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Handling of AXE 10 Software 

Christer Johansson and Ingemar Svenle 

The software for telecommunication system AXE 10 comprises more than 600 
different programs. A program package is prepared for each application which 
can consist of approximately 250 programs, corresponding to 800000 
instructions in target code. Well designed methods and functional tools are 
essential if the handling required for the design and utilization of this software is 
to be efficient. Such methods and tools have been developed for AXE 10. 
The authors describe the basic principles for the handling of AXE 10 software, as 
well as the work methods and the support available for design, production and 
modification. They emphasize the importance of the modular structure of the 
software and the ease with which it can be adapted to the requirements of 
different customers. 
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Fig. 1 
System concepts for AXE 10 

System concepts in AXE 10 
Program packages for new AXE 10 ex
changes are produced at a high rate, at 
the same time as the system is continu
ously developed further. Well defined 
and functional system concepts are a 
prerequisite for the smooth running of 
these activities. The central concepts, 
fig. 1, in the handling of system AXE 10 
are: 
- Source system 
- Application system 
- Exchanges. 

Source system 
The designers work within the source 
system. When a program has been com
pleted it is incorporated in the source 
system, A number of tests are carried 
out to ensure that the new item has the 
desired function and interacts with the 
other programs in the source system as 
planned. In this way the source system is 
gradually built up to include more pro
grams and thus more functions. 

The successive extension of the source 
system with new programs is possible, 
primarily because of the modular struc-
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ture of the AXE 10 system, which facili
tates individual compilation, linking and 
loading of any program. Each program 
is an independent unit that interacts 
with other programs by sending and re
ceiving software signals. These signals 
are standardized in structure and range. 
Hence the addition of a new program 
has very little effect on the other pro
grams already in the system. 

The source system contains more than 
600 programs. Most of these provide a 
specific telephone function, for exam
ple administration of signalling links in 
Signalling System No. 7 or abbreviated 
dialling. The source system programs 
can be combined in a number of dif
ferent system applications, from small 
local exchanges to large international 
exchanges. Special program combina
tions are used, for example for mobile 
telephony and operator-assisted traffic. 

Application systems 
An application system consists of a set 
of programs, selected from the source 
system, which are required fora particu
lar market. The program production 
work is based on program packagesthat 
are defined as application systems. To 
be able to work with an application sys
tem common to several exchanges is 
advantageous for the organization and 
ultimate quality of the program produc
tion work. Relatively speaking the total 
number of program packages is not 
large, and the packages are produced 
and tested individually in an AXEIOtest 
exchange equipped in the same way as 
the exchanges delivered to customers. 
Duplicates of the tested program pack
ages are supplied to these exchanges. 

Exchanges 
An exchange is built up of products se
lected from the application system. The 
hardware is selected and dimensioned 
individually for each exchange. The 
software consists of two parts: 
- The program package, which is load

ed into the program store of the ex
change and has been prepared for the 
application system. 

- Data which are read into the data 
store of the exchange by means of 
commands, manually for small quan
tities of data and from a cassette for 
large quantities. These data can easily 
be modified during operation and is 
unique for that particular exchange 
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Fig. 2 
Product structure 
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Software flexibility 
The concepts Source system, Applica
t ion system and Exchange also provide 
an efficient means of exploi t ing the 
great f lexibil i ty of the software. The ex
act funct ions and properties of the pro
grams are defined step by step. 

The source system has a high degree of 
f lexibil i ty. It is important that the design
ers should not have to concern them
selves with routine market adaptations, 
such as selection of different tones or 
subscriber procedures. The designers 
should devote themselves to further de
velopment of the system. Flexibility is 
therefore built into every program, so 
that it can be used in markets with dif
ferent requirements. Program code flex
ibility is obtained by including a number 
of program parameters. The values sub
sequently assigned to these parameters 
determine the exact funct ion of the pro
gram. 

An application system is unique for one 
market. The software properties that are 
unique for a particular market can there
fore be f ixed. This is done by assigning 
parameter values that give the programs 
the desired funct ions. 

System 1 

Finally the characterist ics that are 
unique for an exchange are specif ied in 
the software. Data that can easily be al
tered if necessary are loaded with the 
aid of commands. Since all characteris
tics that are unique for an exchange are 
specified by commands, it is essential 
that they are arranged in manageable 
groups. The different groups of com
mands in the AXE 10 system are shown 
in the table on the left. 

Product and documentation structure 
The AXE 10 system is organized in a hi
erarchic product structure, compr is ing 
different product levels. Each level can 
contain several products, f ig. 2. Each 
product isan independent logic unit, im
plemented in software or hardware and 
having well defined interfaces, func
tions and properties. 

Work on large systems usually requires 
large quantit ies of informat ion, since 
the funct ions are numerous and com
plex and since many people are involved 
in the activities that concern a system. A 
number of different types of documents 
are associated with each product level. 
Some are used in the design, others in 
the product ion and operat ion stages. 
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Fig. 3 
Document structure 
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Fig. 4 
Work flow 

The documents are obtained as the re
sult of different design activities. All 
documents are stored in an integrated 
computerized information system. 

Some form of system is necessary in 
order to identify and manage all infor
mation concerning the products in the 
system. Ericsson has long used an iden
tification system that has also proved to 
be a good basis for the storage of infor
mation. The system identifies products 
and documents. A program is regarded 
as a product, and each program is docu
mented in documents belonging to this 
product. Each product has a unique 
identifier. 

The document number consists of the 
product identifier and a decimal num
ber. The decimal number specifies the 
type of document, fig. 3. In certain cases 
a product has several documents of the 
same type. These are then identified by 
means of a prefix to the decimal num
ber. For example, in 67/15517-
APT21006, 67 is the prefix, 15517 the 
decimal number and APT21006 the 
product identifier. 

System design 
The system design is carried out in ac
cordance with carefully prepared work 
methods for system design and testing. 
An efficient support system ensures the 
desired efficiency and quality. 

WORK METHODS 
The overall aim of the work methods is 
that the system design work should be 
structured into manageable activities 
that give well-defined work results with 
a measurable quality level. Well struc
tured and target-conscious work is an 
essential condition for high quality and 
high productivity, and is also necessary 
if time schedules are to be met. 

clear areas of responsibility that facili
tate the flow of information. 

The results of one activity are inspected 
and then form the input data for the next 
activity. Each activity is divided into a 
series of sub-activities that are defined 
in detail in work flows. Inspection is 
made after each activity and sub-ac
tivity. A formal inspection procedure has 
been developed for this purpose which 
results in an inspection record. This 
method has given excellent results in 
the form of a noticeable reduction in the 
number of faults in the products when 
they are handed over for testing. 

SYSTEM DESIGN 
Function system design 
When defining the system functions, 
each function is contained in one or 
more blocks in the block system design. 
All sub-functions in a block are com
piled into a logic unit, fig. 5. 

The function system design must give a 
description of the function, based on its 
requirements, which fully illustrates the 
function with the emphasis on the func
tion during operation. The top-down ap
proach is used with several well-defined 
stages, in each of which the function is 
divided up within the product structure 
and incorporated in the existing stan
dard interfaces. 

The input data to the function system 
design stage consist of a requirement 
specification and the result of the sys
tem investigation. 

The output data from the function sys
tem design consist of a description of 
the function in which the logic is de
scribed both verbally and in the form of 
flow charts in extended SDL (CCITT 
Specification and Description Lan
guage),4 fig. 6. The division of the func
tions between blocks is clearly shown. 

The system design work is divided into a Block system design 
number of activities, fig. 4, which must During the block design the work con-
i í i :_ „ ~ — „:*;~ ~-^4/^.. Thn ^nK«f> fho oil- , f i m n t ; A » A «n«««*«^ \n 3 be performed in a specific order. The 
activities are well defined with specific 

cerns the sub-functions allocated toa 
certain block. The work should resulti" 

nput and output documents and with coordination of the sub-functions in the 
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Fig. 6, above and top 
A personal computer showing a function flow 
expressed in SDL 

Fig. 5 
System design 

block, and a division of the block into The output data f rom the block system 
one part to be implemented in software design consti tute the basic design data 
and another to be implemented in hard- for the software and the hardware de-
ware, sign. 

The input data to this stage include the Support system 
funct ion descript ions that concern the A graphic editor has been developed for 
block in quest ion. the extended SDL used in the funct ion 
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Fig. 7 
The AXE 10 structure with an example of a 
structure specification 
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system design. This tool is accessible 
from powerful work stations (personal 
computers), wh ich also include an ana
lyzer and data bases for stor ing the re
sult of the system design. The data 
bases are stored in the work stations 
and in mainframe computers. Report 
generators are used to produce dif
ferent types of documents f rom the 
stored informat ion. 

DESIGN 
Programming 
The program logic for a software prod
uct is prepared in a high-level language 
dur ing the programming stage. The in
put data include interface, block and 
funct ion descript ions. The output data 
consist of a source program document 
and documents that describe the 
characteristics of the product, for exam
ple its f lexibil i ty. 

The programming language used for 
central software and certain regional 
software is PLEX, and an assembler lan
guage is used for other regional soft
ware. PLEX is Ericsson's high-level lan
guage which contains concepts es-
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Software 
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pecially adapted to telecommunication 
appl icat ions and the modular structure 
of the system. It includes signals for 
communicat ion between programs and 
concepts for simple structuring of data 
within each product. 

Basic test 
During the basic test the designer ver
ifies his program and checks that the set 
requirements are met as regards pro
gram logic and the characteristics of the 
program. This test can be carried out 
either by means of a simulator in the 
support system or in a target machine 
after compi la t ion. 

Support system 
The design support system is user-
friendly and works interactively. The 
PLEX compi ler consists of a front-end 
and a number of back-ends. The front-
end performs syntax analysis and the 
back ends generate codes for different 
target machines. 

The simulator is developed in the pro
gramming language LISP and makes it 
possible to carry out testing and fault 
correct ion on PLEX level. The support 
system uses IBM computers. 

TESTING 
Function test 
In the funct ion test all the different soft
ware and hardware products for a cer
tain funct ion are run together. Verifica
t ion is made against documents that de
scribe the funct ion. 

System test 
In the system test the test object is the 
whole system (subsystem). The aim isto 
check the system characteristics, but it 
is also important to detect any undesira
ble interference between the different 
funct ions of the system. The system test 
is carried out in an AXE 10 test exchange 
which is fully equipped with all the soft
ware and hardware that form part of the 
system. 

The results of the system test are check
ed carefully. The system can then be re
leased, and also its software products. 
The release means that the products are 
made available for program production 

Support system 
Programmed testing is used in order to 



Fig. 8 
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Title 
Charging analysis 
Pulse charging 
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List 2 
Designation 
CAU Charging Analysis 
CDR Charging Data 
Recording 
MPU Metering Pulse 
Generation 
MRU Meter Reading 
PDU Pulse Distribution 

List 3 
Designation 
Description 

Permitted value range 
Step size 
Recommended value 

Document number 
67/155 17-APT21006 
68/155 17-APT21006 
42/155 17-APT21005 
49/155 17-APT21004 

Product identifier 
CAA 1071680 

CAA 1071682 

CAA1071500 
CAA 107 1674 
CAA 1071681 

BUSYPAUT1 
Duration of the first 
pause in the busy 
tone. The parameter 
value gives the time 
in ms. 
20-5100 ms 
20 ms 
500 ms 

improve the quality of the tested soft
ware. This usually requires more prepa
ration than conventional testing, but on 
the other hand the basic data for pro
grammed testing can be used any num
ber of times. All test cases can be rerun 
for each change in the program. 

The testing is carried out with the aid of 
an I/O processor connected to the con
trol system in AXE 10. The programming 
of test cases is written in PILOT, a lan
guage designed for this purpose. 

Producing a new program 
package for an application 
system 
The development of a new program 
package comprises five work pro
cesses: 
- Product selection 
- Specif ication of the program charac

teristics 
- Target code product ion 
- Assembly and testing of the program 

package 
- Assembly of the delivery package. 

Product selection 
An application system usually com
prises about 250 programs that are se
lected from the approximately 600 pro
grams included in the source system. 

The work is carried out in two stages. 
Stage 1 is an analysis of the funct ional 
requirements of the market, in which a 
choice of funct ions is made. The pro
grams that give the desired funct ions 
are selected in stage2. 

Stage 1 results in a list, L i s t i , of the 
funct ions required for the market in 
question. Each funct ion is described in 
a funct ion specif icat ion which de
scribes the funct ion, the user pro
cedures and the funct ion performance 
(e.g. the number of subscribers who can 
use a subscriber facil ity s imul
taneously). 

Forstage2 it is necessaryto know which 
programs provide a certain funct ion 
The designers provide this informat ion 
in the form of structure specif icat ions. 

The products in the AXE 10 system are 
arranged in a product structure shaped 
like a pyramid. The base of the pyramid 
consists of the real design objects, i.e. 
individual software and hardware prod
ucts. The top of the pyramid is the sys
tem level. For each product there is a 
specif ication of the products that are on 
the next level below. This specif icat ion 
is called a structure specif icat ion. The 
structure specif icat ion for example for a 
subsystem, indicates the funct ion 
blocks that form part of the subsystem, 
f ig. 7. 

The structure specif icat ions and the list 
of market funct ions are processed in 
stage2. The resultant product list, List 2, 
shows all the programs required. 

Specification of the program 
characteristics 
A normal program package contains 
about 2000 program parameters which 
adapt the programs to the market re
quirements. For each parameter there is 
a descript ion, a value range, and a nor
mal value which is the recommended 
value. A compar ison is made with the 
corresponding characterist ics in the ex
isting market networks (tones, dura
tions of t ime supervision in signal l ing 
diagrams, alarm classes for different 
types of faults etc.). Good market knowl
edge and well described parameters 
with recommended normal values mean 
that the work of setting the parameter 
values in a program package is kept to a 
min imum. List3 gives an example of a 
program parameter. 

Target code production 
The designers work mainly in the high-
level language PLEX, and the PLEX pro
grams are translated into a target code 
for loading. A normal program package 



contains about 800 000 words of target 
code. The target code contains the val
ues of the program parameters and the 
numbers allocated to the signals re
quired for the interaction between pro
grams (linking). The linking information 
is written into a signal distribution table 
(SDT), which belongs to the target code 
of the program, fig. 8. 

Efficient tools and work methods result 
in a short production time. The work is 
automatized. Program identifiers and 
parameter values are fed into a compu
ter. The machine carries out the work 
described above and the resultant target 
code is output on cassette tapes. 

Assembly and test of the program 
package 
The target code produced is loaded 
from the cassette tapes into an AXE 10 
test exchange. The complete program 
package for the application system is 
assembled in this manner. 

Each source product has been carefully 
tested as a normal part of the designer's 
work. This test is supplemented by a 
number of tests of the assembled pro
gram package which ensure that the 
chosen programs are interacting with
out error. The AXE 10 test exchange is 
equipped with the hardware that is to be 
included in the customer exchanges. 
Test traffic is generated and functions 
such as traffic handling in various traffic 
cases, subscriber facilities, charging, 
etc. are tested. 

Assembly of the delivery package 
The last stage in the production chain is 
to load the cassette tape that is to be 
delivered to an exchange. Up to this 
point all the work has concerned the 
complete program package for the ap
plication system. This means that the 
work objects are large and relatively 
few. During the last stage a decision 
must be made whether the whole pro
gram package is to be delivered to all 
exchanges that are based on the ap
plication system, or whether the pack
age is to be divided. A division saves 
memory space in the exchanges and 
makes it unnecessary to update pro
grams that are not used in a particular 
exchange. 

Primary packages for the delivery of 

program packages to exchanges are 
prepared from the complete, tested pro
gram packages. Several types of prim
ary delivery packages are created if the 
program package has been divided up. 
For example, if the application system 
comprises both local and transit ex
changes, a separate primary package is 
normally prepared for each type of ex
change. The program package loaded 
on a cassette tape for delivery to an ex
change is a copy of the prepared prim
ary package. 

Once an application system has been 
completed it is easy to produce cassette 
tapes for delivery to future exchanges. 
The only production work that is neces
sary is to copy the correct primary deliv
ery package. 

Fig. 9 shows the different stages in the 
production of a new program package. 

Handling of modifications 
Principles for the modification 
handling in the AXE 10 system 
In a living telephone system it is neces
sary to introduce new functions and 
changes in the existing products. The 
programs in the AXE 10 system are au
tonomous units that are compiled and 
linked into the overall system individu
ally. This system property is a prere
quisite for efficient modification hand
ling. New programs can be produced 
and inserted into operating exchanges, 
usually without any modifications in the 
programs already in operation. The pro
cedure is similar when a program is re
vised. The designers revise their original 
design and a new version of the program 
is created. This is tested and produced 
in the same way as a new program. The 
revised program can then be introduced 
into the operating exchange simply by 
replacing the old version of the program 
with the new one. 

Handling of data for revised programs 
Different procedures are used when a 
new version of a program is to be intro
duced, depending on what is to happe" 
to the data of the software unit: 
- Conversion. The data structure of the 

program may be changed, and data 
from the old structure must be con
verted when it is transferred to the 
new structure. 
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- Copying. The data structure has not 
been changed, but data must be 
transferred to the new program. 

- No transfer. The old data is not to be 
transferred to the new program. 

The designer specifies the procedure to 
be used. Conversion is the most com
plex process but, thanks to the unique 
modular structure of the AXE 10 system, 
conversion can easily be performed dur
ing operation. However, the designer 
must make certain preparations. The 
difference between the old and the new 
data structure must be described in a 
formal language. This description, to
gether with the object code for the old 
and the new program, forms the input 
dataforthetool called FURAX (Function 
Replacement in AXE 10). FURAX pro
duces a cassette tape containing con
version information. This information is 
loaded into a special block in the AXE 10 
operating sytem and constitutes the 
basic data for the data conversion when 
a function change is initiated in an ex
change, fig. 10. 

Production of a revision package 
The method used to produce a revision 
package is the same as for a new pro
gram package. The product selection 
stage consists of selecting and assem
bling the changes that are valid and im
portant to the products in the applica
tion system. Sometimes the product 
changes affect the program parameters. 
If this is the case, values are specified for 
the changed or new parameters. A new 
target code is produced for the revised 
products. Conversion information is 
also produced if necessary. The target 
code produced and conversion tables, if 
any, are tested in an AXE 10 test ex
change that has been loaded with the 
program package for the application 
system. The testing comprises function-
oriented tests and tests verifying that the 
modification package can be inserted 
smoothly into the program package. 
After testing, the modification package 
is distributed in the form of cassette 
tapes. 

The division of an application system 
into several primary delivery packages 
affects the planning of a modification 
package. All changes in programs that 
are unique to one primary delivery pack
age are assembled in an individual mod

ification package. An exchange will only 
receive the modification packages that 
concern programs in its own program 
package. 

Primary delivery packages are con
tinually updated, so that a program 
package delivered to a new exchange 
includes all relevant modification pack
ages that have been issued so far, fig. 11. 

Insertion of a modification package in 
an exchange 
The AXE 10 system includes com
prehensive functions that facilitate the 
introduction of modification packages 
in operating exchanges. The method is 
basically the same irrespective of 
whether the modification package com
prises new products or replacements of 
already loaded products. The main dif
ference lies in the handling of data. Data 
for new products are loaded by means of 
commands. In the case of product re
placement, the data are normally trans
ferred from the old version of the pro
gram to the new one. 

The usual method is to load the modi
fication package into both processor 
sides simultaneously. The programs are 
placed in free storage areas. A minor 
system restart, which does not interfere 
with established connections, is then 
used to transfer the data and to take the 
new programs into service. The old pro
grams remain in the store, and if any 
problem should arise, a return to the old 
programs is made automatically. If ev
erything works satisfactorily, the new 
programs are made permanent through 
output of a new reloading dump. Con
sequently the system normally only re
quires a minor restart when a modifica
tion package is introduced into an oper
ating exchange. 

This method of using modification pack
ages with new outputs of programs is 
the normal way of introducing modifica
tions in AXE 10 exchanges. An alterna
tive method can be used in extremely 
urgent cases whereby the functions for 
program corrections in the system are 
used to change the program code. 

Ericsson has an efficient organization 
for providing assistance if a fault occurs. 
AXE 10 experts are available at special 
support centres in several places 
around the world. 
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Fig. 11 
Planning of modification with two different ex
change types 
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Summary 
Well etablished work methods are used 
in order to cope with the large program 
volume of the AXE 10 system, both for 
deliveries to users and further develop
ment of the system. The concepts of 
Source system. Appl icat ion system and 
Exchange are fundamental to all hand
ling of the AXE 10 system. 

The AXE 10 software can easily be 
adapted to the needs of individual cus
tomers. This f lexibil i ty is ensured by the 
source system, since most programs in 
the source system can be chosen wi th
out constraints, and because the pro
grams are control led by parameters. 
The characteristics that are unique to 
each exchange are specif ied by means 
of commands. 

The further development of the AXE 10 
system is carried out in accordance with 
a methodical work plan, with built- in 
checks and tests that ensure high 
quality. 

The advantages of the modular struc
ture of system AXE 10 are used in the 
product ion of program and modif ica
t ion packages to ensure an eff icient, 
well organized work f low. The modu
larity is also a condi t ion for the smooth 
introduct ion of changes into exchanges 
that are already in operat ion. 

The wide distr ibut ion of the AXE 10 sys
tem throughout the wor ld has led to in
creased decentral izat ion of the design 
and product ion activit ies. The handl ing 
methods, support system and modular 
structure of the AXE 10 system make it 
eminently suitable for such decentral
ization. 
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Digital Multiplexers for the 
30-Channel Hierarchy 

Roberto Burani and Staffan Åstrand 

Ericsson and FATME have developed two digital multiplexers for the conversion 
between 2 and 8Mbit/s and between 8 and 34 Mbit/s. Ericsson now has a full 
range of multiplexers in the BYB construction practice for the 30-channel 
hierarchy. Simultaneously with this development the two other digital 
multiplexers, for the conversion between 34 and 140Mbit/s and direct from 2 to 
34 Mbit/s. have been modernized using the same technology and components. 
This modernization has led to increased reliability and reduced power 
dissipation. 

The authors describe the multiplexer that converts four 8 Mbit/s digital bit 
streams to one digital 34 Mbit/s stream. ZAH 120/480-2. They also summarize the 
main features of the other digital multiplexers in the 30-channel hierarchy. 
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Fig. 1 
The digital 30-channel hierarchy 
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The cont inuing digital ization of the tele
phone network, together with the grow
ing demand for data communicat ion, 
mean that high-capacity line systems, 
especially over optical f ibre, wil l be used 
to an increasing extent. This leads to a 
growing demand ford ig i ta l mult iplexers 
that can convert signals having a speed 
of 2 Mbit/s to the higher transmission 
speeds of 34 Mbit/s, 140 Mbit/s, or, in the 
nearfuture, 565 Mbit/s. These multiplex
ers are placed, for example, at a digital 
exchange, a remote subscriber stage or 
at an analog exchange together with 
PCM multiplexers. In addit ion to speech 
and data, synchronizat ion information 
can also be transmitted between digital 
exchanges via mult iplexers and line sys
tems. 

FDM network 
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For the so-called CEPT or 30-channel 
hierarchy CCITT has recommended the 
electrical interfaces and frame structur
es for the levels 2048 kbit/s, 8448 kbit/s, 
34368kbit /s and 139264kbit /s, which 
correspond to 30, 120, 480 and 1920 
telephone or data channels respectively 
(data speed = 64 kbit/s). 

The new mult iplexers ZAH 30/120-3 and 
ZAH 120/480-2 carry out conversion 
from 2 to 8 Mbit/s and from 8 to 34 Mbit/s 
respectively, and replace the corre
sponding equipment in the M5 con
struction practice. The new systems 
have higher MTBF values and greater 
ability to cope with jitter. The range of 
systems in the BYB construct ion prac
tice already includes a fourth-order sys
tem for conversion between 34 and 
140 Mbit/s and a system for direct mult i 
plexing from 2 Mbit/s to 34 Mbit/s.1 

These mult iplexers have now been mod
ernized in order to increase their re
liability. The new variants are desig
nated ZAH 30/480-2 and ZAH 480/1920-
2. Fig. 1 shows the 30-channel hierarchy 
and the posit ions in this hierarchy of the 
systems described here. 

Construction practice and 
maintenance 
Ericsson's BYB construct ion practice 
has been described in a previous issue 
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Fig. 2 
ZAH 30/120-3 equipped for four 2 Mbit/s tributaries 

Fig. 3 
ZAH 120/480-2 equipped for four 8 Mbit/s tribu
taries 

of Ericsson Review.2 The main features 
of the construction practice are: 
- external cabling connected to the unit 

fronts 
- decentralized power supply with sep

arate d.c./d.c. converters for each 
magazine 

- coordinated alarm handling 
- great freedom as regards the mount

ing of the equipment. For example, 
transmission bays can be used, as 
well as bay rows or cabinets for the 
telephone exchange systems. 

The new multiplexers, ZAH 30/120-3 and 
ZAH 120/480-2, figs. 2 and 3, are 
mounted in magazines having a width of 
6 building modules (244 mm). Their low 
power consumption (20 W from the cen
tral battery) makes it possible to equip a 
bay with these systems without con
straints. Thus a transmission bay, 
2743 mm high and 600 mm wide, can 
hold up to 16 multiplexers. 

The alarm indications of all the digital 
multiplexers are in accordance with 
CCITT recommendations. A detected 
fault results in a LED indication in the 
individual system and in the bay or rack 
row. Each individual fault condition is 
also represented in the form of a contact 
closure or high TTL level at the primary 
alarm interface, which is accessible at 
the front of the unit. 

The primary alarm interface can be con
nected to Ericsson's transmission main
tenance system ZAN1013 for central 
alarm collection. ZAN 101 is used either 
independently or connected to the 
operation and maintenance system 
AOM101. The latter alternative permits 
integrated maintenance of the tele
phone exchange and transmission 
equipment. Fault location system 
ZAN2014 offers a simpler alternative. It 
is intended for the location of faulty in
termediate repeaters, but it can also be 
used as an alarm collection system. 

ZAH 120/480-2 
The third-order digital multiplexer 
ZAH 120/480-2 combines the 8448 kbit/s 
signals from four second-order digital 
systems to one 34 368 kbit/s bit stream 
and vice versa. ZAH 120/480-2 works 
with asynchronous tributaries, positive 
justification and bit interleaving in ac
cordance with CCITT Recommend
ations G 703 and G.751. Fig. 4 shows a 
block diagram of the multiplex equip
ment. 

In the multiplexing direction the 
8448 kbit/s signals are connected to 
their tributary units via the D2 interface. 
Each 8/34 Mbit/s tributary unit contains 
the logic for two 8448 kbit/s signals. 
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Fig. 4 
Block diagram of ZAH120/480-2. Each tributary 
unit is equipped to take two 8 Mbit/s bit flows 
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Frame structure for ZAH 120/480-2 in accordance 
with CCITT Recommendation G.751. The figures 
in brackets refer to ZAH 30/120-3 (CCITT G.742) 
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An 8/34 Mbit/s tributary unit equipped with buffer 
circuits for timing synchronization and hybrid 
oscillators 
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In the 8/34 Mbit/s tr ibutary unit the in
coming, HDB3-coded signal is convert
ed to a binary encoded signal. The t im
ing is regenerated in a resonance circuit 
with a low Q value and is used to read the 
signal into a buffer store. The multiplex
er works asynchronously, using the trib
utary t iming for reading into the buffer 
but a higher freguency for reading out, 
namely 34 368:4 = 8592 kHz, control led 
by the 34 Mbit/s transmit control unit. 

The difference between the buffer input 
and output t iming results in pauses in 
the reading out, which correspond to 
the posit ions in the third-order frame 
structure that are used for the frame 
alignment word, alarm bits and justif ica
t ion control bits. Fig. 5 shows the frame 
structure. 

The bits marked * in the f igure, one for 
each tributary, can be justi f ication bits 
or bits that carry information, depend
ing on the states of the buffer stores in 
guestion. Each buffer store is monitored 
for the quantity of data in it, and when a 
certain lower threshold has been reach
ed the reading out is delayed by one bit. 
The bits marked * wil l then only contain 
redundant information (positive justi
f ication). 

A code word consist ing of three control 
bits C,, is created for each tributary and 
this word informs the receiver that justi
f ication is being carried out. Positive 
justi f ication and absence of just i f ication 
result in the codes 111 and 000 respec
tively. 

The frame al ignment word , just i f icat ion 
bits and just i f icat ion control bits are in
serted in the bit stream in the 34 Mbit/s 
transmit control unit. This is done in 
such a way that a binary encoded, th i rd-
order signal is created in parallel form, 
having the correct frame structure. The 
final 34368kbit /s signal is obtained 
through HDB3 encoding in the 34 Mbit/s 
interface unit and it is then sent out to 
the D3 interface. The send t iming is ob
tained from a crystal oscil lator mounted 
in the 34 Mbit/s interface unit. 

In the demult ip lexing direct ion the 
HDB3 encoded bipolar signal is convert
ed to a 34368 kbit/s binary encoded sig
nal in the 34 Mbit/s interface unit. At the 
same t ime the 34368 kbit/s t iming is re
covered via a resonant circuit wi th a low 
Q value, after which the incoming signal 
is converted to four-bit parallel form. 

Frame al ignment is detected in the par
allel data signal in the 34 Mbit/s receive 
control unit. In addit ion this unit sepa
rates the data into four tr ibutaries, de
tects faults and generates alarms for the 
whole multiplexer. The in ter facesfor the 
free signall ing bit, bit 12. are also placed 
in this unit. 

The information bits are read into a buff
er store in the receive part of the 
8/34 Mbit/s tr ibutary unit. The reading in 
rate is 8592 kHz, with pauses for frame 
alignment bits and just i f icat ion control 
bits. The reading out f rom the buffer 
store takes place at 8448 kHz, control led 
by a voltage-control led oscil lator. The 
oscil lator is control led by the amount of 
data in the store, through feedback. A 
lowpass filter in the feedback circui t at
tenuates the jitter that is created in the 
frame al ignment and just i f icat ion pro
cesses. The outgoing binary encoded 
signal is finally HDB3 encoded and sent 
out onto the line. 

The use of special LSI circuits for the 
synchronizat ion of the D1 signals wi th 
the mult iplexer t iming, by means of jus
t i f icat ion, together with the use of hybrid 
circuits for the vol tage-control led os
cil lators for the tr ibutaries, has greatly 
reduced the volume of the equipment. 
The 8/34 Mbit/s tr ibutary unit, f ig . 6, con
tains line interfaces, synchronizat ion 
buffers and hybrid osci l lators for two 
tr ibutaries. 
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Fig. 7 
Block diagram of ZAH 30/120-3 
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Low-power Schottky TTL, CMOS and 
HCMOS have been used in order to ob
tain low power consumption, favoura
ble temperature conditions and high re
liability. 

ZAH 30/120-3 
The second-order digital multiplexer, 
ZAH 30/120-3, converts four 2048 kbit/s 
digital signals to an 8448 kbit/s digital 
signal and vice versa, in accordance 
with CCITT Recommendations G.703 

and G.742. Multiplexing and demulti
plexing is carried out in the way de
scribed above. However, the modular 
structure of ZAH30/120-3 is slightly dif
ferent, fig. 7. Each 2048 kbit/s tributary 
has its own HDB3 encoding and decod
ing unit with buffer store. There are only 
three more units required in the maga
zine, one for multiplexing, one for de
multiplexing and a d.c./d.c. converter. 

The frequency of the outgoing 
8448 kbit/s signal can be controlled 
internally, by the timing of the incoming 

Fig. 8 
ZAH 30/480-2 equipped for sixteen 2 Mbit/s 
tributaries 

Fig. 9 
ZAH 480/1920-2 equipped for four 34 Mbit/s 
tributaries 



Fig. 11 
The special frame structure used in ZAH 30/480-2 
(and its predecessor ZAK 30/480-1) Frame alignment word 
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8448kbit/s signal, or by an external 
8448 kHz reference signal. 

automatic adaptation to the cable at
tenuation. 

Alternative 1 
ZAH 30/480-2 

Alternative 2 
4 x ZAH 30/120-3 + ZAH 120/480-2 

Fig. 10 
Magazine requirement for multiplexing from 
2 Mbit/s to 34 Mbits using ZAH 30/480-2 and 
conventional equipment respectively 

ZAH 30/480-2 and 
ZAH 480/1920-2 
As has already been mentioned, 
ZAH 120/480-2 includes a 34 Mbit/s in
terface unit. This unit, together with an
other newly developed unit, is also in
cluded in the modernized mult iplexers 
for conversion from 2 to 34 Mbit/s and 
from 34 to 140Mbit/s, f igs.8 and 9 re
spectively. 

The new units mean that the need for the 
fairly diff icult connect ion of the 34 
Mbit/s interface to a field of connectors 
at the edge of the magazine has been 
el iminated. Moreover it is no longer nec
essary to strap for different cable 
lengths on the incoming signal path sin
ce the 34 Mbit/s interface unit includes 

The new units also give greater re
liability and a certain reduct ion of the 
power consumpt ion of ZAH 30/480-2 
and ZAH 480/1920-2 compared with the 
earlier systems. The block diagram of 
f ig. 10 shows that ZAH 30/480-2 stil l con
stitutes a competit ive alternative for 
point-to-point circuits in cases where 
the frame structure that is special for 
this system, f ig. 11, is acceptable. 

Summary 
The development of two digital mul t i 
plexers and modernizat ion of two exist
ing systems mean that Ericsson can now 
provide a complete range of digital mul 
tiplexers for the 30-channel hierarchy 
built in accordance with the BYB con
struction practice. 

Technical data 
ZAH 
Nominal bit rate 
Tolerance 
Bit rate for 
tributaries 
Number of 
tributaries, max. 
Frame structure 

Jitter 
Alarms 
Power consumption 
from battery 
Battery voltage 
Mains rectifier 
(optionally) 
Tolerances 
Magazine dimensions 
Heightxwidthxdepth 
Weight, approx. 

kbit/s 
ppm 

kbit/s 

w 
V 

Hz 
VAC 

% 
mm 

kg 

30/120-3 
8448 
±30 

2048 

4 
CCITT 
G.742 

20 

244 
7 

120/480-2 30/480-2 
34368 

±20 

8448 

4 
CCITT 
G.751 

CCITT G.703, G.742, 

34 368 
±20 

2048 

16 
fig. 11 

G.751 
CCITT G.742, G.751 

20 
-30 to -72 

45 to 65 
110. 127or22C 

+ 10 to -10 

x 244x220 
6 

90 

480/1920-2 
139264 

±15 

34 368 

4 
CCITT 
G.751 

110 

244x488x220 
14 13 
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Maintenance of Telephone Circuits in 
AXE 10 Networks 

Arnold Söderberg och Walter Widl 

Digital telecommunication networks built up of AXE 10 and digital transmission 
systems are supervised automatically and continuously by means of functions in 
the exchange system. The maintenance of exchanges and circuits is very suitable 
for centralization with the aid of the systems already developed for this purpose. 
This applies to circuits with purely digital transmission as well as circuits with 
mixed transmission. The maintenance of digital circuits can be simplified further 
if computerized eguipment is used to locate faulty transmission equipment. 
The authors describe the need for circuit maintenance, and the functions in 
AXE 10 and various auxiliary systems that are used for the different activities 
supervision, fault location, routine measurements and lining up of circuits, links 
and routes. The problems are further illustrated by an application example. A 
paper with largely the same content as this article will be presented in June 1985 
at ICC'85 in Chicago. 
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Figs. 1a, 1b and 1c 
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Fig. 1a 
An analog circuit 

Exchange A 

Telecommunication networks built up 
of AXE 10 exchanges and transmission 
equipment can be efficiently supervised 
by means of functions in the exchange 
system together with microprocessor-
controlled maintenance equipment. 
The basic processes in the telephone 
network, switching, signalling and 
transmission, are supervised by the 
AXE 10 exchanges. The exchange sys
tem includes all functions necessary for 
supervision, fault location, routine 
measurements and lining up, which 
makes for high service quality at low 
maintenance costs. 

Different types of circuits in the tele
phone network require different mainte
nance methods. During the latest study 
period, CCITT has specified three types 
of circuits: analog, digital and analog/ 
digital. Analog telephone circuits con
nect two analog exchanges, and the 

Analog c i rcu i t 

transmission system includes only ana
log equipment, fig. 1a. Circuit access 
points with interfaces for the frequen
cies in the speech band are arranged on 
the circuits in direct connection to the 
selector stages. Analog measuring 
equipment, manual or automatic, can be 
connected to the circuit access points in 
order to measure the transmission 
quality. 

Since AXE 10 has digital selectors the 
system has no purely analog circuits. It 
is therefore unnecessary to describe 
any other functions than those used for 
the maintenance of digital and analog/ 
digital circuits. 

Digital circuits consist of 64 kbit/s chan
nels, which for transmission purposes 
are combined in pulse streams of 1544 
or 2048 kbit/s. These streams reach the 
exchange via exchange terminals, ET. 
The digital technology does not allow 
connection to individual digital circuits 
between the group selector stage and 
the exchange terminal. Connections for 
tests on digital circuits are therefore 
made via the group selector, see fig. 1b. 
Interface equipment is required be
tween the group selector and the digital 
measuring equipment. 

Digital transmission links are super
vised both in the exchange terminal and 
in the transmission system. Monitoring 
of the digital transmission links usually 
eliminates the need for routine meas
urements on such circuits. Measure
ments are only required in connection 
with fault location and lining up. 

Analog link Exchange B 

J 
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Fig. 1b, below 
A digital circuit 

Fig. 1c, bottom 
An analog/digital circuit 

Analog/digital circuits are circuits be
tween analog and digital exchanges, or 
circuits with analog transmission be
tween digitalexchanges.fig. 1c. Inorder 
to be able to carry out analog measure
ments on circuits connected to digital 
exchanges the test signal has to be con
verted to digital form before being con
nected to the digital 64 kbit/s measure
ment input in the exchange. 

Analog/digital circuits connected to 
AXE 10 require the same type of meas
urements as analog circuits. The su
pervisory functions, however, are the 
same as for purely digital circuits. The 

reason for this is that analog/digital cir
cuits are usually terminated in an ex
change terminal (ET), and the con
version to analog transmission takes 
place in equipment outside the ex
change. 

When the circuits are connected to the 
exchanges they are assembled into rou
tes. Fig. 2 illustrates the relationship be
tween routes, links and circuits. The su
pervisory functions in the exchange sys
tems are also used to ensure that the 
availability of each route is satisfactory. 
Faulty circuits are blocked in order to 
avoid traffic disturbances. 
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Fig. 3 
Maintenance activities 

Fig. 2 
Illustration of the concepts circuit, route and 
transmission link 

Transmi 

The functions for circuit maintenance 
are divided into: 
- supervision 
- fault location 
- routine measurements 
- lining up. 

At present the maintenance is usually 
divided up so that the exchange staff 
has responsibility for the exchange and 
the circuits, whereas other staff catego
ries carry out the maintenance of the 
transmission system. However, the 
trend is for administrations to want to 
coordinate the maintenance of ex
changes and transmission systems. Re
gardless of the actual maintenance or
ganization it is an advantage if informa
tion concerning the equipment status 
and the need for maintenance measures 
can be obtained automatically. The fa
cilities offered by a digital exchange 
simplify the transmission of the informa
tion required for maintenance. 

The above-mentioned principles are 
used in the AXE 10 system for the main
tenance of circuits. The built-in func
tions enable maintenance to be carried 
out in accordance with the CCITT Gen
eral Maintenance Philosophy, 
Recommendation M.20. Fig.3 shows a 
simplified diagram of the maintenance 
stages in M.20. 

Circuit maintenance 
Digital transmission links are connected 
to AXE 10 exchanges in groups via ex
change terminals, ET. The circuits are 
supervised by means of functions in the 
exchange system. I/O devices, which 
can be placed either locally or centrally, 
are used to initiate functions and to feed 
out alarms and data. Fig. 4 shows a typi
cal workstation for circuit maintenance. 



Fig. 4 
Work station for circuit maintenance 

SUPERVISION 
The circuits are supervised using the 
functions 
- load supervision 
- load quality supervision 
- supervision of signalling faults 
- disturbance supervision. 

Seizure supervision 
The load supervision automatically rec
ords circuits that are permanently sei
zed and circuits that are never seized. 
An alarm is given unless at least one 
completed call occurs during the super
vision period. A printout at the end of 
each period identifies the circuits that 
have not been seized. 

Seizure quality supervision 
The load quality supervision is based on 
the fact that faulty circuits usually have 
noticeably shorter seizure times than 
circuits free from faults. If one circuit 
has more short seizures than the others 
in the same group an alarm is given. 
Circuits with a very large number of 
short seizures are automatically block
ed. Such circuits are often called "killer 
trunks". 

Supervision of signalling faults 
This function is used to identify circuits 
with faults that prevent the completion 
of the signalling procedure. CCITT has 
specified requirements for such func
tions for certain international signalling 
systems.1 

Disturbance supervision 
The number of disturbances and the 
number of seizures are counted and the 
ratio is calculated. An alarm is given if 
the number of disturbances is large. 
Faults in line and registersignalling that 
are not the result of subscriber be
haviour are considered as disturbances. 
Disturbances include lost signals, faulty 
signals and signals that do not arrive in 
the correct sequence. 

Supervision of transmission 
The exchange terminals are provided 

with supervision functions. An alarm is 
given whenever a fault occurs in the bit 
transmission. The supervision is de
signed in accordance with CCITT's rec
ommendations. 

FAILURE LOCATION 
The location of circuit failures is based 
on printouts from the circuit supervi
sion. If a printout does not contain suffi
cient information to locate the failure, 
the operator uses command-controlled 
failure location functions and measur
ing equipment. Such functions include: 
- supervision of circuits 
- recording of disturbances 
- signal recording 
- test connections. 

Transmission measurements on analog/ 
digital circuits are carried out using in
struments. The measured parameters 
are level, noise and frequency. The in
struments are connected to the circuits 
on the exchange side, via the group se
lector. Purely digital circuits can also be 
measured via the group selector. The 
most commonly used parameter for dig
ital circuits is the bit error rate, BER. 

ROUTINE MEASUREMENTS 
The supervisory function generates an 
alarm if the quality of the transmission 
falls below preset limits. This applies to 
the transmission of both speech and sig
nalling, but the supervision cannot de
tect limited degeneration of the trans
mission quality on analog/digital cir
cuits. Routine measurements are there
fore necessary in order to maintain high 
transmission quality. 

The most suitable equipment for routine 
measurements is ATME (Automatic 
Transmission Measuring Equipment),2 

ATME-2 for international circuits and 
ATME-N2 for national circuits. The 
equipment can be controlled from local 
I/O devices or from maintenance cen
tres. ATMS, which has similar functions 
to ATME, is used in the US. 
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Fig. 5 
Supervision of circuits, routes and digital links 

Routine measurements are usually not 
necessary on digital circuits, since the 
threshold for the bit error supervision in 
the circuit terminals can be set, by 
means of commands, to any of a large 
number of values. 

LINING UP 
Normally the lining up is carried out be
fore the circuits are taken into service. 
AXE 10 incorporates functions that fa
cilitate the lining up. Circuits can be 
connected to the exchanges in spite of 
being blocked for normal traffic. The lin
ing up can therefore be performed using 
instruments connected via the group se
lector. 

The lining-up procedure also includes 
measurements on transmission links. 
For such measurements the instru
ments can be connected to the inputs in 
the transmission equipment. Circuits 
that are terminated digitally are usually 
connected via a DDF (Digital Distribu
tion Frame), which can then be used to 
connect up instruments for the lining 
up. 

The method of connecting up analog 
circuits via special jack panels intended 
for making measurements is becoming 
less common. The main reason for this 
is that most circuits are terminated digi
tally, and that circuits with analog termi
nation have very simple terminal equip
ment. Measurements can therefore be 
carried out via the group selector with
out any significant difference in the re
sults. Furthermore the jack panels con
stitute a fault source that is eliminated if 
the measurements are made via the 
group selector. 

Route maintenance 
SUPERVISION 
AXE 10 includes the following functions 
for route supervision: 

- disturbance supervision 
- blocking supervision 
- status supervision. 

The route supervision is linked to the 
supervision of circuits and digital links 
in the way shown in fig. 5. 

Disturbance supervision 
Any signalling fault that prevents a call 
from being set up is considered as a 
disturbance. The ratio of the number of 
disturbances to the number of seizures 
per route is calculated. An alarm is given 
if the ratio is abnormally high. 

Blocking supervision 
This function checks that the number of 
blocked circuits does not exceed preset 
threshold values. Three different thresh
old values can be used and allocated 
different alarm classes. The alarm class 
changes automatically if there is a fur
ther increase in the number of blocked 
circuits after a threshold level has been 
exceeded. 

Status supervision 
The status supervision is intended for 
the manual observation of routes. All 
routes connected to AXE 10 are super
vised automatically, but many admin
istrations also want facilities for the 
manual observation of important routes 
at international exchanges and national 
transit exchanges. This enables the ad
ministrations to optimize the utilization 
of the circuits. The following informa
tion is provided for each route: 
- route designation 
- alarms from the route 
- alarms from circuits in the route 
- number of blocked circuits 
- number of free circuits 
- number of busy circuits 
- total number of circuits. 

FAULT LOCATION 
Special functions for fault location per 
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route are not necessary. An alarm re
ceived from the disturbance supervision 
for a route is a direct indication that the 
register signalling in the exchange con
cerned is out of order or that circuits in 
the route are subject to disturbances. 
The disturbances need not be confined 
to one and the same circuit. The test 
connection function or ATME can be 
used for testing the circuits. 

limits can be set by means of a com
mand. 

Supervision of the slip rate 
A slip means that a frame is either lost or 
duplicated. The supervision function 
counts all slips. An alarm is given if the 
number of slips per hour exceeds a pre
set value. The mean value for a preset 
period is also calculated. 

Maintenance of circuit 
terminal equipment 
Digital circuits are connected in groups 
to AXE 10 via exchange terminals, ET. 

SUPERVISION 
ET supervises the 
- frame structure 
- bit error rate 
- disturbance rate 
- slip rate. 

Supervision of frame structure 
This function is carried out in accor
dance with CCITT Recommendation 
Q.504. 

Bit error rate supervision 
The transmission quality is monitored 
by means of bit error rate supervision. 
Two out of eleven different values in the 
range 10-5-10"3 can be used. This func
tion makes it possible to detect distur
bances before they affect the traffic. 

Supervision of the disturbance rate 
All disturbances detected by the frame 
structure supervision are recorded. In a 
2Mbit/s system this will include: 
- loss of frame alignment 
- alarms from the far end of the circuit 
- alarm indication signal (AIS) 
- alarms from the signalling equipment 

at the far end of the circuit 
- loss of multiframe alignment 
- alarm signal in time slot 16. 

The number of disturbances is counted 
and an alarm is initiated if a preset value 
is exceeded. The mean value for a num
ber of hours is calculated. The alarm 

Maintenance of digital links 
The transmission links between the ex
changes can be built up of digital multi
plexers and digital sections over cable 
or radio relay links. Ericsson's digital 
transmission systems are equipped with 
interfaces for the connection of mainte
nance systems ZAN101 and ZAN201. 

SUPERVISION 
The digital transmission equipment 
contains supervisory functions that 
generate an alarm when a fault occurs. 
The alarms are collected and displayed 
at the desired work station with the aid 
of maintenance system ZAN 101, which 
is a subsystem of the operation and 
maintenance system AOM101. Alarms 
from the transmission equipment are 
used, together with alarms from the ex
change terminals, to determine the loca
tion of the indicated fault. 

FAULT LOCATION 
Fault location can be carried out cen
trally using AOM1014 and ZAN1015, or 
using ZAN2016, which is then con
nected direct to the exchange. ZAN 201 
is a fault location system intended for 
Ericsson's transmission systems. It can 
be used regardless of the transmission 
speed and permits measurements dur
ing normal operation. Fig. 6 shows the 
structure of system ZAN 201 and how it 
is connected to AXE 10 and the super
vised transmission link. 

During fault location an address is trans
ferred from the fault location magazine, 
FLM, to the fault detection unit, FDU\ 
which is connected to the amplifier out
put. The bit errors are sent to FLM for 
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evaluation. Alarms f rom different parts 
of the transmission network are col
lected by ACU and forwarded to FLM. 
Control points in various parts of the 
transmission network are operated from 
FLM wi th the aid of the remote control 
unit RCU. 

A separate fault location pair, FLP, or a 
separate channel is used for the trans
mission to control points of addresses, 
bit error informat ion, alarms and com
mands. The flexibil i ty and large capacity 
of ZAN201 makes it a useful tool in a 
network, regardless of its size and struc
ture. 

The operator communicates with 
ZAN201 by means of a control panel or 
visual display unit connected direct to 
ZAN 201. The handling is easy, since the 
system contains programs that auto
matically control 
- the location of faulty repeaters 
- simultaneous bit error rate measure

ments on one or several units in the 
network 

- alarm col lect ion 
- automatic system tests 
- calendar. 

Application example 
The responsibil i ty for the maintenance 
of circuits usually rests with the ex
change in which the circuits are con
nected up, and any fault in the connec
t ion procedure should therefore be de
tected and cleared from there. 

Transmission or signall ing faults can af
fect both transmission directions, and it 
is therefore essential that the two ex
changes at the ends of a circuit are both 
able to part icipate in the fault location. 
In digital networks the signals AIS (Al
arm Indication Signal) and UFI (Up
stream Failure Indication signal) are 
used when faults occur. In networks 
with small routes and branching points 
for individual circuits it is necessary to 
provide an AIS and UFI for each circuit. 
This procedure has not been specified 
by CCITT. 

The example il lustrated in f ig.7 shows 
circuits between two countries. It is as
sumed that disturbances have occurred 
in the equipment in country B, in the 
direct ion A-B. The UFI signal indicates 
the fault at work station A1 in country A, 
which is responsible for the fault loca
t ion. With the aid of ZAN 201 the staff at 
A1 can ascertain that the fault has oc
curred outside the area of responsibility 
for country A. The fault is indicated si
multaneously at work station B1. 
ZAN 201 is used to locate the fault, a 
faulty repeater. It proves to be within the 
area for which country B is responsible, 
and the fault is repaired. 

The same method is recommended for 
fault location in national networks. If the 
operation and maintenance is cen
tralized the required information will 
also automatical ly be transmitted to the 
centres concerned. 
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ERILIB - an Integrated 
Library System 

Gunnar Lager 

Ericsson has developed an integrated library system. ERILIB. primarily intended 
for company, administration and institution libraries. The system software can be 
used together with the computerized office support systems Ericsson Series 2000 
and Series 16. 
The author describes the need for library systems, their features and 
applications, and also the first installation, in the library of Ericsson headquarters 
in Stockholm, Sweden. 
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It Is a well known fact that almost all 
research and development in the world 
(98%) takes place outside the borders of 
Sweden. It would therefore appear likely 
that large resources are allocated to 
efforts to share this large amount of in
ternational knowledge. 

In large companies this is done by way of 
market analyses and the purchase of 
technology, and also by keeping a watch 
on what is written in reports, technical 
journals and conference documenta
tion. However, it is only now, through 
the combination of document supply 
and information retrieval in so-called li
brary systems, that a major effort is 
being made to improve access to infor
mation published by sources outside 

the companies themselves. ERILIB 
therefore provides Ericsson with an
other means of keeping in touch with 
what goes on around the world. 

ERILIB has been developed by Erics
son's central library in collaboration 
with what is now LM Ericsson Data Ser-
vicesAB to satisfy the needs within the 
Group for quick access to printed infor
mation. Already at an early stage com
panies outside the Group showed so 
much interest in the project that Erics
son Information Systems decided to in
clude the software in its range of office 
aids in Series 2000 (and the previous 
Series16). ERILIB supplements other 
user programs, such as text and word 
processing, electronic mail and person
al computer functions. 

Purpose 
The first aim of the development work 
was to make previously procured infor-

Fig. 1 
Lending via ERILIB at Ericsson's central library, 
Stockholm, Sweden 
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- all functions In the same system 
- all functions available from all terminals 
- uniform work methods 
- registration only once 
- free commentary fields 
- all auxiliary texts on-line 
- authorization checks 
- standard system that can grow 

Table 1 
The main features of ERILIB 

1 Handling of books 
2 Handling of periodicals 
3 On-line search TTY 
4 On-line mainframe 
5 Transfer to mainframe 
6 Word processing 
7 Conference data recording 

Fig. 3 
Main menu for ERILIB 

mation more readily accessible, by en
abling all the Group's Alfaskop termi
nals connected to the IBM computers at 
the Älvsjö computer centre to search the 
available literature. 

The database is built up through the 
ordinary activities of the Ericsson libr
aries, but with all orders for literature 
being made via ERILIB. The local soft
ware handles the information, and at 
regular intervals updates a common lit
erature data base in the mainframe com
puter. The system was taken into service 
in the summer of 1983 at the library at 
Ericsson headquarters. 

The second aim was to obtain more effi
cient library functions at a lower cost. 
The demands made on libraries have 
grown with the growth of the amount of 
information available, and at the same 
time it has been necessary to keep down 
the staff resources, particularly for non
profit making service units. It has there
fore become increasingly important to 
have full control of the literature and to 
avoid duplication of work. The informa
tion society is here, but the paperless 
society is yet to come, at least as regards 
documented knowledge. 

Computers and information processing 
were introduced in libraries at the begin
ning of the 1970s in connection with in
formation retrieval from large interna
tional data base hosts (companies that 
provide data bases for searching on a 
commercial basis) and for internal ad
ministration of periodicals. However, 
the practical handling of information is 
more complicated. For example, pur
chasing is one of the major tasks in 
many libraries. No system has hitherto 

provided an effective practical solution 
to this problem. The whole project has 
therefore been imbued with a feeling of 
"we will be the first", which has 
provided the stimulus for creative solu
tions. The whole library staff has partici
pated in the development process. 

All library functions have been incorpo
rated in a single system, fig. 2. Forexam-
ple, the purchasing, cataloguing and 
lending routines are fully integrated. All 
jobs can be carried out from any termi
nal using the same work methods for all 
tasks, table 1. 

Modular system structure 
ERILIB is built up of modules, each of 
which can be used separately. The main 
function of each module is: 
- handling of books 
- handling of periodicals 
- on-line search. 

User access to the various modules and 
routines is controlled by authorization 
functions. 

ERILIB works with display forms, on 
which the user enters the required infor
mation. The choice of suitable routine is 
made via menus, fig.3, or direct selec
tion. 

Handling of books 
Ordering publications 
Publications are ordered using a simple 
routine, in which bibliographical infor
mation, the chosen supplier, messages 
to the supplier and information con
cerning the purchaser/customer are re
corded. Within Ericsson we have 

Fig. 2 
The library functions included in the ERILIB 
system 
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Handling of books 
- ordering 
- recording of arrival 
- classification/indexing 
- distribution/invoice checking 
- search 
- control of internal and external loans 
- printouts 
- statistics 
- record maintenance 

Bibliographical information 
Publications described by 
- author's name 
- title 
- series title 
- publisher 
- year 
- abstract 
- subject 
- keywords 

chosen to use the new Group signature 
(company designation plus registered 
personal signature) as the customer 
identification. 

When purchasing a publication that has 
already been registered it is only neces
sary to write in information concerning 
the new issue, since the bibliographical 
information is already on record. For ex
ample, if a new issue of a consultant's 
report is received the system copies the 
old information, and the operator just 
enters the revision data. After a year of 
operation in the parent company it has 
been found that order data already ex
ists in 70% of all cases. 

A special feature of the system is that it is 
possible to write in and retrieve com
ments on both orders and publications. 
This user requirement has led to an in
crease in the grade of service, since the 
operators always obtain all the known 
information on the matter. This also 
helps to make the system particularly 
user-friendly. 

Search 
Searching can be carried out in two 
ways, either locally in ERILIB or via the 
mainframe in another software system 
for sophisticated information retrieval 
(IR). In ERILIB both the material on order 
and the delivered material can be 
searched simultaneously. The system 

also contains all economical data and 
customer information (patrons, sub
scribers etc.). 

A search can be made sequentially on all 
bibliographical information. More rapid 
searching is possible for certain types of 
information, such as authors' surnames 
and first words of titles. The use of cor
rect upper-case or lower-case charac
ters is not relevant to searches for a part 
of a word in titles or authors' names, 
fig.4. 

In Ericsson only authorized staff with 
ERILIB terminals have access to the lo
cal system. However, anyone with an on
line terminal oraterminal connected via 
the Group's data network is able to 
search the literature data base in the 
mainframe. 

At present LM Ericsson Data Ser-
vicesAB offers a sophisticated IBM sys
tem for information retrieval called 
STAIRS (Storage And Information Re
trieval System). Searching takes place 
using a special command language 
which includes Boolean algebra, i.e. 
AND, OR and NOT operators. The com
pany is now planning training courses 
and a guide to rapid searching before 
the system is introduced to certain user 
groups during the autumn. The compa
ny also plans to adapt other data bases 
for searching via STAIRS. 

PUBL 
YEAR 
TYPE 
PAGES 
ISBN 
LANGUAGE 
ABSTRACT 

KEYWORDS 

Ergonomie principles In office automation. State of the art 
reports and guidelines on human factors in the office 
envi ronmenl. 
Ericsson Information Systems AB Bromma 
1P83 
Book Monograph 
pp. 165 
PI-7260-837-4 
English 
Ergonomics is a science, the science of how equipment should be 
designed and how the office environment should be controlled to 
suit man. The purpose of this book is to review the "state of the 
ari" in applying this science to the broad area of office techno
logy. 
office automation, ergonomics, working environment, office, 
data processing 

21 - 14 MEDICAL SCIENCES. HEALTH & SAFETY 
INDUSTRIAL & OCCUPATIONAL HYGIENE 

3 0 - 1 5 LABOUR 

Fig. 4 
The result of a search 

*EM* ESC M306-TEST5 



Handling of periodicals 
- annual orders with specification of reader 

subscriptions 
- new orders 
- recording of arrival 
- monitoring of complaints 
- invoice checking 
- distribution routine with internal addressing 
- classification and indexing 
- search 
- printouts 
- statistics 
- record maintenance 

On-line search TTY 
(aid for information retrieval in external data 
bases) 
- TTY connection 
- choice of data base host with automatic log

ging in 
- storing of search dialogs and results 
- editing of search results 
- recording of search requests 
- search for recorded search requests 
- statistics 
- record maintenance 

Other facilities 
(customizing) 
- communication with mainframe for transmis

sion of bibliographical data 
- communication with mainframe for informa

tion retrieval 
- statistics data, e.g. for internal accounting 
- office support, e.g. SAGA II word processing 
- conference data recording 

In STAIRS all sections of the literature 
references can be searched with free 
text. This means that the non-advanced 
user searches using his or her own 
words and concepts, which are com
pared with all words in the author and 
title fields, and also with all words in the 
abstract and keywords fields. The num
ber of documents found is given for 
each search word, and this guides the 
user towards more precise definition of 
the search question until a reasonable 
number of relevant documents remain. 
The indicated publications can then be 
ordered or borrowed from the library 
that provides the information. 

The latest literature references, sorted 
into subjects, are also printed monthly 
via ERI LIB. The publication is called "Ny 
litteratur" (New Literature) and can be 
ordered through the library periodicals 
service. Selective extracts can also be 
made. 

Lending 
The module includes a simple routine 
for monitoring loans and administration 
of reservations. Reminders are pro
duced automatically. Inter-library lend
ing (borrowing from other libraries) can 
also be arranged. 

Handling of periodicals 
The module contains all the functions 
needed to provide all the computer sup
port a company, an administration or an 
institution requires for the handling of 
publications that are issued with a cer
tain periodicity (e.g. subscriptions to 
journals and report series). 

At the system level this module differs 
from the module for book handling in 
that it prepares annual subscription or
ders and annual customer specifica
tions for current journal subscriptions, 
and also provides a routine for calculat
ing the expected arrival date for each 
issue. This routine forms the basis for 
wide ranging complaints coverage. 

Primarily the system produces routing 
lists, address labels and an annual 
periodicals catalogue. Eventually it will 
also be possible to search the main
frame for information concerning 
periodicals. 

On-line search 
The third module, on-line search TTY, 
contains functions that facilitate 
searches for information in external 
data bases. On-line search TTY means 
that ERILIB emulates a teletype (TTY) 
terminal when searching external data 
bases. The possibility of an alternative 
X.25 solution is now being discussed. 
ERILIB can be connected to the Swed
ish Telecommunications Administra
tion's DATAPAK service. 

The host computer is chosen from a 
menu listing the different data bases 
and hosts available to ERILIB. A suitable 
communication path to the computer 
must then be chosen. Certain host com
puters can be reached in various ways. 

All passwords, both for communication 
paths and host computers, and all net
work addresses etc. are stored in the 
minicomputer in ERILIB. Manual log-
ging-in procedure can otherwise be fair
ly long. 

The setting-up time for retrieval in exter
nal systems constitutes a major part of 
the search cost. Search questions can 
therefore be written and edited locally. 
Whole searches can also be stored, and 
then edited using the minicomputer be
fore the result is delivered to the person 
who requested the information. 

A simple register is also set up for 
searches that have been carried out on
line. The searches are described by 
means of keywords, which facilitate 
rapid re-search. It is also possible to in
clude an evaluation of the results ob
tained from searches in different data 
bases. 

Adaptation to different user 
requirements 
The three modules can be run together 
or individually. Requirements regarding 
the layouts of forms can vary for dif
ferent applications. It may therefore be 
necessary to make adaptations. The 
users would then use the record mainte
nance routines to change, for example, 
parameters, codes and standard texts. 
The auxiliary texts that are accessible 
from the VDU may also have to be 
changed. 
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Connection to a mainframe computer 

Fig. 6 
The ERILIB project symbol 

Such changes are easy to make because 
the system has been built up with the aid 
of a program generator, GENIUS. 

The ERILIB product is prepared for the 
transfer of bibl iographical data to other 
IR systems in mainframe computers. 
The need for this arises when many 
users want to search at the same time. 
Within Ericsson, STAIRS is used for this 
purpose. The ERILIB terminal can also 
be connected up to STAIRS for on-line 
retrieval. The connect ion to the main
frame is made by means of standard pro
grams for Series 16 and Series 2000, 
f ig. 5. A new product for Series 2000, 
designated SIV, has been developed for 
users only connected to the unit and 
who require sophist icated search facil i
ties with free text. 

ERILIB can be supplemented by statis
tics routines, for example for internal 
charging. The system allows full cost ac
counting per department, company or 
group of customers for the library ser
vices used. Other software for office 
support in the same computer, for ex
ample SAGA II for word processing, can 
be used simultaneously. 

Computer environment 
Hardware 
ERILIB can be installed in the local com
puter E250 for Ericsson Series 2000. The 
work stations can be of type E240, TC or 
E230, and they can be connected either 
locally or remotely. 

All types of Series 2000 printers can be 
used. 

Software 
The fo l lowing programsare required for 
ERILIB: 
- ERILIB, one or more modules, 4987 
- EOS, operating system, 4900 
- OPC, operator control and menu ad

ministration program, 4910 
- E-editor, full-screen editor, 4918. 

The general authorizat ion system (OPC) 
checks that only authorized staff get ac
cess to ERILIB, and requires the opera
tor's identity and a password before ac
cess is al lowed. OPC can also be used to 
check authorization for different func
tions wi th in ERILIB. 

ERILIB was developed for 
our own use 
ERILIB was first used by the parent com
pany and experience to date has been 
very satisfactory. Ericsson Radio Sys
tems were the next to use the system, 
their first module being installed dur ing 
the summer of 1984. Once literature has 
been purchased via ERILIB fo ra number 
of years the employees in various com
panies in the Ericsson Group wil l have 
immediate access to a large pool of 
knowledge. After just one yearthe litera
ture data base contains more than 6000 
publications references. 

Now that the development work has 
been completed other companies and 
authorit ies will also be able to benefit 
from the project. 
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Field Trial with 140 Mbit/s System over 
Single-Mode Optical Fibre 

Bengt Hellström, Sten Högberg and Leif Stensland 

The first single-mode fibre system installation in Sweden was completed in June 
1984. A 27km long route (Stockholm-Upplands Väsby) was chosen for the field 
trial. The low attenuation of the fibre cable and the good performance of the 
140Mbit/s system made it possible to transmit the signal over the route and back 
without having to use intermediate repeaters. The development and manufacture 
of the system and cable, as well as the installation of the equipment, was carried 
out by Ericsson and the Swedish Telecommunications Administration in close 
collaboration. 
The authors describe the field trial plan, the work of the different participants, 
problems concerning the installation and testing and the results obtained. 
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Early in 1982 Ericsson initiated discus
sions with the Swedish Telecommunica
tions Administration regarding the pos
sibility of carrying out a field trial near 
Stockholm using a 140 Mbit/s system 
over single-mode optical fibre. The rea
son was that the use of optical technol
ogy over long distances was envisaged, 
for example when extending the Admin
istration's nationwide long-distance 
network. 

A joint field trial had already been car
ried out in 1979 in the suburbs of Stock
holm with multi-mode fibre and a 34 
Mbit/s system.1 This system, like the one 
for 140Mbit/s, was primarily intended 
for urban applications, over distances 
up to approximately 10 km at a wave

length of 850 nm. Since then approx
imately 170 km of fibre cable, containing 
2100 km of multi-mode fibre, have been 
installed in Sweden's three largest cit
ies. 

Subsequent development has been 
rapid, and applications with multi-mode 
fibre at 1300 nm are now being studied. 
The low attenuation of such systems 
permits transmission distances of up to 
40 km at 34 Mbit/s or 20 km at 140 Mbit/s 
without intermediate repeaters. 

The use of single-mode fibres makes 
possible longer transmission spans at 
140 Mbit/s and also higher bit rates 
thanks to the low dispersion. 

At the beginning of 1982 the Swedish 
Telecommunications Administration 
did not see a direct need for single-
mode fibre installations for 140Mbit/s. 
The main reason for this was the cost. It 
was cheaper to build radio relay links. 
However, at that time opto technology 
was already cheaper than coaxial cable 
technology, fig. 1, and the Administra
tion agreed to collaborate. In March 
1983 Ericsson and the Administration 
signed an agreement concerning a joint 
field trial with 140 Mbit/s on single-mode 
fibre. Ericsson was to supply the line 
terminal equipment and Ericsson Ca-

Fig. 1 
Comparison of the costs of opto systems and 
copper systems for new cables 
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Table 1 
Calculated and measured attenuation for the 
whole route, not including bay cables 

Fibre 

1 
2 
3 
4 

Calculated 
attenuation, 
dB 
18.21 
17.94 
17.39 
17.96 

Measured 
attenuation, 
dB 
18.31 
17.85 
17.55 
17.62 

Dif
ference, 
dB 

0.10 
-0.09 

0.16 
-0.34 

bles was to supply the cable and equip
ment for splicing and measurements. 
The Telecommunications Administra
tion was to take over the system after the 
trial. 

Conditions for the field trial 
The main aims of the field trial were to 
- gain field experience of single-mode 

fibre technology 
- prepare a transmission model for sin

gle-mode fibre 
- gain experience in the manufacture of 

single-mode fibre and cable 
- evaluate system components, such as 

light sources, detectors and con
nectors 

- study problems concerning mount
ing of single-mode fibres in con
nectors 

- carry out field measurements on ca
ble before, during and after installa
tion 

- study special single-mode fibre prob
lems, such as laser noise and disper
sion effects, during system measure
ments. 

The trial was to take place in the Stock
holm area, on a route chosen so that the 
Administration could use the system in 
the telecommunication network when 
the field trial had been completed. The 
route chosen was Stockholm-Upplands 
Väsby. The original conditions were: 
System 140Mbit/s 
Fibre Single-mode 
Number of fibres 4 
Route length 25-30 km 
Total attenuation 30-35dB 

Development of fibre and 
cable 
Single-mode fibre 
Single-mode fibres differ from multi-
mode fibres in that the core has such 
small dimensions that only one mode is 
propagated without loss.2 The single-
mode fibre can therefore be considered 
as a waveguide, and its transmission 
characteristics can be processed using 
wave propagation equations. 

Single-mode fibres are characterized by 
a relatively small number of parameters. 
These include the mode field diameter, 
i.e. the transversal range of the field, and 
the cut-off wavelength or the wave
length below which more modes than 

the basic mode appear. (Note that for 
single-mode fibres there is usually no 
cut-off wavelength for the basic mode.) 
The only reason for pulse dispersion 
(bandwidth limiting) in single-mode 
fibres is chromatic dispersion, i.e. that 
the group delay time for the basic mode 
varies with the wavelength of the light. 
Pulse dispersion occurs if the light 
source has a large spectral width. 
However, at a wavelength of 1300nm 
this effect is very small, and the fibre has 
a very high potential bandwidth. The at
tenuation is also somewhat less for a 
single-mode fibre than for a multi-mode 
fibre because the core is doped to a 
lesser extent. 

Fundamental system requirements 
There are two basic requirements for the 
completed link when using the 
ZAM 140-2 system: 
- A maximum attenuation of 25dB (in

cluding splices but not connectors) 
- No bandwidth limiting. 

Attenuation requirement 
The overall link attenuation is depen
dent partly on losses in splices and part
ly on the fibre itself. It was decided to 
limit the number of splices to 20. The 
attenuation requirement was divided up 
as follows: 
- max. 0.3dB per splice (mean value) 
- max. 0.7 dB/km attenuation for the in

stalled cable (mean value for the 
whole route). 

The splice loss consists of a part that is 
dependent on the splicing technique 
and a part that is contributed by the 
fibre. It was estimated that the splicing 
technique contribution would be about 
0.2 dB per splice (see Development of 
splicing techniques), which left only 
0.1 dB per splice for the contribution 
from the fibre itself. This put great de
mands on the homogeneity of the fibre 
and the geometrical parameters of the 
fibre and cable, primarily a concentricity 
of 0.75 urn between the core and the 
cladding. 

A cable with multi-mode fibres can 
sometimes show a small increase in at
tenuation after installation. In order to 
allow for such an increase an average 
maximum attenuation of 0.6dB/km was 
specified for the actual fibre during 
manufacture. 



Fig. 2 
Basic diagram for fibre manufacture using the 
MCVD method 
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Core diameter 
Concentricity deviation 
Numerical aperture 
(Corresponding to a relative 
0.28%) 
Cladding diameter 
Noncircularity 
Cut-off for LP,, mode 
Chromatic dispersion 
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B± 1 (im 
< 0.75 ^m 
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ndex difference of 

125±3i im 
< 3 fim 
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< 5 ps/nm/km 
<0.6 dB/km 

Bandwidth requirements 
Bandwidth problems could occur as a 
result of 
- chromatic dispersion 
- the appearance of higher modes. 

The chromatic dispersion is small at 
1300 nm. Nevertheless, a specification 
was prepared which prescribed a max
imum of 5 ps/nm/km for the chromatic 
dispersion of the fibre at around 
1300 nm. Higher modes do not appear if 
the cut-off wavelength for such modes is 
lower than the operating wavelength. 
Hence a cut-off wavelength of 1100 — 
1270nm was specified. 

Fibre design 
The profile chosen for the fibre refrac
tion index was of the simple matched 
cladding type, i.e. with constant index in 
the whole of the cladding. The core in
dex is usually also approximately con
stant. In the absence of international 
standards the fibre core diameter, the 
equivalent difference between core and 
cladding index and the cut-off wave
length were specified. (In accordance 
with CCITT Recommendation G.652, 
which will be accepted during the au
tumn of 1984, only the mode field diame
ter at 1300nm and the cut-off wave
length for higher modes will have to be 
specified for single-mode fibres.) The 
fibre data are given in the table on the 
left. 

Fibre manufacture 
All fibres for the field trial were made by 
Ericsson Cables using modified chemi
cal vapour deposition (MCVD) tech
nique.2 Fig. 2 shows an outline of the 
MCVD process. First a preform is man
ufactured having approximately 20 
layers of deposited cladding and two 
core layers. Fig. 3 shows the index pro
file after collapse. The preform is inser
ted in a tube, which is fused with the 
preform when drawing the fibre, so-
called rod-in-tube technique. The sin
gle-mode fibre process also differs from 
the multi-mode process in that chlorine 
is used during the collapse stage in 
order to prevent polluted fumes or 
gases, primarily water vapour, from en
tering the tube. 

Measuring methods for single-mode 
fibres 
While the fibre was being developed 
Ericsson Cables also developed the nec
essary methods and instruments. The 
following parameters were measured 
for every single-mode fibre used in the 
field trial: 
- Attenuation 
- Cut-off wavelength 
- Core and cladding diameter and con

centricity deviations. 

The chromatic dispersion was mea
sured for only one fibre as a typical val
ue. 

Fig. 3 
Index profile for preform for single-mode fibre 
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Fig. 4, right 
The attenuation of an accepted single-mode fibre. 
The curves also show the cut-oft wavelength tor 
higher modes 
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Fig. 7 
A cross-section of the cable used in the field trial 

The attenuation was measured by com
paring the transmission through a long 
and a short piece of the same fibre (cut
back method). Fig. 4 shows a typical at
tenuation curve. The attenuation at 
1300 nm is primarily determined by dis
persion losses (Rayleigh dispersion) 
and absorption in impurities of type OH, 
The sharp attenuation peak at 1300 nm 
indicates the amount of OH. With high 
levels of OH the "tai l" from this absorp
tion peak can considerably increase the 
attenuation at 1300nm, fig.5. 

The second curve in fig. 4 shows the cut
off value for the next mode. It is obtained 
by comparing the transmission through 
the short reference fibre when the fibre 
is straight and bent respectively. If the 
fibre is bent considerably (to a diameter 
of 3 cm) the higher mode leaks out and 
the base of this apparent attenuation 
peak indicates the cut-off wavelength. 
(The broad peak of the attenuation 
curve is also caused by attenuation of 
the higher mode.) 

The core and cladding diameter and any 
concentricity errors were measured 
using a special microscope, Vickers 
Fibrecheck. The accuracy of the instru
ment is in the order of 0.1 -0.2¡.im. 

The chromatic dispersion was meas
ured at the Institute for Optical Research 
by comparing the propagation time for 
light pulses at different wavelengths, 
generated by a YAG laser in a single-
mode fibre. Fig. 6 shows the results of 
the measurements, which indicate a re
assuring margin for the 5ps/nm/km 
given in the specification. 

A back-scatter instrument was used for 
the final testing of all cables, and also for 
the testing on site after the installation 
and splicing. The instrument sends out a 
strong light pulse and continuously rec
ords the faint back scatter which the 
pulse causes in the fibre. Both fibre and 
splice attenuation can be recorded in 
this way. 

Cable 
The cable design is of the conventional 
type already used in the field trial with 
multi-mode fibres in 1979 and in many 
subsequent cable installations. Fibres 
in loose secondary coatings of nylon are 
placed round a central strength member 
made of steel, fig. 7. The new feature of 
the cable for the latest field trial is the 
waterproofing of the whole length of ca
ble, i.e. both the secondary tubes and 

Fig. 6 
The chromatic dispersion of a single-mode fibre 
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the space between them are filled with 
grease. Only four fibres were used in the 
trial, and hence two tubes were empty. 

The fibre attenuation was almost en
tirely unchanged after the different 
stages of the cable laying-up process. 
From fibre to completed cable the 
measured attenuation fell by 0.01 dB/km 
instead of the feared increase of 0.1 dB/ 
km. Most fibres had an attenuation of 
0.6dB/km before the laying up, the aver

age being 0.54 dB/km. In the completed 
cable the average was thus 0.53dB/km. 
which gave an extra margin of 4.5 dB for 
the whole route. 

Two cables were temperature tested, by 
cycling between -40°C and +70°C, in 
order to test the construction, par
ticularly the grease filling. The attenua
tion hardly varied with temperature over 
the whole range, fig. 8, which was larger 
than the specified temperature range. 



Fig. 10, right 
Splice box for all fibres in the cable, mounted in a 
cabinet 

Fig. 11, far right 
Splice box placed in a manhole 

Fig. 9 
The installation methods used for the cable in the 
field trial. The total route length is approximately 
26350 m, comprising: 
Cable tunnel approx. 2400 m 
Ducting with manholes approx. 15 550 m 
Buried pipes approx. 8400 m 
The total fibre length has been measured to 
26550 m using a reflectometer 

Installation of the cable 
The diagram of the cable route, fig.9, 
shows that the single-mode fibre cable 
was laid in tunnels and existing ducts or 
in buried cable pipes made of plastic. 

The route includes 18 line splices and 
two terminal splices. 12 of the line 
splices are placed in manholes, four in 
cable vaults, one in a cable tunnel and 
one in a cabinet above ground. Fig. 10 
shows a splice box mounted in a cabinet 
by the roadside and fig. 11 a splice box 
in a manhole. Fig. 11 also shows the 
ends of the thin plastic pipes that are run 
through the relevant cable duct before 
the cable is pulled out. Several cables 
can then be placed in the same duct, in 
different pipes. 

Running the fibre cable 
The cabling was carried out in the same 
way as in the installation of the multi-
mode fibre cables in the three largest 
cities. Thus there was no need to de
velop installation methods specially for 
the field trial. The cabling crews only 
received a 2-hour briefing on the cabling 
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instructions, together with information 
regarding the cable construction, per
missible pulling tension and bend radi
us and safety regulations. This was quite 
sufficient for crews that had experience 
of laying conventional telecommunica
tion cables The greatest difference 
compared with previous fibre cable in
stallations was that much longer cables 
had to be handled. There were lengths 
of up to 2000 m as against the previous 
maximum of 1000m. 

The cable lengths were run out without 
any mechanical aids and the work was 
completed without any major problems. 
The cable drums were placed approx
imately mid-way between the splicing 
points and the cable was pulled in both 
directions with looping in no more than 
three places. The crews for the pulling-
in of the cable consisted of 8-12 men 
depending on the cable length, angles 
of the cable duct sections, traffic situa
tion and the available space for looping 
This installation method ensured very 
gentle treatment of the cable. The in
stallation cost was fairly low since the 
large crews were only required for the 
actual pulling-in and also because they 
were able to work with very long cable 
lengths. However, in future it will be nec
essary to investigate whether the num
ber of people required can be reduced 
by introducing mechanical aids, and 
thereby reducing costs still further. Ex
perience has shown that it is quite feasi
ble to work with delivery lengths of up to 
2000 m on routes with single-mode fibre 
cable having a steel strength member 
and a moisture barrier. 

Splicing 
Splicing of single-mode fibres means 
that fibre cores having a diameter of 
8-10|.im have to be put end to end with 
great precision and then fused together. 
The splicing equipment must align the 
fibres very accurately if the splice is to 
be satisfactory (low loss). The fibres 
must also be manufactured to very rigid 
tolerances as regards the geometric pa
rameter's core diameter and con
centricity. 

The splicing equipment used for multi-
mode fibres cannot be used for single-
mode fibres. Sieverts Kabelverk there
fore had to develop a special fusion 
splicing equipment for single-mode 



fibres, FSU830, fig. 12.3 This equipment 
can also be used forsplicing multi-mode 
fibres. The new splicing equipment dif
fers from the old in that the fibre ends 
can be observed in two projections in
stead of one, and that they can be ad
justed in relation to each other in three 
directions. The fibres are orientated and 
aligned with each other using micro
manipulators in the x and z directions 
for one fibre, and in the y and z direc
tions for the other The alignment is 
made along the cladding surfaces, 
which is the reason for the stringent re
quirements as regards the concentricity 
of the fibre core. 

Another new feature of the single-mode 
fibre cable is that the secondary coat
ings of the fibres are provided with long
itudinal moisture protection in the form 
of grease, so-called filled secondary 
tubes. This means that the method for 
restoring the secondary coating after 
splicing also had to be modified. In all 
other respects the fibre splicing and 
sheath sealing were carried out in ac
cordance with existing instructions for 
multi-mode fibre cable. 

One problem that had been anticipated 
concerned the cutting of the single-
mode fibres. These are more difficult to 
cut than multi-mode fibres. Ericsson Ca
bles therefore developed a new fibre 
cutter. This tool was used in the field 
trial along with the cutter for multi-mode 
fibres used by the Telecommunications 
Administration. 

Four men from Stockholm Telecom
munications Area were chosen to carry 
out the splicing, and they were given a 
seven-day training course. They had no 
previous experience of splicing optical 
fibre cable. 

The experience gained during the train
ing confirmed the opinion that single-
mode fibres are somewhat more difficult 
to cut. It also proved difficult to obtain 
results similar to those obtained during 
the development work at Sieverts Ka
belverk. One reason for this was proba
bly that Sieverts Kabelverk had used 
fibres having a different primary coating 
to those used in the field trial. This will 
be taken into consideration by Ericsson 
Cables when choosing primary coatings 
for single-mode fibres in future produc
tion. 

In spite of the difficulties the partici
pants in the training course learned to 
make satisfactory single-mode fibre 
splices after a relatively short training 
period. 

Results and conclusions 
The actual splicing work was carried out 
immediately after the training course. 
Figs. 13 and 14 show the caravan used 
and an interior view. 

As usual the splice loss was measured in 
one direction immediately after the 
splicing. When a whole cable section 
had been completed the splice loss was 
also measured in the other direction. 
The measurements in the different di
rections gave slightly different results. 

In many cases the desired splice loss 
was obtained only after repeated splic-
ings. However, the final result of 3.5 
splicings per splice with an average loss 
of 0.18dB per splice is well in line with 
what has been achieved in many other 
countries. 

Nevertheless, the experience obtained 
indicates that ever better results can be 
achieved in future, particularly as re
gards the number of splice attempts per 
splice. 

The main reason for the somewhat large 
number of splice repeats was that, by 
mistake, the fusion splicing equipment 
was not properly adapted to the method 
used in the field for restoring the sec
ondary coating, and lack of time pre
vented this from being rectified imme
diately. 

A new, properly adapted fusion splicing 
equipment was introduced during the 



Fig. 14 
Splicing in the caravan 

course of the work, and subsequently 
the number of splice repeats was re
duced. 

One factor that indicates that the fibre 
quality could have a certain effect on the 
result is that different splice loss values 
were obtained when measuring in dif
ferent directions. However, this fact 
should not be given too much impor
tance since the measuring method used 
could have been slightly affected by the 
attenuation characteristics of the fibres 
that were spliced. The most accurate re
sult is probably obtained by taking the 
mean value of the measured splice 
losses. 

The remainder of the spl icing work, 
sealing the splices, arranging the work 
posit ion for the spl ic ing, using the pe
ripheral equipment etc. did not cause 
any problems and was no different from 
the spl icing of mult i-mode fibre cables. 

Measurements 
Attenuation measurements in the field 

were made at 1300 nm using an Anritsu 
back-scatter instrument MW97, both 
before and after the pul l ing-out of the 
cable lengths, in order to investigate 
whether the handl ing of the cable af
fected its attenuation. The results are 
shown in the form of a histogram, f ig. 15. 

The distr ibut ion of the attenuation in
crement is symmetrical around the 
mean value of 0.01 dB/km with a spread 
of 0.04dB/km. This indicates that the 
handling of the cable dur ing installation 
did not reduce the performance of the 
cable. 

The total attenuation for the whole rou
te, not including bay cabl ing, was also 
measured, using the cut-back method. 
These values were then compared with 
the values obtained for sections and 
splices, measured using the back-scat
ter method. Table 1 shows the results of 
this comparison. The good agreement 
confirms the favourable results ob
tained from the attenuation measure
ments on individual sections using the 
back-scatter method. 

Fig. 15 
Changes in attenuation during the cable running 
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Fig. 16 
T ime-reso lved wave length spectra w i th in a pulse 
were measured in order to s tudy mode par t i t ion 
noise and ch i rp ing of the laser. However, these 
phenomena only appear at speeds cons iderab ly 
higher than 140Mbi t /s 

^ — — Spectrum at the start of trie pulse 

— — Spectrum 1 ns later 

- ™ ~ " ^ Spectrum after another 1 ns 

1303 1304 1305 

^Wavelength 
(nm) 

• 

Fig. 17 
The relat ive respons i t i v i ty d is t r ibu t ion over the 
area of a top-l i t PIN d iode made by RIFA. The 
diameter of the act ive area is approx imate ly 90 r 

The overall attenuation measured using 
the cut-back method, shown in table 1, 
gives the fo l lowing attenuation values 
for the different fibres, inc luding splice 
losses: 
Fibre no. dB/km 

1 0.68 
2 0.66 
3 0.65 
4 0.65 

Mean value 0.66 
Specified value 0.92 

The actual attenuation is thus far less 
than the specif ied value. 

The optical ref lectometerAnr i tsu MW97 
gave reliable results. The instrument 
was easy to handle and simpli f ied the 
checking of the spl ic ing work consider
ably. 

140Mbit/s line system 
Work on designing the 140Mbit/s sin
gle-mode system ZAM 140-2 started in 
1982. Laboratory testing of different 
types of laser diodes, detectors and con

nectors for single-mode fibres was car
ried out in parallel with theoretical sys
tem studies and the specif ication work. 
Figs. 16 and 17 shows the results of 
some of the measurements. The con
struction work started at the beginning 
of 1984. Normal construct ion routines 
were fo l lowed, so that a commercial sys
tem having t he same performance as the 
field trial system could be produced. 

The field trial equipment included two 
line terminals, i.e. two of the four fibres 
in the cable are used. The two line termi
nating magazines (LTM) were installed 
in June 1984. Fault location system 
ZAN2014 has also been tested during 
the field tr ial. 

The block diagram of LTM is shown in 
f ig. 18. The main funct ions of the maga
zine are to 
- adapt the signal in the send and the 

receive direct ion between the inter
face standardized by CCITT (D4) for 
140Mbit/s, corresponding to 1920 
speech channels, and the optical fibre 
interface (F4) 

- detect and indicate alarms. 

Fig. 18 
Block d iagram of the 140 M b i t s l ine te rmina t ing 
magazine (LTM) 
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Fig. 19 
Line terminating magazine for the 140Mbit/s sys
tem ZAM140-2 

Fig. 21 
1300nm laser transmitter and PIN-FET receiver 

LTM has a modular structure and in its 
basic version it consists of nine printed 
board assemblies, fig. 19, for the follow
ing functions: 
- interface decoder 
- line coder 
- laser transmitter 
- PIN-FET receiver 
- line decoder 
- interface coder 
- alarm unit 
- d.c./d.c. converter for ±5 and + 12V 

(two printed board assemblies). 

The magazine is of the 19" BYB type and 
is installed in BYB bays.5 Fig. 20 shows 
the magazine installed at Upplands 
Väsby. 

The only new units that had to be de
signed specially for the field trial were 
the laser transmitter and PIN-FET re
ceiver, fig. 21, since all other units were 

Fig. 20 
Lining up the 140 Mbit/s line terminal at Upplands 
Väsby 

essentially the same as the units in the 
short-wavelength system ZAM 140-1.6 

The introduction of scrambling has 
meant some modification of the inter
face coder and decoder. 

Laser transmitter 
In the laser transmitter the encoded 
167Mbaud stream and the clock signal 
are received from the line coder. The 
encoding consists of scrambling in 
seven stages combined with 5B6B block 
code in order to ensure t he transmission 
of all possible bit sequences and to give 
the signal suitable spectral properties. 
The scrambling is not necessary for nor
mal telephone applications but it has 
been introduced in order to enable the 
system to handle other types of signals, 
for example data transmission and vid
eo, in which set bit patterns might occur. 

The InGaAsP laser is modulated by an 
NRZ (Non Return to Zero) signal, which 
is the optimum from the point of view of 
performance when the dispersion of the 
fibre is low. As a result a slightly different 
timing regeneration is required in the 
receiver compared with the short-wave
length system, which uses RZ, but this 
does not increase the receiver complex
ity very much. The output power of the 
laser is kept constant by means of mean 
value regulation, which compensates 
for ageing effects. 

The laser temperature is held at 20:C by 
a thermoelectrical element (Peltier ele
ment) in order to obtain the highest pos
sible reliability and stability. A new, com
pact laser unit with efficient heat dis
sipation has been developed for the 
long-wavelength system, fig. 21. The 
laser temperature can be checked at an 
electrical test point on the front of the 
board. 



Fig. 22 
The distribution of attenuation values for 20 
single-mode connectors of the chosen FC type. 
The mean value is 0.72dB and the standard 
deviation 0.20dB 
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The laser threshold current can be 
measured at another test point. A laser 
degradation alarm (LDD) is obtained if 
the current rises above the permissible 
limit. The alarm is given at an early stage 
so that the laser transmitter can be 
changed before the performance of the 
system deteriorates. 

PIN-FET receiver 
In the receiver the optical signal is con
verted to an electrical signal, which is 
amplified, filtered and regenerated. An 
integrated PIN-FET module with a high-
impedance input stage has been chosen 
in order to obtain the best possible re
ceiver sensitivity. The PIN-FET hybrid 
manufactured by RIFA, also includes 
equalization of the band-limited input 
stage, which gives high stability in the 
amplification. 

During the system design stage an alter
native using a germanium-APD as the 
detector was also investigated. Mea
surements and computer calculations 
showed that a Ge-APD has approx
imately the same receiver sensitivity as 
the PIN-FET at room temperature. 
However, the PIN-FET is definitely supe
rior at higher temperatures, and it 
makes for a simpler construction since 
no regulation voltage is required. 

Connectors 
The laser transmitter and the PIN-FET 
receiver are equipped with optical con
nectors on the board fronts for con
necting the bay cables, fig. 19. Several 
single-mode connectors have been lab
oratory tested and evaluated. The con
nector chosen for the system is of the FC 
type (standardized in Japan). It performs 

Fig. 23 
Two-way intermediate repeater magazine 



Fig. 24 
Calculated and measured bit error rate as a 
function of the input power for the receiver at 
Upplands Väsby 
^ _ ^ - Measured 

_ _ _ Computed 

Bit error 
rate 

Parameter 

Wavelength 
Spectral width at 50%1 

Mean output power 
- from pigtail 
- mode stripped 

after connector 
Receiver sensitivity3 

at BER = 10 9 

System gain 
Maximum permissible 
input power3 for 
BER <10-9 

System margin 

nm 
nm 

dBm 

dBm 

dBm 
dB 

dBm 
dB 

Specified 
value 

1295115 
<5 

>-5 

>-7 

<-37.5 
>30.S 

>-22.5 
>6 

Measured 

Min 
1299 

1.9 

-5.02 

-7.22 

-43.1 
34.82 

-19.8 
16.2 

1 Value interpolated from measured spectrum 
2 With wrongly trimmed laser 
3 Including the receiver connector loss 

value 
Max 
1302 

3.8 

-3.0 

-4.2 

-42.0 
38.9 

-19.0 
18.9 

Table 2 
The preliminary results of the system measure
ments 

Fig. 25 
The tolerable input jitter of the system, measured 
at the D4 interface, with 12 dB cable attenuation at 
70 MHz 
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well and is reasonably priced. Fig. 22 
shows a histogram of the measured at
tenuation values for this type of con
nector. 

The fibres in the bay cabling are spliced 
to the fibres in the line cable in the cable 
terminating box, which is usually placed 
at the top of the bay. The box is of the 
same type as that used for mult i-mode 
fibres. 

Fault detector unit 
The basic version of LTM can be supple
mented by a fault detector unit (FDU) 
which monitors bit errors in the signal 
transmission. This printed board assem
bly also provides a service channel and 
transmits LDD alarms, f ig. 18. The infor
mation is transmitted in optical form 
over the same fibre as the digital signal.6 

0,1 0,2 0,5 1,0 10 100 1000 3500 
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•*• (kHz) 

Intermediate repeater 
FDU usually forms part of the standard 
version of the intermediate repeater 
magazine. A two-way intermediate re
peater occupies a BYB magazine having 
a width of 244 mm and consists of six 
printed board assemblies, f ig .23: 

- two laser transmitters 
- two PIN-FET receivers 
- a fault detector unit 
- a d.c./d.c. converter. 

System measurements 
The system was put into operat ion on 
June5, 1984. Since it was lined up the 
most important system parameters have 
been supervised, partly th rough cont in
uous monitor ing and partly through 
periodic measurements. No degrada
tion because of ageing or other sys
tematic changes has been observed. 

The results of the initial measurements 
and the specified requirements are sum
marized in table2. All measured values 
meet the specif ied requirements except, 
in a few cases, the laser output power. 
The reason for the somewhat low output 
power was that a wrongly calibrated ra
diometer was original ly used when 
aligning the laser modulat ion current. 
However, this was subsequently rec
tif ied. In the marketed system the mean 
output power after the transmitter con
nector wil l be greater than - 5 . 5 d B m . 

The sensitivity of the PIN-FET receiver is 
better than - 4 2 d B m , which by far ex
ceeds the specif ied requirement. The 
specif ied value was set with regard paid 
to the data for the PIN-FET hybrids avail
able in the market. Ericsson's PIN-FET 
has a much better performance than 
these. The measured bit error rate as a 
funct ion of the received mean power, 
after 27 km of f ibre, is shown in f ig. 24. A 
curve calculated wi th the aid of a com
puter is shown for compar ison. In the 
calculations certain assumptions were 



made regarding some of the charac
teristic data for the PIN-FET unit since 
no measured values were available, and 
this explains the slight divergence be
tween the measured and the calculated 
curve. After 27 km the receiver sen
sitivity was the same (within the measur
ing accuracy) as the sensitivity after 
Okm, i.e. wi th only an optical attenuator, 
which proves that the effect on the sys
tem of the chromatic dispersion is en
tirely negligible. 

The permissible cable attenuation of 
39dB for the system (without system 
margin) made it possible to transmit the 
signal over 54km without intermediate 
repeaters, with optical looping of the 
system at the far end. The bit error rate 
after 54 km was 5x10'1 3 . There was no 
change in receiver sensitivity compared 
with the value at 27 km. 

The ability of the system to withstand 
jitter, measured at the D4 interface, is 
shown in f ig. 25. The measured curve is 
well above the CCITT min imum require
ment. The intrinsic jitter of the Iine termi
nal proved to be smaller than the intr in
sic j itter of the measuring instrument, 
which was 0.01 Ul (Unit Intervals) peak-
to-peak. 

Summary 
The experience gained in the field trial 
shows clearly that f rom a practical point 
of view the Swedish Telecommunica
tions Administrat ion can introduce sin
gle-mode fibres wi thout encounter ing 
any major problems. A few problems 
concerning the spl ic ing of the fibre still 
remain, but they are not considered dif
f icult to solve. It has also been demon
strated that both the single-mode f ibre 
and the cable manufactured by Ericsson 
Cables meet the set requirements satis
factorily, and it should be possible to 
use them in future appl icat ions without 
any problems. 

The installation of the 140 Mbit/s system 
went just as smoothly as for earlier 
mult i -mode systems. No reduct ion in the 
performance in the form of laser noise 
or dispersion phenomena were de
tected dur ing the system measure
ments. On the contrary, the high sen
sitivity of the receivers exceeded all ex
pectations. It wil l therefore be possible 

to use longer transmission spans in fu
ture single-mode systems, at least 40km 
for 140Mbit/s and 30 km for 565Mbit/s. 

In addit ion single-mode fibre cables 
have turned out to be no more expensive 
to use than mult i -mode fibre cables. 
This is shown in f ig. 26, which illustrates 
the price trend for f ibres. The figure 
demonstrates clearly that single-mode 
fibres are no more expensive than multi-
mode fibres that have good attenuation 
and bandwidth properties. 

Finally it can be stated that single-mode 
technology now constitutes a competi
tive alternative for the expansion of the 
Swedish Telecommunicat ions Admin
istration's long-distance network. A 
large extension of the telecommunica
tions network is now being planned, in 
which opto technology is likely to playa 
large part. 
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