICSSON SLAR 

Antenna 
Beam width, horizontal 

vertical 
Antenna gain 
Polarization 
Surveillance direction 

Transceiver unit 
Radar frequency 
Output power 
Pulse width 
Pulse repetition frequency 
Noise factor 
Automatic gain control 
Manual gain control 
Sensitivity time control 

Signal processing 
Digital memory 

Indicator 
Standard CCIR TV (625 lines) 
Range scales 20, 40, 80 km 

0.5° 
33° 
31 dBi 
vertical 
left, right 
or both sides 

9.4 GHz 
10 kW 
0.5 us 
1.0 kHz 
8dB 
AGC 
MGC 
STC 

1.6 Mbit 

TV display of SLAR pictures 
The advantage of TV display compared wi th a 
convent iona l radar ind icator (PPI) is that the 
radar map is shown cont inuous ly and w i th c o n ­
stant luminance. The TV picture is updated 25 
t imes per second and is stored in a refresh m e m ­
ory in the radar s ignal process ing unit. 

The ERICSSON SLAR dig i ta l memory holds 
5 1 2 x 5 1 2 x 6 bits. This is suf f ic ient to show the 
radar map p ic ture w i th 64 grey tones on 512 l ines 
in the TV p ic ture. Each l ine then consists of 512 
picture spots. The def in i t ion of a s tandard TV 
mon i to r is l imi ted to approx imate ly the above 
512x512 p ic ture spots, and a larger store wou ld 
therefore not give any advantage as regards dis­
play reso lu t ion. 

The s ignal process ing works wi th a resolut ion 
that cor responds to 78 m long sect ions of the sea 
across the f l ight path (sampl ing rate 2 MHz). 
When a processed radar video s ignal is fed out to 
the TV moni to r , 512 such def in i t ion elements, 
pixels, can be shown on a l ine in the p ic ture. The 
map p ic ture w id th thus cor responds to 512x78 
m, i. e. 40 km. This w id th is usually suf f ic ient when 
survei l l ing for oi l s l icks. The area s h o w n on the 
mon i to r then covers 20 km each side of the f l ight 
path and approx imate ly 30 km in the f ly ing di rec­
t ion , f ig . A. 

When search ing for ships, a survei l lance w id th of 
40 km is of ten not enough . The p ic ture can then 
be d iv ided as shown in f ig . B or f i g . C, wh i ch in ­
creases the displayed w id th to 80 km. The pos i ­
t ion of the p lane relative the map p ic tu re is 
marked w i th an arrow. In both cases the signal 
processing uni t adapts the video in tegrat ion t ime 
to the f ly ing speed so, that the TV map p ic ture has 
the same d is tance scale a long and across the 
f l ight path. Each p ic ture e lement then cor­
responds to approx imate ly 78 m x 60 m of the 
observed area. 

The use of the digi ta l memory and the d ispos i t ion 
of the p ic ture area are con t ro l l ed by a m ic roproc­
essor. Both the picture layout and the displayed 
areas can be change by means of a s imple re-
p rog ramming . It is also possible to enlarge parts 
of the map p ic tu re so that the mon i to r on ly shows 
an area of 20 km x 15 km. Whi le th is area is 
studied in detai l , the memory is uppdated as usual 
w i th new in fo rmat ion across the who le surve i l ­
lance w id th . 

If larger display w id th than 80 km is requi red, the 
signal processing uni t can reduce the def in i t ion 
so that each p ic ture e lement cor responds to 
approx imate ly 156 m x 120 m of the sea surface. A 
map p ic ture in accordance wi th f ig . D can then be 
obta ined. 

2 0 k m 2 0 k m 



2 Mbit/s Optical Fibre Line System 
ZAM 2-1 

Hans Giertz and Viesturs Vucins 

LM Ericsson is carrying out development work on optical fibre components and 

systems. As a part of this work a line system for 2.048 Mbit/s, intended for a first-or­

der PCM system, has been developed. 

A number of line systems are now being tried by customers in the special applica­

tions for which the system is primarily intended, e. g. electrically disturbed envi­

ronments, where conventional cable systems do not give satisfactory transmission 

quality, or where a system must be electrically isolated from the surroundings 

because of differences in potential. 

UDC 621.315: 
621.391.63 

Fig. 1 
Block diagram and interfaces for the 2Mbi t /s op t i­
cal fibre line sys tem Z A M 2-1 

MUX PCM multiplex equipment for 30 channels 
LTE Optical fibre line terminal repeater equipment 
D1 Digital link Interface 7SQ (2 Mbit/s) 
Fi Optical fibre interface (4 Mbaud) 

Interface cable (coaxial 75Q) 
^^— Line cable (fibre) 

In this article LM Ericsson's first optical 
f ibre line system is presented. It is in­
tended for digital transmission at 2.048 
Mbi t /s , corresponding to 30 PCM coded 
telephony channels, on optical fibre ca­
ble with a regenerator spacing of up to 6 
km. The recommendat ions of CCITT 
have been fo l lowed when developing 
the equipment. From the system point of 
view the equipment is very like LM 
Ericsson's convent ional digital systems 
in the M5 construct ion practice, which 
makes for easy adaption to other trans­
mission equipment. 

The equipment is characterized by high 
reliability, good transmission proper­
ties, great f lexibil i ty and a design that 
facil i tates installation and maintenance. 
These characterist ics were aimed at 
when choosing the system solut ion and 
the components. 

System structure 
In many respects the optical f ibre digital 
line system ZAM 2-1 has the same me­
chanical and system structure as LM 
Ericsson's convent ional digital line sys­
tems ZAD 2-4 and ZAD 8-2 in the M5 
construct ion practice, for transmission 
on pair and quad cables. 

The structure of the optical f ibre digital 
line system is shown in f ig. 1. 

The connect ion to the line is made via 
the coaxial interface D1, which is 
standardized by CCITT. This means that 
the opt ical f ibre link can be connected 
to all other standardized equipment for 
2 Mbi t /s . 

The electrical signal is converted to an 
opt ical signal and vice versa in the line 
terminal repeater equipment. The opti­
cal interface F1 is designed to provide 
opt imum adaption to f ibre cables for 
long distance communicat ion. ZAM 2-1 
comprises only rack-mounted repeater 
equipment and in this respect it differs 
from LM Ericsson's systems for pair ca­
bles, wh ich also include dependent in­
termediate repeaters. The optical fibre 
system is primari ly intended for use in 
environments wi th electromagnetic in­
terference, where convent ional cable 
systems would not give satisfactory 
transmission quality, or in cases where 
the system must be electrically isolated 
f rom the surroundings. In such applica­
tions the transmission distances seldom 
exceed a few ki lometres. 

The transmission range of the link is de­
pendent on the attenuation of the fibre 
cable. A f ibre cable attenuation of 4 
dB /km gives a transmission range of up 
to 6 km. If longer transmission distances 
than 6 km are required via the optical 
fibre link, several opt ical f ibre line sec­
tions can be connected together in 
tandem, and pairs of terminal repeaters 
wil l then funct ion as intermediate re­
peaters. 

The electro-opt ical converter in the 
transmitter is a special l ight emitt ing 
diode that has been developed for opt i­
cal f ibre appl icat ions. 

At present a l ight-emit t ing diode has the 
fo l lowing advantages over a laser diode: 
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- longer life 
- lower coast 
- requires a considerably lower degree 

of complexi ty in the drive circuit . 

The advantages of the laser diode be­
come apparent only in systems for high 
transmission speeds, where the speed 
and narrow spectrum of the laser diode 
are important. 

TERMINAL REPEATER EQUIPMENT 
In the terminal repeater equipment the 
signals in the send and receive direc­
tions are converted between the electr i­
cal digital interface D1 and the optical 
fibre interface F1. The terminal repeater 
also includes equipment for detecting 
faults and indicat ing alarms. The termi­
nal repeater equipment is mounted on 
three printed boards. The send and re­
ceive parts are shown in f ig. 4. 

Send side 
Fig. 3 shows the block diagram of the 
terminal repeater equipment. The opt i ­
cal f ibre transmitter contains an en­
coder, drive circuit and electro-opt ical 
converter. 

The bipolar signal obtained from the 
digital interface is not suitable as a 
modulat ing signal in an optical system. 
In the encoder the signal is converted to 
a unipolar signal, where the relation be­
tween the incoming and the generated 
symbol fo l lows a certain code. The code 
must be chosen so that: 
- it is possible to carry out t iming recov­

ery in the receiver 

- it is possible to detect faults 
- the circuits have a low degree of com­

plexity 
- it is possible to transmit alarm signals 

(AIS). 

The code chosen for this system is an 
1T2B type code. It is also called MCMl 
because it can be considered as a mod­
ified CMI code. Every incoming ternary 
symbol is converted to two binary 
symbols. The opt ical f ibre line wil l thus 
have a symbol rate of 4.096 Mbaud. The 
large bandwidth of the fibre permits this 
signal to be transmitted without any in­
ter-symbol interference. The coding ta­
ble is shown in f ig. 2. 

Because of the high degree of re-
dundandy the chosen code permits very 
simple designs for the encoder, decoder 
and fault detection circuits. This is im­
portant in a system that is normally not 
equipped with intermediate repeaters, 
and where the terminal repeaters there­
fore represent a large part of the system 
cost. The code also makes the optical 
f ibre link transparent to the D1 signal, 
and hence the bit error supervision can 
take place in the D1 interface. 

In the drive circuit of the transmitter the 
binary signal f rom the encoder is con ­
verted to binary current pulses, which 
intensity modulate the l ight emitt ing 
diode. The light f rom the diode is con­
nected to a f ibre, which leads the light to 
an optical fibre connector, a plug, at the 
rearedgeof the printed board assembly. 
The rear edge of the shelf is equipped 

Fig. 3 
Block diagram of terminal repea ter equipmen t in 

ZAM 2-1 

HDB3/ Encoder/decoder for converting HDB3 
MCMl signals to/from MCMl signals 
OTX Optical fibre transmitter 
ORX Optical fibre receiver 
ACU Automatic changeover unit 



Fig. 4 

Optical fibre receiver (left) and transmi t ter in the 
2 A M 2-1 terminal repea ter equipmen t . The elec tri­
cal and op t ical connec tors are moun ted a t the rear 
edge of the boards. Fibre cables connec t the op t i­
cal connec tors with the transmi t ter and receiver 
diode 

with an optical fibre jack, and the light is 
led via a cable to the optical fibre in­
terface F1 at the left edge of the shelf. 

Receive side 
In a corresonding way the received 
signal in the optical fibre interface F1 is 
led via a shelf cable, a board connector 
and a fibre on the receive printed board 
assembly to the opto-electrical conver­
ter. In this system the converter consists 
of a high efficiency PIN diode. The cur­
rent generated by the light in thediode is 
amplified and filtered, and the signal is 
regenerated. After the 4.096 Mbaud uni­

polar signal has been regenerated it is 
converted back to the original bipolar 
D1 signal. 

Because of the large bandwidth of the 
transmission medium, the sensitivity of 
the system will be dependent on the 
noise caused by the input amplifier and 
not on the inter-symbol interference 
caused by the transmission medium. 
Great efforts have been made to keep 
the noise low in the input amplifier. The 
signal current is only 2 nA, which means 
that the electronic equipment must have 
electromagnetic shielding from the sur­
roundings. One basic aim has been to 

Fig. 5 
Alarm func t ions in the terminal repea ter equip-

Absence of pulses, send direction 

Absence of pulses, receive direction 

High error rate, receive direction 

Strappable, combinatory logic circuit 
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Fig. 6 
Automatic changeover be tween a working and a 
s tandby sys tem. The changeover is ini t ia ted by 
the absence of a signal in the receive direc t ion or 
loo high an error ra te in the received signal 

LTE 1 Optical fibre terminal repeater, system 1 
CL Control logic for automatic changeover 

obtain simple circui t solut ions, and the 
large bandwidth of the f ibre, in com­
bination with the chosen line code, have 
made it possible to el iminate certain 
funct ions, such as adaptive equalization 
of the signal, automatic gain control and 
adaptive decision level. 

Optical fibre connectors 
Low attenuat ion in optical f ibre con­
nectors usually demands very high pre­
cision in the mechanical parts of the 
connector, in the order of a few j im. This 
makes the connectors very expensive. 
LM Ericsson have chosen a different 
solut ion. 

In the opt ical fibre interface F1, to which 
it must be possible to connect a number 
of different f ibre cables (the fibre pa­
rameters are not standardized yet), a 
unique, patented construct ion is used, 
which is based on connector elements 
with moderate tolerances, but where the 
precision is achieved by exact adjust­
ment of the fibre ends. This ensures that 
the opt imum adaption to the transmis­
sion f ibre is always obtained. After the 
adjustment, which is normally only car­
ried out once, when the system is instal­
led, the fibre is locked in place. The con­
nector can then be plugged in repeated­
ly wi thout affecting the low attenuation 
and wi thout readjustment being neces­
sary. 

Units are connected to the shelves by 
means of a non-adjustable board con­
nector with low attenuation. The light 
emitt ing diode is connected via a fibre 
with larger diameter than the fibres in 

the shelf and transmission cables. The 
difference in diameter between the two 
fibres counteracts tolerance errors in 
the connector. 

The fact that the detector diode has a 
large area is exploi ted on the receive 
side. As on the send side, the connec­
t ion between connector and diode can 
thus be made using a thick f ibre. The 
loss in the two connectors thus be­
comes negligible. The connectors are 
designed to give an air gap of approxi ­
mately 10 |im between the two fibre 
ends. This makes the mechanical wear 
on these sensitive surfaces small. 

Alarms, automatic changeover 
The digital link interface D1 is mon i ­
tored, and the alarm phi losophy is the 
same as for the conventional systems 
for pair cable, ZAD 2-4 and ZAD 8-2, f ig. 
5. The supervision comprises the incom­
ing and outgoing electrical signal 
(absence of signal gives an alarm) and 
the bit error rate in the receive direct ion. 
Light emit t ing diodes that are visible 
through the unit f ront indicate alarm 
states. 

The terminal repeater shelf ZFM 23101 
can be equipped with an automatic 
changeover unit which, in the case of an 
alarm in the receive direct ion, automat i ­
cally switches over to another system, 
f ig. 6. 

OPTICAL FIBRE SHELVES 
The system contains two types of 
shelves, which enable the opt ical f ibre 
line to be connected to other line sys­
tems or to mult iplex equipment. 
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The following equipment can be 
mounted in terminal repeater shelf ZFM 
23101: 

- two optical fibre terminals 
- an automatic changeover unit 
- a pseudo random generator. 

The optical fibre terminals can be con­
nected to multiplex equipment, a radio 
relay link or other external equipment 
via the coaxial interface D1. The au­
tomatic changeover unit permitsswitch-
ing to a standby consisting of the other 
optical fibre link or an external link. 

The pseudo random generator sends a 
signal over an unoccupied line. The 
normal alarm circuits of the line can 
then be used for supervision. In cases 
where an optical fibre intermediate re­
peater is required, two terminals can be 
connected together via the D1 interface. 

In the other shelf, ZFK 24211, fig. 7, the 
optical fibre link can be connected to 
speech channels and E & M signalling 
channels. In addition to the optical fibre 
line terminal the shelf contains LM 
Ericsson's multiplex equipment for 30 
channels, E & M signalling equipment 
for 2x30 channels and a decentralized 
power unit. It can therefore be con­
nected either to subscribers or to an ex­
change via external subscriber line relay 
sets. 

Field trials 
A number of systems are undergoing ex­
tensive trials by various customers, in 
applications where the environment is 
electrically disturbed, where there is risk 
of thunderstorms or where a system 
must be electrically isolated from the 
surroundings. 

Various cable laying methods have been 
used, such as running in ducts, plough­
ing into the ground, suspension on 
poles and near high-voltage cables. The 
LM Ericsson subsidiary Sieverts Kabel-
verk provides cable types suitable for 
the various methods. 

One system was installed in collabora­
tion between LM Ericsson, Sieverts 
Kabelverk, Sydkraft AB (electricity sup­
pliers) and Kabeldon AB (manufacturer 
of cable accessories) in October 1978. 
The optical fibre line system ZAM 2-1 
was installed between two transformer 
stations in south Sweden. The line is 
approximately 1 km long and the fibre 
cable is integrated in a three-phase 24 
kV power cable AXKJ 3x95/25 mm2, fig. 
8. Such composite cables are expected 
to reduce the installation costs in future 
power distribution networks. It is also 
expected that it will be possible to use 
the transmission line with its high 
capacity for other purposes than the 
transmission of data within the power 

Fig. 7 
Shelf for PCM multiplex terminal and optical fibre 
terminal, ZFK 24211 
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network, for example for normal tele­
phone services. The cable was installed 
by personnel from Sydkraft and Sieverts 
Kabelverk, the installation of the optical 
fibre connectors on site was carried out 
by Kabeldon AB and the installation of 
terminal repeaters and power supply 
equipment by Sydkraft and LM Erics­
son, fig. 9. 

Measurements carried out during the 
trial indicate that there has been no 
change in the performance of the fibre 
cable and no bit errors have occurred on 
the transmission line. 

Technical data for optical 
fibre line system ZAM 2-1 

Fig. 9 
Shelf for PCM multiplex terminals and optical fibre 
terminals installed in a transformer station. The 
shelf is mounted in a BY8 cabinet together with 
equipment that monitors the performance of the 
link 

Digital link interface D1 
Bit rate 
Line code 
Pulse amplitude 
Permissible cable 
attenuation 
Impedance 

Optical fibre interface Ft 
Symbole rate 
Line code 
Fibre core diameter 
Numerical aperture 
(99 %) 
Output power 
Input sensitivity at an 
error rate of 5x1CT10 

2048 kbit/s 
HDB3 
12.37 V 

0 - 6 d B 
75 ohms unbalanced 

4096 kbaud 
MCMI 
50 |im" 

0.21 urn* 
- 1 7 dBm 

- 5 0 d B m 
'Transmission fibres with 
different core diameter 
and numerical aperture 
can be connected to thi 
interface. 

s 

Repeater distance Upto6kmdepending 
on the attenuation 
of the fibre cable 

Power supply 
Centralized or de­
centralized converter 
for 24. 36,48 or 60 V 

Power consumption 
per optical fibre terminal 4 W 

Ambient temperature 
Normal operation 
Limits for operation 
Limits for storage 
and transport 

Fig. 8 
Integrated fibre-power cable EKOF-AXKJ for lay­
ing direct in the ground (Sieverts Kabelverk) 



LM Ericsson's 
Power Supply Laboratory 

Ole Pavelsen 

LM Ericsson's power supply department develops power supply systems and units 
with output power ranging from some watts up to tens of kilowatts. The develop­
ment of large units requires a laboratory with large power sources and loads and 
also facilities for the distribution and control of high currents. The laboratory also 
needs an efficient electrical safety system. 
In 1977, when LM Ericsson built new premises on the outskirts of Stockholm, a new 
house was also built for the power supply department, containing a modern and 
well-equipped power supply laboratory. In the new laboratory the activities have 
been extended to include decentralized power supply equipments ("rack power"), 
wind power and solar cell systems for telecommunication equipment. In this article 
the resources, and to some extent also the activities of the laboratory, are described 
and illustrated. 

UDC 621.317.2 

Fig. 1 
System test room. The panels to the left are used 
for AC distribution. The bars for high direct cur­
rents are run across the ceiling. A small selection 
of the power supply equipment developed and 
manufactured by LM Ericsson can be seen in the 
background 

Power supply equipments constitute a 
considerable and economically impor­
tant part of modern electronic telecom­
munication plants. Recent development 
of power supply equipment has been 
characterized by an increasing degree 
of complexity in both systems and units 
and also by the use of new components. 

Previously the activities in the power 
supply laboratory concerned only cen­
tral power supply and equipment for 
ringing and tone signalling. Decentral­
ized power units, so-called rack power 

units, have long been used in the trans­
mission field. When SPC technology 
wasintroduced in public exchanges and 
PABXs, the need for rack power units 
arose in this field also. The development 
of such equipment was then carried out 
by the relevant system department. 

When the new power supply laboratory 
near Stockholm was planned, the fol­
lowing reasons motivated the transfer to 
the new laboratory of all work on the 
power conversion for telecommunica­
tions: 
- The possibility of overall optimization, 

both technically and economically, of 
the whole power supply for a tele­
communication plant. 

- Power conversion techniques for 
central power supply often use the 
same or similar methods as in the case 
of decentralized power supply. 

- The work in the field of power compo­
nents (power semiconductors, 
magnetic components etc.) can be 
carried out more efficiently. 

- The problems concerning electrical 
safety, current distribution and other 
power supply matters can be handled 
more rationally. 
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When designing the laboratory, consid­
eration was also paid to the fact that the 
field of energy conversion is in a stage of 
intensive development. New compo­
nents, such as fast power transistors 
and diodes and new magnetic materials, 
make possible conversion at increasing­
ly higher frequencies (20-500 kHz). 
Sufficient resources were therefore as­
sembled as regards staff, premises and 
equipment to meet the Group's total 
need of development in this new techni­
cal field. 

The new laboratory also caters for some 
entirely new fields, such as the de­
velopment of wind power and solar cell 
systems, and also central equipments 
for cooling telecommunication plants. 

Layout of the laboratory 
In the planning of the laboratory, regard 
was paid to the requirements and 
wishes of staff with long experience of 
laboratory work: 
- The laboratory must permit all-round 

and realistic full-scale testing of large 
systems. 

- It must include a flexible system for 
distribution and control of large direct 
and alternating currents. 

- The equipment and installation must 
be designed for maximum personal 
safety and minimum fire risk. 

Premises 
The power supply laboratory comprises 
an area of 900 m2. The space is used as 
follows: 
2 system test rooms for large equip­

ment, fig. 1 
22 laboratory staff rooms, fig. 2 
1 long-term test room 
1 battery room 
1 diesel room 
1 control room with rectifiers and con­

verters 
1 load room 
1 test room for components 
1 test room for batteries 
1 roof platform for testing outdoor 

equipment (wind generators, solar 
cells) 

2 instrument and component stores 

The system test rooms and laboratory 
staff rooms are air-conditioned. The air 
conditioning plant for the system test 
rooms is dimensioned to dissipate a to­
tal of 52 kW excess heat. 

Laboratory equipment 
Power supplies 
The laboratory is supplied with both 

Fig. 2 
Most laboratory staff rooms hold two work posi­
tions. The picture shows development work using 
a microcomputer system for power supply plant 



166 

Fig. 3 
A block diagram of the power sources, distribution 
and load of the laboratory 

alternating and direct current, f ig. 3. The 
AC power comes f rom the public mains. 
The voltage can easily be varied f rom 0 
to 450 V, three-phase, wi th the aid of a 
large, motor-dr iven variac (adjustable 
autotransformer). 

Equipment can be tested according to 
active service condi t ions for example by 
varying the network frequency, using a 
medium-size diesel motor with an as­
sociated generator and a smaller motor 
generator consist ing of a rectifier, DC 
motor and AC generator. With the aid of 
this apparatus the frequency can be var­
ied within the range 4 5 - 6 5 Hz and the 
voltage 380/220 V ±30 %. A number of 
solid-state inverters provide uninter­
ruptible AC voltage for sensitive loads 
(minicomputers etc.). 

Thyristor rectifiers and lead acid bat­
teries are used for the DC feeding. Five 
stationary exchange batteries of 8 0 0 -
1320 Ah each are all equipped with cell 
switches. In this way 21 - 2 4 cells (nomi­

nally 45—52 V) can be connected in. It is 
also possible to switch to 24,36 and 60 V 
battery voltage. Five rectif iers with a to­
tal current capacity of 2000 A at 50 V 
provide support for the batteries during 
heavy loads. The rectif iers are also used 
for automatic charging and trickle 
charging of the batteries. 

Distribution of alternating current 
The AC distr ibut ion 380/220 V provides 
8 power outputs of 80 kVA each and 36 
outputs of 16 kVA. All these outputs can 
be fed f rom the mains, variac, diesel 
generator or motor generator. The type 
of power source is chosen by means of 
switches in the dist r ibut ion panel, to the 
left in f ig. 1. 

A special t ransformer provides an iso­
lated voltage 2x110 V which is distri­
buted to all laboratory rooms. 

The distr ibut ion system also includes 
4-pole trunk lines to all laboratory staff 
rooms. 

379 
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Fig. 4 
Crossbar panels for the distribution of high direct 
currents and the remote control of these 

Distribution of direct current 
A distribution field of the crossbar type, 
with a cross point load of 1000 A, is used 
for the distribution of large direct cur­
rents, fig. 4. With the aid of this distribu­
tion field rectifiers, batteries, loads and 
units to be tested can be connected to­
gether in the desired combinations. 

The following equipment is connected 
to the distribution field: 
- to the horizontal bars: 5 exchange 

batteries, with the associated rec­
tifiers, and 10 load units 

- to the vertical bars: 8 distribution bar 
systems and 3 distribution cable 
systems. 

1000 A can normally be used per 
laboratory work position in the system 
test room, utilizing the distribution bar 
systems. The bar systems can also be 
connected together to give up to 7500 A 
for system tests. The distribution cables 
to the laboratory staff rooms are di­
mensioned for 100 A and the cable to the 
long-term test room for 1000 A. 

Load 
When testing large power supply units 
and whole systems, the power to the 
load may amount to several hundreds of 
kilowatts. A considerable amount of 
heat is generated and water-cooled load 
units have been installed to dissipate the 

heat. The units are placed in three stain­
less steel tanks of 800 litres each, fig. 5. 
Tank no. 1 contains load units for AC 
equipment (inverters, generators etc.). 
The load elements are wound for 220 V. 
Three elements form a Y-coupled 
three-phase stage for 380 V line voltage. 
The maximum effect is 200 kW, divided 
into 22 steps of between 1.5 and 15 kW 
each. Tanks no. 2 and 3 contain 10 load 
units for 40-60 V DC. The units are di­
mensioned for currents between 500 
and 1000 A. Each unit can load the 
equipment on test stepwise from 5A to 
200 A. In the distribution field the load 
units can be connected in parallel to 
draw a maximum current of 7500 A (375 
kW). 

The temperature in each load tank is 
monitored by 3 thermostats. Two of 
these regulate the inflow of cooling wa­
ter via motorised valves, and the third 
operates as a maximum thermostat and 
disconnects all load if the temperature 
reaches 90° C. 

Control 
The supply sources for both alternating 
and direct current and the load units are 
bulky, and are therefore placed in spe­
cial rooms. However, a remote control 
system has been installed so that they 
can quickly and easily be operated from 
the laboratory positions. 

Fig. 5 
Water-cooled load units are placed in stainless 
steel tanks. The left tank is used for AC loads. Max­
imum load 200 kW. The other two tanks, which are 
used for DC loads can together be loaded with 
7500 A at 50 V (375 kW) 
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Fig. 6 
Control box for remote control of the supply 
sources (network, motor generator, variac, bat­
tery, cell switches and rectifiers) and for the con­
trol of different loads 

The control wires for the battery con­
tacts, cell switches, rectifiers, load units, 
network, diesel generator, variac and 
motor generator are run to 20-pole con­
nectors in a distribution panel. Using 
distribution cables with 20-pole plugs, 
the control wires for a current source 
and a load are connected up to the two 
multipoint connectors in the distribu­
tion panel that are associated with the 
laboratory position concerned. 

At the laboratory position a small con­
trol box, fig. 6, is connected in, from 
which remote control is carried out by 
means of micro switches, push-buttons 
and small potentiometers. It is possible 
to change for example the voltage, fre­
quency, load and number of connected 
battery cells. 

Laboratory staff rooms 
All work positions in the laboratory staff 
rooms have access to the large labora­
tory power system for alternating and di­
rect current, with remote control 
facilities as discribed above. In addition 
they are provided with special voltages, 
such as the isolated voltage 2 x 110 V for 
feeding test instruments and individual­
ly regulated DC voltages for feeding 
electronic circuits. 

Outdoor testing 
There is a 100 m2 platform on the roof of 
the premises for testing outdoor equip­
ment, such as wind turbines and solar 
cells. Nearby a small test room has been 
installed, to which certain trunk lines 
have been run. 

Equipment for 
component testing 
The laboratory activities include the 
testing and evaluation of power compo­
nents, such as power semiconductors, 
magnetic components and capacitors. 
For this purpose special test equipment 
is often built, for example for measuring 
dynamic parameters of power transis­
tors. 

The evaluation program for important 
components often includes long-term 
testing, fig. 7. 

Test instruments 
and ADP aids 
In addition to normal laboratory instru­
ments, such as current and power me­
ters, curve tracers and memory oscil­
loscopes, the laboratory is equipped 
with a wide range of special instru-

Fig. 7 
A long-term test room. Power transistors are un­
dergoing cyclic load testing. The instrument on the 
right is a switch time tester for fast power trans­
istors, designed by LM Ericsson 

79 
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ments. Some examples are wave and 
spectrum analyzers, audio measuring 
instruments for signalling equipment, 
psophometers, equipment for measur­
ing radio interference and surge voltage 
generators. 

The laboratory has its own computer 
terminals that can be connected to LM 
Ericsson's large computers for calculat­
ing component values, static converter 
circuits etc. It also has its own 
minicomputers, which are used for 
example to supervise long-term tests of 
units and components. 

Special equipment, such as the Exor-
ciser, for the development of 
microcomputer programs, are also av­
ailable in the laboratory. 

Pilot workshop 
In connection with the laboratory a 
workshop has been set up, where all 
prototypes of power supply equipments 
are manufactured. As far as possible the 
pilot workshop uses the same produc­
tion methods as LM Ericsson's man­
ufacturing units. Thus construction and 
documentation as well as convenience 
of manufacture are verified during the 
development of the prototype. 

Electrical and personal safety 
The laboratory staff are continually ex­
posed to the dangers of electricity be­
cause of the relatively high AC voltages 
and large direct currents with which 
they have to work. 

Great care has been spent on the pre­
paration of a satisfactory electrical safe­
ty program, which comprises: 

Earthing system 
A special earthing system has been de­
signed with the purpose of reducing the 
risk of dangerous differences in poten­
tial. This system is not the same as the 
conventional system of protective ear­
thing. All metal objects within reach are 
connected to a special laboratory earth 
with floating potential. 

When a live part is earthed or a person 
accidentally touches a live part and an 
earthed object simultaneously, aspecial 
protection unit is released that discon­
nects off all feeding voltages. The pro­
tection reacts at a current of 5 mA and 
the disconnection time is 10 ms. The 
system has been inspected and 
approved by the National Swedish 
Electrical Inspectorate. 

Emergency break 
All work positions are equipped with an 
emergency break push-button. The 
emergency break switch disconnects all 
supplies to the room in question and 
also to all other laboratory space on the 
same floor. 

Instructions 
Special instructions have been pre­
pared which describe the principles of 
the electrical safety arrangements. They 
also include examples of possible dan­
gerous situations. All staff at the 
laboratory (permanent and temporary) 
must confirm in writing that they under­
stand the instructions. 



Auxiliary Systems for 
AXE 10 Networks 

Ingemar Svenle 

LM Ericsson are continually engaged in developing methods and auxiliary systems 
intended to make the work on our telephone exchange systems easier for the 
customers. These auxiliary systems cover the whole range of activities, from the 
first planning of the telephone network to the operation and maintenance of the 
exchanges. Some of these auxiliary systems are associated with a certain exchange 
system, but others are independent of the system. The article describes the auxiliary 
systems that can be used with system AXE 10 and also discusses the documenta­
tion, personnel and training requirements for this system. 

UDC 621.395.722: 
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The methods and auxiliary systems dis­
cussed here are (see also fig. 1): 
- Methods and ADP aids (PLANET) for 

the optimization of all types of tele­
phone networks. 

- Methods and ADP aids (EXDATA) for 
preparing floor plans, cabling data 
etc. for AXE 10 exchanges. 

- Methods and ADP aids (TRAFDATA) 
for preparing the commands needed 
in order to provide AXE 10 with traffic 
data. 

- Methods for centralized operational 
aid in AXE 10 networks for the 
purpose of 
• assisting in the clearing of compli­

cated and rare faults 
• planning when and how new and 

revised programs are to be intro­
duced 

• administering fault reporting 
throughout the network. 

- Methods for economical stocking of 
spares with district stores and a 
central buffer store, and ADP aids 
(RESEX) for optimizing the size of the 
store. 

Network optimization 
LM Ericsson have developed a calcula­
tion method for optimizing multi-ex­
change local networks and long dis­
tance (LD) networks. 

The method is a further development of 
Yngve Rapp's calculation methods. The 
calculations take into consideration the 
alternative routes offered by the 
network, the desirable grade of service 
(congestion) and the permissible 
transmission attenuation. The calcula­
tions also include optimization of the 
number of exchanges and con­
centrators, as well as exchange sites, 

exchange areas and intermediate ex­
change networks. 

The calculations are carried out by a 
computer with the aid of the program 
system PLANET, which has been de­
veloped for this purpose. Networks con­
taining several hundred exchanges can 
be studied. Hitherto this program 
system has been used to optimize some 
hundred complex telecommunication 
networks, which has resulted in large 
savings. 

The program system is divided into a 
number of segments, each of which car­
ries out one type of calculation. There 
are segments for optimum siting of a 
new exchange, for choosing the 
optimum routing in the network, for 
selecting the most economical trans­
mission equipment for a route etc. Some 
segments are used in all calculations 
whereas others are solely for optimizing 
local networks or LD networks. 

The input data to PLANET consist of, for 
example, information regarding the traf­
fic generated by the subscribers, traffic 
matrices that give the traffic factors for 
different subscriber areas, congestion 
and transmission conditions, traffic 
routing principles and the cost of ex­
change, network and transmission 
equipment. 

The output data include the optimum 
number of exchanges, exchange sites 
and exchange areas, and also the 
optimum cable types, cost statements, 
the number of subscribers in each ex­
change and detailed route and routing 
descriptions. 

Preparation of basic 
installation data 
The installation data are prepared indi­
vidually for each exchange. They com­
prise mainly: 
- floor plans that specify how the 

equipment is to be placed in the ex­
change building 

- information regarding which 
magazines are to be included in the 
various magazine groups 

- cabling information, which specifies 
how the various magazines and 
magazine groups are to be connected 
together 
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Fig. 1 
Operational assistance and other auxiliary sys­
tems 

- commands that inform the control 
system about the placing and connec­
tion of the hardware in the switching 
system. Two examples are given in fig. 
2. 

The structure of the hardware in system 
AXE 10 is to a large extent standardized. 

Thus standard rules are used for the ar­
rangement of magazines in magazine 
groups, for the connection of devices to 
selectors, for cabling within and be­
tween magazine groups and for the ca­
ble running. This makes it possible to 
automatize large parts of the prepara­
tion of installation data. 



Fig. 2 
Two commands that describe the switching sys­
tem hardware, its position and connections 

The ADP aid EXDATA has been de­
veloped for this purpose and is now 
used to prepare most of the installation 
data. The EXDATA program is run on an 
IBM 3033 or a similar computer. The in­
put data consist of informat ion concern­
ing the equipment in the exchange, in­
c luding the number of devices, number 
of selector inputs etc. 

Preparation of individual 
exchange data 
Earlier systems, which were not compu­
ter-contro l led, required extensive 
documentat ion that had to be prepared 
individually for each exchange. These 
individual exchange data then also had 
to be implemented by means of t ime-
consuming connect ion and strapping 
work in the intermediate distr ibut ion 
frame for every new exchange, and also 
for all extensions and changes. In AXE 
10 commands are used instead to pro­
vide the exchange with individual traffic 
data and to change these data. Such a 
command could be to change a sub­
scriber category, f ig. 3, o r t o route traffic 
f rom exchange A to exchange B via C. 

Commands for small changes or for 
supplement ing data are usually pre­
pared and loaded manually. 

However, the volume is sometimes too 
large to permit entirely manual hand­
ling. Forexample, approximately 12 000 
commands are needed to load a new ex­
change of 10 000 lines. Changes in the 
data in an exchange that is already in 
operation can also be considerable. LM 
Ericsson have developed an ADP aid, 
TRAFDATA, to simplify the work of pre­
paring commands. The input data to this 
aid consist of telephone oriented 
parameters that describe how the ex­
change is connected to the network, for 
example by giving the name and dest i­

nation of the connected routes and the 
number of devices. On the basis of this 
TRAFDATA produces a cassette that 
contains the commands, ready for input 
to the exchange. TRAFDATA also car­
ries out a number of checks, forexample 
that the parameter values stay wi th in the 
permissible l imits. Fig. 4 shows the 
structure of this aid and f ig. 5 shows an 
example of its use. 

Operational back-up 
The advanced funct ions for remote 
supervision and remote fault localiza­
t ion in AXE 10 have been described in a 
previous issue of Ericsson Review1. The 
computer-contro l led operation and 
maintenance system AOM 101, which 
provides further facil i t ies for remote 
supervision and contro l , has also been 
descr ibed2 . The main purpose of this 
central ization has been to assemble at a 
few centres a number of similar tasks 
which occur frequently. 

In the case of faults or disturbances that 
occur infrequently expert help may be 
necessary. This justif ies further 
central izat ion to one unit that is com-
mom for the whole administrat ion and 
to which the staff in operat ion and 
maintenance centres (OMC) can turn for 
assistance in dif f icult cases. 

Central unit for assistance 
with complicated faults 
The central unit should have access to 
experts wi th detailed knowledge of the 
system software and hardware, the 
available aids for fault localization etc. 
These experts must be able to localize 
compl icated, rare faults unaided. This 
means that the total number of experts 
can bli l imited since they are used more 
efficiently. They can also more easily 
maintain their h igh level of knowledge 
and even improve it, since they wil l have 

Command code EXDGI Connection of a devic< 
to the group selector 

EXPOI Definition of the positi 
of an exchange devict 

Parameter names OEV Device 
U U P Multiple position 
RP Regional processor 
POS Position 

Parameter values A j 03 Local junctor no. 3 
GSD-0-30 Digital group selector, 

t ime switch module 0, 
multiple pos i t ion 30 

32 The number of the 
regional processor 

203-17-B Row 203, section 17, 
shelf B 

Fig. 3 
A command for changing the subscriber category 

Command code SUSCC Change in subscriber 
category 

Parameter names SNB Subscriber number 
SCL Subscriber category 

Parameter values 123456 Subscriber number 
TCL-1 Category: subscriber 

with priority 

Fig. 4 
TRAFDATA, the ADP aid for preparing commands 

TRAFDATA Program system comprising ca 15 000 
statements in programming language 
PL 1 

Register in the computer store that con­
tains the data required for the program 
system, such as command codes and 
permissible parameter values 

Punched cards with traffic information 

Alphanumerical terminal for controlling 
the process 

Output of commands on a cassette tape 
for loading the AXE 10 data store 

Printout for checking the contents of the 
cassette tape 
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Fig. 5 
An example of the use of TRAFDATA. 
The data that form the basis for the generating of 
commands in TRAFDATA are stored in an input 
data file. This file can be built up in two ways: 
1. Data are specified on an input data form, are 

punched and read into the file. 
2. Data are specified direct in the input file via a 

display screen, with the aid of a program called 
TRAFEDIT. This program generates a picture 
that is the same as the input data form used in 
method 1. 

The TRAFEDIT program is also used to correct da­
ta in the input data file. 
The picture shows an operator using method 2 to 
specify tariffs for an AXE 10 exchange 

equally well qualified colleagues in the 
same unit, with whom they can discuss 
any problems. 

Expert assistance is required, for exam­
ple, if an OMC operator has followed the 
instructions in the operation and 
maintenance manual but has still not 
been able to locate a fault. Help can then 
be obtained via the telephone, fig. 6, or 
by the expert visiting OMC and perhaps 
also the exchange concerned. First the 
expert carries out an analysis to de­
termine whether the fault is in a prog­
ram, data, hardware or the documenta­
tion. 

If the fault is in the hardware or data the 
expert will either correct the fault or give 
the OMC operator the necessary in­
structions. 

If the fault is a design fault in a program 
the expert must give the supplier (LM 
Ericsson, Stockholm, or a subsidiary 
company) the information that is neces­
sary to correct the program. This work is 

simplified by the function in the ex­
change that on command gives print­
outs of the loaded programs, with their 
revision codes. To have this information 
recorded externally has always proved 
to entail fault risks. 

The expert must also investigate 
whether any special action can be taken 
to limit the effects of the fault. For 
example, there may be a fault in a traffic 
recording program. The fault results in a 
system restart if a special recording is 
initiated. The expert should then in­
struct the OMC operator not to initiate 
this recording until the faulty program 
has been replaced. 

New and revised programs 
It may be advisable to set up a central 
unit to plan when and how new program 
blocks are to be introduced in AXE 10. 

On the basis of the operational dis­
turbances that can be caused by the 
fault, this unit will decide whether a cor­
rected program is to be loaded im­
mediately in all exchanges concerned, 
or only in the exchange where the fault 
has been discovered. For example, if the 
fault has been triggered by a traffic case 
which does not occur in other ex­
changes, the loading of the corrected 
program in these exchanges can with 
advantage wait until the input of new or 
other revised programs becomes 
necessary. The unit also has to decide 
whether the loading should be carried 
out during normal working hours or dur­
ing the night, and whether expert as­
sistance is required. 

Centralized fault reporting 
When printed board assemblies have to 
be repaired, program faults rectified, 
operating instructions corrected etc., a 
fault report must be made out. A fault 
report form and instructions on how to 
fill it in have been prepared. The form 
makes it easier for the OMC staff to pro­
vide all essential information. 

The staff at the central fault reporting 
section must check that the form is 
completed in accordance with the in­
structions. They then have to send the 
reports to the correct departments, en­
sure that answers arrive within the time 
promised and distribute the answers to 
the right sections in the operation and 
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Fig. 6 
The work of an expert in a central unit. 
The illustration shows the method of working for 
one type of problem. With other types of problems 
the expert goes out to the OMC or the exchange to 
solve the problem on site 

maintenance organizat ion. For exam­
ple, revised documents must be sent to 
the relevant document l ibraries. 

The central section should also compi le 
monthly reports and fault rate reports 
for the various exchanges etc. on the 
basis of the fault reports. 

Handling of spares based 
on economical principles 
The hardware faults in an AXE 10 ex­
change are repaired by replacing the in­
dicated, faulty unit with a faultless unit. 
The types of units for which spares 
should be available as replacements 
are: pr inted board assemblies, I/O de­
vices, and power units. 

The need of immediately available 
spares is met be setting up stores for 
spares. When a hardware fault occurs in 
an exchange a replacement unit is taken 
out of the store. When the fault in the 
exchange has been cleared the stores 
organizat ion ensures that the faulty unit 
is repaired or a new unit is purchased. 

The repair of printed board assemblies 
and power units requires access to the 
same components, tools and test 
equipment as for the manufacture, and 
such repairs are therefore carried out by 
the supplier (the manufacturer of AXE 
10 equipment wi th in the country or LM 
Ericsson in Stockholm). I/O devices are 
usually repaired by the local representa­
tive of the manufacturer. 

The size of a store depends on the fol­
lowing parameters: 
- The fault rate of each unit, which is 

based on reliability data for the com­
ponents in the unit. 

- The permissible shortage risk for each 
unit, wh ich is determined by the effect 
the unit has on the service quality of 
the exchange. 

- The total number of units of each type 
in the exchanges that are served by 
the store. 

- Replacement t ime, which is based on 
the spares organizat ion of the 
administrat ion and the delivery time 
of the repair department. 

LM Ericsson have developed a calcula­
t ion method, which gives the required 
size of the store on the basis of these 
parameters. The method has been com­
piled in a program system (RESEX), with 
the aid of which the required number of 
spare units (of the 1 5 0 - 2 0 0 types con­
cerned) can be calculated quickly and 
correctly. 

Number of exchanges per store 
Calculat ions show that the store cost 
per exchange line is five t imes higher for 
a store serving one exchange with 5 000 
lines than for a common store serving 
six exchanges wi th 10 000 lines each. If 
only the store cost were to be consi ­
dered, substantial central izat ion would 
therefore be recommended. Against this 
is the need for quick delivery f rom store 



175 

Fig. 7 
An example of a centralized stores organization. 
The repairman is informed by means of printouts 
about faulty units. He brings faultless replacement 
units to the exchange and later returns the faulty 
ones to the district store. 
The faulty units are sent from the district store to 
the central store, which immediately sends back 
replacement units. From the central store the 
faulty units are sent to the relevant factory for re­
pair. The repaired units are returned to this store 
for later distribution to the district stores. 

' AXE 10 exchanges Ifi the district where the central store 
is situated can be supplied with spares direct from this 
store. 

to exchange. The grouping of ex­
changes into maintenance areas is a 
suitable basis for the stores organiza­
tion, with a number of district stores, 
each serving a number of exchanges. 

Replacement time 
The time it takes to obtain replacement 
spare units influences the size of the 
store very considerably. On average the 
replacement time can be kept down to 
about seven days for the district stores if 
the administration has set up a central 
buffer store, but it can be in the order of 
four months if the unit is sent in for re­
pair. Calculations show that a store 
which serves 60 000 AXE 10 lines must 
be doubled if it is going to take four 
months to get a replacement instead of 
seven days. 

Fig. 7 shows the principles of a central­
ized stores organization, with a number 
of district stores and a central store that 
functions as a buffer between the dis­
trict stores and the department that re­
pairs the replaced units. As can be seen 
from the illustration the repairman 
fetches replacement units from the dis­
trict store and afterwards returns the 
faulty units there. The faulty units are 
immediately sent to the central store, 
which without delay sends back re­
placement units and arranges for the 
repair of the faulty ones. If any unit is so 
badly damages that it cannot be re­
paired, the central store orders a new 
unit. This centralized procedure gives 
short replacement time and very limited 
administrative work in the district 
stores. 



1. Unmanned Final localiza- B. C 
exchange, tion of hard-
centralized ware faults 
operation and replace­

ment of faulty 
printed board 
assemblies 

2. Manned ex- Fault analysis, A, B, C 
change, local operation and 
operation hardware 
and main- activities 
tenance work 

3. Operation Analysis of A, B, C 
and main- faults, operation- In certain cir-
tenance al activities such cumstances 
centre, as changing there may be 
OMC and collecting reason to 

charging data add modules 
D. Eand F 

4. Other work 
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for main­
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the sub­
scriber line 
network 
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observation 
centres etc. 

5. Central 
expert unit 
for opera­
tional 
assistance 

Receiving com­
plaints from 
subscribers. 
measuring 
subscriber 
lines, observing 
subscriber 
behaviour etc. 

Advanced fault 
analysis in the 
case of difficult 
and rare faults 

Selected 
parts of 
module B 

A, B. C, 
D, E. F 

Fig. 8 
The various libraries for local operation and main­
tenance work 
C Exchange documents for all exchanges served 

by the experts 
C" Exchange documents tor the individual exchange 

Documentation 
Well planned documentat ion is neces­
sary in order to be able to describe a 
system and its handl ing in a way that 
suits dif ferent users. It is essential that 
the documents are easy to understand. 
Much work has been put into the 
documentat ion of AXE 10 in order to 
meet these requirements. For example, 
the operat ion and maintenance manual 
is both easy to understand and instruc­
tive. 

It is not only the formulat ion of the 
documents that is important but also the 
possibil i ty of div iding the documents 

into units or modules, so that the 
documentat ion can be arranged in dif­
ferent l ibraries so suit the needs of every 
user. For AXE a module system is used, 
where each module contains informa­
t ion of similar type, such as system de­
script ions, or documents that deal with 
the same type of activities, for example 
operat ing instruct ions. 

Document modules 
The various modules are as fol lows. 

Library summary, module A, which con­
tains an overall list of contents of the 
whole library, a short descr ipt ion of the 
contents of the different modules and 
methods for easy identif ication of the 
various document categories. 

Operation and maintenance manual, 
module B, wh ich is the most important 
of all modules. It contains instructionsin 
f low chart form, with supplementary text 
clearly stat ing, step by step, what the 
operator has to do to carry out a task, for 
example to locate and clear a fault. The 
manual also contains command and 
pr intout descript ions. 

Exchange documents, module C, which 
contains the documents that are indi­
vidual for each exchange, such as floor 
plans and cabl ing and assembly data 

System descriptions, module D, which 
contains funct ional descript ions at the 
system, subsystem and funct ion block 
levels. 

Software documents, module E, which 
is the largest module with 6 5 % of all 
documentat ion. It contains printouts 
that are obtained dur ing the production 
of programs and comprises programs in 
source code (PLEX) and in target code, 
f low charts, signal d ist r ibut ion tables 
etc. 

The software documents are rarely 
used, and as their volume is so large it 
may be suitable to use microf iches in­
stead of ordinary paper copies. Each 
microcard holds 63 document pages. 
The microf iches are read using a viewer 
that enlarges the document to the nor­
mal size and projects it on a screen. With 
a combined viewer and copyer a paper 
copy of the document can be obtained if 
necessary. Module E in the form of 
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microcards 
binders. 

usually comprises five 

Hardware documents, module F, which 
mainly contains circuit diagrams and 
assembly drawings for printed board 
assemblies, and wiring information for 
magazines. 

Libraries suited to different 
user groups 
In order to be able to decide which mod­
ules are to be included in each library it 
is necessary to carry out a detailed 
analysis to determine which tasks are to 
be performed by the various centres etc. 
The result of such an analysis is natural­
ly dependent on the operation and 
maintenance organization in question. 
Table 1 and figs. 8 and 9 give some 
guidelines for the allocation of modules 
to different libraries. 

Personnel requirements 
and training principles 
In addition to centralized operation, 
AXE 10 also offers great advantages as 
regards personnel requirement and 
training. The personnel requirement is 
low and good possibilities are provided 
for giving the various personnel 

categories the training they require for 
carrying out their particular tasks. 

Personnel requirement 
The personnel requirement is deter­
mined by assessing how often a task has 
to be carried out and the average time it 
takes. The operation and maintenance 
work for an AXE 10 exchange covers not 
only the exchange itself but also 
maintenance work in the surrounding 
subscriber and trunk line network. This 
is because AXE 10 contains functions 
for network maintenance (supervision, 
tests). An analysis of the personnel re­
quirement indicates that the total 
amount of operation and maintenance 
work for an AXE 10 local exchange with 
10000 lines is approximately 8.5 man 
hours per day. The work load varies from 
exchange to exchange, depending on 
such factors as the rate of change of 
subscriber data and the quality of the 
surrounding network. 

The main part of this work can be carried 
out in various work centres. The analysis 
indicates that the amount of work that 
can be carried out in remotely located 
centers is about 80 — 90% of the total 
volume, and the amount of local work 
that has to be done in the exchange 
constitutes about 10 -20%. 

Fig. 10 
Practical training in an AXE 10 exchange 
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The tasks that require most work are 

- the connect ion and disconnect ion of 
subscribers and the changing of sub­
scriber categories, which together 
account for about 4 0 % of the total 
number of working hours. 

- the clearing of exchange and network 
faults detected by the exchange, i.e. 
alarm reception, analysis, fault local i­
zation, unit replacement and test ing, 
which take up about 45 % of the total 
number of working hours. 

Personnel categories 
In a centralized operation and mainte­
nance organization the tasks can be d i ­
vided into four categories: 

1. Expert assistance from a central sec­
t ion. This assistance is used when de­
tailed knowledge of the system hard­
ware and software is required. 

2. Fault localization from operat ion and 
maintenance centres, OMC. The tasks 
include analysing incoming alarms in 
ordinary fault situations and localiz­
ing the faults to the faulty unit. They 
also include qualif ied correct ion 
work, such as changing the data for 
digit analyses in the exchanges. 
These tasks require knowledge of the 
system structure and funct ion and 
also the operation of the system in ac­
cordance with the operation and 
maintenance manual. 

3. Clearing the faults that have been 
localized in accordance with category 
2. The tasks include travell ing to the 
exchange in question, replacing faul­
ty units with spares and then carrying 
out tests. The level of knowledge de­
manded by these tasks is sl ightly low­
er than that required for category 2. 

4. Work in various centres, such as a 
central sales office or traffic analysis 
centre. The tasks include connect ing 
and disconnect ing subscribers, 
changing subscriber categories, co l ­
lecting traffic recording data etc. 
These tasks demand only general 
system knowledge and knowledge of 
a l imited number of commands and 
their use. 

Category 1 requires system technicians 
with very good knowledge of the system. 
Categories 2 and 3 can be handled by 
maintenance technicians, with a slightly 
lower level of knowledge. Category 4 

can be handled by operators with very 
little system knowledge. 

Training principles 
LM Ericsson offer a complete program 
for the t ra in ing of operat ion and main­
tenance personnel. It includes both 
theoretical and practical t ra in ing, the 
latter in an AXE 10 exchange, f ig. 10. The 
program comprises courses that give 
basic educat ion in telephony and SPC 
technology, system knowledge and 
training in operat ion and maintenance 
as well as installation engineering. 

From these courses special course 
packages can be compi led which suit 
every personnel category. For example, 
a course package for maintenance 
technicians should comprise a four-
week course on system knowledge and 
a five-week course on operat ion and 
maintenance, assuming that the pupils 
have basic training in telephone and 
SPC technology. All courses should be 
fo l lowed by practice in an exchange in 
operat ion. 

Conclusion 
Most administrat ions desire to handle 
all the operat ion and maintenance 
activities themselves. However, LM 
Ericsson are always prepared to supply 
expert assistance in accordance with 
principles which wil l be described in a 
later issue of Ericsson Review. 



TECHNICAL 
NEWS 

The first computer-controlled interlocking plant in the world 
On November 19, 1979, a computer-con­
trolled interlocking plant for railway traffic 
was taken into service in the Gothenburg 
area (west Sweden). The plant, which was 
manufactured by LM Ericsson, controls 
over 600 devices at present, including 115 
points. 216 signals and 203 track circuits. 
When complete the plant will control about 
1200 devices, corresponding to the track 
diagram to the right. At present areas 1,5, 
6 and 7 are in operation. The other areas 
will be incorporated successively. 
The new and unique feature of the in­
terlocking system is that all safety in­
terlocking between the different devices in 
the railway yards is computer-controlled. 
In earlier, conventional plants safety re­
lays have been used for interlocking. The 
interlocking conditions have depended on 
fixed interconnections of the relay con­
tacts. 
In the new system the rules for safe traffic 
handling have been given a stringent math­
ematical description. Both the mathemat­
ical description and the data transmission 
between the computer/interlocking system 
and the various devices in the railway yard 
have been designed to satisfy the demands 
for fully safeguarded function. 
Before the plant for Gothenburg Central 
was put into operation the equipment un­
derwent a field trial in a smaller part of the 

Track diagram for the 
Gothenburg (Goteborg) area 

Remotely powered 
branching 
A remotely powered branching terminal 
has been developed by LM Ericsson, and 
is now being marketed for the coaxial cable 
systems ZAX 120 T and ZAX 480 T. The 
terminal is mounted in a sealed container 
for burying in the ground and is fed from 
the line power feeding. 
The terminal can be equipped for branch­
ing up to 12 telephony channels with E & 
M signalling. The channels can be con­
nected either 4-wire or 2-wire. Three of the 
channels can be provided with relay sets 
for subscriber signalling. 
The required carriers are generated from 
the line pilot. 
Since both power feeding and carrier con­
trol takes place over the line, the terminal 
can be installed at any suitable place along 
the line, and is completely independent of 
exchange buildings and local power feed­
ing. This flexibility as regards placing, and 
the possibility of connecting subscriber 
lines makes the terminal particularly suita­

ble for such purposes as telecommunica­
tion along pipelines and railways. 
Telecommunication along for example a 
pipeline normally requires a limited 
number of circuits between the base sta­
tions and a number of places along the line 
where often there are no exchange build­
ings. The circuits are required for tele­
phony as well as remote supervision and 
data transmission. 
The development of this type of terminal 
was made possible by the compact con­
struction and low power consumption of 
modern carrier equipment. 
The terminal equipment is mounted in a 
sealed container of the same type as is used 
for intermediate repeater stations in the 
coaxial cable systems ZAX 960 and ZAX 
2700. The equipment consists of a repea­
ter, a power unit and a shelf with multiplex 
units. The power unit contains a DC/DC 
converter, which uses the constant line 
current to give a constant voltage of 12 V. 
The power unit also contains hybrids for 
single or double branching. The multiplex 
shelf contains equipment for channel and 
group modulation, line termination and 
carrier generation. 

track area. The trial, which started on May 
28, 1978, comprised areas 5, 6 and 7 in reg­
ular operation. The results from the trial 
were favourable and only minor system 
modifications had to be made before the 
whole plant was taken into service. 
The operation and indication system of the 
interlocking is also computer-controlled. 
Display screen terminals replace track 
diagrams of the old type, where lamps 
were used to indicate occupied tracks and 
the positions of signals and points. 
The system design facilitates planning and 
installation. Changes in the track plan are 
also easier to carry out with this system. 
Moreover, the system provides facilities 
for coordination with the Swedish State 
Railways' other systems for traffic hand­
ling. 
Another plant of the same type is now be­
ing installed in Malmo (south Sweden) and 
is expected to be put into operation by the 
middle of the 1980s. 

Remotely powered branching terminal for 
coaxial cable systems 



AXCE — a new 
power cable 
The Swedish cable manufacturer Sieverts 
Kabelverk have developed a new power 
cable, AXCE, which was first put on the 
market in October 1979. 

The new single-conductor cable is man­
ufactured in versions with a rated voltage 
of 12 or 24 kV and with an aluminium con­
ductor having an area of 50, 95, 150 or 240 
mm2. The cable is insulated with cross-
bound polyethene, PEX, and a sheath of 
polyethene, PE. Up to this point the new 
cable is similarto its well-tried predecessor 
AXAL, which has for many years been 
used for the distribution of electricity both 
in the ground and in the air. AXAL has a 
screen consisting of a thin aluminium tape 
that is folded around the cable lengthwise 
and which requires a special adaptor for 
connecting the screen. 
The new cable, AXCE, has a screen of 
undulating copper wires embedded in a 
semi-conducting layer. This layer also 
prevents water from penetrating into the 
cable and improves the mechanical charac­
teristics of the cable. The screening wires 
are laid along the cable without twisting. 
The outer polyethene sheath has a smooth 
and even surface which is well suited for 
type and length marking. Fig. I shows the 
build-up of AXCE. 

The cable can also be used as a self-sup­
porting aerial cable if, in the cabling ma­
chine, the three phases are cabled round a 
suspension wire. The suspension wire is 
attached to special suspension devices on 
poles or brackets. 
Fig. 2 shows how the outer sheath is strip­
ped, thereby uncovering the individual 
screening wires when making a cable 
termination or joint. The undulating wires 
cut through the PE sheath and the material 
between the wires can then easily be re­
moved. 
AXCE is jointed and terminated using the 
material kits for PEX cables that are avail­
able in the market. 

Fig. I. The build-up of power cable AXCE 

Fig. 2. Stripping the outer sheath and exposing 
the screening wires 
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7. Telefonaktiebolaget LM Ericsson 

PORTUGAL 
Lisbon 
2. Sociedade Ericsson de Portugal Lda 

SPAIN 
Madrid 
1, Industrias de Telecomunicaci6n S.A. 

(Intelsa) 
1. LM Ericsson S A 

SWITZERLAND 
Dubendorf 
2. Ericsson AG 

UNITED KINGDOM 
Chorley 
2. Thorsman & Co (UK) Ltd. 
Horsham 
4. Thorn-Ericsson Telecommunications 

(Sales) Ltd. 
4. Thorn-Ericsson Telecommunications 

(Rentals) Ltd 
5. Swedish Ericsson Company Ltd 
3. Thorn-Ericsson Telecommunications 

(Mfg) Ltd 
6. Thorn-Ericsson Telecommunications 

Ltd 

WEST GERMANY 
Frankfurt-am-Main 
2. RifaGmbH 
Hanover 
2. Ericsson Centrum GmbH 
Ludenscheid 
2. Thorsman & Co GmbH 

Representatives in: 
Austria. Greece. Iceland, Luxembourg, 
Yugoslavia. 

LATIN AMERICA 
ARGENTINA 
Buenos Aires 
1. Cia EncssonS AC I 
1. Industrias Electncas de Quilmes S A 
5. Cia Argentina de Telefonos S A 
5. Cia Entrernana de Telefonos S A. 

BOLIVIA 
La Paz 
7. Telefonaktiebolaget LM Ericsson 

BRAZIL 
Sao Paulo 
1. Ericsson do Brasil Comercio e 

Industna S.A. 
4. Sielte S A Instalacoes Eletricas e 

Telefbnicas 
4. TELEPLAN, Pro)etos e Planejamentos 

de Telecomunicagoes S A 
Rio de Janeiro 
3. Fiose Cabos Plasticos do 

Brasil S A 
Sao Jose dos Campos 
1. Telecomponentes Comercio e 

Industria S.A. 

CHILE 
Santiago 
2. Cia Ericsson de Chile S.A. 

COLOMBIA 
Bogota 
1. Ericsson de Colombia S A. 
Cali 
1. Fabricas Colombianas de Materiales 

Electricos Facomec S.A. 

COSTA RICA 
San Jose 
7. Telefonaktiebolaget LM Ericsson 

ECUADOR 
Quito 
1. Telefonos Ericsson C A. 

GUATEMALA 
Guatemala City 
7. Telefonaktiebolaget LM Ericsson 

HAITI 

Port-au-Prince 
7. LM Ericsson 

MEXICO 
Mexico D.F. 
1. Teleindustria Ericsson, S A 
3. Latinoamericana de Cables S.A. 

deC.V 
2. Telefonos Ericsson S.A. 
2. Telemontaje, S A. de C.V. 

PANAMA 
Panama City 
2. Telequipos S.A. 
7. Telefonaktiebolaget LM Ericsson 

PERU 
Lima 
2. Cia Ericsson S A 

EL SALVADOR 
San Salvador 
7. Telefonaktiebolaget LM Ericsson 

URUGUAY 
Montevideo 
2. Cia Ericsson S A 

VENEZUELA 
Caracas 
1. Cia An6nima Ericsson 

Representatives in: 
Bolivia, Costa Rica, Dominican Republic, 
Guatemala, Guyana, Honduras Netherlands 
Antilles, Nicaragua, Panama Paraguay. El 
Salvador, Surinam, Trinidad, Tobago 

AFRICA 
ALGERIA 
Algiers 
7. Telefonaktiebolaget LM Ericsson 

EGYPT 
Cairo 
7. Telefonaktiebolaget LM Ericsson 

GUINEA-BISSAU 
Bissau 
7. Telefonaktiebolaget LM Ericsson 

LIBYA 
Tripoli 
7. Telefonaktiebolaget LM Ericsson 

NIGERIA 
Lagos 
2. LM Ericsson (Nigeria) Ltd 

TUNISIA 
Tunis 
7. Telefonaktiebolaget LM Ericsson 

ZAMBIA 
Lusaka 
2. Ericsson (Zambia) Ltd 
2. Telefonaktiebolaget LM Ericsson 

Installation Branch 

Representatives in: 
Angola, Botswana, Egypt, Ethiopia, Kenya, 
Lesotho, Liberia, Libya, Malawi, Malta, Mo­
rocco, Mozambique, Namibia, South Africa, 
Sudan, Swaziland, Tanzania. Tunisia, Zaire, 
Yemen. 

ASIA 
INDIA 
New Delhi 
3. Ericsson India Limited 

INDONESIA 
Jakarta 
4. Ericsson Telephone Sales 

Corporation AB 

IRAQ 
Baghdad 
7. Telefonaktiebolaget LM Ericsson 

IRAN 
Tehran 
4. Ericsson Telephone Sales 

Corporation AB 
3. Simco Ericsson Ltd. 

KUWAIT 
Kuwait 
7. Telefonaktiebolaget LM Ericsson 

LEBANON 
Beirut 
2. Societe Libanaise des Telephones 

Ericsson 

MALAYSIA 
Shah Alam 
1. Ericsson Telecommunications 

Sdn Bhd 

OMAN 
Muscat 
7. Telefonaktiebolaget LM Ericsson 

SAUDI ARABIA 
Riyadh 
7. Telefonaktiebolaget LM Ericsson 

THAILAND 
Bangkok 
4. Ericsson Telephone Corporation 

Far East AB 

TURKEY 
Ankara 
2. Ericsson Turk Ticaret Ltd Sirketi 

Representatives in: 
Bahrein. Bangladesh, Burma. Cyprus, Hong 
Kong. Indonesia, Iraq. Jordan, Kuwait, Le­
banon, Macao, Nepal, Oman. Pakistan. Phi­
lippines Oatar, Saudi Arabia, Singapore, 
Sri Lanka. Syria, United Arab Emirates 

UNITED STATES and 
CANADA 
UNITED STATES 
Woodbury NY. 
2. LM Ericsson Telecommunications Inc 
New York, N.Y. 
5. The Ericsson Corporation 
CANADA 
Montreal 
2. LM Ericsson Limitee/Limited 

AUSTRALIA and 
OCEANIA 
Melbourne 
1. LM Ericsson Pty. Ltd 
1. Rifa Pty Ltd 
5. Teleric Pty Ltd 
5. LM Ericsson Finance Pty, Ltd 
Campbelltown 
3. Pirelli Ericsson Cables Ltd 

Representatives in: 
New Zealand. 

1. Sales company with manufacturing 
2. Sales and installation company 
3. Associated sales company with manu­

facturing 
4. Associated company with sales and 

installation 
5. Other company 
6. Other associated company 
7. Technical office 
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