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MD 110-a Digital SPC PABX 

Rolf Morlinger 

MD 110 is a digital PABX for 100-10000 extensions designed for use in analog 
and digital environments. The PABX is characterized by modularity and flexibility, 
permitting geographical dispersion of its units. This has been achieved by using 
standard 32 channel PCM techniques and distributed stored program control. 
MD 110 provides the facilities associated with a large, modern PABX and it also 
permits integrated voice and data communications. It is being developed by 
ELLEMTEL for Ericsson and the Swedish Telecommunications Administration. 

UDC 621.395.2 
681.3 

A distinctive feature of the digital SPC 
PABX MD 110 is that only two superior 
types of unit are included, namely line 
interface modules and group switches. 

The Line Interface Module, LIM, is a 
microprocessor-controlled unit that 
can be eguipped with any combination 
of line circuits, trunk circuits and other 
telephony devices. The LIM possesses 
an internal digital switch and can func
tion as an autonomous PABX or as an 
integrated part of a larger system. The 
capacity of a LIM in normal traffic con
ditions is 200 extensions approx
imately. Larger PABXs are achieved by 
interconnecting LIMs via 32 channel 
PCM links for traffic and control pur
poses. Up to three LIMs can be inter
connected directly, whereas larger sys
tems need the group switch. 

The Group Switch, GS, is a modularly 
expandable digital switch, whose task is 
to transmit PCM-voice. data and control 
signals between LIMs. GS itself pos
sesses no control equipment; it is con
trolled fully by the connected LIMs. 

It is a simple matter to adapt MD 110 to a 
company's geographical structure as 
the exchange LIMs can be placed to
gether or assigned to nearby or re
motely situated company units. 2 Mbit/s 
line systems are used when the distance 
between LIM and GS exceeds 500 
metres. A physically dispersed but func
tionally coordinated MD 110 is an at
tractive alternative compared to a tradi
tional network composed of a number 
of separate exchanges. 

MD 110 offers extensions and operators 
numerous facilities. The extensions can 
be furnished with conventional tele
phones, for rotary dial or DTMF keypad, 
or with digital system telephones. Digi
tal system telephones and also digital 
operator consoles are connected to the 
exchange via normal two-wire lines. 
The majority of extension facilities are 
accessible from rotary dial telephones 
but a DTMF telephone or digital system 
telephone is required if all the system's 
facilities are to be utilized. 

Fig. 1 
The operators keyboard and visual display unit 
are separate units in MD 110 

82 



ROLF MORLINGER 
Communications Systems Division 
Ericsson Information Systems AB 

Fig. 2 
Block diagram tor line interface module, LIM 

The digital system telephone: 
- simplifies use of the systems facili

ties 
- replaces separate systems e.g. inter

com systems and call diversion/inter
ception systems 

- serves as connection point for data 
terminals. 

The function and software modularity 
that is characteristic for Ericsson's AXE 
10 system is to be found in MD 110 also. 
The programming language, PLEX, and 
the support system, APS, that is used in 
the design and production of software, 
are also common for MD 110 and AXE 
10. 

Like earlier SPC PABXs from Ericsson, 
ASB 100 and ASB 900, MD 110 is built 
up in cabinet packaging structure BYB 
201. The system makes considerable 
use of microprocessors and LSI cir
cuits. All integrated circuits have ce
ramic incapsulation in order to obtain 
the best possible operating characteris
tics. 

Development of MD 110 progresses in 
stages. The first version of the system 
contains the majority of the voice com
munication facilities described in this 
article. Continued development means 
inter alia that the system will be equip
ped with all functions named here for 
voice communications and with func
tions for data communications. Special 
system variants, e.g. a transit exchange, 
are also included in the development 
work. 

Line Interface Module, LIM 
The LIM is the unit in MD 110 to which 
extensions, operators and trunk lines 
are connected, fig. 2. One LIM has ca
pacity for 200 extensions approximately 
and can function as an autonomous 
exchange or as an integrated part in a 
larger system. The basic equipment, 
that can be duplicated, is formed by the 
control system and time switch. In addi
tion, the LIM can be equipped with an 
arbitrary mixture of analog and digital 
line circuits and trunk circuits as well as 
devices for tone sending, tone recep
tion, multiparty conference, group 
switch connection and I/O terminal con
nection. 

A complete LIM is housed in one cabi
net with the dimensions 1800x600x300 
mm, fig. 3. The printed board assem
blies (boards) are placed in two maga
zines, each with three shelves. The wir
ing between the boards in a magazine is 
achieved largely via the latter's back 
plane. Intermagazine wiring and wiring 
to the MDF always utilizes plug-ended 



Fig. 4 
Printed board assembly with six analog line 
circuits 

Fig. 3 
A LIM is housed in a cabinet with the dimensions 
1800x600x300 mm 

cables that are connected to the fronts 
of the relevant boards. In some cases 
front connect ion is also used to inter
connect boards in the same magazine. 

Control system 
The control system consists of one pro
cessor board, LPU. and a number of 
memory boards. MEU. LPU contains a 
processor system built up around two 
commercial 8-bit microprocessors. One 
processor funct ions as the LIM's main 
processor and the other works as signal 
processor whose task is to handle the 
direct communicat ion with the control 
circuits of the switch and the telephony 
devices 

The memory boards, in whose circuits 
the LIM programs and data are stored, 
contain RAM type storage components. 
Each board contains 256 kbytes. 

Time switch 
The switch is non-b lock ing, has 512 
time slots (mult iple posit ions) and con
sists of one basic board, BSU, and two 
supplementary boards. SSU. 

BSU contains the voice and control 
memories for the t ime switch as well as 
a microprocessor, that controls the in
ternal funct ions of the switch and has 
contact with the signal processor 

The SSU boards each serve 256 time 
slots and undertake serial/ parallel con
version of the PCM signals to and from 
the device boards. 

Telephony devices 
Analog line circuits are used for con
nection of convent ional telephones 
using decadic or DTMF signal l ing and 
analog trunk circuits for connect ion of 
tradit ional type exchange lines and 
lines to other PABXs. The analog ' digital 
conversion takes place on the boards 
using single channel codecs. The de
sign of the line circuits and trunk cir
cuits is inf luenced by signal systems 
and other market requirements. One 
board, ELU-A, normally contains six line 
circuits, f ig. 4 and one board TLU-A, 2-3 
trunk circuits. 

Digital line circuits are used for connec
tion of operator consoles and digital 
system telephones via normal two wire 
lines. One board, ELU-D, contains eight 
digital line circuits. 

The group switch junctor and the digital 
trunk circuit are both terminals for 32 
channel PCM links and each occupies 
one board. The group switch junctor 
board, GJU, is designed to facil itate 
connect ion to two parallel group 
switches. A LIM is normal ly equipped 
with two GJU boards. 

A digital trunk circuit , TLU-D, corre
sponds to 30 convent ional analog trunk 
circuits and it is used to connect MD 
110 to other digital exchanges. Digital 
connect ion of MD 110 to the AXE 10 
group switch wil l be the first appl icat ion 
of this technique. 

Tone senders and tone receivers are 
devices for digital generat ion and re
ception respectively of tones (dial tone, 
busy tone, etc.) and also dual tones for 
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DTMF signal l ing. A tone sender unit, 
TSU, consists of one board and sup
plies one LIM with all tones. A tone 
receiver unit, TRU, consists of two 
boards and contains eight DTMF re
ceivers and four receivers for dial tone 
One TRU is normally adequate for one 
LIM. 

A multiparty conference unit, MPU, oc
cupies one board and is used, by digital 
methods, to achieve a f lexible number 
of conferences with 3-8 participants. 
One MPU is normally included in each 
LIM. 

An I/O terminal interface unit, IOU, con
sists of one board and facil i tates con
nection of cartr idge tape units for back
ing up programs and data, and also 
three I/O terminals for operation and 
maintenance purposes. One or several 
lOUs are included in one MD 110. 

Flexible device configurations 
Each device board possesses a micro
processor, device processor, that con
trols the detection and manoeuvre func
t ions on the board, and manages com
municat ions with the signal processor. 
The use of device processors has faci l i 
tated the introduct ion of a standardized 
interface towards the wir ing in the back 
plane of the magazines. 

The distr ibut ion of the switch t ime slots 
to the device boards in a LIM is shown 
schematically in f ig. 5. The majority of a 
LIM's approximately 50 device board 
posit ions can be used for all board 
types requir ing up to eight t ime slots, 
i.e. primarily line circuits and trunk cir
cuits. The distr ibut ion of the t ime slots 
is also arranged so that boards with 
requirements up to 32 t ime slots can be 
placed on every fourth board posit ion 
provided that the fo l lowing three re-

Fig. 5 
Schema t ic structure of LIM showing how the 
switch t ime slots are dis tribu ted to the device 
boards 

LPU LIM Processor Unit 
MEU Memory Unit 
BSU Basic Switch Unit 
SSU Supplementary Switch Unit 
TSU Tone Sender Unit 
TRU Tone Receiver Unit 
MPU MultiParty conference Unit 
GJU Group switch Junctor Unit 

Arbitrary device board with maximum 8 individu
als (primarily line circuits and trunk circuitsl 

Supplementary magazine 



Fig. 6 
LIM with duplicated control system and dupli
cated switch. The duplication is based on the 
active/passive principle 

main unoccupied. In the corresponding 
manner it is possible to place boards 
requiring up to 16 time slots on every 
second position. In order to avoid emp
ty board positions adjacent to the two 
GJU boards and to the board TRU, TSU 
and MPU, that are virtually always to be 
found in a LIM, these units have perma
nent board positions, i.e. where the req
uisite 16 or 32 time slots are available. 

Redundancy as required 
The probability of a serious fault in a 
LIM, can be minimized when required, 
by duplicating the control system, the 
time switch and other units that nor
mally exist only singly. Duplication is 
achieved by interconnecting two basic 
magazines in the manner shown in fig. 
6. An active/passive configuration is 
used with automatic switching in the 

Fig. 7 
Block diagram for group switch, GS 

GJU 
TSM 

Group switch Junctor Unit 
Tone Switch Module 
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The establishment of a connection be
tween two LIMs commences with the 
LIM processors informing one another 
about which time slots have been se
lected on the relevant PCM link. The 
GJU processors are then ordered to es
tablish the connections via the involved 
time switch modules. A connection 
through GS is to its nature oneway and 
it is consequently necessary, as shown 
in fig. 7, to establish two paths through 
the switch in order to obtain a bothway 
connection The path from LIM A to LIM 
B proceeds via switch module TSM 0/1 
whereas the path from LIM B to LIM A 
proceeds via switch module TSM 1/0. 

The GS equipment is placed in the same 
type of cabinet as the LIMs. One cabinet 
houses the eight switch modules that 
form a row in the switch matrix, and the 
corresponding 31 GJU boards. A fully 
built up GS comprises eight cabinets. 

System structure and system 
function 
System with and without GS 
At its smallest, MD 110 consists of one 
LIM, that has capacity for about 200 
extensions. Larger systems are 
achieved by interconnecting several 
LIMs via 32 channel PCM links. Up to 
three LIMs can be directly intercon
nected, fig. 8, but thereafter GS is used. 
Normally, each LIM is connected with 

Fig. 8, left 
Up to three LIMs can be interconnected directly 

Fig. 9, right 
Four or more LIMs are interconnected via group 
switch, GS 

event of a fault. The active system con
trols and connects all devices via its set 
of switch boards. The quantity of device 
board positions is reduced to about 40 
in a LIM of this character. 

Group Switch, GS 
The task of the group switch is to con
nect PCM-voice, data and control sig
nals between the LIMs in an MD 110 
exchange. The LIMs are connected to 
GS via 32 channel PCM links. The time 
slots T1-T15 and T17-T31. are used for 
speech and data, T16 for control signals 
and TO for synchronization signals. 

GS is a non-blocking switch consisting 
of one or a number of time switch mod
ules with 1024 ports. The modules are 
arranged in a matrix, fig. 7. The PCM 
links from the LIMs are connected via 
terminal boards, GJU. One time switch 
module has capacity for 31 PCM links, 
2x2 modules for 62 PCM links and so 
on. GS can be expanded to maximum 
8x8 modules and can then manage 248 
PCM links 

GS is controlled from the connected 
LIMs. GJU contains a microprocessor, 
that manages the communications with 
the processor of the connected LIM via 
time slot T16. The processors on the 
GJU boards extend control information 
internally within the group switch. 
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two PCM links to GS, the latter dupl i - systems that contain characteristic 
cated for reliability reasons, f ig. 9 main funct ions, f ig. 10. 

A PCM link normally consists of two 
coaxial cables only between the termi
nal boards, GJU, in LIM and GS. Levels, 
synchronizat ion and coding are in ac
cordance with CCITT recommenda
tions for 32 channel PCM equipment. 
The signall ing on t ime slot T16 takes 
place in accordance with CCITT's sig
nalling system No. 7, levels 1 and 2. 

Functional system structure 
In addit ion to the physical structure al
ready described, system MD 110 also 
possesses a funct ional structure to 
which the system documentat ion is as
sociated. The system is divided into an 
Audio Communicat ion System, ACS, 
and a Service System, SES. In their turn, 
these are divided into a number of sub-

Each subsystem contains a number of 
funct ion blocks. The funct ion blocks 
consti tute natural design objects. They 
consist of program units or printed 
board assemblies or both. Analog and 
digital extension lines, operator lines 
and various types of t runk lines are thus 
each represented by their own funct ion 
block, that comprises the adaptation 
boards corresponding to the line type 
as well as a number of program units. 
Number analysis and abbreviated dial
ling are examples of funct ion blocks 
that only contain program units. 

Software structure 
The program units are independent 
products with strictly defined inter
faces. Each program unit consists of 

Fig. 10 
Functional sys tem s truc ture 

ACS Audio Communication System 
LSS Line Signalling Subsystem 
TCS Traffic Control Subsystem 
AHS Audio Handling Subsystem 
SES Service System 
SWS Switching Subsystem 
PRS Processor Subsystem 
SMS Service Maintenance Subsystem 
IOS Input Output Subsystem 

Hardware 
Software 
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programs and the corresponding data. 
The latter can only be reached by the 
program unit 's own programs. All inter-
working between program units, within 
and between LIMs, is achieved with for
mal messages, so called "program sig
nals". The signal channels of the PCM 
links are used to send program signals 
between program units in different 
LIMs. 

The majority of the program units are 
written in the high level language PLEX, 
originally developed for Er icssons AXE 
10 system. Program units with operative 
funct ions are written in assembler lan
guage 

MD 110 and AXE 10 also have the sup
port system APS 210 in common. It is 
used in conjunct ion with the design and 
product ion of software. 

Control principles 
The main principle for the control func
tions in MD 110 is that the LIMs shall be 
as autonomous as possible, while, con
currently, they shall interwork in a man
ner whereby externally the system func
tions as one fully co-ordinated ex
change. The latter means that the LIM 
must not consti tute any l imitation for 
extension number ing, facil it ies, opera
tion and maintenance funct ions, ac
cessibility of trunks and other telephony 
devices, etc. The desired control 
characteristics have been achieved by 
means of a well conceived distr ibut ion 
of the software funct ions in the dis

tr ibuted control system, that the LIM 
processors form together. The pos
sibility of rapid, safe signal transmission 
provided by the signal channels of the 
PCM links is a basic prerequisite for the 
interworking between the LIM pro
cessors. 

In effect, MD 110 software has been 
designed using the fo l lowing pr inci
ples: 
1. It shall be possible to use the same 

software in systems with one LIM and 
in mult i-LIM systems. 

2. To as great an extent as possible the 
processor load in a LIM shall be inde
pendent of the total number of LIMs 
in the system. 

3. The inter-LIM signall ing requirement 
shall be as small as possible. 

4. Any LIM that is isolated f rom the re
mainder of the system shall be capa
ble of funct ioning as a separate ex
change. 

5. The quantity of dupl icated programs 
and data shall be minimized, but in a 
manner that does not disregard the 
above stated principles. 

To exemplify how the general principles 
have been appl ied, descript ions fol low 
of how some famil iar funct ions are ex
ecuted in the system. 

For obvious reasons each LIM is equip
ped with its own set of the program 
units that manage signal l ing funct ions, 
connection-supervisory funct ions, etc. 
for the connected telephony devices. 

Fig. 11 
Operator console for MD 110 



Fig. 13 
Connection ot local and remote LIMs to dupli
cated GS 

Fig. 12 
Remote LIMs are connected to GS by 2 Mbit/s line 
systems 

T 
R 

Terminal equipment 
Repeater 

Number analysis is a funct ion to which 
all LIMs require frequent access. The 
data volume is moderate and Indepen
dent of the system size. This funct ion is 
placed in each LIM in accordance with 
the principles 2 - 4 and wi thout serious 
disregard to pr inciple 5. 

Translation of directory numbers into 
mult iple numbers and class of service 
codes is a funct ion whose data increase 
in step with the amount of extensions. A 
complete funct ion in each LIM would 
result in very great data volumes in 
large exchanges. The funct ion has 
therefore been divided into a central 
part and a regional part. The regional 
part exists in each LIM and contains 
complete data for extensions con
nected to the LIM. For reliability rea
sons the central part is contained in two 
predetermined LIMs. The central part 
contains only those data that are 
needed, by directory number, to identify 
the LIM in which complete data can be 
obtained. The data volume of the cen
tral part now grows at a reasonable rate 
with the exchange while, concurrent ly, 
the regional parts provide the LIMs with 
the desired autonomy. The central part 
of the described funct ion is one exam
ple of a so called " c o m m o n func t ion" . 
Other funct ions that to a greater or 
lesser degree have been realized as 
common funct ions are selection of out
going lines, queue to operators, loading 
of storage units and man-machine com
municat ion. 

Remote LIMs 
One of the most dist inct ive characteris
tics possessed by MD 110 is the pos
sibility to connect geographical ly re
mote LIMs to GS. LIM and GS are inter
connected solely with coaxial cables as 
long as the distance is less than 500 
metres. LIMs can be placed at any dis
tance from GS with the aid of 2 Mbit/s 
line systems, in which are included line 
terminals and repeaters, f ig. 12. 

Short range, distr ibuted (remote) LIMs 
can be used to spread an extension 
network throughout a number of build
ings in a rational manner. Long-range, 
distr ibuted LIMs can be used in private 
networks as an attractive alternative to 
independent satellite exchanges. In 
such a network the extensions can re
tain their directory numbers no matter 
where they move. All facil it ies function 
throughout the network and the opera
tors can be situated centrally or dis
persed. 

A remote LIM can be equipped with line 
circuits only and then funct ion as a con
centrator with autonomous internal 
traffic. If a higher degree of autonomy is 
required it is also possible to connect 
public t runk lines and operators. The 
LIM wil l then funct ion as an autono
mous exchange if connect ion with the 
remainder of the system is cut off for 
any reason. 

Reliability 
The modular structure of MD 110 gives 
the system good reliabil ity characteris
tics. Operators and lines in incoming 
and outgoing routes can be distributed 
among several LIMs. 

The funct ions that are not de
centralized, i.e. the common functions 
and the group swi tch, GS, can be dupli
cated. 

A dupl icated GS consists of two identi
cal units, that work independently of 
one another, f ig. 13. Parallel paths are 
established via the two GS units and 
identical informat ion is sent via these 
paths. The PCM links are normally split 
on the GJU boards in the LIMs but, as 
seen in f ig. 13, this can also be done on 
the GS-side. The latter method, that is 
slightly inferior f rom the reliabil ity as
pect, can be used to decrease the con
nection costs for remote I IM<= 



Fig. 14 
Single digit codes are used to activate facilities in 
the inquiry, busy and ring states 

Fig. 15 
Digital system telephone. A larger version with 36 
programmable function buttons is also available 

All or certain selected LIMs can be 
provided with increased reliability by 
duplication of the control system and 
time switch. 

Each LIM is normally equipped with two 
group switch junctors but with only one 
set of tone senders, tone receivers and 
conference devices. The latter can also 
be duplicated, but as an alternative de
vices in other LIMs may be used. 

Capacity 
MD 110 has a capacity for 10 000 exten
sions. This quantity is determined by 
limitations that have been introduced 
into the software for practical reasons. 
The hardware structure permits a much 
greater quantity. 

The modular structure and flexible 
equipment configurations of the system 
permit extensive variations in the traffic 
capacity. The LIMs two internal switch
es and the group switch are nonlock
ing. Consequently, the traffic capacity is 
determined only by the number of trunk 
lines and the number of PCM links be
tween LIM and GS. Up to 90 lines can be 
connected to each LIM and the LIMs 
can be connected to GS with up to four 
32 channel PCM links. 

Facilities 
Extensions and operators have access 
to numerous facilities that make tele
phoning more effective and simpler, 
both for internal and external calls. Cer
tain advanced extension facilities are 
associated with the digital system tele
phones, but most of the facilities are 
accessible from conventional tele
phones. 

System-oriented facilities 
In addition to the purely extension and 
operator oriented facilities there exist 
numerous system-oriented facilities: 
- automatic and operator expedited in

ternal, outgoing and incoming traffic 
- flexible numbering 
- extension classes of service 
- trunk call discrimination 
- extension group hunting 
- group call pick-up 
- night service (route/line-associated) 

• universal (call on common signal 
device) 

• general (call to common answer 
position) 

- interworking with other private ex
changes via private trunk lines (tie 
lines) 

- alternative routing on outgoing calls 
- call metering 

• counting of meter pulses 
• call information logging 

- direct connection to public trunk 
lines on operational breakdown. 

Facilities for extensions equipped with 
conventional telephones 
The facilities listed below are all avail
able from DTMF telephones. The great 
majority of the facilities are also ac
cessible from rotary dial telephones: 
- inquiry 
- refer back during inquiry 
- call transfer 
- multiparty conference 
- automatic call back 

• busy extension 
• on no reply 

- call waiting indication 
- executive intrusion 
- paging 
- call diversion 

• direct 
• on busy 
• on no reply 
• follow me 
• bypass 

11 
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Fig. 16 
MD 110 allows concurrent, mutually independent 
voice and data communications 

- abbreviated dial l ing 
• common 
• individual 

- last number redial 
- non-dial led connect ion to predeter

mined answer posit ion 
- call pick-up 
- night service, individual. 

MD 110 offers simple handl ing of those 
facilit ies that are activated in the in
quiry, busy or ring states. The register 
funct ion is always accessible on these 
occasions and single digit codes can be 
used then, without any considerat ion to 
how the normal number series has been 
chosen. Fig. 14 shows how a DTMF 
telephone can be equipped with auxil i
ary designations for the facil it ies in 
question The single digit codes can 
also be used from rotary dial tele
phones. 

Facilities available to extensions 
equipped with the digital system 
telephone 
The digital system telephone, that forms 
part of the MD 110 system, allows sim
pler uti l ization of the facil it ies listed ear
lier. It can also be used for a number of 
special purposes. 

The digital system telephone exists in 
two sizes and contains pushbut ton unit, 
loudspeaker, handset, l iquid crystal dis
play and 12 or 36 programmable func
t ion buttons with associated light emit
t ing diodes, f ig. 15. The telephone is 
connected to the PABX by a normal two 
wire line via which it is also fed current. 

Three of the funct ion buttons have per
manent funct ions, that simplify hand
ling of the extension user's own line in 
conjunct ion with parking, refer back, 
inquiry etc. The funct ions of the remain
ing buttons are programmable. For ex
ample, they can be used to simplify 
more facil i t ies according to the princi
ple one button per facil ity or for single 
button access. The latter funct ion in 
combinat ion with inter alia the loud-
speaking funct ion makes it possible, 
using digital system telephones, to re
place a separate intercom system. The 
programmable funct ion buttons can 
also be programmed so that the tele
phone becomes an advanced aid for 
answering calls to extension groups 
(line pickup group funct ion) and for di
version of calls to secretaries. 

The digital system telephone also 
serves as connect ion point for data ter
minals. MD 110 permits concurrent and 
mutually independent voice and data 
communicat ions on the digital exten
sion lines and onwards th rough the sys
tem, f ig. 16. The data communicat ion 
facil it ies, the digital system telephones 
and their use wil l be described in detail 
in separate articles in a later number of 
Ericsson Review. 

Operator facilities 
MD 110 possesses a compact operator 
console, consist ing of separate key
board and display units, f ig. 11. The 
console is connected to the PABX by 
two wires only in the same manner as a 
digital system telephone. 

The operator console util izes liquid 
crystal displays. LCDs, to show digit 
and symbol informat ion needed by the 
operator to handle calls in an effective 
manner. 

The operators can perform all normal 
extending facil i t ies via the consoles, 
and by these also gain access to faci l i 
ties and funct ions such ai 
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- specific call supervision 
- abbreviated dial l ing 
- last number redial 
- queue indication 
- alarm indicat ion 
- time indication 

The specific call supervision funct ion is 
a development of the normal parking, 
extending and recall funct ions. The op
erator console has four buttons that can 
be used when the operator parks or 
extends a call that needs supervising 
for some reason The operator regains 
immediate access to the call by press
ing the associated button again. One of 
the four supervisory links is also com
bined with a monitor ing funct ion. 

Operation and maintenance 
functions 
Particular attention has been devoted to 
the operation and maintenance func
tions in MD 110. Advanced funct ions for 
the management of on site data as well 
as for system supervision, alarm send
ing, fault locating and traffic recording 
are included in the system. The func
tions can be util ized on site or f rom a 
remotely situated operation and main
tenance centre. 

To all extents and purposes the opera
t ion and maintenance funct ions have 
the same design as those in ASB 900, an 
earlier Ericsson PABX1. 

All communicat ions between operation 
and maintenance personnel and MD 
110 take place via standard type I/O 
terminals. Up to six terminals can be 
used concurrent ly. These can be con
nected on site or remotely via modems. 
The man-machine language used is in 
accordance with CCITT's Man-Machine 
Language. 

Commands exist for programming and 
reading all types of on-site data. If suita
ble, the operation and maintenance or
ganization can transfer responsibil i ty 
for frequent data changes to the cus
tomer. 

MD 110 is supervised automatically by 
periodic program control led funct ion 
tests and with the aid of data f rom the 
ongoing traffic. Control and system 
funct ions as well as the funct ion of indi

vidual telephony devices are super
vised. 

On discovery of a fault the alarm is 
issued on the operator consoles and, if 
required, on separate lamp panels. 
There are four different classes of a-
larm, that are used to indicate the de
gree of alarm urgency. Complete data 
concerning alarm origin can be ob
tained via an I/O terminal that can be 
situated on site or at an operat ion and 
maintenance centre. 

With dupl icated equipment, switching 
to the reserve unit takes place automat
ically on discovery of a fault. Faulty tele
phony devices are blocked automat
ically or designated as "last choice' ' in 
order to reduce the effect of the fault on 
traffic. 

The alarm data normally contain all the 
information that is needed to localize a 
fault to one or a few boards. Program 
control led funct ion tests and control led 
test connect ions, primari ly intended for 
repair verif ication, can also be used for 
fault locating. 

MD 110 contains funct ions for gather
ing, assembling and pr int ing out traffic 
data for all device groups that require to 
be dimensioned with considerat ion to 
traffic. Data for operators and routes 
have been paid particular attent ion. 

Power equipment 
The PABX has a nominal 48 V operat ing 
voltage but this may vary wi th in the 
range 4 4 - 5 4 V. The PABX is fed f rom 
the mains via an external rectifier. In 
order to ensure disturbance-free opera
t ion the rectifier is usually combined 
with batteries and charging equipment. 

Conversion f rom 48 V to lower voltages 
and to ring voltage is achieved locally, 
per magazine. Boards containing d.c.l 
d.c. converters and ring generators re
spectively exist for this purpose. 

References 
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Digital Signal Processing 
in System MD110 

Jonas Reinius, Bengt Svensson and Sven-Olof Akerlund 

MD 110 is a digital stored program control PABX whose general functions are 
described in the preceding article. 
In this article the authors describe in greater detail the digital signal processing 
for various functional units in the PABX such as switches, multiparty conference 
units, tone transmitters and receivers and the working of digital extension lines. 
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Table 1 
Characteristics of first orde 

Voice frequency band 
Sampling frequency 
Bits per sample 
Time slots per frame 
Voice channels per frame 
Transmission speed 
Companding 

r PCM 

0.3 to 3 4 kHz 
8 kHz 
8 
32 
30 
2.048 Mbit/s 
A-law 

MD 110 is a digital PABX system built up 
from a number of line interface mod
ules, LIMs, that are interconnected in a 
star configuration via PCM links to a 
group switch, GS1, fig. 1. Each LIM can 
contain hardware for all functions of the 
PABX. In addition to adaptation units 
towards different line types LIM also 
contains a digital, non-blocking switch, 
LS, and a control processor, LP. 

MD 110 is a fully digital system and uses 
PCM in accordance with CCITT rec
ommendations, table 1. Voice and tone 
signals must therefore be converted 
into digital form in an analog environ
ment. This analog to digital conversion 
takes place on an extension line circuit 
board, ELU-A, for extension lines, and 
on a bothway trunk line board, TLU-A, 
for public (exchange) and private (tie) 

trunk lines, fig. 2. The boards are equip
ped with individual codec and filters for 
each line. 

Digital telephones with special func
tions, system telephones, can be con
nected to the PABX via normal two-wire 
extension lines. Board ELU-D is used 
for these. Speech is converted into digi
tal form in the system telephone. Sim
ilarly, all signals corresponding e.g. to 
button depressions during dialling are 
converted into digital signal informa
tion. Digital voice and signal informa
tion are transmitted concurrently be
tween the system telephone and PABX 
via the extension line that also has ca
pacity for transmission of data. 

Operator consoles are connected to the 
PABX via digital extension lines in the 
same manner as system telephones. 

Digital public and private trunk lines are 
connected to the PABX via boards, TLU-
D, with a capacity of 30 channels. MD 
110 allows use of channel-associated 
signalling and also signalling via com
mon channels. 

Fig. 1 
System structure 
The Line Interface Module, LIM, contains tele
phony devices, switch and control unit. Each LIM 
is independent of other LIMs and GS for internal 
connections. PCM links in accordance with CCITT 
recommendations are used between LIM and GS 
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Digital switch 
The digital switch in MD 110 consists of 
a time switch in LIM and a time switch in 
GS. Path selection through the PABX 
also includes selection of l inks in the 
PCM connect ions between LIM and GS. 

The LIM switch has 512 posit ions in the 
voice memory and thereby facil itates 
256 concurrent bothway connect ions 
without congest ion. The switch con
tains a basic board, BSU, that contains 
voice memory and control memory. 
These memories are parity-checked, to 
provide immediate fault detection and 
prevent wrong connect ion. 

The parity check is also used to super
vise through-connect ion. Inverted par
ity is sent on the newly established con
nection and provides a fault indicat ion. 
This " incor rec t " indicat ion for a correct 
connect ion at the correct time is used 
to indicate a successful through-con
nection. 

The BSU board also contains PROMs 
for digital at tenuat ion/ampl i f icat ion. If 
attenuation is to be inserted in a con
nection a section of the PROM wil l be 
addressed by an incoming PCM word. 
The new PCM word that is read corre
sponds to an attenuated/ampli f ied sig
nal. Eight sections exist for different 
attenuation values. These sections are 
normally programmed for an attenua
tion from - 6 to +15 dB in 3 dB stages. 

Attenuation in a connect ion is inserted 
in both the voice direct ions and mutu
ally independently so that a bothway 
connect ion can be provided with dif
ferent attenuations for the forward and 
backward directions. 

The LIM switch also has two switching 
boards, SSU. The digital information is 
transmitted in serial form from the de
vice boards to SSU. Each device board 
posit ion has unique addresses corre
sponding to maximum eight device in
dividuals. These eight individuals corre-

Fig. 2 
A l ine inter face modu le , LIM, compr i ses cont ro l 

sys tem, sw i t ch and dev ices 

LP LIM processor 
LS LIM switch 
EL-A Analog extension line circuit 
EL-D Digital extension line circuit 
TL-A Analog trunk line circuit 
TL-D Digital trunk line circuit 
TMS Tone message sender 
KS Tone sender for DTMF signalling 
TMR Tone message receiver 
KR Tone receiver for DTMF signalling 
MP Multiparty conference equipment 



Fig. 5 
Block diagram tor multiparty conference equip
men t 
The companded PCM code is expanded to a linear 
12 bit forma t before the addi t ion . Any necessary 
adjus tmen t of the level of the voice signal is 
under taken at the same t ime 

S/P Serial/parallel conversion 
P/S Parallel/serial conversion 
Tone Holding register for tone signals 
Voice Holding register for voice signals 
Exp. Expanding and level adjustment to linear code 
X Adder circuit 
Reg Intermediate storage register 
Komp. companding to 8 bits 

Fig. 4 
Addition principle for multiparty calls. Each party 
receives the sum of the voice signals of the other 
parties and warning tone . Odd voice channels are 

sub trac ted 

D Digital attenuation 
Adder circuit 

1, 2, 3 Voice signals 

Fig. 3 
Connec t ion of operator 

LS LIM switch 
TL-A Analog trunk line circuit 
TL-D Digital trunk line circuit 
EL-A Analog extension line circuit 
EL-D Digital extension line circuit 
MP Multiparty conference equipment 
TMS Tone message sender for warning tone 

spond to eight posit ions in the t ime 
switch. 

If only every second board posit ion is 
equipped it is also possible to use the 
addresses of the adjacent board and the 
device board can have 16 individuals. In 
the corresponding manner each fourth 
board posit ion can be equipped with a 
board for 32 individuals. 

The group switch, GS, comprises t ime 
switch modules with 930 switch posi
t ions corresponding to 31 PCM links. 
The modules are arranged in a matrix 
with maximum 8 x 8 modules. GS thus 
permits connect ion of maximum 8x31 
= 248 PCM links, each possessing 30 
voice connect ions. 

The PCM links between LIM and GS 
consist of 2.048 MHz digital connec
tions in accordance with CCITT rec
ommendat ions. Each link comprises 30 
channels for voice connect ion, T1 - T 1 5 
and T 1 7 - T 3 1 , one channel, TO, for syn
chronizat ion and supervision and one 
signal channel, T16, that is used for 
signall ing between the processors in 
interworking LIMs. 

Multiparty conference calls 
Multiparty conference calls are possible 
in MD 110, e.g. on operator call extend
ing and conference calls. Fig. 3 shows 
the traffic pattern for operator call ex
tending. The operator has access to 
bothway voice connect ion with an ex
ternal or iternal party or with both si
multaneously. A special warning tone is 
issued if more than two parties are in
terconnected. Attenuat ion of the voice 
signal in the mult iparty conference unit 
can be selected individually f rom eight 
levels for each voice path and voice 
direct ion. Up to eight part icipants can 
be connected concurrent ly to a multi
party conference call. 

The voice signals are added linearly in 
the mult iparty conference unit. The sum 
of the voice informat ion of the other 
participants is added for each part ici
pant. With mult iparty conference units 
of this type some risk of instabil ity ex
ists when there are many part icipants 
due to reflections in hybrid circuits. To 
lessen this risk the voice signal from 
every second channel is inverted so that 
disturbance signals in odd and even 



Fig. 6a 
The tone message sender is connected by a tan 
arrangement 

Fig. 6f 
Inquiry position with "refer back" possibility. A 
tone receiver, KR, e.g. in another LIM, is con
nected in parallel in order to detect transmission 
of a DTMF digit that signifies a refer back request 

Fig. 6b 
Register position with dial tone 

Fig. 6c 
Waiting for dial tone from public exchange 

Fig. 6d 
Outgoing external call. On detection of a digit in 
the DTMF receiver, KR, the voice path is discon
nected in KR to prevent the public exchange from 
comprehending the digit 

Fig. 6e 
Retransmission of DTMF digits. The DTMF send
er, KS, is released and the voice path is re
established if no digit exists to send 

channels are subtracted f rom one an
other, f ig. 4. 

The mult iparty conference unit com
prises one board, MPU. The board has 
two entries for warning tones and 30 
voice channel connect ions. The control 
logic on the board handles the connec
tion and disconnect ion of parties and 
interruptions of warning tones. Several 
concurrent mult iparty connect ions are 
possible with up to four different tone 
cadences, f ig. 5. 

Tone sending and tone 
receiving 
Tone senders and tone receivers are 
fully digital auxil iary devices. They are 
connected towards the line with the LIM 
switch, LS, when needed, f ig. 6. 

Traffic cases 
The tone message sender is connected 
without risk for congest ion as all users 
of a tone message are connected to the 
same exit. Dial tone receivers, DTMF 
(Dual Tone MultiFrequency) senders, 
DTMF receivers, MFC senders and MFC 
receivers are individual devices and 
congestion can occur if all devices of a 
particular type are busy. 

To distribute the load when devices are 
lacking, a LIM (about 200 extensions) 
can request connect ion of a device in 
an adjacent LIM. If no device is available 
in this LIM the request wil l be queued in 
the own LIM if a queue posit ion exists, 
f ig. 6f. 

To prevent pulses longer than 20 ms 
initiated via DTMF telephones from 
being issued towards the external line, 
but nevertheless permit voice connec
tion dur ing call establ ishment, the 
DTMF receiver is connected in series 
with the voice path for outgoing exter
nal calls. In this manner it is possible to 
lead normal speech via the DTMF re
ceiver, but it will be delayed 13 ms. 
Transmission of an approved DTMF dig
it disconnects the voice path. The voice 
transmission is re-established after an 
approved pause, f ig. 6d. 

The DTMF receiver is connected in par
allel with the extension in the inquiry 
and conference states in order to faci l i 
tate "refer back" for parties with DTMF 
telephones. In this state the voice repro
duct ion protect ion has been increased 
in that the period for approved button 
depression is increased to about 100 
ms. 

Auxiliary devices 
Tone senders for up to 24 tone mes
sages and eight DTMF senders are con
tained on one board One such board is 
placed in each LIM in order to provide 
non-blocking transmission of tone mes
sages, f ig. 7. 

Four tone receivers for dial tone from 
external lines and eight DTMF receivers 
are gathered into one unit compr is ing 
two boards. One such unit is placed in 
each LIM for those PABXs that require 
one or both of these funct ions. 

Fig. 7 
The tone sender unit, TSU, has a number of tone 
generators that can be connected to any PCM 
channel. An unlimited number of users can be 
connected to each PCM channel and be provided 
with individual attenuation in the switch, LS 



Fig. 9 
Calculation formula and block diagram for a 
normal, non-recursive filter 

Fig. 10 
Calculation formula and block diagram that dem
onstrate the use of the symmetry characteristics 
and sub-sampling of the filters 

Fig. 8 
Block diagram for tone sender, TSU. 
The control part achieves connection of the tone 
generator by writing into the read/write memory 
the address of the field with tone sample that is to 
be transmitted on a PCM channel. The read/write 
memory is addressed on reading by a counter 
clocked with 256 kHz corresponding to the PCM 
byte rate. The start address of the field in the read 
memory containing the sample for the tone that is 
to be transmitted on PCM channel 0 is written at 
address 0 in the memory, and so on. The read 
only memory is also addressed by a counter 
clocked with 8 kHz corresponding to the PCM 
sample rate for consecutive addressing of the 240 
(480) samples to the shift register. This is clocked 
on to the PCM bus at a rate of 2.048 MHz 

A board with eight senders and two 
boards with together four receivers ex
ist for MFC signal l ing. The MFC receiver 
can be programmed to detect either 
forward or backward signals on con
nection to an external line. An external 
line can request connect ion of MFC 
equipment, irrespective of whether its 
own LIM possesses these devices or 
not. 

The funct ions of MFC senders and re
ceivers are similar to DTMF senders and 
receivers and consequently are not de
scribed specifically. 

The quantity of tone senders and re
ceivers can be dupl icated when a great
er device capacity is required or re
quirements exist for better reliability. 
Senders and receivers are supervised 
on a routine basis by interconnect ion 
towards one another. 

Tone sender 
The tone sender has a tone generator 
part and a control part. The tone gener
ator part generates cont inuous tones 
that are synchronized with the PCM 
rate. The control part connects a certain 
tone to a certain PCM channel and 
switches between tone and silence in a 
tone message The tone generator can 
generate 32 tones, that can be con
nected to any number of the 32 PCM 
channels, f ig. 7. 

The tones are stored in a PROM as a 
number of full waves of the required 
wave form. The sampling speed is 8 kHz 
and each tone is described with 240 

alternatively 480 eight bit PCM samples. 
For a full wave this provides a lowest 
frequency of 33 1/3 Hz for 240 samples 
and 16 2/3 Hz for 480 samples As the 
tones must be stored as a number of full 
waves of the wave form the tones be
come mult iples of 33 1/3 Hz and 16 2/3 
Hz respectively. The PROM has capacity 
for thir tytwo 240 sample tones or for 
sixteen 480 sample tones or a combina
t ion. The DTMF tones for digits 0 - 9 and 
the star and square buttons occupy half 
of the memory, f ig. 8. 

The control part assembles complete 
tone messages and connects these to 
PCM channels on the order of central 
software on PABX start or on start of 
processors on boards e.g. after board 
replacement. This gives great f lexibil i ty 
and the number of market-adapted 
boards that needs to be manufactured 
is reduced considerably. The tone levels 
can be adapted on connect ion to a spe
cific line by using the attenuation in the 
LIM switch, f ig. 7. 

The control part also supervises the re
peated sequences for swi tching be
tween tone and pause e g in busy mes
sage and swi tching between the three 
tones and pause in the diversion mes
sage. DTMF transmission is a special 
case of a non-repeated signal se
quence. 

Tone receiver 
The tone receiver uses digital FIR 
(Finite Impulse Response) f i l ters. Two 
filters with a mutual phase displace
ment of 90° for each frequency are used 
to detect the ampl i tude of the signal, 
irrespective of the phase posit ion. The 
output signals are added vectorially and 
the absolute value of the total provides 
the ampl i tude value of the signal. 

A total of 112 fi l ters is required for eight 
code receivers and four tone receivers. 
18 filters for 2 x 4 channel detectors and 
one detector for frequencies in the 
range 2 to 4 kHz exist for each code 
receiver individual. The receiver wil l be 
blocked if voice frequencies are de
tected in this range thereby increasing 
the voice immunity nf thp roroiucr TiA/n 



19 

filters for each of the two types of dial 
tone that the receiver can detect exist 
for each dial tone receiver. 

The calculation formula and block dia
gram for a normal, nonrecursive digital 
filter are shown in fig. 9. 

By using the symmetry characteristics 
of sine and cosine filters and by using 
the same accumulators and multiplica-
tors in time division multiplexing, the 
formula and block diagram for each dia
gram can be described as in fig. 10 The 
calculation is undertaken in an arithme
tic processor. The latter is built up with 
discrete standard MSI/LSI circuits and 
the function in these is controlled by a 
microprogram comprising 1024 words 
each 32 bits long. The clock frequency 
for the program memory is 8 MHz and 
this gives a cycle time of 125 us, corre
sponding to an 8 kHz sampling speed. 

The arithmetic processor interworks 
with a standard microprocessor via a 
common result memory. The vectorial 
addition of the filter results and the 
analysis of the mutual amplitude levels 
of the channel detectors that are re
quired for approval of the DTMF code 
are carried out in the microprocessor. A 
DTMF code shall consist of one fre
quency each from the low group and 
high group for a predetermined period 
followed by a pause with a predeter
mined minimum length. 

The fact that the amplitude of the input 
signal is more or less constant during 
the greater part of the reception period 
has been used to reduce the number of 
calculations per filter. It is thus un
necessary to calculate the amplitude of 
each incoming PCM sample, merely 
once every 104th sample, which is 
equivalent to once every 13 ms approx
imately. 

The filters function on the linear princi
ple and their coefficients lie pair by pair, 
symmetrically around the centre point 
of the filters. The coefficients in a pair 
can have the same or opposite sign. To 
reduce the number of multiplications 
the symmetry is used so that samples 
corresponding to symmetrically situ
ated coefficients are added/subtracted 
before the multiplication is undertaken. 

The highest frequency for DTMF sig
nalling is 1633 Hz. A 4 kHz sampling 
speed is therefore adequate if the effect 
in the band 2 to 4 kHz is low enough. 
Thus, only every second sample is used 
in the calculation for the channel filters. 
Every sample is used for the other fil
ters. 

The amplitude in the 2 to 4 kHz detector 
is compared with the amplitude of the 
strongest signal in the low group. If the 
difference is great enough the foldover 
distortion around 2 kHz is so little that 
4 kHz sampling can be permitted. 

Fig. 11 
Block diagram for the tone receiver, TRU. 
The tone receiver consists of an arithmetic pro
cessor for filter calculations and a microcomputer 
for analysis of the filter results. 
104 PCM samples are stored for 13 ms in the 
sample buffer. After linearization they are added 
to the symmetrical samples of the centre point of 
the filter before they are multiplied by the corre
sponding coefficient. The sum of the 52 products 
is then formed. After the last addition the sum is 
read into the filter result memory. The microcom
puter is informed that new filter results exist and 
starts the analysis 



Fig. 12 

Principle for burst signalling 

Each burs t comprises 12 bits of biphase coded 
information. The bit frequency is 256 kbit/s 

F Frame synchronization bit 
D Data information 
S Signal intormation 
P Voice information (PCM) 

It has been possible to reduce the num
ber of filter calculations for each DTMF 
receiver from 18x104 for each DTMF 
receiver every 125th LIS to 5*104 for 
each receiver every 13th ms, fig. 11. The 
number of calculations in respect of the 
FIR filters is otherwise so great that it 
would not have been possible to build 
such a compact receiver without this 
reduction in the number of calculations 
per PCM sample. 

The threshold levels for a normal line 
and a long line are set on start of the 
PABX. The applicable level and the de
tection times for tone and pause in mul
tiples of 13 ms intervals are determined 
each time a DTMF receiver individual is 
selected. 

Fig. 13 
Digital ex tension line unit board for eight exten
sions, TLU-I 

The threshold level and detection time 
for the dial tone receiver are set in con
junction with start of the PABX. 

Digital extension line 
The 2-wire digital extension line in MD 
110 provides several advantages from 
the transmission and system aspects: 
- 4-wire transmission through the en

tire connection guarantees voice 
transmission free from return loss 

- The levels of the voice channel are 
well defined as they are independent 
of the length of the extension line 

- Voice communication, data com
munication and signalling take place 
on separate channels and can pro
gress individually of one another 

- The signal transmission complies 
with highly stringent requirements as 
regards flexibility and capacity 

- The 2-wire connection facilitates the 
use of existing network equipment 
for analog systems after digitaliza-
tion. 

Signalling 
Time Division Multiplex, TDM, is used 
for line transmission. Information is in
terchanged alternately between the 
PABX extension line unit board and the 
digital system telephone in the form of 
bursts, fig. 12. The extension line circuit 
transmits a burst every 125th |<s. The 
telephone is synchronized with this rate 
so that it sends its burst immediately 
after a burst has been received. 

From the figure it will be seen that the 
moment of reception on the extension 
line board is dependent on the line de
lay. This delay, together with length and 
repetition frequency of the burst, sets a 
theoretical maximum transmission 
length for the TDM method. The limit in 
this case lies at a line length of about 2 
km. Other factors such as current feed, 
attenuation and signal to noise ratio 
limit the range to 1 to 2 km. 

The line transmission containes three 
mutually independent channels: 
- PCM channel, with capacity 64 kbit/s 
- signal channel, for transmission of 

control information with 8 kbit/s 
- data channel, that serves a data ter

minal interface for 16 kbit/s which is 
connected to the telephone. 

The signal bits, one from each burst, are 
assembled to a word format consisting 
of eight signal bits, synchronization bits 
and parity bit. In their turn these sianals 
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Fig. 14 
Signal forma t 

ST, SP Word synchronization 
S0-S7 Signal bits 
P Parity bit 
NBYTES Message length 
OPCODE Priority level 
ORDER Order code, e.g. start flashing 
PAR Order parameter, e.g. LED number 
CHECKSUM Check sum for checking contents of the 

signal 

are assembled into signal messages of 
varying lengths. The same message for
mat is used in both signal directions, 
f ig. 13. The signal message contains 
check information in the form of stated 
length and a check sum. After a signal 
has been approved by the receiver an 
acknowledgement is issued to the send
er in the form of a predetermined signal 
word. Both sender and receiver subject 
the signal transmission to time supervi
sion. In the event of t ime release a new 
attempt to send is made. A message can 
contain several orders, e.g. "ext inguish 
lamp 31 and start the tone r inger". 

Design 
All logic funct ions required to transmit 
and receive information via the line and 
to assemble and disassemble the signal 
words in accordance with the required 
format are housed in a custom de
signed CMOS circuit, BSA (Burst Sig
nall ing Adapter). The circuit can be pro
grammed to funct ion as control ler on 
the extension line unit board or as slave 
in the telephone. Fig. 14 shows a block 
diagram for the extension line unit 
board. A microcomputer whose task is 
to manage the message processing 
controls eight BSA circuits. The circuits 
are also connected towards the system 
switches for voice and data. Line driver 
circuits and input stages are built into 
the circuit on the line side. Externally 
there is a passive bandpass filter, cur
rent feed circuits and protect ion against 
alien voltages. The current feed is low-

ohmic as there is no reason to detect 
any current loop for this appl icat ion. As 
a consequence the power losses in the 
current feed circuits wil l be relatively 
small. An electronic protector discon
nects the current if line overloading oc
curs. 

Fig. 15 shows the different blocks in a 
digital system telephone. The line volt
age is separated in a line transformer 
and converted into logic voltages. In
coming burst signals are fi ltered and 
decoded in the BSA circuit so that the 
burst transmission is synchronized with 
the extension line board. Codec and 
filter circuits exist for the conversion of 
PCM signals to analog voice signals 
and vice versa. A CMOS microcomputer 
attends to signal l ing, detection of but
ton signals and the control of lamps and 
tone ringer. This microcomputer also 
supervises the auxil iary unit for data 
terminal connect ion. 

Products 
Several products have been developed 
for the digital extension line: 
- the extension line unit board de

scribed above, with 8 lines per board 
- the operator console with 23 LCD 

digit indicators and some 30 LCD 
funct ion indicators 

- loudspeaking telephone with 12 or 36 
facil ity buttons and LEDs and an 18 
digit LCD display. These telephones 
can be equipped with an adapter unit 
for a data terminal interface. 

Fig. 15 
Block diagram for the digital sys tem telephone in 

MD 110 



Nordic Public Data Network with AXB 30 

Olov Sjostrom and Eric Strindlund 

The public data networks In Denmark, Finland, Norway and Sweden were taken 
into full service in 1981. When the need for a public data network was felt in the 
Nordic countries, the Administrations in the four countries jointly prepared 
guidelines and specifications for a system that met their requirements. On the 
basis of these requirements the Ericsson system AXB 30 was developed by 
ELLEMTEL, the development company owned jointly by Ericsson and the 
Swedish Telecommunications Administration. The production and a part of the 
development work was shared by manufacturers in the four countries concerned. 
The authors describe the events leading to the development of AXB 30 and the 
structure and properties of the system from the point of view of the user. 

Fig. 1 
The increased need ot data communication is 
illustrated by the number of modems installed in 
Sweden during the years 1966-1976 

The need for a public data 
network 
By the beginning of the 1960s the use of 
computers was so widespread in the 
Nordic countries that the need for data 
communication had arisen. The exist
ing telephone network offered a solu
tion, and the Administrations consid
ered it a matter of urgency to find tech
nical means of utilizing the network. 

The introduction of data transmission 
has not been wholly trouble-free for any 
telecommunications administration. 
The high data speeds meant that new 
transmission demands were made on 
the telephone lines. The very short con
nection times that were required could 
not be achieved in the switched tele
phone network, and in certain cases 
point-to-point circuits were therefore 

the only feasible medium. Such circuits 
were leased from the administrations. 

Eventually the number of terminals for 
one and the same computer amounted 
to several hundred. Separate data net
works were established for individual 
users. They were often both compli
cated and sensitive to operational dis
turbances. The data transmission re
quired modem equipment for convert
ing digital signals into signals that were 
suitable for transmission over analog 
telephone lines. It has been the policy of 
the Nordic Administrations to provide 
and maintain modem equipments and 
lines. The customers are usually re
sponsible for data terminals and com
puters. 

The data service grew very rapidly. Dur
ing its first decade annual increases of 
between 50 and 100% were recorded, 
fig. 1 and table 1. The prognoses indi
cated continued large growth for sever
al years. 

By the beginning of the 1970s it was 
obvious that something had to be done 
to rationalize the data traffic and give it 
a structure similar to that of the tele
phone traffic. \t could not be rational to 
have data traffic transmitted in several 
parallel but entirely separate data net
works, which were built up of point-to-
point circuits leased from the Admin-

1971 
1972 
1973 
1974 
1975 
1976 

Denm 
644 
878 

1 414 
2 161 
2 996 
4 600 

ark Finland 
266 
606 
859 

1 327 
1 727 
2 250 

Norway 
293 
495 
802 

1 042 
1 538 
2 250 

Sweden 
1 266 
1 677 
2 333 
3 495 
5 488 
8 500 

Table 1 
The number of modems installed in the Nordic 
countries during 1971-1976 

Fig. 2 
A work position with a display unit (DTE). On the 
far right the line terminal (DCE) of the data 
network 



23 

OLOV SJOSTROM 
Technical Department, Data Network Office 
Swedish Telecommunications Administration 
ERIC STRINDLUND 
Division for Public Telecommunications 
Telefonaktiebolaget LM Ericsson 

istrations. A general data network was 
required which met the customers' de
mands for very short setting-up times, 
high transmission speed and high oper
ational reliability. In such a network the 
data traffic can be handled in a similar 
way to the telephone and telex traffic 
(circuit switching). 

Specification stage 
The Nordic countries have cooperated 
in the field of telecommunications since 
1858. Since 1917 this cooperation has 
been organized in the form of Nordic 
telecommunication conferences, which 
are held every few years, now bian-
nually. Committees and working groups 
maintain the collaboration in the peri
ods between conferences. 

The whole complex of problems con
cerning data communication was dis
cussed during the Nordic telecom
munication conference held in Reyk
javik (Iceland) in June 1971. A working 
group was then formed with the task of, 
among other things, studying and pre
paring proposals for 
- traffic between the Nordic data net

works 
- standardized interfaces between data 

networks and subscribers and pro
cedures which were common as far 
as possible 

- joint contributions to CCITT and 
CEPT in matters regarding data net
works. 

In 1973 the working group prepared a 
specification for a hypothetical Nordic 
data network (HND). The work was 
based on the following prerequisites: 
- HND was to be dimensioned for the 

needs of the 1980s and 1990s 
- the first networks were to be installed 

by the end of the 1970s 
- the specifications were to be op

timized for 1985 
- applicable CCITT and CEPT rec

ommendations were to be followed. 

As a result of the rapid international 
standardization work the group agreed 
that the Nordic data network should be 
a fully synchronized circuit switching 
network with time division multiplex 
(TDM) and integrated switching and 
transmission (1ST). 

In 1973, according to plan, the group 
presented the specifications for HND. At 
that time the group had also contrib
uted to CCITT and CEPT in matters con
cerning 
- multiplex structures 
- interfaces 
- services and functions 
- signalling. 

Using the HND report as a specification 
the Administrations invited budget 
tenders in order to investigate whether 
it would be possible to build a network 
in accordance with this specification 
and to be able to assess the costs and 
time requirements. 

Fig. 3 
The control room tor AXB 30 in Copenhagen, 
Denmark 



Purchasing stage 
In 1974 the four Administrations decid
ed to let the group prepare tender docu
ments for data networks based on a 
common specification, since the bud
get tenders showed that the technol
ogy, costs and time requirements were 
reasonable. 

The purchasing stage comprised the 
years 1974-76, and resulted in Ericsson 
being given an order for four data net
work exchanges, in Helsinki, Copen-

hagen, Oslo and Stockholm, and also 
87 concentrators 
59 multiplexors 

764 modems for 64 kbit/s 
11 400 subscriber connection 

equipments. 

The Nordic public data network was 
designated NPDN, fig. 4. It consists of 
four separate networks, one in each 
country, with traffic between the coun
tries and with other countries The con
tract also includes options on equip
ment for the requirements up to 1985. 

Delivery stage 
When deciding on the system design for 
NPDN the four Administrations and 
Ericsson wanted to utilize the experi
ence already gained, above all in the 
development of AXE 10 and AXB 20 and 
from the Nordic trial data network. The 
system was designed for the same con
struction practice and the same central 
processor as AXE 10 and AXB 20. This 
made the system a member of the AX 
family, and it was designated AXB 30. 

Already during the contract negotia
tions close collaboration was envisaged 
between the Administrations and the 
supplier as regards the system design. 
The collaboration was carried out in 
different groups, which included a large 
number of technicians from the four 
Administrations. Among other things 
the technical specifications were made 
more detailed, and the functions of AXB 
30 were given their final form. In general 
they correspond to the Administrations' 
requirements and also Ericsson's re
quirements for system designs. 

The trial data network provided some 
experience concerning concentrators, 
multiplexors and modems. This experi
ence has been utilized during the very 
extensive design work, which was car
ried out by ELLEMTEL during the years 
1976-81. 

Manufactured locally 
Agreements had been made between 
buyers and supplier regarding man
ufacture in all the countries and ex
change of technical knowhow. In accor
dance with these agreements manufac
turers of data equipment in the pur
chasing countries were subcontracted 
for various nart rlplivorioc fnr MPrtM 

Fig. 4 
The extent of the Nordic data network 
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National and international data 
exchange, DSE 

Concentrators, DCC 

Multiplexors, DMX/RMX 



For example, the equipment purchased 
from Finland includes subscriber con
nection equipment, containing base
band modems, for delivery to Finland 
and Denmark, and subscriber line mod
ems for 750 bit/s and 3000 bit/s. 

Norway provides concentrators and 
mult iplexors to all contracted data net
works, and also subscriber connect ion 
equipment for Norway and Sweden. 

Denmark has manufactured baseband 
modems, magazines and exchange 
cabling. The software for the majority of 
the concentrator and mult ip lexor func
tions has also been produced in Den
mark. Furthermore the identity card 
readers, which are used to check the 
authorization of the staff to carry out 
different types of work on the exchange 
equipment, are made in Denmark. 

Great attention has been paid to quality 
control in the product ion. For example, 
the Administrat ions have prepared rou
tines for supervising the product ion 
quality and have ordered cont inuous 
reports on the result of the quality test
ing of the manufactured units. 

Installation 
Like the other systems in the AX family, 
AXB 30 has funct ional modularity, so 
that funct ions can easily be changed 
without any traffic disturbances. This is 
done by dividing the funct ions into 
groups and then introducing these in 
different stages. 

The design work was more extensive 
than had been expected, which led to 
delays, and it was considered most suit
able to introduce the funct ions in 
stages. The two first stages comprised 
traffic handl ing funct ions and essential 
operation and maintenance funct ions. 

The subsequent stage al lowed more 
subscriber facil i t ies and new types of 
traffic, and a more extensive mainte
nance system. 

Thanks to the modif icat ion methods de
veloped for the AX systems it was possi
ble to introduce the funct ions in stages 
and to carry out correct ion of hardware 
and software dur ing operat ion Current 
modif icat ions are assembled into logic 
packages, and each modif icat ion pack

age is carefully tested in a test ex
change before it is in t roduced. 

When NPDN was taken into service it 
comprised four data network ex
changes, 63 concentrators and 40 mul
t iplexors. The equipment in Sweden, 
Norway and Finland has been installed 
by Ericsson. In Denmark Ericsson has 
been responsible for the installation of 
the exchange and the concentrators in 
Copenhagen and Arhus. The Danish Ad
ministrat ion has carried out the installa
tion and testing of the remaining equip
ment as well as the connect ion of lines 
and subscribers. 

Follow-up of the design 
Three system test plants (SPA) have 
been installed at ELLEMTEL and an
other at LM Ericsson A/S in 
Copenhagen for veri f icat ion of the de
sign work. A special unit for operational 
back-up and final testing of new equip
ment and modif icat ion packages has 
been set up at MIPSC (Maintenance, 
Installation and Product ion Support 
Centre) in Alvsjo, near Stockholm. Swe
den. 

The design work on AXB 30 has also 
included development of test aids, for 
example a data traff ic generator and 
tester, DCDMT, for concentrators and 
mult iplexors. 

The Administrat ions have fo l lowed the 
design work closely by means of 
- discussions wi th in different groups 
- correspondence concerning the ex

amination of specif icat ions 
- analyses of the design prerequisites 

for hardware and software units, 
commands and pr intouts 

- examination of the technical con
tents and design of the documenta
t ion. 

Field testing of the system was carried 
out by the Administrat ions together 
with Ericsson. The testing instruct ions 
have been prepared jointly and de
signed to verify specif ied funct ions and 
test the system in various fault situa
tions. Any deviations that have been 
encountered have cont inuously been 
investigated and corrected when neces
sary. The tests covered both hardware 
and software, and compr ised all types 
of equipment, inc luding all I/O devices. 

Fig. 5 
An example of the distribution of channels be
tween two data network exchanges in accordance 
with CCITT Rec. X.54 



In addition each Administration carried 
out rigorous acceptance tests on the 
data network installed in the country 
before it was put into service. 

Training 
The Administrations' technicians have 
been trained by means of an extensive 
program, comprising about 15000 
training days. The program included a 
general system course on ASB 30 and 
eight special courses (operation and 
maintenance, installation etc.). 

Documentation 
A complete exchange library comprises 
over 250 A4 binders. The requirements 
for documentation have been stringent, 
to the extent of exceeding the accepted 
AX standard. Every document has been 
examined by the Administrations as re
gards technical and linguistic content. 
The documentation has been prepared 
in English and in certain parts also in 
the language of the country in question. 

Ericsson has transferred certain docu
ments to microfiche in order to make 
the document handling easier for the 
operation and maintenance staff. 

Technical characteristics 
In accordance with the specifications 
AXB 30 functions in the following way: 
- the network is fully synchronous and 

designed for circuit switching 
- all existing transmission systems, 

both analog and digital, can be con
nected 

- applicable CCITT recommendations 
have been followed 

- an advanced operation and mainte
nance system is provided, which 
meets stringent requirements for 
availability, operational reliability and 
low maintenance costs 

- the traffic handling ability and trans
mission quality are good (bit error 
rate lower than 10'6). 

Subscriber terminals for synchronous 
data circuits and data speeds of 600, 
2400, 4800 or 9600 bit/s can be con
nected to AXB 30. Asynchronous termi
nals for transmission speeds up to 1200 
bit/s can also be connected. 

The circuits have bit sequence indepen
dence and the transmission can be car
ried out in full duplex. Both bit and octet 
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No. Designation and import 
02 Redirected call. The called subscriber can

not receive data (e.g. because of a break
down). The call is redirected to another 
subscriber. Wait for connection. 

03 Connect when free. The called subscriber 
is engaged. The call is put in a queue. 
Setting-up will be completed when an 
input becomes available. 

20 Try again. 
21 Number busy. Try again later. 
22 Selection signal procedure error. The se

lection procedure has not been followed. 
23 Selection signal transmission error. A fault 

has occurred in the selection signalling 
during transmission to the switching ex
change. 

41 Wo authorization, e.g. because the called 
subscriber is not a member of the same 
closed user group. 

42 Number changed. 
43 Not obtainable. The called subscriber is 

no longer connected. 
44 Out of order. The called subscriber is 

temporarily out of operation. 
45 Local mode. The called subscriber oper

ates in the local mode. 
46 DTE fault at called subscriber. The called 

subscriber is out of service. 
47 Power failure in the called DCE. 
48 Invalid facility request. Attempt at using a 

facility that is not allowed. 
49 Network fault in local loop. A fault on the 

line to the called subscriber. 
51 Contact the Telecommunications Admin

istration. 
52 Incompatible user class of service. The 

called subscriber belongs to another 
speed category. 

61 Network congestion. Temporary con
gestion in the network. 

In addition the following signals are used in 
tests initiated by subscribers from their DCEs: 
69 The push-button set functions satisfac

torily. 
96 Test result satisfactory. 

Fig. 7 
The hierarchic structure of the AXB 30 data 
network 

Table 2 
Status signals in the public data network 
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National exchange, DSE 

National and international exchange, DSE 

Concentrator, DCC 

Multiplexor. DMX/RMX 

Line terminal equipment, DCE 

Subscriber terminal, DTE 

timing are generated and controlled by 
the network and transmitted to the con
nected data terminals. 

Data transmission over trunk circuits is 
carried out in time multiplex at a speed 
of 64 kbit/s, both between regional units 
and the data network exchange and be
tween the exchanges. When necessary 
several such 64 kbit/s circuits in their 
turn can be multiplexed to higher 
speeds. 

Data circuits are set up and discon
nected with the aid of signalling sys
tems recommended by CCITT, and the 
processes are extremely fast. As re
gards subscriber signalling, Recom
mendation X.21 or X.21 bis is used for 
synchronous terminals and X.20 bis for 
asynchronous terminals. A channel-as
sociated signalling system in accor
dance with Recommendation X.71 is 
used for the signalling between data 
network exchanges. A signalling sys
tem for common channel signalling in 
accordance with Recommendation 
X.60 has also been anticipated. 

The synchronization between different 
network components (including PCM) 
is carried out in accordance with the 
master-slave method using a national 
master clock, of the atomic clock type, 
which is connected to the exchanges in 
the national network. On international 
circuits, however, each terminal has its 
own network timing. 

All calls from data equipments are 
atomatically answered by the network. 
If the call cannot be set up immediately, 
the network will indicate the status of 
the call. For example, if the subscriber 
tries to call a data equipment which is 
switched to local mode, the network will 
inform him why the connection cannot 
be completed. The different status sig
nals are listed in table 2. 

Network structure 
The network structure is described by 
means of an example showing how a 
subscriber equipment, a bank cash
point terminal in the Stockholm area, is 
connected. 

The bank cash point can be considered 
as a DTE (Data Terminal Equipment), 
and it is connected to a DCE (Data Cir

cuit terminating Equipment) via a cable 
containing about ten wires. 

DCE is also placed on the subscriber's 
premises and constitutes the data net
work interface towards the subscriber 
terminal. The data network is fully syn
chronized from a data network ex
change out to each individual DCE. 

Two pairs of wires are run from the DCE 
on the subscribers premises to the 
nearest telephone exchange. In the ex
change MDF they are strapped to two 
pairs in a junction cable to the centre of 
Stockholm. In the MDF in the centre the 
pairs are strapped to a cable which 
goes to a data network concentrator, 
DCC, installed in the same building, 
where the wire pairs are connected to a 
modem. DCC contains one modem for 
each subscriber, selected to suit the 
line in question. 

The concentrator consists of up to ten 
line modules, each for 50 subscribers, 
and is connected to the data network 
exchange, DSE, by means of between 
two and ten 64 kbit/s circuits. 

When a subscriber makes a call, using a 
speed of, for example, 2400 bit/s, the 
concentrator has to set up a connection 
to a 2400 bit/s circuit on a 64 kbit/s line. 
In the case of a call to the subscriber the 
concentrator must connect through 
from a certain 2400 bit/s channel on the 
64 kbit/s line to the subscriber in ques
tion. 

The concentrator is controlled by the 
parent data network exchange. In the 
case of subscriber concentrations that 
are so small that a concentrator is not 
justified, the subscribers can be con
nected to an ordinary data multiplexor 
(DMX) or a remote data multiplexor 
(RMX), which in its turn is connected via 
a 64 kbit/s line to a data network ex
change or a concentrator. 

All lines connected to the data network 
exchanges are 64 kbit/s lines, and thus 
the exchanges only handle traffic be
tween subscribers connected to the 
concentrators and multiplexors 
throughout the country The data ex
changes of the four Nordic countries 
are also connected together via 64 kbit/s 
circuits. 



Direct call All calls are connected 
to the same B-subscrib-

Table 3 
Subscriber facilities in AXB 30 

Selective direct 
calls 

Abbreviated ad
dress calling 

Closed user group 

Outgoing calls bar
red 

Outgoing interna
tional calls barred 

Incoming calls bar
red 

Incoming interna
tional calls barred 

Group number 

Connect when free 

Redirection of calls 

Calling line identi
fication 

Called line identi
fication 

Charge transfer 
calls 
Charge advice 

The subscriber can have 
direct calls to up to 8 B-
subscribers. 
Dialling is by means of 
two digits and is used 
towards a limited num
ber of subscribers. Each 
A-subscriber has an indi
vidual list in the ex
change. 

Subscribers belonging 
to a closed user group 
are marked i the ex
change so that calls can 
only be made to other 
members of the group. A 
subscriber can belong to 
more than one user 
group. 

Intended for data equip
ments which are only to 
be used for incoming 
traffic and consequently 
should continuously be 
available to receive data 
Each subscriber in the 
network has a marking 
which indicates either 
blocking or no blocking 
A barred subscriber who 
tries to make an interna
tional call receives an in
dication that the call is 
not permitted. 
Intended for data equip
ment which is only to be 
used for outgoing calls 
and which need not re
ceive incoming calls. 
Each subscriber in the 
network has a marking 
which indicates either 
blocking or no blocking. 
Any attempt from abroad 
to call a barred subscrib
er will be unsuccessful. 
Several subscribers of 
equal status use the 
same number. 

All calls which come in 
when a subscriber is en
gaged are placed in a 
queue. Queuing calls are 
connected up as soon as 
the subscriber is free. 

Calls are connected up 
to a certain other sub
scriber when the called 
subscriber cannot re
ceive data. e.g. because 
of a breakdown. 
Before the setting-up of 
a call is completed, the 
called subscriber is in
formed of the number of 
the caller. 

When a call is made the 
calling terminal operator 
can check that the net
work has registered the 
correct number, in order 
to ensure that con
fidential information 
shall not fall into the 
wrong hands. 
The calls are charged to 
the B-subscriber. 
The system provides the 
paying subscriber with 
price information after 
each call. 

Thus a data network of type AXB 30 
consists of the fo l lowing types of com
ponents: 
- data network exchanges, DSE 
- concentrators, DCC 
- mult iplexors, DMX or RMX 
- subscriber equipments DCE. 

Fig. 7 shows the network structure. It 
should be noted that subscribers near 
the data network exchanges are con
nected to concentrators or mult iplexors 
in the exchange premises. 

The bank which owns the terminal in the 
example above also has its central com
puter connected to the data network in a 
similar way, i.e. via a DCE and con
centrator to the data network exchange. 
Each time a person carries out a trans
action at the terminal (e.g. draws cash), 
the terminal calls the data network ex
change. The exchange connects up to 
the data centre of the correct bank or to 
a cash terminal centre. Information re
garding the bank is provided on the cash 
card that the customer uses. When the 
transaction has been completed the cir
cuit is disconnected and the equipment 
is ready for the next transaction. 

A technical descript ion of the data net
work exchange, the concentrator and 
the mult iplexors wil l be publ ished in a 
later issue of Ericsson Review. 

Subscriber facilities 
The subscriber facil it ies offered by AXB 
30 over and above the basic ones, such 
as full duplex, automatic status signals 
in accordance with table 2 and automat
ic answer, are summarized in table 3 on 
the next page. Further subscriber facil i
ties will be added to the networks as 
required. 

Charging 
The charging in the public data network 
is based on information regarding each 
individual call. This informations is re
corded in the data network exchange in 
accordance with two different pr inci
ples: 
- pulse charging with memory cells 

that correspond to the call meters in 
the telephone network 

- toll t icket ing with recording of the 
sett ing-up and disconnect ion times, 
call ing and called subscriber, unsuc
cessful calls etc. 

The use of pulse charging or toll ticket
ing is therefore dependent on how de
tailed the subscriber wants his invoices. 
The information is stored on magnetic 
tape for subsequent processing in a 
computer for invoic ing. 

In the normal case the invoice to the 
subscriber specifies, among other 
things: 
- fees for subscr ipt ion and additional 

facil it ies 
- any non-recurrent fees for new sub

script ions and new addit ional facili
ties 

- traffic charges 
- traff ic-dependent charges for the use 

of certain addit ional facil it ies. 

The subscriber can be given a complete 
specif icat ion of all outgoing calls dur
ing a certain period of t ime. 

Calls are normally charged to the call
ing subscriber. However, it is possible 
to have calls wi th in the country charged 
to the called subscriber, but this is an 
addit ional facil ity for which a subscrip
tion must be arranged. 

The traffic charges vary depending on 
the transmission speed, durat ion and 
distance. A country is divided into 
charging zones and the distance be
tween the zones affects the charges. 

Operational quality and 
reliability 
Compared with data transmission over 
the public telephone network and 
leased lines, the major advantages of 
the public data network are its greater 
operational reliabil ity and faster fault 
localization and fault clearing. 
However, disturbances in the data 
transmission can occur even in the data 
network, and test rout ines and facilit ies 
for connect ing in standby equipment 
must be available also in this network. 

Service aims 
Service aims were laid down in the 
specif icat ion, based on the require
ments of the subscribers and the tech-
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nical and economical resources. The 
service aims, which are listed below, 
refer to a fully built-out network: 
- call attempts which are unsuccessful 

because of congestion in the network 
<0.5% 

- bit error rate for a complete circuit 
between two subscriber terminals 
<10 6. 

The following construction require
ments were set in order to reach the 
maximum availability in the network: 
- high-quality components used 

throughout the network 
- duplication of central equipments 

and the circuits between them 
- automatic supervision of equipments 

and circuits 
- changeover to standby units and al

ternative circuits in the case of faults 
- automatic fault limiting and fault lo

calization 
- automatic routing of alarms and fault 

printouts to the correct operation and 
maintenance centre. 

Supervision and fault detection 
The equipment connected to the data 
network includes computers and termi
nals. The Administrations are responsi
ble for the communication between the 
data circuit terminating equipments 
(DCEs). The subscriber or his supplier is 
responsible for any other equipments 
connected to the system. 

The divided responsibility for mainte
nance has made it necessary to provide 
the network with functions that enable 
the subscriber and the Administration 
to determine quickly and reliably 
whether a fault is located in the network 
or in the subscribers equipment. 

The fault detection functions are de
signed so that faults which would mean 
down time for the subscriber are usually 
detected automatically, and an alarm is 
sent to the maintenance staff without 
any assistance from the subscriber. 

The subscriber can set up a loop in the 
interface by means of a button on the 
DCE and thereby test his own equip
ment. The subscriber can also initiate 
testing of the DCE from the network. 
These function tests, together with the 
pilot lamps in DCE, help the subscriber 
to determine whether it is necessary to 
make a fault report to the Administra
tion. 

Automatic fault localization is obtained 
by means of loop connection of the data 
circuits at different points in the net
work between the subscriber and the 
data network exchange. The various 
loop connections are remotely control
led from the exchange. 

As can be seen from the above, the 
possibility of automatically detecting 

Fig. 8 
Petrol station terminal 



Fig. 9 
A prognosis of the public data traffic in Western 
Europe, distributed over different transmission 
media 

and analysing faults, so that fault-clear
ing measures can quickly be init iated, 
are very good. In addit ion the transmis
sion quality and the traffic funct ions of 
the network are supervised, for instance 
by means of test traffic. 

Protection against 
unauthorized access to data 
The high degree of reliabil ity of NPDN 
does not only apply to the operational 
quality but also to the protect ion af
forded to the subscribers aginst un
authorized access to stored or transit-
ted informat ion. 

The Administrat ions ' responsibi l i ty 
comprises the transmission stage in the 
data system. This can be protected by 

providing the subscriber with different 
checking and blocking facilities. When 
equipment is connected into the data 
network the subscriber should consider 
what degree of security his system re
quires in the transmission stage, and on 
the basis of this decide which additional 
data protection facilities he requires. 

NPDN offers various additional facilities 
which, among other things, offer the 
subscriber the possibility of creating 
"his own network". This means that the 
free switching possibilities that exist in 
a public network can be limited to the 
extent desired by the subscriber. This 
provides the same degree of protection 
and security as leased point-to-point 
circuits, and at the same time gives ac
cess to the other facilities and advan
tages of the data network. 

The additional facilities described be
low are all intended to provide greater 
protection against unauthorized access 
to data. 
- Closed user group enables a group of 

subscribers to form their own "net
work within the network". The setting 
up of connections to and from this 
network is prevented. 

- Blocking of incoming or outgoing 
calls can be arranged for both na
tional and international circuits. 

- Identification of the calling number 
can in certain cases provide suffi
cient protection for a subscriber who 
does not otherwise want to restrict 
his possibilities of free traffic. The 
identification is carried out by the 
network, which means that the caller 
cannot change the information. The 
facility for identification of the called 
number also helps to increase se
curity. 

- Specified invoic ing enables the sub
scriber to check what the data equip
ment has been used for. 

The circuits are moni tored in order to 
prevent unauthorized "listening i n " or 
changing of the data being transmitted. 

Future extension of NPDN 
The plans for NPDN include extension 
to a considerably greater capacity than 
the 11400 subscribers of the initial 
order. 

The Administrat ions have ordered fur
ther equipment. At present data net
work exchanges are being installed in 
Arhus, Gothenburg and Bergen. In addi
tion the Oslo exchange is to be ex
tended, a new data network exchange 
built in Malmb and a total of about 60 
new concentrators installed. Fig. 9 
shows how the number of data termi
nals connected to the telecommunica
tion networks in Western Europe has 
grown up to 1980, and gives the esti
mated growth dur ing the 1980s and be
ginning of the 1990s, distr ibuted on dif
ferent types of te lecommunicat ion net
works. As can be seen, the growth is 
expected to be rapid. 

Operational experience 
The Nordic data network has been in 
trial operat ion since August 1980 and 
has successively been in ful l commer
cial service since August 1981. A num
ber of Swedish commercia l banks have 
their cash point terminals connected to 
the public data network. During Sep
tember approximately 700000 transac
tions were carried out f rom such termi
nals, about 300 in number. 

After a few initial problems were cleared 
up the network has funct ioned entirely 
satisfactorily. 
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Control and Supervision 
System for Railway Traffic 

Otto Berg von Linde 

Ericsson has developed and marketed centralized control and supervision 
systems for railways since the middle of the 1930s. The latest system, JZA 715, is 
a standardized system indended for Railway Administrations with varying 
requirements and rules. A modular program structure enables the system to be 
adapted for networks with different ambition levels and different geographical 
conditions. 
The author gives a brief history of the need for and development of control and 
supervision systems, and describes the fuction and structure of the new system. 
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Fig. 1 
Right from the start the Swedish State Railways 
planned centres for large geographical areas. The 
picture shows the CTC centre in Gothenburg 

The advantages of controlling wide
spread railway networks from one and 
the same place were realized quite early 
on. Such centralized control meant bet
ter utilization of resources, not only per
sonnel and rolling stock but above all 
the capital-demanding ground struc
ture, track network and other fixed in
stallations. History shows several early 
examples of how one or two tracks in 
four-track railway lines could be closed 
down when centralized control of the 
railway traffic was introduced. Tre traf
fic capacity was maintained or even in
creased, and at the same time the cost 
of track maintenance was reduced con
siderably. It has also been possible, 
more recently, to avoid expensive build
ing out of single-track lines to double 
track lines because of the increased 
capacity provided by centralized con
trol. On lines with increasingly intensive 

traffic it has often been possible to man
age the greater load without having to 
engage more staff. 

At first the centralization consisted of 
control of switches and signals over 
individual lines. The foundation had 
thereby been laid for CTC (Centralized 
Traffic Control), which is a form of oper
ation with its special rules and regula
tions, and not synonymous with remote 
control. A big step forward was taken 
when the first real remote control and 
supervision system was installed on 
New York Central Railroad in 1927. The 
route Stanley-Berwick in the state of 
Ohio, with 32 switches and 102 signals, 
was controlled via one single pair of 
wires. 

Development by Ericsson 
Ericsson developed its first control and 
supervision system in the 1930s. The 
system, which operated at a transmis
sion speed of 10 bauds, used step-by-
step selectors. It was put into operation 
in 1938 on the Stockholm-Saltsjbn Rail
way, a route of 16 km, and comprised 
seven substation equipments. 
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Fig. 2 
To the right a key-set for controlling train traffic 
and to the left sets for different telephone sys
tems 

At the beginning of the 1950s the CTC 
systems with relays were developed 
which were to dominate the Ericsson 
product ion for two decades. These re
lay systems were the fastest in the mar
ket, since they operated at 25 bauds, 
and only the changes in the sensed 
states were transmitted. 

Ericsson introduced key-set control al
ready at this early stage. At all CTC 
centres control had previously been 
given by means of individual funct ion 
buttons or switches mounted on an in
dication panel, which restricted the size 
of the control led area. With the new 
system the operator could control the 
traffic while sitt ing back from the panel, 
thus gett ing a good view of a much 
larger area. The Swedish State Railways 
accepted key-set control at an early 
stage, and could therefore right from 
the start plan centres which covered 
large geographical areas, figs. 1 and 2. 

Several electronic systems were de
signed during the 1960s. The first were 
experimental systems using germanium 
technology. These were fol lowed by 
various systems containing discrete 
components in si l icon technology, with 
an information transmission speed of 
1000 bauds. 

Modern systems 
The now well-established system family 
JZA 700 was developed in 1970, when 
integrated circuit technology had been 
stabilized. The JZA 700 family consists 
of a number of printed board assem
blies, each of which has a standardized 
interface towards the JZA 700 bus. The
se assemblies can be combined in dif
ferent ways to give several system vari
ants for different capacities and sizes, 
without any new design work being re
quired. This means, for example, that 
there is no need to install unused physi
cal capacity. The system contains many 
interesting technical designs, for exm-
ple the JZA 700 bus. which wi thout 

strapping or other programming deter
mines the number of transmitted or re
ceived words merely through the num
ber of assemblies inserted in the shelf. 

The railway appl icat ion, unlike normal 
data transmission with star-shaped net
works, means that 
- many terminals are placed in series 

along the railway lines 
- there is often a shortage of wires in 

the cables 
- the cables are often of poor quality 

and heavily loaded, which gives a low 
upper frequency limit (<2.7 kHz) 

- the cable routes often suffer inter
ference caused by longitudinal volt
ages induced as a result of the trac
t ion current. 

An opt imum design requires that the 
same number of wire pairs is used a-
long the whole length of the route, and 
that the number is as low as possible. 
JZA 700 is designed for half duplex op
eration, with regeneration of the trans
mitted signal in each terminal, f ig. 3. In 
addit ion the two line sides are gal-
vanically separated and f loating relative 
earth, which automatical ly gives great 
immunity against induced voltages. 

Right f rom the start JZA 700 was de
signed with the control and transmis
sion system integrated to form a com
mon control and supervision system, 
which made the system very econom
ical. It has been sold to many countries 
and is also manufactured by Ericsson 
subsidiaries in Australia and Italy. 

Introduction of computers 
During the late 1950s and early 1960s 
Ericsson worked on ways of simplifying 
the work of the operators and thus mak
ing even more eff icient use of the con
trol centres, i.e. heavier traffic, control 
of larger areas etc. Auxil iary systems 
based on relays were developed, such 
as train ident i f icat ion, train describer 
and destination tagging systems. The 

Fig. 3 
Alternative circuits between a CTC centre and 
substations 
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Fig. 4 
• -a- -• 
Hardware configuration for the UAC 1605 systems 

Fig. 5 
The remotely controlled interlocking system in 
Stockholm was one of the first computer-control
led systems in the world 

last system, for example, gave the dif
ferent trains a destination tag, after 
which the control system guided the 
trains to the correct destinations by set
ting up appropriate routes at the correct 
moments. This system was developed in 
close collaboration with the Danish 
State Railways. 

These types of systems tended to be
come increasingly voluminous. At the 
same time computer technology was 

becoming more practically applicable 
with the development of silicon compo
nents. There were as yet no usable mini
computers on the market, and Ericsson 
therefore developed its computer UAC 
1605. It was intended particularly for 
traffic control and used parts from the 
Ericsson AKE systems. 

During the latter part of the 1960s and 
the beginning of the 1970s a program 
system was developed for UAC 1605 
having the following functions: 
- transmission to approximately 100 

terminals (substations) over four 
transmission lines, control and in
dication function with a key-set and 
panel (JZA 410/411) 

- transfer, manual input, automatic in
put, remote input, search, display and 
remote display of train descriptions 
(JZF 20/21) 

- automatic setting up of train routes, 
timetable comparison and platform 
sign control based on a timetable, 
using a traffic plan, time schedule 
and sign plan, which can be entered 
up to a year in advance (JZK 20/21). 

Two computers are used for the first 
group of functions above, and a third 
computer is used for the other groups, 
fig. 4. The first two computers each 
serve one half of the geographical area. 
In case of a fault in one computer the 
other will automatically take over the 
whole area. The third computer con
tains only auxiliary functions and there 
is no standby. If a fault occurs the oper
ation is taken over by the operators, 
who control the traffic manually and 
without train descriptions. Such com
puter systems were installed in two cen
tres, one for controlling all train traffic 
in the Stockholm area, fig. 5, and one 
for controlling the local traffic on the S-
railway in Copenhagen, Denmark. The 
Stockholm centre was one of the first 
computer-controlled systems in the 
world. The Copenhagen centre is one of 
the most advanced, with fully automatic 
operation. The traffic statistics from 
that centre are very good, with less than 
3% of the trains delayed by more than 
two minutes. 

In addition to the actual control systems 
Ericsson has also developed applica
tion aids in the form of systems for 
generating installation data and traffic 
plans. 
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Present-day systems 
Prerequisites 
A railway system has to meet certain 
traffic requirements, f ig. 6. 

The purpose of the control and supervi
sion system is to help regulate the rail
way traffic so that the traffic require
ments are met. 

The railway traffic process includes the 
inter locking process. For safety and 
technical reasons the inter locking l im
its the traffic f low over and above the 
l imitations set by the track network, roll
ing stock and regulations. For opt imum 
traffic control it must be possible to 
predict the restrictive effect of the inter
locking process. Access to information 
regarding the condi t ions for the inter
locking process is therefore a prere
quisite for such predict ion, f ig. 7. 

As regards the fuct ion of JZA 715, the 
system can be considered as consist ing 
of two main parts: 
- the basic funct ion, which controls the 

subordinate inter lockings 
- superior funct ions, which supervise 

and control the traffic process, and 
which therefore reduce the opera
tors' work load considerably. 

The earlier computer systems were con
trolled by means of tables in order to 
adapt them towards the actual track 
layouts of different railways, but exten
sive individual programming was still 
required for each Administrat ion. Dif

ferences in traffic rules and other re
quirements meant considerable work, 
even if certain parts of previously pre
pared programs could be used. Hence, 
when the systems were to be modified 
for use with more modern computers it 
was decided to design a new program 
system which would be suitable for any 
Administrat ion. Thus the new system 
also had to be table-control led for ad
justment to different traffic rules and 
other individual requirements. Addi
t ional programming should only be nec
essary for very special individual re
quirements. 

The system should also have a modular 
structure, so that demands for different 
ambit ion levels could be met by build
ing up a system using only the required 
standard funct ion units, plus any spe
cially developed units. Moreover, the 
interfacing towards different types of 
safety equipment by means of individu
ally constructed relay sets in the substa
t ion equipments was to be replaced by 
table-control led software in the central 
unit. 

Discussions held with different Admin
istrations and comparat ive field tests 
have shown that convent ional panels 
can with advantage be replaced by 
colour visual display units, CVDUs, as 
long as these are used in an appropriate 
way. 

JZA 715 includes two types of CVDUs 
for: 

Fig. 6 
A Railway system has to meet the traffic require
ments 

Fig. 7 
JZA 715 consists of two main functional parts, 
which together regulate the traffic so that the 
requirements are met 



Fig. 10 
Subsystems in JZA 715 

Fig. 8 
Key display-the railway traffic in general (left) 

Fig. 9 
Sub-area display-detailed information for the 
operator 

- Overview display, which gives an 
overall picture of the traffic situation, 
with little signalling information. It 
shows mainly the track layout and 
train positions, fig. 8. 

- Detail or area display, which gives a 
more detailed information, showing 
signalling as well as traffic informa
tion, fig. 9. 

The CVDUs can also give other types of 
information, such as alarm lists and 
route plans. When necessary the opera
tor can be provided with a larger num
ber of displays, fig. 15. 

The controls are usually given from a 
keyboard similar to that of a typewriter. 
From this, each command is fed in in 
the form of a three-digit mnemonic 
code, followed by the number of the 
object. By meas of an auxiliary function 
the most common commands can also 
be isssued from a panel containing indi
vidual key-sets for the objects and for 
certain commands. 

Basic fuctions 
The basic functions are provided by 

four subsystems which together form 
the actual control system, fig. 10: 
- Operator communication subsystem 

(OCS), which handles the man-ma
chine communication, i.e. all manual 
input of commands and all display of 
information to the operators. 

- Control and indication analysis sub
system (CAS), which analyses outgo
ing commands and incoming indica
tions. It includes static and dynamic 
checking of the feasibility of the com
mands, a breakdown of the com
mands and logic conversion of the 
incoming "raw" indications into such 
a form that it can be displayed. 

- Transmission subsystem (TRS), 
which handles the transmission of 
messages to and from the interlock-
ings and provides the interface to
wards them. This subsystem, to
gether with CAS, provides the neces
sary logic matching towards the dif
ferent types of interlocking systems 
that are encountered. 

- Recording subsystem (RCS), which 
records occurrences in the control
led process that concern the traffic 
and also the maintenance. The sub-



Fig. 11 
The structure of JZA 715, the basic version 

system also prints reports of pre
selected types of occurrences during 
a specified period of time. 

In addition to the operational functions 
(RTS) there are a number of functions 
that are necessary for operating the sys
tem itself. These are provided by sub
systems in the data processing system 
(DPS), fig. 11: 
- Computer subsystem (CCS), which 

consists of the necessary hardware. 
- Operating subsystem (OPS), which 

consists of the standardized software 
associated with CCS. 

- Dual oparation subsystem (DOS), 
which consists of a specially de
veloped standby system with a con
tinuously updated standby computer. 

- System operation subsystem (SOS), 
which consists of a specially de
veloped communication system, for 
communication between programs 
within a system as well as between 
systems that control different geo
graphical areas. 

All the basic functions described above 
are included in the basic version of JZA 
715, which can handle all ordinary con
trol and supervisory functions for the 
controlled interlockings, regardless of 
type. This applies both when JZA 715 is 
used as the control system for a large, 
local computer-controlled or conven
tional interlocking, and when it works 
as the centre in a remotely controlled 
area with many subordinate interlock
ings, or both, fig. 12. 

JZA 715 can also be used as a modern 
centre in an older, remote control sys
tem. The new centre need not neces
sarily be situated in the same place as 
the old one. 

Controlling functions 
The basic functions can be supple
mented by several functions provided 
by superior subsystems, namely: 
- Train describer subsystem (TDS), 

which provides central input, transfer 
and display of the descriptions of the 
supervised trains, and the possibility 
of remote input and remote indica
tion of train descriptions, fig. 13. The 
last two facilities, which are usually 
used for communication to and from 
manually controlled border station 
fringe boxes, present the train de
scriptions to the operators just as if 
they were coming from a local sys
tem. TDS also includes facilities for 
tracing a certain train, listing all 
trains and automatic input of train 
descriptions. 

- Automatic train routing subsystem 
(ARS), which makes possible auto
matic setting of train routes on the 
basis of train descriptions and the 
time table, and with the possibility of 
taking into consideration different 
conditions such as the location of 
other train movements. The system 
also includes a simpler, programma
ble automatic function intended pri
marily for installations that lack train 
descriptions. 

- Auxiliaryinformationsubsystem(AIS), 

Fig. 12 
Different con trolled interlockings 



Fig. 14 

Bus-oriented program system 

Fig. 15 
A control position with four colour video displays 
and one black and whi te display for information in 
the form of text 

which provides automatic control of 
platform signs on the basis of train 
descript ions, automatic t imetable 
checks when trains pass by, with re
port ing of any deviations, and display 
of selected t imetable information. The 
control of platform signs, for exam
ple, means that the system automat
ically provides correct information to 
connected local systems for platform 
displays, regardless of any delays or 
changes in the order of trains. Simple 
sign systems can be control led di
rectly. AIS also gives an automatic 
blanking signal when the train in ques
tion has left the platform. 

Most of the control l ing funct ions are 
based on the train running plan (timeta
ble). Temporary alterations may have to 
be made in the case of severe traffic 
disturbances. Such alterations are 
made with the aid of an edit ing funct ion 
(DTG). The alterations are automatically 
erased when they have been used. 

Realization 
All funct ions are realized in subsystems 
which consist of a number of funct ion 
blocks. These in their turn consist of a 
number of programs. (Of course, an in
stallation need not be equipped with 

blocks that are not used.) The blocks in 
the system communicate with each 
other via the program data bus (BUS), a 
funct ion in SOS, f ig. 14. This communi 
cation system means that new blocks 
can easily get access to the process 
information that passes through the 
system. 

The geographical aspects and inter
locking characterist ics of the control led 
area, as well as the current states and 
characteristics of the objects in the 
area, have been compi led to form a 
common data base, " the geographical 
f ie ld" , which is used for several func
tions. Yard objects and inter locking 
characteristics are represented in this 
field by different modules, which are 
geographically connected to each other 
on the basis of the track conf igurat ion. 
The system contains some twenty dif
ferent types of modules, f ig. 16. Areas 
with inter locking systems which are not 
in accordance with the geographical in
ter locking method are also represented 
in this way in JZA 715. Inconsistencies 
in existing inter lockings have some
times been discovered dur ing the site 
adaptation of JZA 715. thanks to this 
stringent representation method! 

Fig. 13 
Train describer subsystem, TDS 



Fig. 16 
The geographical features and interlocking 
characteristics of the controlled area are repre
sented within JZA 715 by the geographical field 
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Fig. 17 
Project planning aid, GEN 715 

Project planning 
A special data generat ing system has 
been developed which simplif ies con
siderably the project planning of sys
tems, f ig. 17. The generat ing system 
produces the majority of the necessary 
individual system data, which includes 
the display pictures and geographical 
f ield. The installation testing is also sim
pli f ied, since many errors in the input 
data are detected dur ing the automatic 
checks carried out dur ing the project 
planning stage. 

A special train plan generating system 
has also been developed for generating 
train plans (route plans, t ime plans, sign 
plans) for the superior subsystems. It is 
intended both for new installations and 
for modif icat ions. The Administrat ions 
themselves will also be able to use it, for 
example in connect ion with a change of 
t imetable. The basic information used 
for new installations consists of the Ad
ministrat ion's normal basic data for the 
preparation of t imetables. It is fed in, 
either manually or automatical ly from 
the Administrat ion's ADP system, and is 
then supplemented by addit ional infor
mation, which is entered interactively. 

Development tendencies for 
the control and supervision 
systems 
Present-day JZA 715 systems are al
ready equipped with funct ions that en
able adjacent installations to exchange 
certain information about train descrip
tions, delays etc. concerning the trains 
that pass the boundary. It is expected 
that in future this information will need 
to be extended, for example by 
- enquiries regarding delayed trains 

which have not yet reached the sys
tem's own area 

- transmission of temporary timetables 
for special trains. 

The systems may also need to act as a 
digital informat ion col lector and 
provide other contro l l ing systems, such 
as a locomotive dispatching system, 
goods waggon administrat ion system, 
t imetable system and statistics system, 
with the real-time information con
cerning the traffic process that the con
trol and supervision system already 
contains. 

The control and supervision centres are 
usually placed at large railway junc
tions. Each JZA 715 system contains a 
geographical representation of the 
track network, with the correct dis
tances and all other information con
cerning the traffic in the area super
vised from the junct ion. It seems natural 
that in future the centres will be con
nected together and form a de
centralized system. This wou ld avoid 
the vulnerabil i ty of central control l ing 
supersystems. In the case of a fault at a 
junct ion, whether it is in the equipment 
or in the track, the railway traffic itself 
could f ind alternative routes. 

The l inkage envisaged above could in 
the future depending on the amount of 
information and processing required, 
be arranged either directly between dif
ferent JZA 715 systems or indirectly, by 
means of a decentral ized superior sys
tem, such as an in format ion system. 
Whichever the alternative it is likely to 
need a data network for communica
tion. Such data networks could either 
be Dublic or exclusive to the Railway 
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Table 1 
Computer-controlled CTC centres, in operation or 
on order 

Fig. 18 
The extent of centralized train control in Scan
dinavia 

CTC routes 

O CTC centres 

Stockholm, Sweden 
Copenhagen, Denmark 
Gothenburg, Sweden 
Oslo S, Norway 
Artbv, (Malmd), Sweden 
Melbourne, Australia 
Doboj, Jugoslavia 
Olskroken, (Goteborg), Sweden 
Broadmedows. Australia 
Barcelona, Spain 
Oslo F, Norway 

1971 
1972 
1978 
1979 
1981 
1982 

The junct ions may then be equipped 
with different algor i thms for opt imizing 
the resources, such as: 
- opt imizing and al locating the trans

port route 
- reorganizing the traffic dur ing work 

on the track, derai lments and other 
disturbances. 

The energy crisis is likely to lead to 
more intensive railway traffic, which wil l 
mean greater demands on the opera
tors to make correct decisions very 
quickly. In order to prevent the work 
load from becoming impossible to mas
ter, the control centres must in future 
be provided with auxiliary funct ions, for 
example: 
- passing and by-passing opt imizat ion 

algorithms, which gives the operator 
the necessary data to show the con
sequences of shift ing the passing of 
trains to alternative stations. The op
erator then chooses one of the alter
natives by making temporary 
changes in the train running plan. 

- opt imization of the choice of track, 
which provides the operator with an 
alternative track arrangement in the 
case of disturbances. The operator 
can then carry out the alternative 
plan by changing the destination la
belling of the train plans concerned. 

Functions can also be added which en
able these traffic changes to be carried 
out automatically as soon as the opera
tor has chosen an alternative. 

2350 
1450 
560 

1200 
397 

2950 
1000 
1200 
1250 
400 

1000 

3XUAC 1605 
3xUAC 1605 
2xPDP 11/05 
2xPDP 11/34 
2/PDP 11/34 
4xPDP 11/70 
2xPDP 11/44 
2xPDP 11/44 
2xPDP 11/70 
2xPDP 11/34 
2xPDP 11/44 

JZA 410 
JZA 411 
JZM 750 
JZA 715 
JZM 750 
JZA 715 
JZA 715 
JZA 715 
JZA 715 
JZA 715 
JZA 715 

Summary 
Centralized control gives better utiliza
tion of resources, as regards personnel 
as well as other resources. It is there
fore possible to increase the capacity 
considerably, with only the l imited in
vestment for a control and supervisory 
system. Large centres with heavy traffic 
can be regulated with the aid of control
ling funct ions to ensure a reasonably 
uniform traffic intensity. System JZA 
715 contains a whole range of funct ions 
for control l ing railway traffic. Such 
funct ions have previously only been 
available in separate systems, which 
have often been manufactured by dif
ferent manufacturers and realized in 
older technology. 

Up to now Ericsson has delivered 
equipment for 64 control and supervi
sion centres for 1459 substations along 
10 419 track ki lometres. Fig. 18 shows 
the parts of the railway network in Scan
dinavia that are equipped with cen
tralized train control . Table 1 shows the 
computer-control led centres which 
have been supplied by or ordered from 
Ericsson. 
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ERICSSON SUNWIND 

John Akerlund 

Ericsson has developed a power supply system that uses solar and wind power 
as energy sources. It is intended to be used as a source of power for remotely-
located telecommunications equipment, and to meet the stringent reliability 
requirements imposed by Telephone Administrations. The system contains a 
maintenance-free wind generator, solar cell panels, a mini-diesel generator set, 
specifically designed for intermittent operation, batteries, and microprocessor-
controlled power processing equipment for optimal power output control. The 
system is also well-suited for powering lighthouses and other navigational aids, 
as well as monitoring systems and meteorological reporting stations. 

UDC 621.311.6 
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There is a growing demand for telecom
munication services in small rural com
munities. The high costs involved in ar
ranging power supplies for remote ra
dio link repeaters, just to take one ex
ample, has, up to now, often prevented 
telephone network growth in such 
areas. 

ERICSSON SUNWIND, fig. 1, is a power 
supply system which can supply re
motely located telecommunications 
equipment with up to 500 W power for 
24 or 48 V d.c. The most important 
characteristics of the system are a high 
degree of reliability and very low main
tenance requirements. 

ERICSSON SUNWIND is a combined so
lar and wind power system consisting of 
solar cell panels, a wind generator, con
trol equipment, batteries and a mini-
diesel generator. The combination uses 

the complementary nature of sun and 
wind to smooth out the variations in the 
power supply from the separate 
sources. A lower level of the peak power 
installed can be selected as compared 
with a non-combined system. Also the 
battery can be smaller. The amount of 
solar and wind energy available varies 
continually in an irregular pattern. 
There can be major deviations from 
year to year and between locations in 
the same area. When there is an abnor
mal shortage of solar and wind energy 
the mini-diesel can be started up to 
charge the plant battery. The availability 
of this reserve reduces the need for 
exact meteorological data, making it 
easier to design the system. 

Depending on the power requirements, 
as well as meteorological and geo
graphical conditions, combinations of 
the ERICSSON SUNWIND system com
ponents can be selected. The wind tur
bine, solar cells and the mini-diesel can 
also be used by themselves or in pairs. 
Solar cells and the mini-diesel are fre
quently selected where there is a low 
power requirement in an area with a 
high level of solar radiation. 

The wind generator 
A wind generator which is to supply 
power to a telecommunications system 
must have at least the same high degree 
of reliability as the other system compo-

Fig. 1 
ERICSSON SUNWIND 
The solar cells are mounted under the wind 
generator 
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Fig. 3 
How the Darrieus turbine functions 
The wing section is actuated by an air flow V. It is 
the resultant of the wind velocity U and the 
tangental speed cp R. V is displaced relative to u R 
at an angle of attack it. The air flow with the speed 
vector V generates air power L perpendicular to 
V. As V has the angle of attack o, L will have a 
moment arm h through the turbine centre. With 
the moment arm h the air power L generates the 
driving torque M„ = L h 

Fig. 2 
The wind generator has an estimated average 
power output at 5 m/s of 150 W. The maximum 
power output is 900 W for wind velocities in 
excess of 10 m/s 

(T)Savonius turbine 
<$} Darrieus turbine 

nents. Ericsson, in cooperat ion with the 
Aerospace Division of SAAB-SCANIA 
has developed a wind generator which 
meets the fo l lowing stringent condi
tions. It 
- is maintenance-free 
- can be mounted on top of radio link 

masts and has at least the same me
chanical strength to withstand high 
wind velocit ies as the mast and the 
parabolic antennas 

- has high eff iciency at low wind 
speeds. 

The wind turbine 
The wind turbine is of the Darrieus type 
with straight, vertical airfoil blade sec
tions, f ig. 2. It has a vertical axis which 
makes it independent of the wind direc
t ion. The turbine starts when the wind 
velocity reaches a value of about 3 m/s. 
Good start-up characteristics have 
been obtained by means of a Savonius 
turbine having the same axis as the 
Darrieus turbine. 

From the mechanical and strength 
point of view the turbine has been 
designed for wind velocities of up to 50 
m/s with a margin to withstand gusts in 
excess of this value. The heavy-duty 
steel hub is mounted on a generously 
proport ioned bearing. The arms and 

turbine blades are manufactured f rom 
extruded aluminium sections; the Sa
vonius turbine is made of a luminium 
plate. 

The aerodynamic air force L is formed 
by the air f low around the wing section, 
f ig. 3, and perpendicular to it. The rota
t ion speed together with the wind ve
locity causes the air force L to produce 
the moment arm h through the centre of 
the turbine. The driving torque wil l be 
Mv = L h. 

In order to limit the rpm at high wind 
speeds the turbine has been equipped 
with a maintenance-free, highly-reliable 
mechanism which turns the blades so 
that they stall and lose their thrust. 
When the stall occurs the air force L is 
reduced, and the braking force Ds in
creases, f ig. 4. Together with the arm 
radius R as a moment arm, D5 forms a 
braking torque Mb = Ds R, which is so 
powerful that the turbine is slowed 
effetively down to a constant maximum 
speed of about 300 rpm. A patent has 
been obtained for this design. 

Because the turbine has a vertical axis 
the generator can be placed under the 
turbine attachment plate inside the 

Fig. 4 
At high wind velocities the turbine blades are 
twisted so that they stall. The resulting air power 
L is reduced and a resistive force Ds increases. 
The braking moment will be Mb = D5 R 



Fig. 5 

The alternator is of the pancake" type with 56 
pairs of permanent magnets placed along the 
periphery. The stator winding is encased in a 
layer of composite material placed between the 
two rotor discs which are rotated by the turbine 
shaft 

Fig. 7 
The output from a 12 V solar cell panel with 
constant solar radiation of 1000 W/m2 for various 
panel temperatures 

mast. No slip rings are required to trans
fer the electrical power and the turbine 
axis bearing is simple compared with 
that of a conventional wind generator. 
The annual inspection can be carried 
out from inside the radio link mast. 

The alternator 
The alternator is a new type specially 
designed for wind power appl icat ion. It 
has a mult i-pole design so that it can be 
connected directly, wi thout any gear
box, to the slowly rotating turbine. It is a 
brushless, three-phase, permanently 
magnetized alternator and does not suf
fer from magnetization losses. The 
windings are located in a self-support
ing stator of iron-free composite mate
rial. As the windings do not have iron 
cores the permanent magnets cannot 
lock the wind turbine dur ing start-up. 
This is of great importance as the wind 
generator must funct ion at the most 
frequently occurr ing low wind ve
locities in order to produce the max
imum amount of energy. Only the bear
ing fr ict ion in the turbine and generator 
needs to be overcome dur ing start-up. 
Fig. 5 gives a general idea of how the 
generator works. 

Solar cells 
Ericsson examines the solar cells which 
are available on the market. Tests are 
carried out as normal component test

ing with the emphasis on examining the 
quality of encapsulat ion. Additional 
long-term system tests are carried out 
with solar cells, electronic components 
and batteries. In this way a considerable 
amount of knowledge concerning solar 
cells has been accumulated in the Com
pany. It is important to have system 
know-how about the component parts 
of the solar and wind systems in order 
to be able to combine them in an opti
mal way. 

The results f rom these solar cell tests 
form the basis on which suppliers are 
selected and this also guarantees that 
the solar cell panels delivered by Eric-
son are of the highest quality. 

In ERICSSON SUNWIND the solar cell 
panels can either be connected directly 
to the battery or via d.c./d.c. converters 
in the power processing equipment, fig. 
10. If the solar cell panels are connected 
via the d.c./d.c. converters their output 
voltage can be control led and the 
power output maximized. This also 
avoids a voltage increase across the 
battery. 

The solar cells have the characteristic 
that voltage and peak power increase as 
the temperature decreases. The solar 
cell panels are designed with such a 
large number of cells in series that the 

Fig. 6 
The figure shows the current-voltage characteris
tic for a 12 V solar cell panel at different tempera
tures. The verical line marks the voltage neces
sary to charge a battery with 6 cells to 2.25 V per 
cell 
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Fig. 8 
The wind energy power increases by the cube of 
the wind speed 

P = k Ai|T V3 

P the turbine shaft power for various wind velocities 
k constant which varies in particular with the density of 

the atmosphere 
A the frontal area of the turbine against the wind 
>1T turbine efficiency 
V wind velocity 

Fig. 9 
Eff ic iency of a t r ip le-b laded Darneus tu rb ine 

/. ratio of blade speed to wind speed 
R turbine radius 
OJ rotation speed (angle velocity) 
V wind velocity 

voltage at the maximum panel tempera
ture, ~ 80'C, will be the same as the 
charging voltage for the battery, f ig. 6. 
With an average temperature of 0°C dur
ing the winter it will then be possible, 
using d.c./d.c. converters, to increase 
the average power output by at least 
25%, f ig. 7. 

The solar cell panels usually have 12 V 
nominal output voltage and about 30 W 
nominal peak power at 80 C. In a power 
supply system using 48 V system volt
age, four 12 V panels are connected in 
series. The required peak power for the 
plant is obtained by connect ing a num
ber of these panel groups in parallel. 

During the cold and dark part of the 
year the maximum power of the solar 
cells increases when it is most needed 
and compensates for the reduced solar 
radiation. A power-maximizing control 
system smoothes out seasonal varia
t ions; this means that fewer solar cell 
panels and lower battery capacity are 
required. 

In small systems in hot climates the 
solar cells can be connected directly to 
the battery. However, power-maximiz
ing control equipment is motivated in 
large systems and in cold climates due 
to savings in the number of solar cell 
panels and the size of the battery. 

The power processing 
equipment 
The power processing equipment is in
tended to maximize power output and 
regulate the charging voltage from the 
wind generator. It is used also to maxi
mize power output and regulate the 
charging voltage from the solar cells, as 
has been previously described. 

Wind energy varies greatly with the 
wind velocity, f ig. 8; it is important that 
the power output f rom the wind genera
tor carefully fol lows these variations, so 
that maximum power is always ob
tained. 

The aerodynamic efficiency of the wind 
turbine is also dependent on the rela
t ionship of the rpm of the turbine to the 
wind velocity, f ig. 9. The turbine is at its 
most efficient when this relationship is 
about 3.5. 

The power processing system regulates 
the power output from the turbine so 
that the relationship is maintained re
gardless of variations in the wind ve
locity. This is especially important at the 
lower wind speeds which most often 
occur. 

The power processing equipment, f ig. 
10 and 11, consists of a rectifier, a num-

Fig. 10 
Block diagram of ERICSSON SUNWIND 



Fig. 11 
Control equipment tor the wind generator 

Fig. 12 
Turbine testing in a wind tunnel 

ber of d.c/d.c. converters and a micro
processor with interface circuits. The 
diagram also shows a mini-diesel gen
erator set which will be described later. 
Its control system is a stand-alone unit 
but it can be connected to the main 
system for interchange of information. 

The three-phase, unregulated rectifier 
has an output voltage which varies be
tween 50 and 375 V d.c. It also contains 
a voltage monitor and a frequency 
monitor. The voltage monitor measures 
the generator idle voltage and is used to 
decide when, from the energy point of 
view, it would be profitable to start up 
the system. The generator idle voltage 
is a direct measure of the wind velocity 
and the available wind energy. The fre
quency monitor records the alternating 
voltage frequency which is the measure 
of the rotational speed and is used in 
the microprocessor to analyse the varia
tions in available generated power. 

The d.c/d.c. converters are choppers. 
They convert the very varied voltage 

from the rectifier to a constant voltage 
for charging the system battery. The 
microprocessor continually calculates 
the maximum available power from the 
varying energy flows of the wind and 
sun and controls the d.c/d.c. convert
ers. This can take place in two ways, by 
means of voltage control or power con
trol. 

Voltage control is used when the sys
tem battery is fully charged. The battery 
voltage is then held constant, the charg
ing current is minimal and the energy 
sources are only loaded with the power 
which the load consumes. 

Power control is used for most of the 
time. It is utilized when the battery is not 
fully charged. The power control value 
is continually being calculated by the 
microprocessor and information about 
the maximum available power value is 
constantly sent to the d.c/d.c convert
ers. These then regulate the power out
put from the wind and solar energy 
sources so that they work most effi
ciently. 

The capacity of the microprocessor is 
not wholly utilized for managing the 
control equipment. It can be used for 
other duties such as operation and 
maintenance routines, for operational 
statistics, for the collection and pro
cessing of meteorological readings, or 
for supervision and control of other 
equipment installed in the plant. 

Batteries 
In solar-wind plants the batteries work 
under special conditions. Daily low-rate 
charging and discharging are com
bined with a slower monthly and seaso
nal charging and discharging on a ma
jor scale. The battery current will be 
very small in relation to the capacity of 
the battery. There is an increased risk 
for sulphatization and a subsequent 
degradation in capacity if the battery is 
allowed to stay in a half-charged state 
for long periods. 

The characteristics which are regarded 
as being of most value for batteries in 
solar-wind plants are: 
- high charging efficiency 
- low self-discharge 
- min imum water r n n c n m n l m n 
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Fig. 13 
Control equipment for the diesel generator 

Fig. 14 
The diesel generator unit 

Power rating 1.5 or 3 kW 
Output voltage 48 V (or 24 V) 
Motor power 2.1 or 4.2 kW at 3600 rpm 

- ruggedness during transportation 
- low purchase price 
- long life 

The characteristics "high charging effi
ciency" and "low self-discharge" are 
important for the energy economy of 
the whole system. 

In the lead-acid battery range a selec
tion can be made from low antimony-
alloyed, calcium-alloyed and pure lead 
The low antimony-alloyed can be deliv
ered dry, which makes transportation 
easier. 

Nickel-cadmium batteries have good 
values except for charging efficiency. 
They perform very well at low tempera
tures and in fact this is the only battery 
type which can be used in conditions of 
extreme cold. However they are three to 
four times more expensive than lead 
batteries and so for economic reasons 
cannot be used in large-scale solar-
wind plants. 

As the charging currents are small in 
relation to the battery size, water con
sumption will be low. There is no need 
to inspect the battery more than once a 
year. 

Charging on a regular basis several 
times per year is recommended to pre
vent sulphatization of the battery. In 
systems combined with a mini-diesel 
such charging takes place at regular 
intervals, thus providing secure full-
charging and extended life length. The 
batteries are usually sized to permit a 
reserve time of one to two weeks. 

Mini-diesel generator 
With a mini-diesel generator in a solar-
wind energy system the size of the ener
gy sources and the battery can be re
duced. Dimensioning of the system is 
simplified, and years which are poor in 
solar radioation and winds as well as 
unforeseen variations in load cause no 
interruptions of operation. The battery 
is charged regularly which counteracts 
sulphatization. In addition the battery 
can be charged during installation and 
also when the annual battery inspection 
is carried out. The mini-diesel generator 
can be used as a power source during 
maintenance and installation work. 

The most telling arguments against 
conventional diesel generators in re
mote locations are the reliability prob
lem and the high cost of operation and 
maintenance. These problems can be 
greatly reduced by the use of a simple 
auxiliary system and by limiting the run
ning time. 

A diesel generator must be very reliable 
in start-up in order to be used in solar-
wind systems. There must be almost no 
margin of doubt about its ability to 
switch in as a final source of reserve 
power if solar and wind power have not 
been sufficient, over a long period, to 
charge the plant battery. Analyses of 
start failures in conventional diesel gen
erators have shown that the majority of 
missed starts have been caused by 
faults in the auxiliary system; these 
have included missed start motor en
gagement, faults in the start motor, 
badly maintained or faulty starting bat
tery, faults in the start battery charger or 
faults in the motor's supervision cir
cuits. In order to eliminate the majority 
of these causes and to obtain a very 
reliable mini-diesel generator, both the 
separate starting motor and the motor 
supervision system have been ex
cluded. 
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The diesel generator unit consists of an 
air-cooled, single-cylinder diesel motor 
and a d.c. generator, fig. 14. The diesel 
motor and generator are belt-con
nected in order to facilitate service. The 
generator is equipped with a starter 
winding and is also used as the starting 
motor. Consequently no separate start
ing motor with associated starter bat
tery and charging equipment is re
quired. The plant battery serves simul
taneous as a start-up battery. 

A special unit has been developed to 
control the mim-diesel generator in so
lar-wind power systems. The main ob
jective has been to limit the diesel gen
erator running time. This control unit is 
based on a microprocessor; its software 
contains the following functions: 
- supervision of the battery charging 

state 
- clock 
- voltage monitors 
- start-up 
- shut-down. 

started up at a predetermined minimum 
remaining charge level. This is to pre
vent the diesel starting up an unnecess
ary number of times. 

The clock function permits periodic 
start-up of the mini-diesel so that the 
motors oil film is retained intact. It also 
permits different running times. 

The voltage monitors are used to super
vise over- and under-voltages and for 
the charging voltage level. 

The mini-diesel is started up peri
odically at programmed intervals and 
when the charge of the battery falls 
below an acceptable minimum value or 
if the under-voltage monitor has issued 
an alarm. 

Shut-down is initiated both when the 
programmed charging voltage level has 
been reached and the battery is fully 
charged and also if the overvoltage 
monitor has issued an alarm. 

Fig. 15 
Plastic tank for underground storage of ERICS
SON SUNWIND equipment 

The battery charging state is supervised 
by means of a digital counter which 
continually registers the current to and 
from the battery. In this way the charg
ing state can be monitored with great 
precision and the mini-diesel can be 

As the running time for the mini-diesel 
set has been limited with the help of the 
charging monitor, fuel consumption 
and repair requirements have also been 
reduced. The fuel and lubrication oil 
containers hold a 5-year supply assum
ing a running time up to 200 hours per 
year. 

Installation, operation and 
maintenance 
The wind turbine is designed to be in
stalled at the top of a mast, as the aver
age wind velocity greatly increases with 
the height above ground level. If a mi
crowave radio link is to be powered, 
then it is natural to utilize the mast 
which also carries the microwave an
tennas, fig. 16. Because of the height 
above ground level, the masts will often 
be exposed to lightning strikes. To pre
vent damage to the wind turbine, the 
generator and control equipment, these 
units have been given lightning protec
tors which lead the lightning generated 
currents to the earthed mast. 

The solar cell panels can be mounted 
on the mast itself. In countries where 
the panel angle should be less than that 
permitted using mast mounting, special 
ra rU-c m n c t h o n c o H 
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One very important point is that the 
ground equipment, i.e. the control unit, 
the batteries and the diesel generator, 
be placed in a control led environment 
In hot climates it is important that the 
average temperature is not too high be
cause of the effect this will have on the 
life expectancy of the batteries and the 
electronic equipment. On the other 
hand, in cold-cl imate locations it is vital 
that the equipment be protected f rom 
sub-zero temperatures as these wil l re
duce battery capacity and the diesel 
motor will be diff icult to start. 

Because the price of energy from a so
lar-wind plant is very high, it is not eco
nomically reasonable to provide a con
trolled environment for the equipment 
by means of cool ing or heating as this 
will consume power. Instead, the equip
ment is placed in a shelter cooled by 
passive means or in an underground 
plastic tank, f ig. 15. A separate storage 
area has been reserved for fuel for the 
diesel generator. Using these methods 
a control led environment is guaranteed 
both in hot and cold climates. 

When install ing in remote sites it is very 
important that maintenance is kept to a 
minimum, because of the costs in
volved. The solar-wind system only re
quires one inspection per year. During 
this visit the battery must be checked, 
the wind turbine inspected and the so
lar cell panels washed. The mini-diesel 
must be functionally tested and the fuel 
tank fi l led, if it has not already been 
filled for several years' operation. 

Summary 
Solar and wind power is always avail
able, a l though, by its very nature, it var
ies considerably in potential power ca
pabilities because of changes in the 
weather. One day may be cloudy and 
windy, the next sunny and calm. These 
continual variations in climate have 
both short and long-term effects f rom 
wind gusts lasting for seconds up to 
daily, weekly and seasonal variations. 
During the year the sun and the wind 
supplement each other. This comple
mentary nature smoothes out seasonal 
variations al lowing the installed max
imum power in the sun and wind ener
gy-capture devices and the battery size 
to be reduced as compared with a non-
combined system. 

ERICSSON SUNWIND is designed to 
use this continually varying f low of en
ergy in the best possible way; with mi
croprocessor control the solar and wind 
energy converters can be guided to 
their optimal work ing points and at 
each moment extract the maximum 
amount of power; the vertical-axis tur
bine with its patented blade-pitch-ad
justment offers secure operation even 
in extremely high wind velocities and is 
maintenance-free and highly reliable; 
and the mini-diesel generator permits a 
reduction in the size of the energy 
sources and battery while extending 
battery service life. 

Fig. 16 
Mounting of the wind turbine 



AXE 10 in the Stockholm 
Telecommunication Area 

Sten Rimbleus 

The Swedish Telecommunications Administration has decided to replace all 
telephone exchanges in the country by AXE 10 exchanges by the year 2020. In 
the case of the Stockholm telecommunication area, which comprises one million 
subscribers, the conversion is to be completed by about 2010. 
The author describes the modernization plans and the systematic work methods 
that simplify the introduction of AXE 10. He also describes the two methods used 
for connecting the subscribers to the new exchanges, namely simultaneous or 
successive changeover. The operational experience from the first AXE 10 
exchange in Stockholm is also reported. 
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The Stockholm 
telecommunication area 
Sweden is divided into 20 telecom
munication areas and the Stockholm 
telecommunication area, with over 8000 
employees, is the largest. The area is 
led by a director supported by a staff 
unit. The activities are divided into three 
geographical areas, Telephone areas 
North, Central and South, each with full 
responsibility for the results of its oper
ation, fig. 1. They handle all installation 
as well as operation and sales within the 
area. 

A number of facilities and activities are 
handled centrally for the whole tele
communication area: 
- telex and data communications 
- interception service and operator-

assisted traffic 
- mobile telephone traffic 
- administration of buildings 
- information 
- training. 

Approximately 75% of the one million 
subscribers within the telecommunica
tion area are concentrated in less than 
20% of the area. The subscribers are 
served by 218 telephone exchanges 
equipped with crossbar switches, 51 
with 500-line selectors, one with code 
selectors and six AXE 10 exchanges. In 
addition there are a number of tandem, 
trunk and international exchanges the 
majority of which are equipped with 
500-line selectors. Fig. 2 shows the 
present exchange positions and tan
dem area structure in the Stockholm 
trunk code area (08 zone). 

The switching equipment consists 
mainly of machine-driven 500-line se-

Fig. 1 
The Stockholm telecommunication area and its 
division into telephone areas and sections 

Telephone area North 
Telephone area Central 
Telephone area South 
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lectors, a system which is becoming old the trunk and subscriber networks will 
and which does not meet present-day 
demands for funct ions and services. 
There are also problems as regards 
wear, spares and maintenance. 

be less expensive, the transmission 
quality will be improved and it will be 
possible to integrate digital PABXs into 
the network. 

Fig. 2, left 
Present exchange positions and tandem area 
structure in the 08 zone 

A Tandem exchange 
A Local exchange 

Fig, 3, right 

Exchange structure plan for the 08 zone 

A Parent exchange 
r\ Remote subscriber stage 

Modernization 
The Telecommunicat ions Administra
tion has started an extensive moderni
zation program, compris ing the replac
ing of all 500-line selector exchanges in 
Sweden by the year 2000 and all 
crossbar exchanges by about 2020. Un
til then equipment that has been re
covered from dismantled exchanges 
will to some extent be used for exten
sions caused by growth of the number 
of subscribers1. 

The central planning was started at the 
beginning of the 1970s and the project 
was designated MOTE (Modernizat ion 
of the TElephone network). In 1974 the 
Central Administrat ion decided that all 
500-line selector exchanges in the 
country should be replaced by AXE 10, 
and that detailed planning work should 
be started. It was later decided that the 
AXE 10 exchanges should be equipped 
with digital group selectors and that in 
the long run the whole network should 
be converted to digital operat ion. The 
advantages of this are, for example, that 

The first 500-line selector exchange in 
the Stockholm te lecommunicat ion area 
was put in operation at Norra Vasa in 
1924. It comprised 5000 lines. Since 
then a total of about fifty more 500-line 
selector exchanges have been installed. 
These exchanges are still being built 
out to a l imited extent. They are now to 
be replaced by AXE 10 in approximately 
a third of the t ime required for the origi
nal bui lding up of the network. This 
illustrates the scope of the moderniza
tion work now in progress. 

Future network structure 
In order to obtain a suitable design for 
the new digital telephone network it is 
important to start the project planning 
process with strategic network plan
ning. Such planning means investigat
ing different ways of obtaining an en
visaged target network 15 years ahead. 
For the Stockholm area different ex
change structures have been studied, 
and also how the trunk traffic should be 
handled in future. Other studies in
cluded different circuit structures, local 
network conf igurat ions etc. 
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Fig. 4 

The routing o t trunk traffic from local exchanges 

in the S tockholm trunk code area (08 zone) 

I I Regional centre 

Secondary centre 

A 
^ Trunk exchange 

© 
~. Local exchange 

Direct high usage route 

At the present stage the structure plan 
for the 08 zone indicates that the best 
economic result wil l be obtained by l im
iting the number of exchanges with a 
central processor and digital group se
lector to approximately 30. These wil l 
then form parent exchanges, to which 
over 20 remote digital subscriber stages 
will be connected, f ig. 3. 

The size of the parent exchanges wil l 
normally vary between 20000 and 
50000 subscribers. There wil l be three 
combined local/tandem exchanges, Ra-
sunda, City and Orby. 

The trunk traffic f rom the local ex
changes will be transmitted via direct 
high usage routes or via the trunk ex
changes Fredhall (AKE 13). Hammarby 
and City. The last two are new AXE 10 
exchanges. Each local exchange is con
nected to at least two trunk exchanges 
in order to obtain good availability and 
high reliability, f ig. 4. 

The circuits wil l normally be of the PCM 
type via cable or radio relay link. Fig. 5 
shows a rough scetch of an envisaged 
future network between AXE 10 ex
changes. 

Digital subscriber stages will be intro
duced later on2. A 4-wire network that is 
fully built out all the way to the remote 
subscriber stages would given an im
provement of approximately 10 dB as 

regards attenuation, compared with 
earlier analog networks. In certain 
cases coaxial cables having smaller 
cores than before can then be used in 
new installations and to replace old ca
bles that need changing. Cables with 
optical fibres will also be used3. 

Modernization plans—strategy 
The main purpose of the modernization 
is to replace the oldest exchanges. The 
dismantled equipment will be used for 
extensions elsewhere as required. 
Beyond this basic aim further moderni
zation will also be carried out if the 
market demands are sufficient to cover 
the necessary capital outlay The mod
ernization investments are concen
trated to those areas in the telecom
munication field that are most interest
ing from the point of view of marketing, 
namely city areas and certain suburbs 
In addition PCM will be introduced on 
circuits between exchanges to the 
greatest possible extent. 

The modernization plan is based on an 
order of priority, where the main factors 
have been 
- market 
- growth rate 
- need for replacement (age) 
- prospects of reuse 
- premises 
- technical aspects. 

According to plan, all 500-line selector 



Fig. 6 
The project organization tor modernization ot the 
telephone network in the Stockholm telecom
munication area (MOTE-S) 

exchanges in the Stockholm area are to 
be replaced before the year 2000, and 
all crossbar exchanges by around 2010. 

Tandem and trunk exchanges have 
been given priority so that digital opera
tion can be introduced at the earliest 
possible stage. 

Simplifying the 
modernization work 
A project group within the Stockholm 

telecommunicat ion area has been 
working on the implementing of the 
modernization plans since 1978. 

The main aim of the project is to coordi
nate the changeover to AXE 10, the in
troduct ion of PCM and the adaptation 
work required in the network when digi
tal operation is introduced. 

The project comprises planning, coor
dinat ion, fol low up, method studies, in
formation and training. 

Fig. 5 
Future network between the AXE 10 exchanges in 
Stockholm 

Exchanges in the 07 zone 

Exchanges in the 08 zone 

Tandem exchanges 

Trunk exchanges 
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Fig. 7a 
Planning schedule for the replacement of a 500-
line selector exchange by AXE 10 

Fig. 7b 
Testing and putting an exchange into operation 

The work has been very carefully plan
ned and organized. Efficient work meth
ods have been developed and great 
care taken in training the personnel in 
the new technology. 

Organization and distribution of 
responsibility 
Fig. 6 shows the project organization 
for the Stockhom area (MOTE-S). The 
tasks of the project groups are primarily 
as follows: 
- The administration group has the 

stratetic responsibility for MOTE-S 
and makes decisions mainly con
cerning the effects of circumstances 
and problems outside the project. 
The decisions can concern finances 
and the allocation of resources. The 
group contains the three heads of the 
telephone areas. 

- The maganement group has a tactical 
and operative responsibility for the 
project. This means the distribution 
of resources, responsibility for the 
current project activties and also 
technical principles and conditions. 
The group contains technical chiefs 
from the telecommunication area. 

- Investigation groups are appointed 
for fundamental matters that concern 
the whole area, for example the de
velopment of a structural plan for the 
exchanges, the introduction of mini-
MDFs etc. 

- The project groups (BAXE, Prepara
tion groups for AXE 10), one for each 

exchange which is to be replaced, are 
responsible for the work until the new 
exchange has been taken into ser
vice. Each group is led by a project 
leader and consists mainly of staff 
from within the telephone area con
cerned. A special sub-project leader 
with special responsibility and au
thority joins the group during the 
stage when the exchange is being put 
into operation. 

The main project leader handles the 
coordination with the management 
group and ensures that important ques
tions are referred to the administrative 
group. 

Systematic work methods 
In view of the extensive modernization 
program and the limited personnel re
sources, great efforts have been taken 
in the initial stage to develop systematic 
work methods. A main schedule has 
been prepared for the various projects. 
Access to exchange premises has often 
been the factor that determined the 
starting dates of the individual projects. 

All stages in the work are specified in 
chronological order on a standardized 
planning schedule. Reference is made 
to detailed job lists, which in their turn 
refer to job descriptions, fig. 7. Experi
ence shows that these schedules and 
lists simplify the work considerably and 
ensure that the necessary preparations 
are made well in advance. The main 
activities listed in the planning schedule 
are: 

Dimensioning 
The dimensioning outlines the overall 
framework for the task. Initially, rough 
dimensioning is carried out which 
provides the basic data for the require
ments as regards premises and power 
supply equipment. Traffic measurement 
results and the results of various types 
of prognoses are then compiled and 
detailed dimensioning is carried out. 
which forms the basis for decisions 
concerning the changing-over method 
and traffic routes. 

Surveys are made in the network, for 
example of the number of PBXs, for the 
subsequent planning work. The power 
requirements for the fully built out ex
change are calculated. 
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Project planning 
On the basis of the dimensioning data, 
documents are prepared for a fully ex
tended AXE 10 exchange with a control 
room, MDF, power supply and cable 
vaults. Documents for the adaption of 
the network are also prepared. In most 
cases PCM equipment is introduced in 
the junction network in connection with 
the replacement of an exchange. 

Compiling the project specification 
A preliminary project specification is 
compiled by the traffic engineers and 
the exchange planner. The Central Ad
ministration at Farsta and the supplier 
are then contacted and a final project 
specification is prepared. 

Purchasing 
The AXE 10 equipment is purchased as 
soon as the final project specification 
has been accepted. Other equipment is 
purchased separately. 

Installation 
In this section of the schedule the dis
tribution of responsibility for and the 
documentation of the installation work 
are specified. The supplier installs the 
purchased equipment. 

Changeoever tasks 
These tasks consist mainly of the prepa
ration and changeover work that has to 
be carried out in order to be able to test 
the exchange and put it into operation. 

Premises 
A specification is made of the require
ments as regards premises. A building 
schedule and building documents are 
prepared. After the agreement with the 
contractor has been approved the 
building work is started according to 
schedule. 

Connection, exchange data 
The detailed planning of the connection 
work is carried out in accordance with a 
specially prepared schedule. Exchange 
and subscriber data are compiled with 
the aid of computer-based systems. 
These systems produce cassettes 
which are used to load the data stores 

Fig. 8 
A part of the maintenance centre for Telephone 
area South 



Fig. 9a 
Trunking diagram for a 500-line selector ex
change in Stockholm 

Fig. 9b 
When the first changeover stage has been com
pleted the internal and incoming traffic to the 500-
line selector exchange is switched by the digital 
group selector, DGV, in AXE 10. 
Order of changeover: 
1 A route to IIGV/GVI is wired up from DGV 
2 Incoming routes and one or more routes for 

internal traffic are wired to DGV 
3 At the end of the first stage all incoming traffic 

goes via DGV 

Fig. 9c 
The trunking diagram for the second stage, when 
the AXE 10 subscriber stage, SS, is opened for 
traffic and the changeover of subscribers from 
the 500-line selector exchange is done suc
cessively. 
1 The routes to IIGV/GVI are reallocated as routes 

for internal traffic to SS through DGV and BJC 
in step with the changeover of subscribers to 
AXE 10. 

2 The outgoing routes from the IGV of the 500-line 
selector exchange are reallocated to traffic via 
outgoing routes, OT, via DGV. 

of the exchange. The input data are 
then modified by means of a command 
cassette or directly with commands 
from a terminal. 

Testing, putting into operation 
After the preparations for putting the 
exchange into operation the staff of the 
telecommunication area participate in 
the final tests carried out by the sup
plier. After that the area staff carry out 
their own tests, which include accep
tance tests, tests that verify specific 
functions and operational tests. When 
all tests have been completed and the 
delivery has been accepted the ex
change can be taken into service. 

Changeover methods 
The following two changeover methods 
are used in order to make the transition 
to AXE 10 as efficient and free from 
disturbances as possible. 

Simultaneous changeover, which is 
mainly used for small local exchanges. 
With this method no extra equipment is 
required for traffic between the old and 
the new exchange. However, a consid
erable amount of concentrated work is 
necessary both during ordinary and in
convenient working hours. Wiring 
changes must also be carried out in 
surrounding exchanges and PBXs at 
the same time. For these reasons this 
method should be used mainly for local 
exchanges with a capacity of less than 
10000 lines. 

Successive changeover, which is used 
for large exchanges and is carried out 
in stages, can be adapted to the avail
able resources. This method is par
ticularly advantageous when the ex
change building cannot hold both the 
complete new AXE 10 and the old elec
tromechanical exchange. The AXE 10 
control system and the digital group 
selector are then immediately built out 
to the required capacity. The rest of the 
switching equipment is built out in 
stages according to the conditions of 
each individual case. A certain amount 
of temporary equipment is required for 
the traffic between the old and the new 
exchange, but this equipment can be 
reused. Fig. 9 a -d shows the main 
stages of the successive changeover 
from a 500-line selector exchange to 
AXE 10. This method has the following 



Fig. 9d 
The trunking diagram for the AXE 10 exchange 
when all subscribers have been changed over. 

advantages: 
- the subscribers can be connected in 

in any optional order, for example per 
primary cable or per 500-group 

- the risk of disturbing the subscribers 
is minimized 

- the wiring changes in adjacent ex
changes, PBXs and the network can 
also be carried out in stages, which 
means that most of the work can be 
done during ordinary working hours. 

However, the actual changeover work 
must be extended over a relatively long 
period of time. 

Operational experience 
The first AXE 10 exchange with a digital 
group selector was taken into service at 
Ulriksdal on 12 June, 1980. The pre
vious 500-line selector exchange served 
7 300 subscribers, all of which have 
been connected over to the new ex
change. The AXE 10 exchange is dimen
sioned for 11000 subscribers. The ex
change was taken into service and the 
subscribers connected in in accor
dance with the successive changeover 
method. The work took two months. 
The operation of the exchange has 
been followed very closely and the op
erational experience has been ex
tremely satisfactory, as can be seen 
from the following. 

Hardware faults 
Two modifications have had to be intro
duced since the exchange was put into 
operation. One raised the tone level by 5 
dB and the other adjusted the interface 
between the PCM equipment and the 
digital group selector. A number of 
printed board assemblies with faulty 
components have also been replaced. 

Software faults 
A number of software faults were de
tected during the first months. Five soft
ware modifications have successively 
been introduced in order to eliminate 
certain traffic disturbances, and about 
30 in order to improve the handling. 

System restarts 
System restarts are carried out auto
matically when incongruous data are 
detected or a program handling fault 
occurs. Restarts can alse be ordered 
manually. Fig. 10 shows the system re

starts that have occurred since the ex
change was taken into service. 

Breakdown 
The only breakdown that has occurred 
hitherto took place after six months of 
operation. It lasted approximately 24 
minutes and occurred when a large pro
gram package was being replaced. The 
staff were aware that such a major job 
could cause disturbances and it was 
therefore carried out when the traffic 
was very low, after midnight. The effects 
of this breakdown were thus not very 
serious. 

Traffic quality 
Test traffic has been generated by traf
fic route testers and the percentage of 
calls lost because of congestion or 
technical faults has been as low as 
0.12%. 

Traffic recording 
The traffic recording functions that are 
built into AXE 10 have been used reg
ularly. The results show that all routes 
are correctly dimensioned and that the 
traffic handling capability is good. 

Manning 
Since the exchange was put into opera
tion it has only been manned during 
ordinary working hours, i.e. Monday-
Friday 0730-1600 hours, fig. 11. Admin
istrative staff have on occasion been 
placed at the exchange in order to fol
low events there and to develop the 
operation and maintenance routines 
further. When not manned, the ex
change has been supervised from a 
maintenance centre which is common 
for the whole telecommunication area. 
During the first year a total of 25 alarm 
calls where received which resulted in a 
repairman being sent to the exchange. 
All these faults could be cleared with 
the aid of the available operating in
structions. 

Training 
The Telecommunications Administra
tion has long provided further spe
cialized training for personnel working 
with AXE 10. For this purpose a number 
of independent part courses have been 
prepared, which can be combined to 
suit different training requirements. The 
following example shows a course for 

Fig. 10 
Operational statistics from the AXE 10 exchange 
at Ulriksdal 

Minor system restart 
is usually caused by a software fault and 
takes 7 seconds. 
No disturbance of calls in progress. 
Minor, manually initiated restart 
is made because of a software fault whicl 
has led to blocking of a device or individ
ual subscribers. It takes 7 seconds and 
calls in progress are not disturbed. 
Major automatic restart is usually causei 
by software faults and takes 7 seconds. 
Calls in progress are disconnected. 
Major automatic restart 
which includes reloading of the program; 
takes 10 minutes. All traffic is interruptec 



Fig. 11 
The control room in the AXE 10 exchange at 
Ulriksdal near Stockholm when the exchange was 
being put into operation. 

AXE 10 technicians. It lasts 19 weeks 
and consists of the fo l lowing six part 
courses: 
- 1 week, basic course on SPC technol

ogy 
- 2 weeks, basic course on AXE 10 

technology 
- 1 week, basic course on operation 

and maintenance methods 
- 4 weeks, digital exchange and PCM 

technology 
- 7 weeks, detailed AXE 10 course 
- 4 weeks, detailed course on opera

t ion and maintenance. 

The above-mentioned part courses wil l 
later be supplemented by revision 
courses. 

A large part of the training is carried out 
locally, but the Administrat ion also 
maintains a Training Centre for cen
tralized training. The 4-week course on 
operation and maintenance is held at 
the Training Centre, where the students 
have access to a complete training ex
change in which faults can be simul
ated. This gives valuable practical expe
rience together wi th the theoretical 
training. 

Centralized operation and 
maintenance 
System AOM 101 for operation and 
maintenance of the AXE 10 exchanges 
wil l be introduced gradually4. Operation 
and maintenance centres wil l be set up 
in each of the three telephone areas. 
Each centre wil l be eguipped with dis
play units, printers and cassette tape 
recorders connected to the central 
AOM 101 eguipment. These three cen
tres wil l only be manned dur ing ordi
nary work ing hours. At other t imes the 
supervision wil l be carried out at an 
operation centre that wil l be common 
for the whole of the Stockholm telecom-, 
municat ion area. 

A field group for the operation and 
maintenance work wil l be set up in each 
of the three telephone areas. The field 
groups will also assist in certain parts of 
the preparat ion work and when the AXE 
10 exchanges are put into operation. 
This wi l l enable the technicians in the 
field groups to retain their knowledge of 
the system. At a later stage, when the 
exchanges and maintenance methods 
are completed and work ing well, the 
technicians in the field groups will only 
have to visit the exchanges when man
ual intervention is necessary. The size 
of the field groups wil l be calculated on 
the basis of one technic ian per 30000 
exchange numbers. 

However, large exchanges wil l have a 
certain number of permanent staff for 
work in the MDF, work pertaining to the 
premises etc. 

Conclusion 
The work on replacing old 500-line se
lector exchanges and crossbar ex
changes by modern AXE 10 exchanges 
proceeds accord ing to plan. Six of the 
new exchanges have been taken into 
service, and at the t ime of going to 
press planning or installation work for 
about ten more exchanges is in pro
gress. 

The experience gained hitherto shows 
that the AXE 10 system and the methods 
developed for the realization of this 
huge modernizat ion project have cer
tainly come up to expectat ions. 
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