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EDITORIAL 

Two years ago the Jo11r11al commenced a series of articles 
that described a family of digital-switching telephone 
exchanges (System X). 

During this period of time, which has seen the introduc­
tion into service by the British Post Office (BPO) of the 
first Systen1 X exchange in Baynard House, London, a 

comprehensive coverage of the System X concept has 
been given in the Journal. 

The articles have included such topics as: the principles 
of System X-including aspects related to common 
channel signalling, and processor control: the architecture 
of System X-with a description of the structures of the 
different types of exchanges: the subsystems of System X: 
the hardware and software technology involved: and the 
design and support required by a modern switching 
system. 

This issue of the Journal concludes this initial coverage 
of System X. It is hoped that these articles have contri­
buted to a greater awareness and understanding of the 
system that is of immense importance to the future or 
telecommunications in the UK. 

Since 1975, a computer aid to junction-network 
planning (CJP2) has been available to the BPO junction­
network planner. With the introduction of digital 
switching into the UK telecommunications network, a 
complex network requiring skilful planning and utiliza­
tion of resources will evolve. To tneet this challenge an 
integrated series of computer based planning systems for 
the junction network is planned. These systems will 
assist both the network planner and the circuit-provision 
control duty in ensuring the efficient usage of the BPO 
junction network. 

The first two of these computer systems, CJP3. which 
supersedes CJP2, and the junction network updating 
facility (JNUF) are covered in this Joumal. 



System X: Subsystems 

Part 7-The Signalling Interworking and Analogue Line Terminating 
Subsystems 

G. R. SMITH, B.ENG.t 

UDC 621.395.345: 621.395.38 

The signalling interworking and analogue line tenninating subsyste111s (SIS/ALTS) provide the n1eans by 
which Syste111 X exchanges conununicate with an existing telephone network. This article describes the 
principal features of the SIS/ALTS; in particular, e111phasis is plared 011 their application at the niedilnn/ 
large size Systen1 X exchanges. 

INTRODUCTION 

Historically, the UK public switched telephone network has 
evolved from a manually switched network, controlled by 
operators, through a semi-automatic phase to the present 
fully-automatic n1ode. During this period, the signalling used 
has varied from the manual generator type, with the operators 
conversing to set up the required connexion, through an era 
heavily based on the Strowger switch, needing decadic 
(10 pulses per second) signals, to the multiwfrequency (MF) 
signalling used for some presentwday calls. The exchanges 
installed during this period of change have all used analogue 
spacewswitching techniques, and the signalling for a particular 
circuit has, in most cases, been conveyed in the speech path. 

In contrast, System X exchanges are based on digital 
switching techniques, with routes possessing dedicated signalw 
ling links for fast interwexchange communication. The signalw 
ling interworking and analogue line terminating subsystems 
(SIS/ALTS) are provided in each System X exchange to 
translate the different transmission and signalling conditions 
encountered at the interface of the exchanges and the external 
network1• 

The System X family of exchanges caters for exchange 
systems ranging in size from large trunk/international units to 
small local exchange units2-4• The many types of signalling 
systems in the existing UK telephone network have resulted in 
the need to design a large number of signalling interfaces. 
This article concentrates on the SIS/ALTS used at medium/ 
large exchanges; particular emphasis is given to the applicaw 

t Systern X Development Department, Telecon1n1unications 
Headquarters 

SUMMARY OF PRINCIPAL ABBREVIATIONS USED 
IN THIS ARTICLE 

ALTS Analogue line terminating subsystem 
AP Application process 
ASLT Analogue signalling line termination 
ATBA Auton1atic test break access 
Codec Coder/decoder 
CP Con1mon process 
CPS Call processing subsysten1 
DIO Direct input/output 
DSS Digital switching subsystem 
MCS Maintenance control subsystem 
MF Multiwfrequency 
MOJ Metering over junction 
MUX Multiplexor /den1ult ip!exor 
PCM Pulse-code n1odulation 
PUS Processor utility subsysten1 
sec Signalling conversion circuit 
SIS Signalling interworking subsysten1 
TSl6 Time-slot 16 
VF Voice frequency 

2 

tion at trunk exchanges, which have a traffic-carrying capacity 
of 200-20 OOO erlangs. 

INTERWORKING ARCHITECTURE 

A block diagram of the SJS/ALTS medium/large trunk 
exchange architecture is shown in Fig. I. The SIS/ALTS is 
centred on two of the other major Systen1 X subsystems: 
namely, the digital switching subsyste111 (DSS) and the prow 
cessor utility subsyste111 (PUS)5·6. 

The signalling interworking subsystem (SIS) terminations 
on the DSS are standard 32 time-slot, highwdensity bipolar 3 
(HDB3), 2·048 Mbit/s pulse-code modulation (PCM) trans­
mission systems7·8. These systems are used primarily to 
terminate the digitally-encoded speech information for 
connecting calling and called customers. However, they are 
also used by the SIS as a flexibility point for the insertion or 
extraction of time-slot 16 (TS 16) signalling information, or 
for the connexion of an MF register while a call is being 
established. 

The PUS is a central processor in which application 
programs can be executed to perform specific functions; it 
also provides· a means by which the SIS application programs 
can communicate either with other System X subsystems or 
with their associated SIS hardware by using a direct input/ 
output (DIO) connexion path. 

The SIS/ALTS handles the signalling from either analogue 
lines or PCM line systems with channelwassociated TS16 
signalling. The signalling can be contained either outside the 
speech band or within the voicewfrequency (VF) spectrum. The 
line supervisory signals may be either decadic pulses (10 
pulses per second) or fast MF tones. The SIS/ALTS also 
provides the facility to perform only analogue-to-digital 
conversion (that is, no signalling translations). 

Decadic Signalling (Digital Lines) 

Digital 2·048 Mbit/s PCM systems from nonwSystcm X 
exchanges terminate directly on the DSS, and signalling 
information is contained in TS16. This signalling timewslot is 
semiwpermanently connected across the DSS as a 64 kbit/s data 
channel, and is concentrated on a TS16A signalling unit 
with up to 29 similar data channels. The TS I 6A unit is 
connected to the DSS by a standard 2 ·048 Mbit/s HDB3 
interface, but all the timewsJots contain signalling inforn1ation. 
Thus, the unit handles the signalling for up to 900 circuits 
simultaneously. 

The TS16A unit perforn1s all the signal validation and 
dccadic pulse-timing checks required by each of the signalling 
variants and converts them into messages for input to the 
processor. 

Periodically, the SIS application process (AP), which runs 
in the processor, interrogates its TS16A unit input queues and 
extracts any waiting messages. The AP can accommodate up 
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F10. I-Block diagram of the signalling interworking and analogue 
line tenninating subsystem in a medium/large trunk exchange 

to four TS16A equipments (3600 circuits); it decides the 
relevance of messages in a particular signalling protocol, and 
produces any required responses for either the call processing 
subsystem (CPS) or the TSl6A hardware. 

The above procedure is also operated in reverse by the SIS 
AP, which receives n1essages from the CPS, determines 
protocol and outputs instructions directly to the circuit 
concerned within the TSI6A unit. 

The SIS software in the 1nain processor also contains a 
second type of process known as the co1111non process (CP). 
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The CP is not involved in normal call-handling procedures, 
but it contains all the maintenance, diagnostic and resource 
managen1ent procedures; it also enables more than one AP to 
be added to the subsystem when the number of junctions 
exceeds 3600. 

Decadic Signalling (Analogue Lines) 

Analogue circuits terminating on the exchange fall basically 
into 2 signalling categories: DC and AC types. 

The DC category includes signalling systems, such as 
loop-disconnect signalling, in which DC line currents are used 
to convey signalling information. These lines terminate on 
analogue signalling line termination (ASLT) equipments that 
generate a standard 2·048 Mbit/s HDB3 output, with the 
signalling in TSIG. The digital system terminates on the DSS 
and the signalling is handled in a similar manner to terminating 
2·048 Mbit/s PCM systen1s. The AC signalling category is 
slightly different because any in-band signalling (for example, 
2280 Hz) is treated as speech and is encoded in the PCM data 
of the appropriate speech time-slot. 

All the analogue terminations provide test break access 
facilities for testing out to line or into the exchange. 

1 VF Signalling 

Terminating channels that possess in-band signalling are 
handled by a digital !VF unit, which is inserted into the 
2·048 Mbit/s system before it terminates on the DSS. The 
I VF unit monitors for the presence of signalling in the 
digital speech channels and converts such signals into equiva­
lent tone 011/o_tf commands in TSJ6. These signals are then 
interpreted by the TS16A equip1nent, as outlined above. 

Multi�Frequency Signalling 

When fast inter-register signalling is required, an MF sender/ 
receiver is connected during call set-up. Digital MF sender/ 
receivers that terminate directly on the DSS in blocks of 30 
sender/receiver.s are provided. 

The norn1al line-seizure state is detected in the SIS AP and, 
if MF signalling is marked, the SIS AP selects a free MF 
sender/receiver channel. 

The SIS AP instructs the DSS to connect a speech path 
between the appropriate speech circuit and the selected MF 
sender/receiver channel. The inter-register signals then pass 
into the SIS AP, which associates the register and line circuit 
identities and passes on inforn1ation to the CPS. The sender/ 
receiver channel is released at the end of the call set-up phase. 

Full availability of all sender/receiver channels is given to 
any of the 3600 circuits controlled by each SIS AP. Additional 
30-channel MF sender/receiver units can be allocated if 
warranted by the traffic demand. 

SUBSYSTEM IMPLEMENTATION 

The SIS/ALTS consists of several building blocks, which are 
often referred to asjl111ctional entities. Some of these functional 
entities exist at the periphery of the exchange to interface the 
analogue lines; others lie within the processor to interface 
with other System X subsystems. The following paragraphs 
describe the functioning of these separate entities. From a 
signalling viewpoint, the TSl6A unit is the functional centre 
of the SIS. The concentration of subsyste1n resources cen­
trally to within the TS16A unit enables the provision of 
relatively simple peripheral functional entities. Because of the 
importance of the TSI6A unit operation and its interworking 
\Vith other areas of the subsystem, a more detailed description 
of this unit is given. 

TS16A Unit 

The TSl6A unit is terminated on the digital switch (DSS) by a 
standard 2·048 Mbit/s HDB3 interface. The information 
content of this interface is unique to the equipment, as all the 
time-slots (except TSO) contain 64 kbit/s TSl6 signalling 
streams, enabling a maximum of 930 (30 x 31) channels to be 
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controlled. A transn1itted n1ulti-frame is shown in Fig. 2; all 
31 PCM systems served receive their synchonization within 
the same 125 µs fran1e. However, in the receive direction, all 
the individual PCM systems have asynchronous multi-frames 
and, hence, 31 multi-frame synchronization counters are 
necessary. The thirty-first PCM system is reserved for routining 
functions and, hence, the maximum termination capacity is 
reduced to 900 circuits. 

Individual channels possess a block of updatable random­
access storage within the unit. When the exchange is brought 
into service, or after an in-service change-over, the SIS AP 
software loads the expected signalling type into each of the 
930 locations. This action, typically, indicates whether a circuit 
is an incoming loop-disconnect (l/C LD) circuit or an outgoing 
!VF circuit (each TSI6A unit can accommodate up to 30 
different types of signalling). 

The next function to be loaded is the current signalling­
state for each channel. This is normally set to the idle state 
when a new exchange is brought into service, but after an in­
service change-over, the latest information is transferred from 
the SIS AP call states. 

Finally, the metering charge-rate distribution (required for 
metering-over-junctions (MOJ)) applicable at that time of 
day is loaded into the charge-rate generators. Up to 60 
separate distributions can be set to include all combinations of 
tariff groups (for example, ordinary or coin-collecting box) 
and charge bands (for example, local, trunk or international 
charge rates). 

The TS16A unit is then started and, once the frame and 
multi-frame synchronization patterns have been located, 
signalling detection commences. 

The synchronization counters produce a 10 bit circuit 
address (5 bit for frame and 5 bit for multi-fran1e) which is 
used to access the channel stores asynchronously. Each of the 
930 channels is handled serially and, with a basic signal 
sampling rate of 2 ms, the time available for the unit to 
process the signalling for an individual channel is approxi­
mately 1 · 9 µs. 

An outline of the operation of the TS16A unit is given in 
Figs. 3, 4 and 5, which show the signals received and sent by the 
unit, the receive-channel storage and the signalling program. 

The TS16A unit signalling-type receive-channel store is set 
to !JC LD signalling and initially the state-of-line is set to the 
idle state (with reference to the signalling program). The last 
code receil'ed location holds the normal idle code, and the 
arrival of a new seizure is detected by comparison with this 
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FIG. 3-TS16A unit interface signals (for incoining loop-discon­
nect signalling over analogue circuits) 

code. The new code is then loaded into the last code received 
location and the persistence count is incremented. This is 
repeated every 2 ms until the persistence-count value has 
indicated 3 consecutive new codes. The purpose of the 6 ms 
persistence check is to eliminate false signalling reports caused 
by minor disturbances to the line or slips in the synchroniza­
tion. The persisted line code is then written into the last code 
persisted store, and a further validation check is performed 
using the duratio11-co1111t store. This duration count can con­
tinue for up to 0·5 s but, in the case of a seizure, only 10 ms 
is indicated by the signalling program. 

A transition from the idle to the seized state is then perfor­
med: a seize message is sent to the processor and the state-oj'­
line store is changed to the seized state. The remainder of the 
call continues fn a similar manner except lhat, once seized, 
digits can be counted by incrementing the digit-count store 
after a valid break pulse follo\ved by a subsequent 111ake 
period. The digit value is sent to the processor after a validated 
inter-digit pause of 120 ms. 

When a valid signalling event is detected by the unit, this 
condition is transferred into a processor input queue. The 
processor removes messages by using its DIO connexion; 
duplicated highways are used for the security of the DIO 
interface. The processor can also instruct the TS16A unit to 
output signals, as necessary. 

The hardware-software boundary has been chosen to 
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FIG. 5-Sin1plified TS16A receive-state transition diagra1n (for 
basic incon1ing, loop-disconnect signalling type) 

minimize the number of signals transferred; this is achieved by 
timing the large majority of events within the TS l 6A hard­
\Vare. In addition, the number of software signalling modules 
in the SIS AP is considerably reduced by having separate 
TSl6A firmware programs; this removes the need for detailed 
soft\vare variations between signalling types. 

Each TSl6A equipment contains a duplicated charge-rate 
generator which produces charge-rate distributions applicable 
at a particular time of day. 

When a chargeable answer signal is received by the SIS AP, 
(for example, when an incoming catl requires MOJ), the 
SIS AP instructs the TSl6A unit immediately to apply an 
initial answer signal and to continue metering at a periodic 
rate by pointing at one of the charge-rate distributions 
(for example, an ordinary, trunk a category). The unit then 
applies metering pulses appropriate to the signalling system 
until the calling customer clears. 

If a particular call tranverses a charge-rate period when the 
rate of metering changes (for example, at 6 pm from standard 
to cheap rate), then the processor reloads all the amended 
charge-rate distributions. All calls pointing to an amended 
distribution are then correctly updated by a secure procedure 
which ensures that no overcharging occurs. The total update 
of all 930 channels takes Jess than 1 s, and the charge rate is 
always biased on the low side. 

The MOJ generator is duplicated to facilitate imn1ediate 
fault detection. If a discrepancy in the two outputs is detected, 
metering is immediately inhibited and the whole unit is taken 
out of service; in such cases, the circuits are transferred to 
a hot-standby TSI6A unit. 

MF Unit 
A standard 2·048 Mbit/s HDB3 interface connects the MF 
unit to the DSS. Each time-slot (except TSO) contains an in­
dividual MF sender/receiver channel, to 1,vhich an incoming or 
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outgoing call requiring MF signalling can be connected during 
the set-up phase. One of the sender/receivers is reserved for 
routine testing (fault detection); therefore, a maximum 
capacity of 30 call set-ups can be accomn1odated simultan­
eously in each unit. A single MF unit can handle the MF 
signalling for several hundred terminating circuits, the actual 
number depending on the circuit occupancies, the signalling 
system and network environment. 

When an exchange is switched into service, the MF unit is 
reset so that all its sender/receivers are set to send and receive a 
silence state. All the DSS connexions are cleared, and the 
input/output buffers are en1ptied. 

If a unit becomes faulty while handling calls it is discon­
nected and a hot-standby spare unit reset and brought into 
service automatically. 

Once the SIS AP decides that MF signalling is required, it 
connects a speech path across the DSS to the selected sender/ 
receiver channel; it also instructs the MF unit to expect 
signalling of a specific type on the connected call. 

The MF receivers are implemented by using digital filtering 
techniques, and 8 receivers are processed serially by the same 
circuitry. The logic is presented with a tone sample every 
125 µs for each of the 8 receiver channels and it serially 
examines these for 6 possible tone frequencies (6 forward 
tones or 6 backward tones). Hence, the receiver has only just 
over 2 µs to process each tone sample. 

The digital filters integrate the lone samples over approxi­
mately a 15 ms period and produce outputs which are exami­
ned by the microprocessor control logic. This checks that the 
required tone pairs have been correctly detected (for example, 
that 2-out-of-6 frequencies arc present) and places validated 
signals in a processor input queue. The MF control logic also 
checks that the correct signalling prefixes have been exchanged, 
and transn1its any prefix responses auton1atically. 

The processor extracts the signalling events, and the SIS AP 
associates the line-circuit termination identity before forward­
ing any messages to the CPS. 

If any transn1itted signals are required, then the SIS AP 
loads these directly into the input queue of the microprocessor 
which will output the correct tone sequence when the protocol 
permits. 

The transmitted tones are generated digitally by reading out 
stored tone-patterns from memory. Compression techniques 
are used to reduce the tone storage to an absolute minimun1. 
The tone sender can handle all 31 channels serially because 
the tone-generation function is much more straightforward to 
implement. 

Analogue Signalling Line Termination 
Analogue circuits fron1 either distant or collocated exchanges 
are terminated on the exchange MDF and then cabled across 
to the analogue signalling line termination (ASLT). The ALTS, 
which is incorporated in the signalling conversion circuits 
(SCCs), is an integral part of this entity, and provides the 
codec and MUX facilities. 

The circuits with DC signalling are terminated on the SCCs, 
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\vhich provide a physical interface with the analogue lines and 
extract their signalling. l'he signalling is san1pled every 2 nis 
and is converted into a 4 bit digital code; the speech is 
converted into A-law encoded PCM data. These outputs, for 
30 circuits, are then niultiplexed with the signalling in TS16 to 
produce a standard 2·048 Mbit/s HDBJ strean1. 

Each SCC handles 2 circuits, and any SCC position can be 
used for any DC signalling system. This facility ensures that 
the design is suitable for all exchange system applications. 

Early SCC designs occupied 2 slide-in-units (SIUs) on 
which the signalling conversion relays (SCR) and the signalling 
conversion electronics (SCE) were separated; the codecs and 
filters were also n1ounted separately. A technology update has 
enabled the ASLT equipn1ent to be reduced to half its original 
size and it now houses single unit sees, which incorporate 
the codecs and filters. 

The AC termination units do not perform any signalling 
detection functions, but simply tern1inate the analogue lines 
and convert their speech into A-law encoded PCM. This 
practice enables a 30-circuit group to be accomn1odated in 
half the space of the DC termination. 

Each SCC unit provides full test-access facilities (2-wire or 
4-wire) to both the line and the exchange equipment. The 
control of the test-access relays is achieved by using bits in 
fra1ne 0 of TS16, \vhich indicates the channel to be connected 
to the selected test high\\1ay. The test highway can then be 
routed to either automatic test break access (ATBA) equip­
ments or the tesl network for detailed exan1ination. 

1VF Signalling Unit 

A block diagran1 of the I VF signalling unit is shown in Fig. 6, 
which indicates the major functional components of the unit. 
The lVF unit is designed so that it can intercept a 2·048 
Mbit/s HDB3 PCM systen1. The HDB3 interfaces use 
circuitry comn1on to that used in the ALTS niultiplexor. 

If any of the 30 receive channels contain in-band 2280 Hz 
signalling, the digital speech samples arc diverted into a 
2280 Hz digital filter. The filter consists of 2 main parts: a 
digital notch-filter, which has a strictly defined yesponse to 
2280 Hz; and a digital guard filter, which prevents false 
operation of the notch filter when a high level of interference 
is detected. A much more detailed description of such a digital 
filter, on which the fundamental design of the System X filter 
is based, is given eisewhere9. 

The tone-generation function is performed by reading out 
fron1 memory stored digital samples that represent a sampled 
2280 Hz signal. The channel concerned is intercepted and 
either a 2280 Hz sample or a silence signal is inserted. 

2·046 Mbitls 
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FrG. 6--·Block diagra1n of the IVF signalling unit 

An integral part of the tone filter and generator is a line­
split facility, which can break either the receive path or the 
transn1it path, or both. The line-split facility can be applied 

(a) i1nn1ediately a tone is detected fro1n line, 
(b) after a delay of 20-35 n1s, or 
(c) continuously (no tone present). 

This function is required to prevent spillover of pulses fron1 
one link to the next and to prevent fraudulent operation. 

The control section analyses outputs from the received 
digital filter and converts these into TS l 6 codes to indicate 
either tone on or tone off. conditions. These codes are over­
written into the TS 16 signalling slots of the channel concerned. 
In the return direction, the TSI6 codes are monitored by the 
control logic and converted into tone 011 or tone o/rinstructions 
for the tone generator. Several tone offTS I 6 cod�s are used to 
control the line-splitting logic. 

I� some of the channels do not possess in-band signalling, 
the1r speech and TS 16 data channels are simply passed 
transparently through the unit. This enables in-band and 
out-band signalling to be n1ixed in the 30 channels of the 
terminating PCM systen1. 

Automatic Test Break Access Unit 

All the analogue SCCs described so far have the option of 
providing 2-wirc or 4-wirc test-access facilities. 

The test-access relays in each SCC unit arc controlled from 
the SIS AP via ·rsI6. 'J"he selected channel is diverted fron1 its 
normal straight-through mode via one of two 8-wire test­
access highways, which arc cabled to each ASLT module. 
The high\vay can then be further switched to either the test 
network or to an automatic test break access unit (ATBA). 

The ATBA unit has signalling auxiliaries for each of the 
signalling systen1s and is capable of perfonning detailed 
signalling tests into the exchange or limited DC tests on the 
junction or trunk circuit. For example, the maintenance 
engineer (using the MCS) can initiate a test of the SCC 
concerned, and all the associated circuit equiprnent between 
the SCC and the processor. This action can be achieved by 
operating the test-access relays in the sec and by sending a 
seize signal, followed by a digit if necessary. The SIS AP 
marks the circuit under test, and the incon1ing signals are 
diverted to special test software. Similarly, the maintenance 
engineer can send signals via the SIS AP to the SCC: concerned, 
which can be diverted to the ATBA unit for analysis. 

Tones and Recorded Announcements 

The SIS generates tones digitally by storing A-law encoded 
PCM samples of the appropriate tone frequency. The tone 
cadences arc also stored in memory, and the cadence outputs 
are used to switch the tone frequencies at the desired on-off 
rate. The cadence switches also enable more than one tone or 
different levels of the san1e tone, to be serially switched 
(for exan1ple, equip1ne11t engaged tone). The design caters for 
any tone which is a multiple of 10 Hz to be generated, and 
cadences are variable in 0·025 s steps up to 6·4 s. This 
flexibility allows the design to be easily modified for export 
applications. 

The recorded announcements are generated by using 
adaptive differential PCM (ADPCM), which b a method of 
reducing storage requirements while retaining an acceptable 
signal-to-noise ratio. Each announcen1ent is generated for 
8 s, with a 2 s period of silence between cycles. 

In the mediun1/large trunk exchange, up to 8 different tones 
and 3 recorded announcen1ents are multiplexed together and 
fed into the DSS in a standard 2·048 Mbit/s HDB3 stream. 
The tones are selected by the call processing subsysten1 (CPS) 
when an invalid routeing has been dialled, and a path is set 
across the DSS fron1 the inco1ning channel to the selected 
tone. The DSS can copy the same tone source to large nun1bers 
of incon1ing calls because, unlike analogue tones, there is no 
fan-out degradation of signal level8• 
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Software Application Process 

The SIS application process (AP) is responsible for the normal 
call .. handling protocols required between the SIS hardware 
and the CPS. 

The SIS AP is a periodic process activated by the processor 
operating system every 1 0  ms. In the interval between periodic 
activations, the SIS AP: 

(a) increments its internal timers, 
(b) extracts and processes messages from the CPS and the 

DSS software, 
(c) extracts and processes messages from the TSl6A unit 

and MF hardware, and 
(d) processes any internal timeouts that have expired. 

If any events have occurred in (b), (c) or (d) above, the 
appropriate software signalling module is invoked to 
process the event. The consequences of the processing may 
be either to transmit a message into the hardware, the CPS 
or the DSS, or simply to update the software circuit storage 
awaiting a further event. 

Software Common Process 

The prime function of the SIS common process (CP) is to 
interface with the MCS, to allow circuits, PCM systems and 
SIS hardware to be brought into or taken out of service. The 
CP co-ordinates the SIS AP replications that enable the 
subsystem to be extended in multiples of 3600 circuits. 

The CP is also responsible for monitoring fault reports from 
the SIS APs. These reports can arise because of hardware faults 
arising from equipment malfunctions or simply because of the 
receipt of unexpected messages. The CP can set threshold 
counts on the individual fault categories so that equipment 
or circuits are not removed from service owing to transient 
reports. If a threshold count is exceeded, a fault report is 
sent to the MCS, and immediate action is taken to by-pass 
the affected area. 

In a trunk exchange, another function of the SIS CP is to 
hold the tariff programs for MOJ. The SIS CP determines 
when the tariffs being applied in the TS 16A hardware require 
updating and instructs each SIS AP to amend its TS16A 
hardware accordingly. 

RELIABILITY AND MAINTAINABILITY 

The adoption of high-technology integrated circuits, coupled 
with strict System X standards, has Jed to a very-low fault rate 
throughout the SIS/ALTS. However, were a fault ever to 
occur, its effect would potentially be very serious, especially in 
the common-control hardware, which can be processing 
several hundred calls simultaneously. Failure-detection 
mechanisms have been incorporated to isolate malfunctions 
in their infancy. These include: 

(a) extensive hardware parity generation and detection, 
(b) synchronization checks, 
(c) the cycling of tone-loops through digital filters, 
(d) the provision of watchdog alarms for microprocessors, 
(e) synchronous duplication, 

(f) continuous routines (using spare DSS channels), 
(g) power supply and fuse alarms, 
(h) cumulative sum checks on stored data, 
(i) the detection of out-of-sequence signalling events, 
(j) overnight routining of hardware fault-detectors, 
(k) short-holding-time call detection, and 
(/) trunk and junction routining. 

When a fault has been confirmed, a report is immediately 
passed to the MCS, which initiates 2 important actions. 
Firstly, any dependent resources are immediately taken out of 
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service; for example, if a lVF unit fails, all the outgoing 
circuits are busied-out to prevent further call loss. Secondly, a 
fault report is issued to inform the maintenance staff of the 
faulty unit. 

Critical areas of the subsystem, in particular the TSI6A 
unit and the MF equipments, are replaced automatically by hot­
standby spare units. The SIS CP allocates a spare TS 16A or 
MF unit to the SIS AP which has reported the malfunction and 
removes the failed unit from service. The MF unit is relatively 
straightforward to replace, as new calls can simply be diverted 
to the new working unit. The change-over of TS16A equip­
ments, however, is more complicated because each unit is 
semi�permanently allocated. The change-over is achieved by 
loading the signalling types and call states into all 900 chan­
nels of the new unit and then diverting the thirty TS 16 con­
nexions across the DSS. Some call loss would occur during 
these emergency change-overs, but the mean time between 
failure of the equipments concerned is over 1 0  OOO hours, and 
only a small portion of calls are lost in the few seconds taken 
to complete a change-over. 

SUMMARY AND CONCLUSIONS 

The extremely broad specification for interworking has 
resulted in a highly-modular distributed design for the SIS/ 
ALTS. The basic aim has been to keep the analogue termin­
ation equipment as simple as possible, and to perform the 
more complex timing and interactive functions in either shared 
hardware or in the processing units. This approach has 
resulted in a lower cost, highly-reliable design, which retains 
the flexibility required to meet a wide variety of signalling 
requirements. 

The SIS/ALTS gives the System X exchange the ability 
to interwork with a large number of different types of signal­
ling systems. This allows the System X exchanges to be 
gradually incorporated into the UK telephone network without 
any restrictions being imposed by the signalling requirements 
of the existing network or of System X itself. Thus a smooth 
transition to the fully integrated digital switching, signalling 
and transmission network can be achieved. 
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Computer-Aided Design and Engineering of 
System X Exchanges 

K. J. DIVER and D .  W. SWAN, n.sc.t 

UDC 621.395.345: 681.31 

This article describes  the co1np11ter support facilities that the BrUish Post Office and the UK Teleconununi­
cations Industry are developing for the design and engineering of Syste111 X exchange installatio11s. 

INTRODUCTION 

The process of converting basic traffic data for an exchange or 
an exchange extension into documentation to support the 
various requirements of a telephone administration and of the 
equipment supplier is known as exchange design and engineer­
ing. Computer-aided design (CAD) facilities to assist the 
engineers engaged in this task have been established for many 
exchange systems and similar facilities for System X are now 
being jointly developed by the British Post Office (BPO) and 
the UK Telecommunications Industry. The main objectives 
are to provide coherent computer support that: 

(a) is standard for use throughout the industry, 
(b) is capable of processing both home and export market 

orders, 
{c) can rapidly accept design changes and enhancements, 

and 
(d) will interface to other computer systems used by the 

administration and supplier. 

For System X, two complementary systems are being deve­
loped. The first, covering the hardware aspects of design 
and engineering and known as the Exchange Design CAD 
(EDCAD) system, is the subject of this article. The second 
covering the exchange data aspects and known as the Dai� 
Ma11agen1ent Syste111, \Vill be the subject of a later article. 

The main benefits of con1puter assistance to the design and 

engineering process are 

(a) an increase in productivity contributing to a reduction 
in lead-times, 

(b) a closer adherence to standards, 
(c) an elimination of tedious and error prone schedule 

preparation, 
(d) a consistency in both quality and format of derived 

documents, and 
(e) the transfer of data between processes as computer 

files, thus eliminating transcription errors. 

OVERVIEW OF THE DESIGN AND ENGINEERING 
PROCESS 

The design and engineering process encompasses numerous 
activities ranging from the collection of basic traffic data by the 
administration to the provision of documentation to meet the 
requirements of the administration and supplier. The process 
can be divided into 6 major areas of activity. 

(a) Dimensioning-converting the basic traffic data into 
equipment quantities. 

(b) Placement-determining the location of this equipment 
within the exchange building. 

t System X Launch Department, Telecommunications Head­
quarters 
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(c) Allocation-determining the interconnexion of parti­
cular equipment where system design permits flexibility, and 
assigning external circuits to the appropriate type of terminat­
ing equipment. 

(d) Cabling-identifying all cables and their routeing 
through the cable support structures. 

(e) Software data build-converting data (for example, 
that established in the allocation process) into a format 
suitable for loading on the exchange processor; this activity 
is relevant only to stored-program controlled (SPC) exchanges. 

(f) Documentation-recording the information established 
by the foregoing activities in a format suitable for its purpose; 
for example, installation instructions, exchange management 
records, etc. 

For System X, the computer support facilities broadly 
follow the above pattern. The external circuit allocation and 
software data build activities are incorporated into the data 
management system, the remaining activities being included 
in the EDCAD system. 

THE EDCAD SYSTEM ARCHITECTURE 

The EDCAD system, which \Vill generally give interactive 
support for the various design and engineering functions, is 
designed to operate on computers which are local to their 
users. Although many of the processes are auton1ated, the 
system does not remove from the design engineers the ulti­
mate responsibility for ensuring that exchanges are adequately 
designed and engineered. The principal components of the 
system (see Fig. 1) are: 

(a) main program suites covering the activities of dimen­
sioning, placement, internal allocations and cabling, 

(b) standards data files which provide the system design 
data for the programs to use, 

(c) exchange data files which are the outputs of program 
runs and serve both as master records of the exchange and as 
interfaces between the programs, and 

(d) documentation production programs which produce 
from the exchange data files the various man-readable reports 
and schedules needed to support the realization of the design. 

MAIN PROGRAM SUITES 

Dimensioning Program Suite 

The main responsibilities of this suite are to 

(a) vet the exchange traffic data, 
(b) convert the exchange traffic data into equipment 

quantities, 
(c) identify the s oftware suite that will be used when the 

exchange is brought into service, and 
(d) produce esti1nates of the cost and of the DC power 

requirements of the exchange. 
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FIG. 1-EDCAD syste111 architecture 

The user may n1odify the results of the dimensioning process 
in order to cater for special requirements. 

Placement Program Suite 

This suite consists of two parts: place111e11t part 1 which 
positions the items identified by the din1ensioning process; and 
place1nent part 2 \vhich identifies and·positions the ren1aining 
hardware that will be necessary to build the installation. 
Placement part 1 comprises several programs \Vhich are run 
in sequence to 

(a) position the slide-in units within shelf groups, 
(b) position the shelf groups on rack frameworks 

(standard rack configurations being used wherever applicable), 
(c) position the racks and distribution frames on to the 

exchange apparatus floor taking into account the building 
constraints (preferred exchange layouts being used wherever 
applicable), and 

(d) designate the various racks, shelf groups, etc. 

Placement part 2 is run at a later stage and identifies and 
positions the ren1aining hardware which comprises: 

(a) power conductors and supports {from the power room 
to the n1ain fuse panels), 

(b) overhead ironwork arrangen1ents, 
(c) cable trays and grid mesh, and 
(d) suite lighting. 

An interactive graphics system is an integral feature of the 
program suite and allows plan-type information to be 
displayed and modified on a graphics display terminal. The 
system stores this information on a layered basis; different 
layers being used to hold the building outline, racks and 
frames, dimensions, overhead ironwork, etc. It can be 
used to display, process and output individual layers or 
con1bination of layers as required. 

Internal Allocations Program Suite 

The main responsibilities of this suite are to 

(a) determine the interconnexion of those items within 
the exchange where the system design permits flexibility, and 

(b) determine the grouping and addresses of equipment on 
the various highways. 
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Cabling Program Suite 

The main responsibilities of this suite are to 

(a) identify all plug-ended cables and their routeing, 
(b) identify all bulk-supplied cables including individual 

length and routeing, 
(c) monitor the fill of cable trays; re-routeing non critical 

length cables if appropriate, 
(d) produce a cable running-out list, and cable identifica­

tion labels for use by the installation team, and 
(e) produce a plug-up schedule showing the termination 

address of each plug-ended cable. 

Specification Production 

The specification is a contractual docun1ent \Vhich is parti­
cular to an individual order and its content is, therefore, 
dependent upon the agreed division between the ad1ninistra­
tion and supplier of the responsibility for the design and 
engineering of the installation. 

For BPO contracts with the UK industry, a specification 
con1puter progran1 exists and is run after the dimensioning, 
placen1ent part 1 and internal allocations programs, deriving 
inputs from all of them. 

STANDARDS DATA FILES 

The EDCAD systen1 requires inforn1ation relating to all the 
exchange types for which it will be used. This inforn1ation is 
recorded in a nun1ber of standards data files which are accessed 
during the running of the progran1s. The files are structured in 
a manner that enables any change in design rules to be rapidly 
accommodated by replacing the appropriate file with a new 
version. 

An outline of typical files is given below; it is not a compre­
hensive list but is intended to give an indication of their scope. 

(a) The di111e11sio11i11g rules, which are a set of algorithn1s to 
convert the traffic data into equipment quantities. 

(b) The costs and power data, which are used to produce 
cost and power estimates. 

(c) The graphics syn1bols l ibrary, vvhich contains the picture 
elements used by the placement programs to prepare the plan 
type documentation. 

(d) The place111e11t constraints, which are a set of rules 
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constraining the relative positions of iten1s. 
(e) The standard rack layouts, which are pre-detern1ined 

groupings of shelf groups on rack fran1eworks; ensuring 
consistency for sin1ilar types of exchange. 

(/) The preferred floor layouts, \vhich are pre-determined 
groupings of standard racks that will be selected by the 
placement programs if the building constraints permit. 

(g) The cable co1111exio11s files, which are records of local 
and distant termination addresses for each shelf group 
together with cable type and any constraints; for example, 
maximum cable length. 

(h) The available cables file, which are records of the range 
of plug-ended cables from which the cabling program makes 
its selection. 

EXCHANGE DATA FILES 

The process of using the EDCAD system creates a set of 
exchange data files, each recording particular aspects of the 
installation. These are the master records from \vhich all 
documentation relating to the exchange is produced; they 
also serve as the interface between the processes. The major 
files are as follo\vs: 

(a) The equip111e11t quantities file, which is output fron1 the 
dimensioning progran1 and lists the items of equipment 
required for the exchange installation. 

(b) The exchange parts file, which is output by the place­
ment programs and contains the identity and location of each 
item of hardware in the exchange. 

(c) The exchange graphics file, which is output by the 
placement programs and identifies each symbol required on 
the exchange floor plan or related drawings, and includes the 
position and orientation of each symbol. 

(d) The exchange cabling file, which contains a list of all 
cables required for the exchange together \Vith the termination 
addresses, routeing and length of each run. 

(e) The exchange a/location file, \vhich defines particular 
equipment interconnexions and highway addresses. 

DOCUMENTATION PRODUCTION 

The exchange data files are the source of the docun1entation 
that is required for the varied aspects of planning, n1anu­
facturing, installation and managen1ent of the exchange. This 
docun1entation falls into two broad categories: 

(a) transient, relating to infonnation \Vhich is not required 
after the exchange has been installed, and 

(b) pennanent, relating to inforn1ation which may be 
required at any tin1e during the life of the exchange. 

During the running of the various programs, error and 
analysis reports are produced to monitor progress; remedial 
action being taken as appropriate to ensure the accuracy of the 
exchange data files. These files in their final form are the 
master records of the exchange installation and are the sole 
source of the permanent documentation. 

Programs \Vill exist to access the files and process the data 
into formats suitable for reproduction on hard-copy printers 
and for display on visual display terminals. 

OUTLINE OF USE OF THE SYSTEM 

A broad outline of how the system is used to design and en­
gineer a new exchange is given below. Extensions arc handled 
in a similar manner with the exception that the existing 
exchange data files are input to the appropriate progran1s 
and in the process updated files are created. 

To keep the description concise, standard files are not 
mentioned although they will be accessed by all the programs 
(see Fig. 2). 

Dimensioning 

The design engineer, having gathered traffic, connexion and 
other infonnation, enters the data into the systen1 via an 
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Fiu. 2-EDCAD systen1 inter-file processing 

interactive visual display terminal. The dimensioning program 
then calculates the equipment quantities (racks, shelf groups, 
slide-in-units) needed to meet this traffic data, and records 
these totals in the equipment quantities files. At this stage, the 
calculated equipment quantities will not in all res'pects be 
precise; for example, some equipment quantities are depen­
dent upon the equipment layout-a factor which is not con­
sidered by this progran1. 

Placement Part 1 

The equipment quantities file is then passed to the first part of 
the placement program suite, which positions each item of 
equipment within racks. Very often this simply involves 
deciding which standard rack layouts are appropriate for the 
equipment quantities. In other cases, each item is positioned 
individually according to a defined algorithm. If the equip­
ment quantities do not fit any standard rack configuration, 
then shelf groups are positioned within the exchange taking 
into consideration the main cabling and other positional 
constraints. 
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The various distribution fraine requirements are then deter-
1nined and areas of those frames allocated to various equip­
ments. 

The progran1 suite examines the building plans (v.·hich will 
previously have been entered into the systen1) and then posi­
tions the racks and frames on the available exchange floor 
area taking account of pillars and other obstructions. The 
resulting floor plan is displayed on a graphics display terminal 
\Vhich may then be used to change the location of the racks 
and frames to achieve an optimum layout and to take into 
account factors which the progran1 has not considered. Checks 
are niade that such changes do not violate any of the con­
straints; \Varning messages being given if appropriate. 

When the user is satisfied with the layout, the various items 
of equipment are given a unique designation in a logical 
sequence which depends on their relative position within the 
exchange. 

The outputs of placement part l are the exchange graphics 
file and the exchange parts file. The equipn1ent quantities in 
this latter file are precise; the documentation production 
programs are used to produce production schedules, ftoor­
plans, and suite, rack, fran1e and shelf layouts as required. 

Internal Allocations 

The exchange parts file is passed to the internal allocations 
progran1 suite; this identifies those iten1s of equipn1ent 
between which interconnexions have to be determin�d; for 
example, it selects the time s\vitches to which a subscriber con­
centration n1odule is to be connected. The program also 
determines the individual address to be given to each iten1 of 
equipment on any particular highway. The output of the 
allocations progran1 is the exchange alfocario11s fife, which is 
required by the cabling program and the data 111anagement 
system. The documentation production progran1s are used 
to produce allocation charts etc. from this file. 

Placement Part 2 

This program suite accesses the exchange parts file to obtain 
data on rack locations in order to decide upon the layout of 
the overhead ironwork, cable trays, and lighting arrangements 
etc. These results are displayed on a graphics disrlay tern1inal, 

Post Office Press Notice 

MONARCH 120: BRITISH TELECOM PLACES 

FURTHER LARGE ORDERS 

British Telecom has placed orders worth £45M with GEC 
and Plessey for Monarch 120 private automatic branch 
exchanges (PABXs). 

Monarch, the only entirely British digital switching stored­
program control (SPC) PABX, was designed and developed 
by British Telecon1 and engineered by GEC and Plessey; this 
new order demonstrates British Telecom·s continuing support 
for established British suppliers. The first production deliveries 
of these Monarch I 20s, which are being supplied initially to 
custo1ners in central London, were niade in October I 980. 

In addition, after extensive examination of small proprietary 
PABXs produced by manufacturers in the UK and elsewhere, 
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which provides the user with an interactive capability to 
modify the layout to accommodate exceptional circumstances. 

The outputs of placen1ent part 2 are an updated exchange 
parts file and exchange graphics file. Further production 
schedules are then produced together \Vith various plans of the 
overhead ironwork, cable trays, etc. 

Cabling 

The cabling program suite accesses the exchange parts file and 
the exchange allocations file for data on the iten1s to be 
cabled, together with inforn1ation on the cable trays and other 
supporting structures. It detern1ines the route of each cable 
and 1nonitors the loading of the cable trays; if necessary cables 
\Vhose lengths are not critical are re-routed to avoid congestion. 
The length of each cable route is then calculated, and the 
appropriate standard length of plug-ended cable is selected. 

The output from the cabling program suite is the exchange 
cabling file and fron1 this the ordering schedules, cabling 
running-out lists, labels and plug-up schedules are produced. 

The syste1n has thus produced a complete set of exchange 
data files recording the planned state of the exchange. There 
\viii be a report back procedure fron1 the site during installation 
to ensure that any departures fro1n this planned state found to 
be necessary will be recorded in the appropriate file. The files 
can be made available to other co1nputer processes requiring 
the design information. They niust be stored for reference 
\Vhen there is a further extension at the exchange. 

CONCLUSION 

An outline of the planned con1puter support facilities for the 
design and engineering of Systetn X installations has been 
given in this article. 

The 1nodular nature of the systen1 enables it to be intro­
duced in stages and to be updated in step \Vith the evolution 
of System X designs. 
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British Telecom intends to negotiate a contract with Mite! 
Telecon1munications Ltd. of Slough for small-to-n1ediun1 
PABXs. When field trials begun last autumn are successfully 
completed, it is anticipated that an initial order for £5M will 
be placed; the equipment will be produced at Mitel's Slough 
factory. 

Announcing this further round of PABX orders, Mr. David 
Cartwright. British Telecon1's Customer Switching Product 
Group Manager, en1phasized British Teleco1n's determination 
to ensure continuity of deliveries of modern systems by giving 
its suppliers better advance notice of requirements. He stated 
that the order \Vith Mite! demonstrated British Telecom's 
determination to widen its product portfolio in order to offer 
customers, as quickly as possible, a range of first-rate products 
in ready supply. 
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UXD5: A Small Digital-Switching Telephone 
Exchange for Rural Communities 

Part 2-System Software and Operation 

J. R. w. AMES, B.SC., M.SC., C.ENG., M.l.E.E., M .  J. ELSDEN, B.SC., M .  w. HJLL, M.SC., C.ENG., M.l.E.E., 

and P . A .  TRUDGETT, B.Sc., M.Sc., PH.D., c.ENG., M.I.E.E.t 

UDC 621.395.2: 621.374 

The U X D5 is a digital-switching telephone exchange designed for use in rural areas. The exchange is intended 
as a replace1ne11t for Strowger Unit Automatic Exchanges at present installed in the UK telephone network. 
Part 1 of this article* gave a general description of the U X D5 design and its application; Part 2 describes the 
syste1n software and operational aspects. 

INTRODUCTION 

Part 1 of this article* gave a general description of the Unit 
Exchange Digital No. 5 (UXD5), which is a digital-switching 
telephone exchange for use in rural areas where telephone 
penetration is sn1all. The UXD5 design is based on the 
Monarch 120 PABX1, and the British Post Office (BPO) 
intend to use the UXD5 as a replacement for the Strowger 
Unit Automatic Exchanges (UAXs) now in service in the UK 
telephone network; in particular, for the replacement of 
UAX12 . 

Description of the systen1 is completed in this article, which 
covers the system software, the interaction of software and 
hardware and the system operation. The system operation is 
described by examining the progress of a local-call connexion 
through the exchange. 

SOFTWARE 

·rhe UXD5 software is based on, and uses, the san1e basic 
structure as that used for the Monarch 120 PABX3• Changes 
were made to the Monarch 120 PABX software to remove 
those facilities not required in a public exchange; the software 
was enhanced to provide the UXD5 with facilities that are 
almost identical to those of a UAX12. 

The basic software structure is shown in Fig. 5; for ease of 
description, no reference is made in Fig. 5 to the use of two 
processors between which the software is split, since this 
feature is aln1ost invisible to a programmer. Initially, the 
software is described as though it works on the main pro­
cessor only. 

Operating System 

The operating system is a program that runs continuously, 
except when stimulated to call and execute other progran1s. 
The operating systen1 exercises overall control of these other 
programs. The operating system is stimulated by either of the 
following signal states: 

(a) Pulses, known as interrupts, are sent to the operating 

t Messrs Ames, Hill and Trudgett are with the Research Depart­
ment, Telecon1munications Headquarters. Mr Elsdcn is with the 
Exchange System Department, Telecommunications Headquarters 

* Ames, J. R. W., et al. UXD5: A Stnall Digital -Switching 
Telephone Exchange for Rural Communities. Part I-General 
Description. POEEJ. Vol. 73, p. 241, Jan. 1981 
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systen1 at regular time-intervals. In the UXDS, these interrupts 
occur at 100 n1s and 8 n1s intervals. The interrupts force the 
microprocessor to stop its current task and execute a fixed 
routine in the operating systen1. This routine contains calls to 
progran1s known as foreground processes. 

(b) Messages are passed to the operating system fron1 
programs that cause the operating system to run other 
progran1s. These niessages comprise a comn1on block of 
n1emory, 8 bytes long, shared by the operating system and the 
sending progran1 (see Fig. 6). To send a 111essage, the block is 
filled with the necessary data, and a call is made to the parti­
cular entry point in the operating system that deals with 
messages. All programs started in this way are known as 
background processes. A background process can be started by 
a niessage from 

{i) another background process, 
(ii) itself, 

(iii) a foreground process, or 
{i11) the operating system (only when the exchange is 

first activated). 

The operating systen1 perforn1s several other functions to 
help in the control of the processes: 

(a) Using the 100 n1s interrupt signal, the operating system 
acts as a real-ti1ne clock and keeps a count of the date and 
tin1e. Any process can obtain the tin1e by sending a special 
message, which is returned by the operating systen1 with the 
date and time appended. 

(b) A time-delay function is incorporated so that any 
process which passes a message to the operating system can 
be restarted after a fixed-tin1e delay. The delay period is set by 
the calling process. 

(c) Messages to each process are queued so that no messages 
are lost during periods of high exchange activity. 

(d) The operating system allocates priorities to each 
background process so that those processes that have a more 
urgent function in the exchange are always run when required, 
to the exclusion of the other processes. 

(e) The faster interrupts are controlled in such a manner 
that they can always interrupt the slower interrupts, but not 
vice-versa. 

(f) The operating system exan1ines all messages and checks 
that they have the correct format; if a format is incorrect, the 
message is stopped and stored in a fault record. 
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The control processes are divided into several groups according 
to function. Any one group can have a maximum of one 
background process, but may have several foreground pro­
cesses running at different intervals. Processes in the same 
group share co1n1non data-areas, so that _data can be saved 
and passed between processes without involving the operating 
systen1. 
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Exchange Scan 

The exchange-scan (XSCAN) process group has elements in 
both foreground and background program areas. The function 
of the XSCAN process is to interface between 

(a) inputs from the signalling-input card, outputs to 
signalling-output card and the time-switch, and 

(b) those processes which perform the telephony functions. 
The foreground XSCAN processes are concerned mainly 

with extracting relevant data from the signalling-input card 
and the sending of messages to the call-processing functions 
when a significant change has occurred. 

The XSCAN process has two foreground processes: 

(a) the slow process (scan 1), which runs every 128 ms 
(16 x 8 ms interrupts) and examines, via the signalling-input 
card, all ports on the exchange each time it runs, and 

(b) the 8 ms process (scan 2), which is split into several 
parts. 

The scan 2 sub-processes run at multiples of the 8 ms 
interrupt (I, 2 and 4) and scan selectively those ports which 
are liable to have fast condition changes; for example, a 
subscriber's line during dialling, a coin-collecting box line 
during the progress of a call when coin pulses can arrive at any 
time, and an incoming junction circuit when idle since, at any 
time, pulses must be detected without delay. The XSCAN 
background process does not scan; its main purpose is to 
handle the output functions from the time-switch or the 
signalling-output card. 

The XSCAN processes are linked by a storage area in which 
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5 bytes of random-access 1ncmory (RAM) are reserved for 
each port on the systen1; these 5 bytes arc known as the 
handler record. The first byte of each record contains the state 
of the relevant port, so that the foreground XSCAN processes 
know which changes from the signalling-input card are 
relevant. The state of the port can be changed by other 
process groups by sending a message to the XSCAN back­
ground process. 

Call Processing 

The call-processing group has only one background process, 
known as call processing (CPRO). The CPRO acts on messages 
from the XSCAN process and controls each individual 
exchange call. 

Associated with the CPRO are data arrays called call 
records. A call record is associated with each call in the 
exchange and contains all the data relevant to that call. Thus, 
when call processing proceeds to a point where it is waiting for 
something to happen (for exan1ple, waiting for a called­
subscriber answer (CSA) condition), it can return to the 
operating system with the re-entry point held in the call 
record. A n1essage to the CPRO which is recognized as 
being fron1 that particular call causes the CPRO to start 
from the point at which it stopped. Thus, call processing is 
run separately for each call and can continue fron1 the correct 
place on re-entry. 

Charge Process 

The charge-process group has members in 3 sections: back­
ground, 128 nls scan (scan 1) and 8 nls scan (scan 2). The 
group controls all 111etering functions in the exchange when 
instructed via n1essages fron1 the CPRO or the XSCAN 
process. 

The 8 nls scan 2 process controls asynchronous serial 
com1nunication channels which instruct the meter control to 
step a nleter. The process also verifies that this has been done 
by receiving back the identical message. Also, by 111eans of 
inputs fro1n the exchange local-call tin1ing equipment, it 
decodes local-call ordinary-subscriber charge ti111ing and 
local-call coin-collecting box charge tin1ing. 

The scan I process 111aintains lists of the calls in progress 
and directs scan 2 to send the appropriate 1neter-control 
signals over the serial channel. The lists are updated and 
checked by the background process in response to messages 
from the CPRO. 

The background charge process is instructed when a call has 
been established and when it is con1pleted. Acting on this 
inforn1ation, the background charge process uses local-call 
ti1ning, unless a n1essage con1cs fron1 the XSCAN process 
indicating that 111etering-over-junction (MOJ) is valid in this 
case. 

lvfai11te11ance and Diagnostics 

The 1naintenance-and-diagnostics process has n1e1nbers in 
3 sections: background, 128 n1s scan 1 and 8 111s scan 2. The 
process works in two n1odes: 

(a) it scans all cards in the exchange regularly to verify, as 
far as is possible, that they are functional, and 

(b) it checks individual cards, under the control of the 
1naintenance staff. 

Under nlode (a), the n1aintenance-and-diagnostics process 
runs at 14 s intervals, carrying out a different test each ti1ne. 
Thus, the whole exchange is tested every fe\V hours, and the 
co111mon-function cards arc tested at regular intervals within 
this period. Under nlode(b), nlessages are sent fron1 the CPRO 
to start a particular test. 

The nlaintenance-and-diagnostics background process is 
given a lower priority than either the CPRO or the charge 
background process; by this means, in a fully-loaded and 
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busy exchange, the operating system can stop the scheduling 
of maintenance and diagnostic functions and can thus prevent 
unnecessary congestion in the system. 

List 

The list process group has processes in the background, 
128 ms scan and 8 111s scan sections. It provides an interface 
to the nlaintenance teletype via a standard CCITTt V24 serial 
link. By means of inter-process messages, the list process is 
instructed to print-out relevant data; it can also pass input 
data fron1 the maintenance teletype to the appropriate 
process. The list process has the lowest priority of any of the 
groups of processes. 

Exchange Configuration Data Base 

All fixed inforn1ation about individual ports on the exchange 
is held in the exchange configuration data base, and the 
inforn1ation can be accessed by any process. The data base is 
copied fron1 a removable read-only nlen1ory (ROM) to a 
battery-backed RAM on initial activation of the systen1. The 
data in the RAM data base can be changed selectively fron1 
the maintenance teletype only after the relevant security 
procedures have been followed. At any tin1e, on instruction 
fro1n the 111aintenance teletype, the RAM data base can be 
copied to a ne\v ROM. 

The types of data held in the data base include: dircctory­
number (ON) to equipn1ent-nu111ber (EN) translations; EN 
to port-type tables; class-of-service (COS) tables; dialled 
number to call-type table (for exan1ple, an STD call if the 
first digit dialled fron1 a subscriber is 0); lists of inco111ing and 
outgoing junctions, and PABX lines (for hunting for a free 
port). There are several nlore tables of data of a nlore 
detailed nature. 

Interworking of the Central Processor Unit and the 
Pre�Processor Unit 

The software is divided between two processors: the central 
processor unit (CPU) and the pre-processor unit (PPU). The 
PPU operates the exchange scan 2, 8 nls sub-process and the 
charge scan 2 process. The code for these processes is on the 
PPU board; accesses to the 111ain backplane data and the 
address buses are necessary only fron1 the PPU \Vhen input, 
output or con1n1on data areas need to be accessed. 

The con1111on <la ta-area is contiguous, and the data types are 
split into two forn1s: those that are written to by either the 
CPU or the PPU, and those that are written to by both 
processors. Data that can be written to by both processors (for 
exan1ple, the handler records, as used by the XSCAN process) 
needs to be protected against errors caused by read-111odifY­
write con1n1ands being atten1pted by both processors sin1ul­
taneously. This protection is provided by using two flags held 
as bytes in the con1n1on data area, so that a processor can 
check the other processor's flag before writing to its own flag 
to signify that it is accessing the data. A final check is 111ade on 
the other processor's flag before proceeding. 

Apart from this protection sequence, progran1 111odules can 
be 111oved freely between the PPU and the CPU. O\ving to 
the li111ited nun1ber of accesses 111ade to the nlain bus by the 
PPU, the CPU is slowed do\\1n by less than 5%. 

Software Overview 

Two progran1111ing languages are used to write the software. 
For the 111ore ti1ne-critical and input/output processes, 
asse1nblcr language is used. This is a set of staten1ents that is 
related directly to the final 111achine code required; therefore, 
the progra1n1ner knows exactly how his progran1 will affect 

t CCITT-lnternational Telegraph and Telephone Consultative 
Con1n1ittee 
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the processor. The foreground processes and the operating 
system are written in assembler language. 

Less ti1ne-critical processes arc written in a high-level 
language called CORAL, which uses English-type statements 
and is therefore easier to understand and \\Titc. The program­
mer does not need to know the machine code that this language 
will produce. The background processes are written in 
CORAL. 

The total software requires 68 kbytes of progran1 code for 
the main processor and 6 kbytes of progratn code for the 
PPU. The CPU also has 16 kbytes of RAM, of which 
l · 5 kbytes are used as a comn1on data area between the two 
processors. There are 2 kbytes of address space reserved for 
input and output functions. 

SYSTEM OPERATION 

To demonstrate the operation of the system, the progress of a 
local-call connexion through the exchange is described; the 
description indicates how the hardware and software com­
ponents of the exchange interact during the progress of the 
call. 

Own-Exchange Call 

The progress of a call through the exchange, fron1 subscriber 
212 to subscriber 202, is now considered. Initially, the 212 
line is in the idle state and is exan1ined every 128 ms by the 
XSCAN process. When the subscriber lifts his receiver the 
change in loop ·status is detected by the line card, and the 
appropriate bits in the signalling input arc changed by means 
of the signalling message strean1, which flows from the line 
card via the shelf multiplexer. On the next 128 ms scan, the 
change in status is noted by the XSCAN process and an inter­
process message is generated to inform the CPRO that line 
212 is originating a new call. The n1essages refer to exchange 
ports by equip1nent nu1nber (EN) rather than by directory 
nun1ber (DN). 'rhc EN represents the physical location of the 
port, and can have any desired DN associated with it by 
n1eans of a DN-EN translation table. 

The progress of the call is indicated in Table I, which lists 
all the inter-process n1essages generated during the call. On 
receipt of the 1nessage froin the CPRO to set the state of line 
212 (stored in the handler record) to dialling enabled, the 
XSCAN process begins to scan the appropriate signalling-in 
Jocation every 8 111s in order to analyse the dialled digits. The 
final n1cssagc in the initial sequence tells the XSCAN process 
(which controls the digital�switch hardware) to connect line 
212 to the digitally-generated dial tone fron1 the tones card. By 
this tin1c, the CPRO has assigned a sn1all area of llAM 

storage (the call record) exclusively to this call. Full details of 
the progress of the call (digits dialled, path �et-up etc.) are 
stored in the call record. The CPRO is therefore able to handle 
a large nun1ber of different calls in turn, since the state of each 
call is rcn1cn1bercd and can be recalled when action is required. 

The first digit (2) is dialled and it is analysed by the 8 111s 
scan. When the inter-digit pause is detected, the CPRO is 
infonncd that a 2 has been dialled. On receipt of this message 
the CPRO fetches the call record, stores the 2, notes that it was 
the first digit dialled and sends a n1essage to the XSCAN 
process instructing it to disconnect dial tone and connect 
silence before storing the modified call record for later use. 

The second digit is analysed and sent to the CPRO, as is 
the third digit. On receipt of the third digit the CPRO is able, 
in this case, to detern1ine the destination of the call. The 
DN-EN table is accessed to find the location of the appropriate 
line circuit in the exchange (in this case the EN is 69); the 
sequence of events is shown in Table I. The CPRO instructs 
the XSCAN process to set the handler-record state of 212 to 
awaiting answer and to n1ark line 202. If line 202 is free, the 
mark will be successful and, on receipt of this message, the 
CPRO instructs the XSCAN process to connect digitally-
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generated ringing tone to line 212, while connecting ringing 
current to line 202. Because the ringing supply is not cadenced 
by the ringing generator, the ringing supply relay is operated 
and released under control of the XSCAN process via the 
signalling-output card to send ringing current immediately on 
line 202; this is followed by the standard public-exchange 
cadence. 

On receipt of called-subscriber answered condition (CSA), 
lines 202 and 212 are connected together via the digital switch 
to allow conversation to take place, and local-call charging 
begins. When the calling subscriber clears, the on-hook 
condition is detected by the XSCAN process via the signalling­
input card; the call path is then disconnected and charging is  
stopped. 

A similar mechanism is used to control other types of call. 
For a call originating from a coin-collecting box, the coin­
and-fee checking function is performed by the processor. In 
this case, the XSCAN process has to control the operation 

TABLE 1 

Messages Produced During a Call from Line 212 to Line 202 

Subscriber Message Process Message 
Action No. 

From To 

Loop I XSCAN CPRO New ca!l originating 
fro1n EN 12 

2 CPRO XSCAN Set state of" EN 12 to 
dialling enabled 

J CPRO XSCAN Connect dial tone to 
EN 12 

2 4 XSCAN CPRO Digit 2 received from 
EN 12 

5 CPRO XSCAN Connect silence to EN 
12 

0 6 XSCAN CPRO Digit 0 received from 
EN 12 

2 7 XSCAN CPRO Digit 2 received from 
EN 12 

8 CPRO XSCAN Set state of EN 12 to 
awaiting answer 

9 CPRO XSCAN Mark EN 69 
10 XSCAN CPRO Mark on EN 69 success-

ful 
II CPRO XSCAN Connect i1111nediate ring 

tone to EN 12 
12 CPRO XSCAN Connect cadenced ring 

tone to EN 12 
13 CPRO XSCAN Ring EN 69 

CSA 14 XSCAN CPRO CSA fron1 EN 69 
15 CPRO XSCAN Connect EN 12 to EN 

69 
t6 CPRO XSCAN Connect EN 69 to EN 

12 
17 CPRO XSCAN Set state of EN 12 to 

busy talking 
18 CPR_O XSCAN Set st ate of EN 69 to 

busy talking 
19 CPRO CHARGE Start charging 

Clear 20 XSCAN CPRO Clear from EN 12 
21 CPRO XSCAN Set state of EN 12 to 

free 
22 CPRO XSCAN Connect silence to EN 

12 
23 CPRO XSCAN Set state of EN 69 free 
24 CPRO XSCAN Connect silence to EN 

69 
25 CPRO CHARGE Stop charging 
26 XSCAN CPRO Clear fron1 EN 69 

Nntr: Equipment number of line 202 is 69 and the equipment number of line 212 
is 12 

CPRO: Call processing 

EN: Equipment number 

XSCAN: Exchange scan 
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of the coin slots and to send a message to the CPRO when a 
coin is inserted. The CPRO controls the duration of the call 
and signals to the XSCAN process to tern1inate the call when 
the call tin1e exceeds that allowed for the 1noney that has 
been inserted. Con1pcnsatory time-allowances are 1nade as 
necessary; for example, for the tiine taken for a coin to fall 
past the slot Jock. Messages are sent to the charge process to 
record the value of the coins used. 

Incon1ing and outgoing junction calls need a separate call 
control mechanism from that used for own-exchange calls. 
Metering-over-junction (MOJ), CSA and backward hold are 
recognized by the XSCAN process from an outgoing junction, 
and trunk-offer (TKO) and ho\Vler controls arc recognized 
fron1 an incoming junction. For outgoing junctions, the 
XSCAN process also needs to know from the CPRO whether 
the call is a nianual-board call, a level-9 call or an STD call, as 
the return and forward signalling requirements can be 
different in each case. The CPRO detects whether the calling 
party releases the call, or if it is backward held. 

Other types of call are catered for; for example, 999 calls, 
faultsman's ringback, test numbers and TKO. The differences 

Book Reviews 

Reliability and !vlai11tai11ability of Electronic Sysle111s. Edited 
by J. E. Arsenault and J. A. Roberts. Pitn1an Books 
Ltd. xiii+ 584 pp. 215 ills. £18·00. 

The requiren1ent for new services and lo\.ver operating costs 
in the telecomn1unications field has resulted in a considerable 
increase in equipment con1plexity and has made great 
demands on those who design, produce, test and plan the 
n1aintenance of a \vide range of systen1s. To carry out these 
functions efficiently, up-to-date infor111ation on the various 
subjects under the broad heading of reliability and niaintain­
ability (R & M) must be to hand. These subjects are covered in 
a number of separate publications, but this book has satisfied 
a long-standing need by drawing together mostly original 
contributions from selected authors \vho are currently engaged 
in using the techniques they describe. This approach can lead 
to obvious differences in the for111 and level o( treat111ent from 
chapter to chapter, but here the effect is niinin1al and the 
result is a comprehensive and readable book suited to design 
engineers and managers as \veil as to reliability analysts. 

The editors have organized the book into three parts: 
General, Reliability and Maintainability; these parts are 
further subdivided into 28 chapters. The division of n1aterial 
between, and the ordering \Vithin, the three parts appears 
so111ewhat arbitrary and, as the articles have been \vritten in 
isolation, there is no cross-referencing. 

Part 1 begins with a chapter on life-cycle costing, an in1port­
ant but neglected topic, and goes on to cover five other 
subjects, including R_ & M 111anagement, design automation 
and a welcon1e contribution on softwear reliability in which 
a strong case is made for top-down design and structured 
programming. In part 2 a brief introduction to the mathematics 
of reliability is follo\ved surprisingly by chapters on thern1al 
design and environmental factors before venturing into fault­
free analysis, reliability testing and a useful introduction to 
sneak-circuit analysis. Part 3, which covers a large amount of 
ground, discusses system design, digital logic simulation and 
testing, sparing and 111aintainability testing. 

It is in the selection and partition of material that the book 
is least successful. Many of the general, rather laboured, 
chapters on management and design could have been sacrificed 
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for all these types of call are catered for by different routines 
within the CPRO. 

CONCLUSION 

The UXD5 has been developed in response to an urgent need 
for a modern systen1 to replace ageing rural exchanges, mainly 
to be found in Scotland. Microprocessor technology has 
enabled the systen1 to be developed as a small but sophisti­
cated stand-alone exchange. Economies have been achieved 
by basing the design on the Monarch 120 PABX, which has 
provided both con11non hardware and a base fron1 which to 
develop the syste111 software. 

The requirement for 2 versions of the UXD5 has been 
identified; the UXD5A, designed as a direct replacement for 
the UAX12, is a 150-line systen1 and the UXD58, being 
designed for both the BPO network and the export 1narket, 
will have a maxin1um of 600 lines together with a range of 
enhanced facilities. Production versions of the UXD5A 
exchanges are scheduled to be available in late 1981; the 
UXD58, which will supersede the UXD5A, is expected 
during 1982. 

to allow a fuller discussion of topics such as reliability growth 
and accelerated life testing. Ho\vever, the overall impression is 
of a useful up-to-date addition to the present lin1ited range of 
R & M books. Those requiring further reading can 111ake use 
of the niany references and the two appendices listing R & M 
docun1ents and books. 

c. L. MONK 

Electronic De11ices. F. R. Connor PH.D. Edward Arnold 
Ltd. ix+ 121 pp. 76 ills. £3·95. 

This book can be described as a very sin1ple guide to electronic 
devices. This ren1ark is in no \Vay meant to undern1ine the 
usefulness of the book, since the text is \vell written and con­
cise, and each device is explained in sufficient detail for the 
needs of the beginner. The book does not, however, treat 
either basic physics or device theory in sufficient depth to 111ake 
it useful as a text for degree-level courses or their equivalent. 
Indeed, without son1e basic knowledge of solid-state physics 
the student could easily be bewildered by the 'Nay certain 
basic principles lacking adequate definition are used to explain 
device phenon1ena. 

After very brief introductory chapters on atomic theory 
and semiconductor theory, the author devotes 111ost of the 
remaining text to covering solid-state devices and vacuum 
devices. However, coverage of flat-panelled display devices 
is inadequate; and discussion of microwave devices and 
integrated circuits is contained in a few pages added as an 
afterthought at the end of the book. 

The typical examination questions and answers which 
supplement the text are one of the good features of the book. 
Apart from helping to put the physics into context, this feature 
should appeal to those students who are not always sure of 
what is required of them in an examination. The book also 
contains unworked problen1s, a short set of references and an 
index. 

R. W. BRANDER 
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System X: The Traffic Generator and Monitor 

P .  M .  ANDREAE, n.sc., c.ENG., M.T.E.E., and P. J. BARRINGTON, e.sc., c.ENG., M.I.E.E. t 

UDC 621.395.34: 621.395.31 

The traffic generator and n7011itor (TGA4) is a purpose-built ite111 of equijnuent, which is installed at the 
switching syste1ns test facility1 at the British Post Office Research Centre, Martlesha111 Heath. The TGM 
provides the exchange under test with a reaUstic traffic load through the telephony inte1face, and provides 
i11for111atio11 e11ab/i11g the quality of service gii'ell by the exchange to be assessed. The TGM is also used to 
find design deficiencies and to 111011itor the effects of 111odificatio11 and 111ai11te11a11ce on an exchange canying 
calls. 

INTRODUCTION 

Design validation tests arc being carried out on Systen1 X 
equipn1ent at the switching syste1ns test facility (SSTF)1• Any 
new versions of software and any significant hard1Nare changes 
are tested prior to their introduction into in-service instal­
lations; the SSTF also provides n1aintenance support and 
back-up facilities for locating obscure faults and easing 
service difficulties. To fulfil this role effectively, specialized 
test equipn1ent has been developed, a niajor iten1 of which is 
the traffic generator and 1nonitor (TGM). 

Test-call senders are widely used for the acceptance testing 
of exchanges. However, they are lin1ited in the nun1ber of 
sin1ultaneous calls they can n1ake, and each one has a low 
tern1ination capacity and is relatively expensive. To enable 
large nun1bers of calls to be 111ade, each call is held for a very 
short ti1ne and thus does not represent the type of telephone 
traffic that an exchange \Vould norn1ally handle. 

For testing purposes at the SSTF, a relatively large 
traffic-generation capacity is required, with the ability to 
generate traffic \vhose characteristics are as near as possible to 
calls in the public switched telephone net\VOrk (PSTN). The 
TGM uses con1puter control to generate a controllable and 
repeatable load on an exchange, and easy-to-use man-machine 
interfaces are provided to give a wide range of facilities to 
the user. 

T\VO TGMs are used in the SSTF: the local exchange TGM, 
which has interfaces for subscribers' lines and junction 
circuits; and the trunk exchange TGM, which has interfaces 
for n1ain network and junction circuits. Although the two 
systen1s are constructed separately, a niodular design results 
in niany parts, both software and hard\vare, being identical 
in both. 

The TGM has been developed by the British Post Office 
(BPO) Systen1 X Development Departn1ent at Martleshan1 
Heath, and both systen1s are now being used as part of the 
progran1n1e for testing the System X exchanges in the SSTF. 

This article describes the facilities of the TGM, and the 
detail of the systen1 design and its operation; it concludes 
\Vith details of a future development. 

BASIC CONCEPT OF OPERATION 

An exchange being tested by the TG M is norn1ally configured 
to niodel a typical exchange in the field, and the TGM sin1u­
lates the traffic pattern of calls into that exchange. A typical 
arrangen1ent for a local exchange is shown in Fig. I; the 
arrangen1ent for a trunk exchange is sin1ilar. Circuits fro1n 
the TGM are grouped into routes and have the appropriate 
signalling systen1s. The TGM is sufficiently flexible to facilitate 

t System X Development Department, Telccomnn1nications 
Headquarters 
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many different types of tests. The traffic characteristics of the 
TGM are defined in the data prepared for the TGM, and 
niay be easily 111odified for particular tests. Also, the level of 
the traffic generated can be controlled dynan1ically throughout 
a test. 

The TGM operates by originating calls on incon1ing 
exchange circuits or subscribers' lines, sin1ulating calls 
fron1 other exchanges or subscribers, and answering calls 
on tern1inating circuits. The responses fron1 the exchange 
are 111onitored throughout a call; the correct response depends 
on the type of call and the signalling systen1 used. 

The implen1entation of the TGM includes a computer, 
which is connected to a nun1ber of n1icroprocessor systems 
controlling calls on individual exchange lines. The Jines are 
either subscribers' lines with 10 pulses-per-second loop dis­
connect (LD) or niulti-frequcncy MF4 signalling, or junction 
or trunk circuits on 30-channel pulse-code niodulation (PCM) 
systems. Signalling on the PCM circuits can be either AC9 
in-band, or time-slot 16 codes for LD, DC2 and ACS 
signalling systen1s. 

A test run is controlled fron1 a con1puter tern1inal in the 
exchange area that prints out inforn1ation on any unsuccessful 
calls as they occur. Con1prehensive details of a run are printed 
on the computer line-printer. 
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FACILITIES 

The facilities offered by the TGM are sumn1arized below by 
outlining the characteristics of the traffic generated, the input 
data required to control the profile of the traffic, the interactive 
commands for controlling the TGM and the reports generated. 

Traffic Characteristics 

Circuits on the exchange under test are grouped into main 
and junction routes, PBX and subscriber lines. The charac­
teristics of the traffic generated on each group n1ay differ. 

The TG M generates Poisson-distributed traffic, with both 
call-interval and call-hold times having negative exponential 
distributions. However, the call-hold tin1es are lin1ited to 
between approxin1ately 20 s and I h, which is representative 
of the traffic encountered in the PSTN. The n1ean of the 
call-interval tin1e distribution for each group is used to 
control the traffic level generated. The traffic can be routed 
to any number of groups, in any proportion, so that son1e 
outgoing routes are busier than others. 

To sin1ulate the variety of calls present in the PSTN, the 
TGM can generate the following types of call: 

(a) an effective call, which is a call that is expected to be 
established, answered and metered, but \Vhich n1ay nicet a busy 
condition; 

(b) a no-answer call, which is similar to an effective call 
except that an ans,ver signal is not sent from the TGM 
terminating circuit; 

(c) an ineffectii'e call, which is a line seizure follo,vcd by an 
incon1plete nun1ber of routeing digits; and 

(d) a false calf, which is a line seizure followed by no 
digits. 

Both the call-type and the out-going group are chosen 
pseudo-randomly for each call generated on an incoming 
group, but in the proportions specified for that group. To 
sin1ulate different exchange types in the existing network, the 
incon1ing circuit within the group can be selected either 
pseudo-randon1ly or sequentially with a fixed start. 

The TGM has available a special facility, known as flood, 
which dramatically increases the calling rate; when it is 
invoked, the call interval and call-hold tin1es are minimized. 

Traffic Profile Data 

The traffic profile data defines the traffic to be generated and 
the exchange configuration. The data includes the following 
inforn1ation: 

(a) tin1ing inforn1ation con1n1on to all groups (for exan1ple, 
pre-sending pause, inter-digit pause, tin1e for called circuit to 
ans,ver, holding times in the event of n1eeting specific super­
visory tones and no-answer calls), 

(b) signalling systen1 used by each 111icroprocessor (for 
exan1p\e, Subscriber MF4), 

(c) circuit numbers contained in each group, 
(d) inforn1ation related to originating traffic on each group 

(for exan1ple, circuit-selection algorithn1 to be used, per­
centage of each call type to be generated, offered traffic and 
n1ean call-hold tin1e for effective calls), 

(e) inforn1ation related to terminating traffic on each 
group (for exan1ple, directory nu1nber of each subscriber's 
line, expected traffic level and n1ean call-hold tin1e), and 

(/) inforn1ation related to traffic flow between groups (for 
exan1ple, percentage of a group's originated traffic to be 
offered to each group, routeing digits, charge bands, received 
digits and alternative groups used by the exchange). 

Interactive Command Data 

Comn1and data, \Vhich is entered by the user in an interactive 
conversational niode, controls the various options available 
in the TGM. Most con1n1ands can be entered at any tin1e 
during a run. There are comn1ands that 

(a) start and stop the TGM, 
(b) control the generation of originating and terminating 

traffic on individual circuits and groups, 
(c) request print-out of circuits generating traffic, 
(d) switch special nionitoring facilities on or off, 
(e) request and inhibit print-outs of various reports, and 
(/) switch flood traffic on or off. 

Reports 

A nun1ber of reports are generated by the TGM to enable 
the performance of the exchange under test to be 1nonitored. 
They are as follows: 

(a) Print-outs in tabular forn1 are provided to give an 
hourly sumn1ary of both required and achieved traffic for 
each route and the subscriber group in use. The tables arc 
output to the line-printer by the TGM at hourly intervals 
throughout the run, or following a user's interactive request 
for an in1mediate print-out. An example of the print-out is 
given in Fig. 2. 

(b) A nun1ber of tin1ing n1easuren1ents are n1ade on each 
effective successful call; the n1easuren1ents record the tin1e 
between seizure of a subscriber's line and receipt of dial tone, 

SUMMARY OF OVERALL ACH!tVEMENT - ORIGINATING SUBS EXAMPLE TG M RUN DATE 07 OCT \980 TIME FRO M 10:38:4 I TO 11:48:41 

GRP 
NO. 

31 
32 
33 
34 
35 
36 

TOTAL 

6 

18 

---- R E OUlRE O---- ACH I EVED --------------------------------

NO. �i Of CALLS ERL MEAN CHT - - - - -SUCC£SSfUL CA L L S---- - - - - - - - - - - f A 1 l E 0 CAL l S------ SUM ERl MEAN 
OF HF INEFf fALSE NO ANS SUM SUB BUSY JUNC BUSY ons OF All CHT 
CCTS E I F N HF All NO. ,, NO. " NO. ,, NO 'o NO. ,, NO ,, NO " CALLS 

8 100 0·350 180 lBO·O 5 83 5 16·667 0·000 0·000 6 0·324 175· l 
7 100 0·300 180 180·0 6 100 6 0·000 0·000 0·000 6 0·354 182· 1 

10 100 0·500 180 IBO·O I I  92 II 0·000 8·333 8·333 12 0·486 152·0 
12 100 0·550 180 180·0 II 100 II 0·000 0·000 0·000 II 0·589 192·8 
15 100 0·700 180 180·0 13 81 13 12·500 0·000 6·250 16 0·635 160·0 

9 100 0·600 180 180·0 10 91 10 9·091 0·000 o·ooo II 0-581 185·3 

61 100 180 180·0 90 fi-452 1·613 3·226 2·969 172-4 
3·000 56 56 62 

GRP NO.: Group number CHT: Call-hold time 
EFF or E: Effective call ERL: Traffic level in exchanges per group 

!NEFF or I: lnetTective call SUB BUSY: Calls meeting l'ngaged lone 
FALSE or F: False call JUNC BUSY: Calls meeting junclion busy condition 

NO ANS or N: No·answer call GOS: Calls failing due lo t:xchange plus those meeting junction busy 

Noll': There are also similar achievement reports for terminating traffic on all subscriber groups, a!l incoming routes and all outgoing routes 

FIG. 2-Example of an hourly achievement report for originating 
traffic on all subscriber groups 
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the tiine taken to switch the call, and the tiine for a clear 
signal to propagate through the exchange. The results of the 
ti1ning nieasurements are output hourly to the line-printer 
and presented as pairs of tables for each measurement. A 
histogran1 table gives the nun1ber and percentage of calls 
\vith times that arc within 11 specified ranges, plus n1ean, 
maxi1nun1 and minin1u1n tin1es. A cumulative distribution 
table gives the percentage of calls \vith times less than 10 
specified values. 

(c) Details of call failures are printed-out on the user's 
teletype in the order in which the faults occur; the data 
is also stored in a pcrn1anent disc file for subsequent 
analysis. The fault report for each unsuccessful call contains 
the following inforn1ation: 

(i) the tin1e that the fault was reported, 
(ii) the expected incon1ing and outgoing circuit and 
group numbers, 
(iii) the digits expected to be sent to the exchange, 
(ii') the digits expected to be received from the exchange, 
(11) the nun1bcr of 1netcring pulses expected, 

(vi) the fault-category nun1bers, and 
(i,ii) any call infonnation that is not as expected. 

(d) The user can nominate up to 40 subscriber circuits to 
be monitored for the duration of a test. When invoked by 
the user at the start of a run, the TGM stores circuit and 
directory nun1bers, a record of the tin1e when the circuit was 
seized, call type, digits sent, the time when the called circuit 
answered and the calling circuit cleared, and the call-hold 
tin1e for all calls originated by the no1ninated subscriber 
circuits. At the end of the run, call details are output in 
circuit nun1ber order to the line-printer. 

(e) At any tin1e during a run, the user can nionitor an 
outgoing route fron1 the trunk exchange for up to 300 calls, 
\vithin the limit of I h. When invoked, for each call terminated 
on the non1inated route, the TGM stores the circuit nun1ber 
chosen and the time the circuit is seized and cleared. l'his 
data is output to the line-printer at the end of the period. 

(/) The nun1bcr of calls offered per rninute is output to 
the teletype at intervals defined by the user. This printing 
continues at a set interval throughout the test run, but it can 
be suppressed or restarted by the user at any time. 

DESCRIPTION OF OPERATION 

The operation of the TG M is functionally split between the 
computer and the niicroprocessors. The principal functions 
of the computer are: 

(a) to provide the n1an-111achine interface for controlling 
theTGM, 

(b) to profile the traffic in accordance with the input data, 
(c) to request the n1icroprocessors to make calls and to 

specify the call paran1eters (that is, the type of calls, the call­
hold tin1e and the digits to be dialled), 

(d) to analyse the data returned by the microprocessors 
about all calls, and 

(e) to compile the various reports. 

The microprocessors control individual calls on up to 
30 circuits, n1onitor their progress, make ti1ning measure-
1nents and report back to the con1puter at the end of each call. 

The traffic profile data is validated and reforn1attcd by a 
progra1n on the coinputer which runs independently of the 
TGM. The output froin the data validation program is 
entered on a disc file, and is used subsequently as input 
for the TGM run. 

When a test run is initiated by the user, the TGM carries 
out the following n1ain tasks before traffic generation can 
start: 

(a) it reads in the reforn1atted traffic-profile data from the 
disc file specified by the user and loads it into core store in 
the form required by the TGM, 
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(b) it loads each 1nicroprocessor with the appropriate 
signalling systen1 software (for cxainple, Subscriber MF4 
or PCM TS16 LO), and 

(c) it loads each 1nicroprocessor \Vi th initial run parameters 
which are cOmn1on to all groups, such as pre-sending pause 
and inter-digit pause tin1cs. 

After con1plction of these tasks, the TOM infonns the 
user that initialization has been co1npleted. The user may 
then, and at any tin1e thereafter, enable traffic generation to 
con1mence on selected groups or circuits. On enabling a 
group, or any circuits within a group, the cotnputcr generates 
call-interval tin1es (CIT) for the nu1nber of circuits that have 
been enabled. The CIT is the tin1e between the end of a call 
and the start of another call. The CIT always relates to a 
group of circuits, and its mean value is a function of the 
number of circuits, niean call-hold time and traffic level 
specified for each group. When a CIT expires, one of the 
circuits in the group is chosen for originating the call by 
using the circuit selection algorithn1 specified by the user. 

The traffic profile data is then used to generate the para1netcrs 
of the call, which are held in a call record and also sent to 
the appropriate 111icroprocessor to originate the call. 

In the case of an effective subscriber's call, the micro­
processor sets up the call by seizing the line and, on receipt 
of dial tone, dialling the required digits and waiting for a 
supervisory tone, such as ringing tone or engaged tone. On 
receipt of ringing current, the tenninating n1icroprocessor 
answers the call after a specified period and inforn1s the 
con1puter that a call cannot be originated on the circuit. Both 
ends of the connexion then exchange their circuit identities, 
using \OOO Hz pulses, for the duration of the call. 

The 1nicroprocessors at each end of the connexion nionitor 
every stage and record the tin1e of various events, such as 
seizure and receipt of dial tone. If either detects an error at 
any stage or if the originating niicroproccssor finds the call­
hold tin1e has expired, one infonns the other over the speech 
path; both microprocessors then clear and report back to the 
computer giving the circuit identity of both ends, and the 
ti111ing and error inforn1ation. In the case of junction circuits, 
the received digits and the nietering inforn1ation arc also 
returned. 

The co1nputer con1pares this inforn1ation with its own 
records to check that the correct circuit answered the call 
and, for junctions, that the metering and received digits were 
correct. If any errors are detected or returned by the 
n1icroprocessors, a fault report is output to the tern1inal 
and to a disc file for subsequent analysis. The con1puter also 
extracts inforn1ation about the call for the hourly timing and 
achieve111ent reports and then clears the ca\1 record. Finally, 
it generates another CIT for the same group of circuits. 

The next CIT to expire for the san1e group causes another 
call to be set up on a different circuit within that group. This 
n1cchanisn1 continues until a user disables traffic generation 
on the group of circuits. 

When a user disables a group, or any circuits within a 
group, the con1puter ignores CITs for the nun1ber of circuits 
that have been disabled. '!'his has the effect of reducing the 
traffic level on the group in proportion to the nun1ber of 
circuits disabled. 

EQUIPMENT 

The TGM consists of a mini-computer which is connected to 
up to 30 microprocessor systen1s; each n1icroprocessor con­
trols calls on up to 30 lines. 'fhc hardware interface between 
the microprocessor and the exchange is known as a line unit. 
At present, there are two types of line unit: one for subscriber 
lines \Vith LD or MF4 signalling, and one for junction or 
trunk circuits that use 30-channel PCM transmission. Ana­
logue junctions are derived fron1 a 30-channel PCM syste1n 
using a standard prin1ary multiplex equipment with the 
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appropriate signalling units. A block diagram of the TGM 
equipn1ent arrangen1ent is shown in Fig. 3. 

The Computer 

The con1puter is a GEC 4070 having an internal core store of 
416 kbytes. The n1ass slorage is four 4·8 Mbyte disc stores 
on two exchangeable and two fixed disc packs. The peripherals 
consist of a paper-tape reader and punch, a 600 lines/inin line 
printer and up to 4 visual-display units or tern1inals. One 
tenninal is located in the exchange area and is used for lhe 
control of a test and the output of fault infonnation as it 
occurs. The line-printer is used for the printing out of reports 
at intervals during a test run. 

The local exchange TGM at the SSTF has the following 
circuits connected to it: 

(a) 300 subscribers' lines, using LD or MF4 signalling, 
(b) 25 incon1ing junctions and 34 outgoing junctions, which 

are routed on three 30-channel PCM systen1s, and 
(c) 13 incon1ing 3-wire junctions and 16 outgoing 2-wire 

junctions, which are derived fro111 one 30 channel PCM 
syste1n. 

The trunk exchange TG M connects 276 incoming and 407 
outgoing circuits via 30 PCM line units. The TGM does not 
use Tep-I H equipment practice, as used in System X, because 
this was not available when the TGM development started. 
The individual parts of the TGM are now described in 1nore 
detail. 

The n1icroprocessor systen1s connect to a 1nicroprocessor 
bus controller in the co1nputer. The controller board connects 
to the norn1al interface of the GEC 4070 con1puter and con­
verts this to a simplified con1n1011 bus for up to 30 nlicro­
processor systen1s via a multiway ribbon cable. The data flow 
to and fro1n individual microprocessors is controlled by star­
connected leads known as denu111d and grant. 

20 

OEMANO/ 
GRANT 

USER 
TERMINAL 

GEC 
4070 

COMPUTER 

SUBSCRIBER'S 
LINE UNIT MICROPROCESSOR 

SYSTEM 
I 

1-----J SUBS�l��BER·s 

30 

MICROPROCESSOR 
SYSlH1 

MlrnOPROCESSOR 
SYSTEM 

30 

PCM 
LINE UNIT 

PCM 
LINE UNIT 

2·04B Mb1t/s 

30 

PCM 
MULTIPLEX 

SIGNALLING 
UNIT 

PCM: Pulse-code modulation 

alGITAL 
jUNCTION 
CIRCUITS 

ANALOGUE 
JUNCTION 

CIRCUll 

LOCAL 
EXCHANGE 

Ti1ning nieasuren1cnts are carried out by a real-tin1e clock 
distributed to all the microprocessors fro1n a central source 
synchronized to the exchange clock. A digital input/output 
board in the co1nputer is used to send a clock reset signal to 
all the n1icroprocessors, which then count clock periods fron1 
the reset signal. Thus the tin1e of occurrence of a particular 
event is the tin1e the clock was reset by the con1puter, plus the 
time elapsed since the reset. 

The Microprocessor System 
The 111icroprocessor system is based on the Motorola 6800, 
an 8 bit parallel microprocessor \.Vith an addressing capability 
of up to 64 kbytes. A systen1 consists of 6 boards, \Vhich are 
114 111111 high by 203 n11n deep, \vith gold-plated edge connec­
tors. T\vo systen1s occupy a shelf in the line-unit rack. T.he 
separate boards of the n1icroprocessor systen1 are used to 
house the follo\.ving: 

(a) the n1icroprocessor and progran1n1able read-only 
memory (PROM), 

(b) randon1-access nien1ory (RAM) (16 kbyte on each of 
2 boards), 

(c) the con1putcr interface, 
(d) the line-unit interface, and 
(e) the tern1inal interface. 

FIG. 3-Block diagram of TGM 

A description of each board follo\.vs; a block diagra1n of 
their intcrconnexion is sho\vn in Fig. 4. 
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l\1icroprocessor and PRO A1 Board 
The microprocessor board contains the MC68BOO n1icro­
processor with its clock and reset circuitry. The 2 MHz 'B' 
version is used because of the large amount of processing that 
has to be carried out in the 10 ms line scanning interval. 
Two 1 kbyte PROMs are mounted on this board; they 
contain the loader program which controls the transfer of 
software from the computer to the microprocessor system 
RAM during initialization. 

RAM Board 
Each RAM board holds sixteen I k x 8 bit RAMs, which 
hold the system program and data. Two boards, giving 
32 kbytes of RAM per system, are norn1ally installed. 

Line-Unit Inte1face Board 
The line-unit interface board buffers the address, data and 
control signals fro1n the microprocessor bus to the line units. 
To simplify the design of the line-unit shelf, part of the 
address decoding is carried out on this board. The real-ti1ne 
clock and clock reset signals are input to this board, where 
they are detected by the n1icroprocessor software. 

Co111puter /11/e1face Board 
The computer interface board controls the transfer of data 
between the con1puters and the microprocessor. The data is 
transferred to or from the RAM using direct men1ory access 
(DMA) in bursts of 4 or 20 bytes. Transfers are initiated either 

by the con1puter or by an individual n1icroprocessor using 
the demand and grant lines. 

Ten11i11al l11te1Jace Board 
To enable the microprocessor software and line units to be 
inonitored a terminal interface board is installed. The main 
component of the board is an asynchronous com1nunications 
interface adapter (ACIA), which controls an RS-232C inter­
face to a VDU or tenninal. The access to the line-unit status, 
RAM or register contents is via a monitor program in 
RAM. 

The Line Units 
Two types of line-unit are in use at present: one for connexion 
to subscribers' lines on a local exchange, the other for con­
nexion to a 30-channel PCM system for trunk or junction 
circuits. 

The Subscribers Line-Unit 
Up to 30 subscribers' line-units are controlled by one micro­
processor. A line-unit carries out the functions of seizing the 
line, pulsing, tone sending and supervisory tone and ringing 
current detection. It also sends and receives the 1000 Hz tone 
used for checking the speech path during a call. Signalling to 
the exchange can be either LD or MF4, as specified in the 
traffic profile data. 

A block diagram of the line unit is given in Fig. 5; a photo-
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FIG. 6-The subscribers line-unit 

graph of the line unit is given in Fig. 6. The board is a double­
height eurocard, 160 mm deep by 233 mm high. The board 
has four main areas: tone receiver, tone sender, micro­
processor interface and line control. The tone sending for the 
MF4 tones and 1000 Hz path check tone uses CMOS bilateral 
switches, controlled by the microprocessor, with the tones 
supplied from a central source on each rack. The tone 
receivers detect the following supervisory tones: 

(a) 350 Hz + 440 Hz (dial tone), 
(b) 400 Hz (number unobtainable, engaged and equipment­

engaged tone) and 
(c) 400 Hz + 450 Hz (ringing tone). 

The line unit has 4 receivers: 350 Hz, 400 Hz, 440/450 Hz 
and I OOO Hz. Their design meets the requirement for 
the simultaneous detection of 350 Hz and 440 Hz, and for 
400 Hz and 450 Hz. Tones from line are fed into a buffer 
ai11plifier and any tones other than 440 Hz or 450 Hz pass 
through a bandstop filter into a limiting amplifier, which 
produces a constant-amplitude output for all input signals 
above a certain level. The square-wave output passes into 3 
active filters which produce a sine-wave output with an 
amplitude dependent on the signal frequency. Each output is 
fed into a detector which produces an output if a tone is 
present for more than 15 ms. Tones of 440 Hz or 450 Hz pass 
through a bandpass filter and then through similar stages 
as the other tones. The microprocessor software analyses the 
tone receiver outputs and determines from the cadence the 
actual tone being received. The line-unit is connected to 
the microprocessor by a peripheral interface adapter (PIA). 

The PCM Line- Unit 
The PCM lin�1unit, controlled by one microprocessor, 
handles calls on 30 circuits on a 2 · 048 Mbit/s PCM system. 
One line-unit occupies half a shelf and consists of 9 double­
height eurocards. It conforms to the standard 30-channel 
PCM format in terms of data rate, signalling capability and 
alarm handling, as used in the BPO network. A previous 
article2 in the Joumn/ has described the 30-channel PCM 
system. 

Signalling information is conveyed as codes in time-slot 16 
(TS 16), or as digitally-encoded pulses of 2280 Hz in the 
speech channel, for AC9 signalling. The path check can be 
either an analogue type, where the circuit identity is encoded 
in pulses of 1000 Hz, or a digital type, where the identity is 
sent as 8 bit codes in the speech channel. The former method 
is used on calls between subscribers' Jines and junction 
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circuits on the local exchange. The latter is used when a call 
originates and terminates on a PCM line-unit; it has the 
advantage of a fast transfer rate with less processing to be 
carried out by the microprocessor. 

The line-unit is divided into two functional areas: the trans­
mit section, which controls the data sent to line; and the receive 
section, which analyses the data received from the line. A 
block diagram uf the PCM line-unit is given in Figs. 7 and 8. 

The digital signal sent to line from the transmit section is 
controlled by a master counter for multi-frames, frames and 
time slots. The frame counter controls the sending of the 
frame-alignment signal in TSO and the TS 16 signalling 
information set up by the microprocessor in the TSl6 RAM. 
During time slots other than 0 and 16, the data sent to line 
in the speech channels is controlled by the time-slot counter 
and the data in the control RAM which, under the control of 
the microprocessor, determines whether tones or path-check 
data should be sent in a particular speech channel. The 
1000 Hz for path check and the 2280 Hz for AC9 signalling 
are stored as samples in a PROM. Samples are selected in 
sequence by the frame counter, which runs at the 8 kHz 
sampling frequency. Additionally, the multi-frame counter 
controls the readout of the 2280 Hz samples from the PROM, 
which is stored as 2285 · 7 Hz to produce an integral number 
of cycles over I 16 frames or 7 multi-frames. The digital path 
check is sent as four 8 bit codes in the appropriate speech 
channel in frames 0, 5, I 0 and 15. These particular frames are 
chosen to ensure that the path check data is not recognized 
as a tone by the receive section. The resulting digital stream 
is converted from 8 bit parallel to serial and then to the 
HDB3 line code. 

The receive section decodes the HDB3 line signal and 
extracts the clock signal. Frame and multi-frame alignment is 
detected and used to control the logic in this section. The 
occurrence of distant system alarms or distant multi-frame 
alignment loss is detected and signalled back to the computer. 
The loss of frame or multi-frame alignment or a high error­
rate at the line-unit causes a similar action. The signalling in 
TSl6 is written into the TSl6 RAM and read by the micro­
processor as part of the call processing. The tone receivers 
are designed for tones generated either digitally in the 
exchange or by the TG M subscriber line-unit tone source. 
The incoming data in each channel time slot is delayed by the 
period of one cycle of each tone to be detected and compared 
with the current data in that channel. A valid comparison of 
5 of the 8 bits, to allow for noise and for tones originating 
from an analogue source, is persisted for 16 ms and is stored in 
the tone detector RAM to be read by the microprocessor. The 
path-check information is stored in the path-check RAM for 
each channel, and its validity is checked by using codes which 
prevent incoming encoded tones being written into the RAM 
and read as path-check data. 

SOFTWARE 

Most of the TGM software on the computer is written in 
CORAL, as implemented on the GEC 4070, but it has been 
necessary to include some Babbage (the GEC 4070 assembler 
language) to handle complex data formats and to maximize 
efficiency in the processing speed. The software resides in a 
specially constructed subsystem within the GEC OS4000 
operating system. The subsystem is split into processes 
dealing with the following functions: 

(a) management of the TGM subsystem, 
(b) man-machine communication, 
(c) data input and initialization, 
(d) call-parameter generation, 
(e) analysis of call data returned from the microprocessors, 
(f) TGM and exchange error handling, 
(g) microprocessor communication, 
(Ii) production of timing and achievement of reports, 
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(i) output of fault reports, 
(j) call-duration and call-interval timing, and 
(k) microprocessor program loading. 

The TGM software, excluding the operating system, con­
sists of 80 kbytes of code and 256 kbytes of data. Most of the 
code and data is core resident to ensure the speed of pro­
cessing necessary for a large test run. 

The microprocessor software is written in Motorola M6800 
assembler language to ensure maximum efficiency in pro­
cessing speed and size; it includes an operating system, caII 
processing software and an on-line monitor. The operating 
system deals with communication with the computer and the 
scheduling of the call processing software to service each line 
every 10 ms. The call processing software is state driven and 

POEEJ, Vol. 74, April 1981 

is split into line status modules for each stage of a caII; 
this software is different for each signaIIing system. There is 
also an on-line monitor·which serv€s as a diagnostic aid to 
access memory and registers. It is norn1ally dormant until a 
tern1inal is connected to the microprocessor. 

For the largest system, the microprocessor software con­
sists of 13 kbytes of code and 12 kbytes of data. 

EQUIPMENT LAYOUT 

Two TGMs are in use at the SSTF: one is used with the local 
exchange and one with the trunk exchange. Both are instaIIed 
in the same area, and the control terminals are located with 
the exchanges. A layout of the area is shown in Fig. 9. 
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The G EC 4070 computer occupies two racks and is situated 
at the end of the suite of racks holding the microprocessor 
systems and line-units. There are two types of racks; one for 
subscriber line-units and the other for PCM line-units. Both 
types are similar and use 483 mm wide shelves in a com­
mercially-available equipment practice. All the equipment is 
mains powered. 

Each subscribers' line-unit shelf holds 15 cards. Two of 
these shelves combine with a microprocessor system to 
provide 30 lines. A set of tone-generator boards at the top 
o f  the rack supplies the MF4 and 1000 Hz path-check tones 
to each of the 60 line units on a rack. The computer and some 
of the line-unit racks are shown in Fig. 10. Six PCM line-units 
and microprocessor systems are mounted on one PCM line­
unit rack to provide 180 trunk or junction circuits. 

The microprocessor shelves are mounted with the back­
plane at the front of the rack and the cards are inserted from 
the rear. The ribbon cable linking the microprocessor systems 
to the conwuter is run along the rear of the racks; it is con-
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FtG. 10-The TGM computer and line-unit racks 

nected to each computer interface board via a connector on 
the end of the board. 

Cables from the line-units to the exchanges are carried 
under the floor to a test jack frame (TJF) for subscribers' 
lines and for analogue junctions and to a digital distribution 
frame (DDF) for PCM circuits. These frames allow the 
testing and interception of circuits. The cables are then 
routed to the exchanges via the SSTF main distribution 
frame (MDF) and the DDF. 

CONCLUSION 

This article has described the facilities, operation and design 
of the TGM, which is now generating traffic to the System X 
exchanges at the SSTF. 

Further development is now proceeding to provide the 
TGM with a common-channel signalling interface. It is 
based on CCITT No. 73 and will enable the TGM to simu­
late telephone traffic between System X exchanges, which 
use direct communication between processors for call 
control. 
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A Computer-Based System for the Design, 
Measurement and Assessment of Telephone Sets 

P .  K. WEBB and J. G. ELLISt 

UDC 621.395.6: 681.3 

Tliis article describes a computer-based system in use at the British Post Office Research Centre for the 
measurement of the electrical and acoustic characteristics of telephone sets, and shows how the measurement 
data is used in a computer-aided network assessment program to determine the objectil'e and subjective 
performance of telephone sets. 

The article, which was first presented at the Institution of Electrical Engineers (IEE) Communications '80 

Conference, Birmingham, is reproduced with the permission of the IEE. 

INTRODUCTION 

The transmission characteristics of a telephone set are designed 
with due regard to the very wide range of telephone con­
nexions that can occur in practice. At one extreme, two 
telephone sets may be separated by only a few metres; at the 
other extreme, the two telephone sets may be at remote 
locations on different continents. The assessment of the trans­
mission performance of a telephone set is based on the degree 
of user satisfaction when it is used on a representative sample 
of practical telephone connexions. 

The first stage in the assessment is the measurement of the 
electrical and acoustic characteristics of a telephone set in 
isolation from other transmission items. The computer-based 
system described in this article is in use at the British Post 
Office (BPO) Research Centre, and it performs these measure­
ments in accordance with CCITT* recommendations. The 
data is stored for subsequent analysis by a program which 
simulates telephone calls and estimates the degree of satis­
faction of the users of each connexion. The program makes use 
of a substantial amount of information on the composition of 
the telephone network, and can simulate calls on a traffic 
basis. The performance of commercial or prototype designs of 
telephone set can be assessed, and the system can also assess 
hypothetical designs described by their electrical and acoustic 
characteristics; in this way, design targets may be derived. 

MEASUREMENT SYSTEM 

Measurements Required 

Four characteristics of a telephone set are measured by the 
measurement system: they are 

(a) the sending sensitivity, 
(b) the receiving sensitivity, 
(c) the impedance presented to line, and 
(d) the impedance for zero sidetone. 

In general, these characteristics are dependent on the line 
current and the frequency. The measurements are therefore 
performed at each of a set of line currents which cover the 
range occurring in the UK telephone network; that is, 
25-100 mA. The line current is provided by a programmable 
DC source so that it can be controlled by the measurement 
program. The current source also provides a high impedance to 
audio-frequency signals. The DC voltage appearing across the 
line terminals of the telephone set is measured for each value 

t Mr. Webb is with the Research Department, Telecommuni­
cations Headquarters (THQ). Mr. Ellis, who was with the THQ 
Research Department, is now with Bell Northern Research Ltd. 
Canada 

* CCITT-International Telegraph and Telephone Consultative 
Committee 
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of line current by means of an analogue-to-digital converter. 
The range of frequencies used extends from 200 Hz to 4 kHz. 
The four characteristics are sufficient to describe a telephone 
set so that its performance on any connexion can be evaluated 
by calculation. 

Artificial Head 

An artificial head has been constructed to enable a handset 
to be clamped in a defined position and orientation relative to 
an artificial mouth. An artificial ear may also be rested on the 
earcap ( see Fig. I). The position and orientation adopted is 
that defined in the CCITT Recommendation P76. This was 
changed at the 1980 Plenary Meeting of CCITT and is now 
known as loudness rating guard ring position. Use has since 

FIG. I-Artificial head 
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been made of vector analysis techniques to si111plify the 
interpretation of the basic definition. Vectors are also used 
to derive din1ensions for the 111achining of the con1ponent 
parts of the head. Alignn1ent gauges arc used to check the 
final assen1bly. 

The head assctnbly is n1ounted on a shaft so that it can be 
rotated to condition carbon 111icrophones in accordance with 
the CCITT Recommendation P75. This facility \Vas included 
so that nlodern designs of telephone sets with linear niicro­
phones could be compared with older designs having carbon 
111icrophones. A stepping nlotor provides the rotation via a 
complient coupling and notched belt drive. The drive elec­
tronics and associated logic circuits control the defined 
sequence of rotations. The logic could have been performed 
by the main processor, but it was decided to construct 
dedicated logic so that it could be used as an independent 
systen1. 

Measurement Equipment 

The measurement equip111ent con1prises a commercial 
synthesizer and network analyser, used in conjunction with 
purpose-built equipment. The purpose-built equipn1ent 
provides the necessary conditions for each 1neasurement and 
consists, prin1arily, of a relay-switching arrangement. All 
equipment is controlled by a desk-top co1nputer, and is there­
fore fully automatic. The test equipn1ent configurations for 
the n1easuren1cnt of each characteristic are discussed below. 

Sending Sensitivity 

The basic arrange111ent for the measurcn1cnt of sending 
sensitivity is shown in Fig. 2. The output amplitude from the 
synthesizer is progran1med for each frequency to give the 
desired sound pressure at the mouth reference point of the 
artificial 1nouth. This is calibrated beforehand using a sn1all 
microphone placed at the mouth reference point in the absence 
of a handset (in accordance with the recommendations of the 
CCITT). The microphone incorporated in the commercial 
design of artificial 1nouth is not used. 

Although the telephone set is terminated in 600 Q for the 
measurement of sending sensitivity, this value of resistance is 
purely arbitrary and, in principle, any impedance could have 
been used. 

Receiving Sensitivity 

The arrangement for measuring the receiving sensitivity is 
shown in Fig. 3. The measurement is straightforward except 
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F10. 2-Block diagram of the arrangement for the measurement of 
sending sensitivity 
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that a correction has to be n1ade to the results because the 
sound pressure produced in the artificial ear does not accura­
tely represent the pressure that would occur in a hu1nan ear. 
Detennination of the correction is difficult as it involves 
n1easuring the pressure produced in a san1ple of hu111an ears. 
Techniques have been developed to detern1ine the correction 
factor and once the correction for a particular design of 
handset is known, it can be used for subsequent n1casure111ents, 
even if the circuit details change. 

Impedance Presented to Line 

The impedance presented to line is nleasured directly by taking 
the complex ratio of the alternating voltage to the alternating 
current at the line terminals, as shown in Fig. 4. 

Impedance for Zero Sidetone 

The impedance for zero sidetone is n1easured by terminating 
the telephone by a processor-controlled variable in1pedance, 
as shown in Fig. 5. An acoustic signal is generated fron1 the 
artificial mouth and the impedance is adjusted until zero 
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F10. 3-Block diagram of the arrangement for the measurement of 
receiving sensitivity 
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sidetone is achieved. This n1easuren1ent is a very tedious task 
if done n1anually, but the auton1atcd systen1 perfonns each 
measure111ent very quickly; a feature only partly due to the 
inherent speed of auton1atic 1neasuren1ents. A very significant 
increase in speed has been achieved by the developn1ent and 
use of a fairly sophisticated convergence routine. 

With each in1pcdance tried by the processor, the sidctone 
path loss is 1neasured; the degree of sidetone suppression is 
then co1nputed by taking into account the sending and receiv­
ing sensitivities. It can be shown that each n1easuren1ent of 
sidetone path loss is sufficient to define a circle in the con1plex 
in1pedance plane on which the in1pedance for zero sidetone 
must fall. The routine con1putes the centre and radius of each 
circle and evaluates the intersection points of t\VO circles. 
Further nieasure1nents are then 111adc to detennine which 
intersection point corresponds with the in1pedance for zero 
sidetone, and to ensure good accuracy. A further increase in 
speed is obtained by 1naking an intelligent guess for the first 
in1pcdance tried at each frequency. This is based either on 
extrapolation fron1 other frequency points or on values 
obtained for another line current. 

The i1npedance for zero sidetone of son1e telephone sets falls 
in the negative in1pedance region at son1e frequencies. When 
this condition is detected by the progran1, n1easuren1ents are 
n1ade with a few purely reactive in1pedance tenninations. The 
in1pedance for zero sidetone is then found fron1 the intersection 
points of the circles resulting fron1 each nieasuren1ent. 

Storage and Output of Results 

The results of nieasuren1ents on a telephone set are stored on 
a floppy disc for subsequent assessrnent. They niay also be 
output to a printer or displayed graphically by an auton1atic 
plotter. 

ASSESSMENT SYSTEM 

Computer Program 

The assessn1ent systen1 is based on a con1puter progran1 
known as co111puter-aided 1e/epho11e network assess111e11t 

progran1 (CATNAP). It is a general-purpose program designed 
for examining transn1ission aspects of all parts of a telephone 
network. Although the program was written specifically to 
complement the telephone set n1easuring system, it has also 
been i1nplementcd on an international computer bureau 
system. CATNAP is being used throughout the world and is 
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proving particularly useful in the transmission design of 
digital PABXs1• 

Calculation of Objective Characteristics 

The user supplies the progran1 with a description of a con1-
plete connexion. The infonnation on the telephone sets at each 
end of the connexion is generally available directly fron1 a file 
on a floppy disc. Information on certain other itcn1s in a 
connexion, such as trans1nission bridges, can also be obtained 
fron1 data files. For son1e ite1ns, the progran1 calculates the 
transn1ission paran1eters fron1 inforn1ation supplied directly 
by the user; for exan1ple, sections of cable are specified by 
their length and distributed paran1eters. 

Fron1 the information supplied on each iten1 in a connexion, 
the progran1 con1putes the overall characteristics by a cascad­
ing process. The principal results are the overall loss in both 
directions and the sidetone-path loss at both ends. These are 
in tenns of the acoustic reference points at niouth and ear. The 
user niay also specify t\VO interface points in the connexion, 
usually at the local exchange or international S\Vitching 
centre. The progran1 con1putes the sensitivities between each 
acoustic reference point and the nearest interface. 

Loudness Ratings 

Up to this point in the assessn1ent procedure, the calculation is 
perforn1ed at each of the set of frequency points; the next 
stage is to convert these figures into n1ore 111eaningful fre­
quency-independent quantities that relate to transn1ission 
planning. Loudness ratings are at present being studied by the 
CCITT; when they becon1e standardized, they will replace 
reference cquivalents2. 

Loudness ratings are 111easures of the relative loudness of 
certain parts of a connexion in tenns of decibels. Like all 
decibel quantities, loudness ratings are relative to an arbitrary 
reference; in this case, they are relative to the loudness of a 
defined reference telephone connexion. The overall and side­
tone loudness ratings are con1puted by the progran1 fron1 the 
frequency-dependent losses. Si111ilarly, the sending and receiv­
ing loudness ratings are calculated fron1 the sensitivities 
between each acoustic reference point and the specified 
interfaces. The sending and receiving loudness ratings are 
particularly useful in exa1nining the regulation of telephone 
sets. 

Subjective Performance 

Although loudness ratings are very useful indicators of 
transn1ission perforn1ance, they do not relate directly to the 
degree of satisfaction experienced by the users of a connexion. 
FactorS' such as circuit noise, roon1 noise, vocal level and the 
interaction between overall loss and sidetone arc not taken 
into account. To provide the necessary inforn1ation, n1any 
subjective tests have to be carried out in \Vhich pairs of sub­
jects converse over a telephone connexion and then express 
their opinion on a scale such as 'excellent', 'good', 'fair', 'poor' 
or 'bad'. The results are scored fron1 4 to 0, and the n1ean score 
for a connexion gives a good 1neasure of its subjective quality. 
By analysing the results of n1any such subjective tests, a 
1nathen1atical n1odel has been developed to predict the 
mean opinion score that would be obtained fro1n a subjective 
test. 

Simulation of Telephone Traffic 

A subjective test in which 12 connexions are assessed would 
take about two weeks to perforn1. The niathen1atical subjec­
tive model, together with the transmission calculation part of 
the progran1, nlakes it possible to assess hundreds of connex­
ions in a fraction of the time. Entering information on so 
many connexions into the progran1 would be impracticable, 
so CATNAP incorporates a method of deriving a suitable set 
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of realistic connexions by sirhulating telephone traffic on a 
Monte-Carlo basis. A telephone set may then be assessed in 
terms of a statistical distribution of performance parameters 
rather than by examining the perfonnance of only a very 
limited number of hypothetical connexions. 

ASSESSMENT OF A TELEPHONE SET 

Sending and Receiving Characteristics 

The regulation characteristics of a telephone set are usually 
exa1nined by plotting the sending and receiving loudness 
ratings against the length of local line. A standard type of 
transmission bridge is included, and a single gauge of cable is 
assumed. This traditional method still proves most useful. An 
example of the regulation characteristics of a measured 
telephone set is sho\VTI in Fig. 6. The CATNAP program was 
used to co1npute the loudness ratings for a set of lengths of 
local line, and the results were automatically plotted. 

Sidetone 

The fact that only one cable gauge is used for examining the 
regulation characteristics of a telephone is of little significance. 
However, when sidetone is to be assessed, it is unrealistic to 
consider only lines composed of one gauge of cable. Infonna­
tion has been obtained on the con1position of a large san1ple of 
local lines in the UK telephone network. The information has 
been stored on a floppy disc so that it may be assessed directly 
by the CATNAP program. Fig. 7 shows an example of the 
cu1nulative distribution of sidetone loudness ratings. 

The results of subjective tests indicate clearly that sidetone 
becomes a very in1portant factor when the overall loss of a 
connexion is high. The distribution shown in Fig. 7 was there­
fore calculated for calls via trunk junction circuits and trunk 
circuits. Information was supplied to the program on the 
statistical con1position of trunk junction circuits in the UK. 
The characteristics of the trunk junction circuits have 
therefore had some influence on the distribution of sidetone 
loudness ratings; other classes of connexion could have been 
specified. 

A graph of the distribution of sidetone loudness ratings is 
not very meaningful on its own; it is much n1ore helpful when 
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comparing two or more telephone sets having similar regula­
tion characteristics. When trying to optimize the design of the 
in1pedance for zero sidetone, the sidetone perforn1ance of a 
number of hypothetical designs may be assessed and a 
realistic target can be set. 

Experience has shown that it is preferable to divide local 
lines into classes according to nominal loss or length. An 
in1provement in sidetone perforn1ance for one class of line 
can give a degraded performance for another class. A compro-
1nise 1nust therefore be reached, with the higher-loss lines 
having some priority. 

Impedance Presented to Line 

The in1pedance presented by a telephone set to line has 
relatively little effect on transn1ission performance. The effect 
of the in1pedance to line on the sidetone of another telephone 
set may be exan1ined by specifying a nun1ber of short con­
nexions. On the computer bureau version of CATNAP, the 
influence that the in1pedance has on the transhybrid loss of 
4-wire transmission systcn1s can be examined. Adequate 
stability margins and echo perforn1an<..:e may then be ensured. 
(It is hoped to implement this facility shortly on the desk-top 
computer version of the progra1n.) 

CONCLUSION 

The n1easuren1ent-and-assessn1ent systen1 is proving very 
useful in the design and evaluation of telephone sets. It has 
been used to establish realistic design targets and to compare 
the performance of practical designs with the targets. It has 
also been possible to take into account the characteristics of 
future digital local exchanges. The system will ensure that 
future designs of BPO telephone sets will meet the require­
ments of the network and give good transinission quality to 
the customer. 
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CJP3: A Computer Aid to Junction Network 
Planning 

A. C .  PUTT, M.I.T.E., T.ENG.(C.E.I.), and R. G. SMITHETT, B.sc.t 

UDC 621.315: 681.31 

The CJP3 syste111 is the first of a new ge11eratio11 of co111puler syste111s used to aid the pla1111i11g and use of the 
British Post Office junction network. This article describes how the basic files of line plant and circuU 
routeing i11fonnatio11 are used to assist in the network pla1111i11g process, in identifying plant shortages and in 
the issue of circuit adl'ices. An outline description is given of other co111puter systen1s that are planned for 
future use and which are based 011 the san1e files as the CJP3 syste111; these later syste111s will produce 
circuit ad11fces and 111ai11tai11 plant utilization records auton1atically. 

INTRODUCTION 

The need for computer assistance in the field of network 
planning in the British Post Office (BPO) junction network has 
been fully described in earlier articles1•2 in this Journal. The 
Con1puter Aid to Junction Planning No. 2 (CJP2) system was 
oriented to the requirements of junction network planners, 
with an additional output for use by circuit provision control 
(CPC) duties. The operational procedures of the CJP2 systen1 
did not ensure that planners and users always proceeded in 
step; a factor which the complex network of the 1970s required 
and the projected network of the 1980s will demand. 

The need to transfer the CJP2 system to a new series of 
computers, owing to n1achine obsolescence, con1bined with the 
results of a series of other feasibility studies into computer 
assistance in the CPC area, gave in1petus to the setting up of a 
study tean1 to look into the problems of bringing the CJP2 
system up to date and of ultimately producing an integrated 
series of junction network systems. 

The first priority was to replace CJP2. This article is 
principally concerned with its successor, known as the CJP3 
syste1n, and lhe files, known as the j1111ctio11 network update 
facility (JNUF), from which the CJP3 system, and all future 
systems, will extract their data. 

JUNCTION NETWORK UPDATE FACILITY 

The basic principle of the new range of junction network 
systems is the use of co1nn1on data files. These files are 
niaintained by the JNUF, which is a con1puter system 
separate from the CJP3 systen1. The function of the JNUF 
is to deal with inputs, data vetting and the printing of file 
outputs. The files contained in the JNUF system are now 
described; the interconnexion of the files is shown in Fig. 1. 

The Plant File 

The plant file lists the engineering details of line plant for 
which the junction network planner is responsible; the file 
continues the nomenclature originated in the CJP2 systen1. 
The line plant is grouped into links(that is, all the plant used to 
interconnect two buildings); the links are subdivided into 
arcs (that is, plant having con1n1on electrical performance). 
Thus, within a link, 24-channel pulse-code modulation (PCM) 
groups, O· 9 mm and 0 · 63 n1m audio cable each form separate 
arcs. Each arc is further sub-divided to show details of individ-

t Transmission Department, Telecommunications Headquarters 
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F1G. 1-Interconnexion of data files 

ual cables, PCM systems, or frequency-division multiplex 
(FDM) groups niaking up the arc. 

The plant types that can be entered on to the JNUF plant 
file have been expanded from those of the CJP2 system. Thus, 
in addition to audio cables and 24-channel PCM groups 
shown on the CJP2 plant file, it has been possible to include 
junction and niain network 30-channel PCM groups, multi­
channel voice frequency (MCVF) telegraph syste1ns, devolved 
FDM systems and many categories of audio cable that the 
planner may wish to separate. Exan1ples of the latter can 
include unusable pairs, faulty pairs, external tie-cables, and 
pairs that are subject to electrical-induction interference. An 
example of plant file content is given in Table 1. 
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TABLE 1 

Example of Plant File Content 

Arc Plant Length Capacity (Channels) Spare Miscellaneous Miscellaneous Miscellaneous 
Link From To Number Type (km) Channels Channels Growth Maximum 

Factor 
Existing 1990 1992 (%) 

6001 BDS SVN 10 30-channel PCM 21 ·45 120 150 180 17 5 5 12 

Note: The p!ant file also contains details of digital line systems used by the arc, and details of the groups making up the arc. 

� m k """' v�'J_,._78 �� m 

=MUX 
I 

E;:,E:-
I 

�ARC� 

------- PCM SYSTEM ARC -

LTE: Line terminal equipment 
.MUX: Multiplex 
PCM: Pulse-code modulation 
ARC: An arc contains plant having common electrical performance 

FIG. 2-Digital transmission hierarchy 

A more extensive treatment of PCM groups is allowed 
within the JNUF and the CJP3 system. All 24- or 30-channel 
PCM groups and telegraph time-division multiplex (TDM) 
systems arc given Unk/arc numbers. The PCM groups are 
routed over one or 1nore digital line sections, and these are 
also identified by arc nun1bers. The digital line sections are 
carried over one or niorc bearer-pair arcs. Hence, there is a 
3-ticr hierarchy, as shown in Fig. 2. Thus, within the PCM 
channel arc, there are references to the digital line sections 
over which the former is routed; similarly the digital line 
sections include references to the bearer-pair arcs. 

The plant file is output in three sections: 

(a) The main part, detailing all audio cable, PCM, FDM, 
and MCVF arcs, together with references to digital line section 
and bearer-pair arcs; 

(b) the PCM supplement, which includes details of PCM 
channel, digital line section and bearer-pair arcs only; and 

(c) the CPC supplement, which is an abbreviated list of 
link and arc numbers, showing details of spare pairs totals, 
pair-numbering details, numbers and types of PCM signalling 
units and, finaily, a list of spare-pair numbers. 

The Routeing File 

The routeing file shows how circuits are routed over a 
Telephone Area's line plant, as defined in the plant file. The 
CJP3 routes may include reference to a number of annual­
schedulc-of-circuit-estimates (ASCE) routes with the same 
transmission and signailing requirements grouped together, 
or to single ASCE components denoted by an ASCE entry 
number (AEN). 

Each route consists of a number of physical paths over 
\Vhich the circuits may be routed; the routeing file contains 
details of the arcs fonning each path and details of the trans-
1nission equipment and signalling type used. 

There are two categories of path: preferred paths and 
111isroute paths. The preferred paths are those over which the 
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planner requires new circuits to grow. A maximum of 7 
preferred paths, each comprising up to 5 arcs in tande1n, 
are allowed. Misroute paths arc merely a record of existing 
circuits that are routed in an unsuitable way, the result 
perhaps of expedient routeing in the past. 

To determine how the circuits are to be allocated to the 
preferred paths, a matrix (known as the pallern) is held in the 
routeing file to show the percentage of circuits to be assigned 
to each preferred path for each year of the review period. 
Modifications may be niade to the allocation of circuits to a 
preferred path by imposing a maximum circuit limitation on 
the path and by controlling the allocation of the excess circuits 
to other preferred paths. In addition, short-term limitations 
may be imposed on specific AEN components for particular 
preferred paths. This is known as the con1ponent path 1naxi­
nuun and enables adjustments to be made for shortages of 
transmission and/or signalling equipment. From the circuit 
quantities of the AEN component(s) assigned to the route, a 
calculation is 1nade of the year-end target for year I of the 
ASCE. This is based on the number of circuits that should 
exist for each AEN component on each preferred path at the 
end of the first ASCE year. The calculation is made by apply­
ing the pattern, which is first modified by any maximum 
circuit limitation and/or designated overflow, and then by any 
component path maximum that may exist. This target is used 
later in the CJP3 for the routeing library output. 

The routeing file also includes details of PCM signalling 
units that are to be used for each AEN component associated 
with the route. An example of the content of a routeing file is 
given in Table 2. 

Computerized Junction Planning ASCE 

The computerized junction planning ASCE (CJPA) is an 
extract of the main ASCE file and holds details of each AEN; 
for example, terminations, levels and circuit quantities for the 
8-year period. The CJPA defines the route to which each AEN 
is assigned, thus creating a linkage between the ASCE and the 
routeing file. 
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TABLE 2 

Example of Routeing File Content 

Routeing Transmission Resistance Path Percentage Link/Arc Repeater Sited Signalling 
File From To Li1nit Limit Nun1ber of Circuits References Type at Type 

Number (dB) (11) on Path (Station on 
code) Path 

1234 BOS SVN 4·5 1500 I 40 5001/10 4-Wire OUL AC9 
2533/ I SVN 

2 50 6001/10 PCM 

3 JO 2531; 3 Negative BDS LD 
2532/ 2 in1pedance 
2533/ I SVN 

Note>: The routeing file also contains details (for each AEN component using the route) or the total existing circuits, the e\isting circuits for each path, year-end targets and 
details or PCM signalling unit types. 

The Regional Parameter File 

The regional parameter file is an incidental file which holds 
information specific to a particular Region; it includes 
details of the order in which the various files and outputs arc 
printed of regional extrapolation years and n1iscellaneous 
growth factors for each Area. 

The Node File 

The node file contains the details of spare transn1ission 
equipn1ent in buildings at which line planl tern1inates. A 
number of exchange units and repeater stations may be 
grouped together within the san1e building complex, and the 
use of node nun1bers enables these to be identified. 

The National Parameter File 

The national para1neter file has no application in the CJP3 
systc1n, but it holds the costings of line plant and transn1ission 
equipment. These enable the- n1erits of expediently routeing a 
circuit to be assessed when the junction net\vork utilization 
systen1 (JUNUS), a future developn1ent, is unable to route 
circuits according to the routeing file. 

In addition to the files within the JNUF, there are t\vo 
national files required in the running of the junction network 
systen1s. These are the ASCE and the exchange and station 
infonnation (FASI) files. 

The ASCE file, which will be described in a future article in 
the Journal, is a document that forecasts circuit require­
n1ents for all traffic routes for the 8-year review period; it is an 
authority for the provision of circuits for the first year. The 
docu1nent is published on niicrofiche annually, and revised 
copies are produced every quarter. 

The EASI file is a list of all exchanges and stations and 
includes all codes and narnes. It has facilities for assigning 
node nun1bers, which are used as a key by the JNUF/CJP3 
systen1s to access the node file. 

The JNUF system is a batch-processing systen1 that uses 
documents fron1 which data capture is by processor-controlled 
keying (PCK). An extensive set of vets and checks result in a 
high degree of 1nonitoring of the data input with, for example, 
reports on inco1npatible plant types on the same path and 
divergence fron1 the established transmission equipment 
planning rules. Facilities for running the syste1n are provided 
by the BPO Data Processing Executive (DPE); at present, the 
JNUF system is being designed to run on the IBM 3300 at 
Hannondsworth, with a n1ajor run being in October/Novem­
ber of each year; monthly updates arc provided throughout 
the year. 

The JNUF is a large system; the files contain some 120 OOO 
arcs and 77 OOO routes, which together describe a network 
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currently providing approxin1ately 1 1nillion public telephone 
circuits and soine 300 OOO private and n1iscellaneous circuits. 

THE CJP3 SYSTEM 

The CJP3 systen1 111akes use of the files processed by the 
JNUF system and provides a nu111ber of outputs, known as 
the plant rel'l·ew, designed specifically for the junction network 
planner, with other outputs to assist in the planning of 
transmission and signalling equipn1ent. In addition, there is an 
output, known as the routeing library, designed for use by 
CPCs to enable junction circuits to be routed in accordance 
\Vith the planner's design, With the extensive data held on file, 
outputs of statistics are also printed to allow Regions and 
Areas to 1nonitor the state of their networks. 

The Plant Review 

The plant review is used by the junction network planner 
to identify line plant shortages and to provide assistance in 
detern1ining the n1ost econon1ical 1neans of overcon1ing the111. 

The wider range of line plant expected to be present in the 
junction network of the future has resulted in the output of the 
plant revie\v being expanded. The output is printed in two 
sections: 

(a) the n1ain section, which consists of arc and link sun1-
n1aries of audio cable pairs, PCM channels, devolved FDM 
groups and MCVF groups; and 

(b) the PCM supplen1ent, \Vhich concentrates on PCM 
channels, digital line sections, bearer pairs and optical fibre 
trans1nission systen1s. 

The planning process consists of applying ASCE circuit 
quantities for each year of the review period to the routes to 
which they are assigned, and dividing these an1ong the prefer­
red paths in accordance with the pattern and any 1naxin1un1 
circuit lin1itation that n1ay apply. The derived circuit quanti­
ties are then applied to each arc n1aking up the preferred path 
and converted into a den1and for audio cable pairs, PCM 
channels etc. according to the constituents of the arc. When, 
for exa1nple, the preferred path is used to provide 4-wire 
circuits, allowance is n1ade so that the den1and is adjusted 
accordingly. 

The arc sum1nary, \Vhich is the bulk of the output, con1pares 
the arc's capacity with the derived den1and. The den1and for 
n1iscellaneous circuits is derived by applying a percentage 
growth factor to the total pairs/channels at present used for 
niiscellaneous circuits. The traffic and 1niscellaneous den1and 
for each year are totalled and con1pared with the arc capacity. 
An arc balance for each year is derived and, when this becon1es 
negative, the arc capacity is said to have been exhausted. In 
this manner, the capacity of each part of the network is 
monitored against the forecast den1and for circuits; thus 
providing a firn1 basis for planning (see Fig. 3). The niisroute 
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NTR CAMELOT AREA PLANT REVIEW LIATE 25112186 
LINK 6001 BRANDS !BOSI - ISVNI SILVEl!STONE 

ARC 10 30 CHANNEL PCM IJI MISC GF 5% MISC MAX 12 YE All HlnlNG J 1 MARCH 
LGTH SP MISC EXTG 1987 1988 

·� CHAN CHAN 
198!1 1990 1991 1992 1993 1994 1995 1997 

2l·45ARCTOTAL I) 5 110 k10 110 k10 k50 150 180 180 180 180 180 
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Arno BENO ROUTEIPATH PTH 
% 
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LINKIARC LINK,'ARC LINKIARC 
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PCM GROUPS USING THIS ARC ARC BALANCE 31 1 1  13 11 17 -4 -16 -41 -70 
801 802 803 804 

HHAUST YEAR 6 
Fie. 3-Planning output 

circuits using the arc are also listed to allo\V the planner to 
consider these circuits when any asscssn1ent is 111ade of the arc. 

When each arc has been output, a link sun1111ary, consisting of 
the totals of all the capacities and den1ands of the audio and 
PCM arcs, is printed. At the end of each Area's print-out, a 
con1prehensive output of statistics is produced. 

A supple1nent to the n1ain plant review for PCM consists of 
arc sun1n1arics for the PCM channels; it is able to follow 
through to derive the demand for digital line sections by 
assun1ing one digital line section for every 24- or 30-channel 
PCM group or part of a group. Sin1i\arly, the den1and for 
bearer pairs can be derived by assun1ing one or two bearer 
pairs per digital line section, according to whether double or 
single cable working is used. 

The plant revie\v is output in its entirety each year in 
October/Noven1ber; facilities exist for individual arc sun1-
111arics to be produced \Vithin the n1onthly updates to the 
JN UF systen1. 

To supplen1cnt the statistics, facilities will be provided to 
allow inforn1ation to be extracted by using the rapid-access 
n1anagen1ent-infonnation syste1n (RAMIS). In this systen1, 
the files are restructured by a special suite of progra1ns to 
allow information to be extracted by interrogation via a 
con1puter tern1inal. This allows inforn1ation to be derived 
and tailored to n1ect the needs of local n1anage1nent. 

The Transmission Equipment Review 

The transmission equipn1cnt review provides inforn1ation to 
assist in the planning of audio transmission equipn1ent. The 
output, produced on a station basis, indicates the den1and for 
transmission equipn1ent for public circuit requiren1ents; to 
this 1nust be added the require1nents arising fro1n n1iscella­
neous circuit dcn1and. 

The output is in t\vo parts: an cquipn1cnt sumn1ary and a 
station su1nn1ary. Fro1n the details held for each path on the 
routeing file, it is possible to calculate the den1and for trans­
n1ission equipn1ent fron1 the ASCE circuits applied to the 
path. Additionally, by the application of the planning rules 
included \Vithin the program suites, the den1and for passive 
equip1nent (for exan1ple, transformers and building-out 
networks) can be derived. 

The equipment sumn1ary lists the equipn1ent types, together 
with the route/path making use of the equipment type, the 
total circuits applied to the route and the derived equipn1ent 
demand over the review period; the intennediate stations on 
the path being considered are also shown. 

The station sun1n1ary lists the total demand for equipment 
types at each station. 

The Signalling Equipment Review 

The signalling equipment review is produced to assist junction 
network planners and to provide information to the exchange 
planner giving details of signalling requirements for the 
junction network over the ASCE years 5-8. An output of 
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sin1ilar fonnat is given to the trunking and grading duty, 
inforn1ing then1 of signalling requirernents for the period up to 
the fifth year of the ASCE. 

The signalling require111ents of each station, subdivided into 
sections of ASCE and direction of circuit, are also outputted 
for the first 5 years of the ASCE. 

Details of test jack fran1e (TJF) and PCM signalling unit 
requircn1ents for each station arc also provided. The basis of 
the inforn1ation for these is the routeing file, and the 
calculations are 1nade by applying ASCE circuit quantities to 
the details of signalling systen1s and PCM signalling units held 
on the file. 

The Routeing Library 

The routeing library is the only output not directed at a 
planning function. Copies of the routeing library are supplied 
to the CPC duties and provide details of all routes authorized 
by the ASCE and controlled by Telephone Areas. The 
routeings are those laid down by the junction network planner 
on the routeing file and, with this inforn1ation, a CPC can 
interpret precisely the planner's requirernents. The routeing 
library is in two sections: each route sho\VS ASCE-rclated data 
followed by the routeing data. 

The ASCE related data shows each AEN co1nponent with 
details of exchange tern1inations and levels, as shown on the 
ASCE, and ASCE circuit forecasts for years 0, l and 2. 
lntcrn1ediate circuit conditions are also shown. The year-end 
target, taken fro1n the routeing file, indicates the nun1ber of 
circuits that should be routed on a path for a particular AEN 
con1ponent by the end of that year. Following the introduction 
of the JUNUS, details of existing circuits for each AEN 
component/path will be output. When a route consists of a 
nun1ber of AEN con1ponents, total circuit quantities are 
calculated for the route. 

The presence of existing circuits on file will also allow the 
existence of n1isroutc circuits to be deduced by co1nparing the 
total existing circuits for the AEN con1ponent with the sun1 of 
existing circuits on the preferred paths. The routeing data 
shows each preferred path for each route in a fonnat closely 
resernbling that of the circuit advice (A886). Each arc is sho\vn 
with the CJ cable, PCM group or FDM group nun1bers 
shown alongside to allow easy reference to cable/group 
appropriation records (A335) for pair/channel allocations. 
Resistance and transrnission loss values, where appropriate, 
are also sho\.vn. Repeater types, together \Vith signalling types, 
are shown at the exchange location. 

Total year-end targets and ASCE forecast figures for the 
preferred paths are brought forward fron1 the ASCE data. 

The routeing library is printed in its entirety during October/ 
Noven1ber each year. Thereafter, whenever the ASCE 
circuit forecasts change during the first two full ASCE years, 
or \Vhcn the planner 1nakes a routeing file change, updated 
pages of the routeing library arc produced auton1atically, so 
keeping the CPC fully informed of changes to the network. 
An exa1nple of a routeing library print-out is sho\vn in Fig. 4. 

POEEJ, Vol. 74, April 1981 
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ROUTE BRANDS IBDS)- (SVNI SILVERSTONE 

ROUTEING FILE NUMBER 03311234 ASCE DATA SECTION 2 

EXTG fOAECASTS-CCTS PATH 1 PATH 2 PATH 3 

BOS SVN CCTS ASCE YA ENDING MR 

+ICP 31 MARCH EXTG TAR- EXTG TAR- EXTG TAR- I T  

123456 1986 1987 1988 1S69 CCTS GET CCTS GET CCTS GET S E  

STGS KlNOM 

l.7 87 90 '°' "0 28 30 43 50 " 20 

" '" 40 50 55 '° '5 '' 25 '" '" 

PCM SIGNALLING CARDS 
30 CHANNEL (INTEGRATED SIGl 

o AlA '" 
' '" "' 

ROUTEING FILE NUMBER 03311234 XMSN LIMIT 4·5 08 LO LIMIT \500 OHMS ROUTEING DATA SECTION 2 

P CIRCUITS-
A YA ENDING OTHER 

T 3\ MARCH S>G XMSN AREA CJJMU CABLE lNGTH LOSS RES RES 

H 19881989 HI; EO. • �EXCHANGE CNTL LINK/ARC NO CAHLEJSYSTEM CODE TYPE KMS 08 OHMS AMP 

45 60 AC9 BOS 

AT KiJOUl 50011!0 HF BOS-DUL 901, 902, 1nH 5.4 '°" 

903, 904, 905. 
906. 

MIW-4 AT @SVN 253311 CJ2345 OUL-SVN NO 2 0.63 NL 5.3 1.21 583 rno 

75 BO BOS 
SVN 6001110 PCM BDS-SVN NDBOl, 802. 30CH 2\.45 

803, 904_ 

30 35 " ANB 50 �BOS "" 
LYO 253113 CJ1235 BDS-l YD ND 2 0.63NL 2 0  0.9 '" 
OUL 253212 MU 301 lYD-OUL N O  t 0.63Nl 3.3 1.49 384 

ANB 50 f.iSVNIA 253311 CJ2345 OUL-SVN NO 2 0.63NL 5.3 238 583 "' 

SYN 2W INTERNAL TIE 

FIG. 4-Routeing library output 

THE FUTURE 

The JNUF and CJP3 systen1s are the first of the new genera­
tion of junction network co1nputer systems. There arc other 
systems at present under development by the BPO which will 
be oriented towards the CPC functions. The first of these 
systems is the junction network utilization system (JUNUS). 

The Junction Network Utilization System 

The JUNUS system consists of two parts, the JUNUS plan 
and the JUNUS routeing stages. The JUNUS plan stage 
provides information to assist in determining a plan of circuit 
provision work for a year, taking into account priority (fron1 a 
service standpoint) and plant availability. The priority will be 
determined by another computer system called the junction 
network priority systen1 (JNPS). Summaries of ASCE require­
ments, line plant and transmission equipment demands will be 
produced to provide sufficient information to allow the CPC 
arbitration exercise to be completed without reference to any 
other documents. 

The routeing stage of the JUNUS system produces circuit 
advice (A886) masters for new public and private circuits. 
When plant utilization record (PURE) becomes available it 
will be possible to provide circuit advices for cessations and 
rearrangen1ents. 

A circuit request will result in the output of a circuit advice 
and, for public circuits, the timing of submission of input will 
be based upon information provided from the JUNUS plan 
stage. Private speech circuits and data circuits will be requested 
by stating the terminal codes. A nun1ber of engineering 
performance specifications (EPS) are catered for and will 
enable out-of-area exchange lines, external extensions, inter­
PBX lines and telegraph circuits to be provided via this system. 

With the introduction of the JUNUS system will come 
on-line data input, where the files can be amended by 
inputting data via a computer terminal at the Region/Area 
level. This will allow day-to-day changes to the files to be 
made. 

The On-Line Plant Allocation System 

The on-line plant allocation No. 2 (OPAL 2) system wil1 come 
into operation at the same time as the JUNUS routeing stage. 
It will be used in conjunction with the JNUF plant and node 
files to provide assistance with the manual routeing of urgent 
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circuits, or those that cannot be routed and designed by the 
JUNUS systen1, identifying the shortest possible routeing 
between two stations. 

The Plant Utilization Record System 

The plant utilization record (PURE) system will hold cable 
pair, PCM and FDM channel appropriation records (A335) 
and circuit advices (A886) details. The appropriation records 
will be used by the JUNUS system to allocate pairs/channels 
to circuits, and will allow records to be updated automatically. 
Additionally, crosschecks between the detail of A335 records 
and A886 advices will be carried out automatically to show 
\Vhen pairs/channels shown as earmarked or working are 
really spare, and the historic A886 records will enable the 
JUNUS to produce circuit advices for rearrangements and 
cessations. 

On-line facilities will enable the information on the A335, 
and A886 files to be viewed on a visual-display unit. 

The Junction Network Priority System 

The junction network priority system (JNPS) will not make 
use of the JNUF, but will predict probable exhaustion dates 
for each route and assign a provision priority indicator based 
on relevant factors; for example, opening-date circuit require­
ments (ODCR). 

CONCLUSION 

The introduction of the JNUF and the CJP3 systems during 
1981 is only the first stage of a fan1ily of computer systems 
designed to aid the planning and efficient usage of the BPO's 
junction network, and to improve the co-ordination of these 
functions. In the next decade, the conversion of the UK trans­
mission network to digital form will result in a more complex 
network, requiring considerable planning and utilization 
resources. The junction network planning systems will give 
assistance and will enable more effective overall control to be 
exercised. 
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A Standard Range of DC Power Supplies for PBXs 
J. T .  BROOKFIELD, D.F.H., c.ENG., M.l.E.E., and M .  K. TRIMBLE, B.Sc., D.M.s.t 
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A standard range of tliyristor-conlrolled rectifiers is now arailable for use with Plvl BXs and P ABXs. This 
article 0111/ines the require111e11ts for the new deFelopu1ent, and describes the design and operation of the 
rectifiers. 

INTRODUCTION 

Most private branch exchanges (PBXs) in the UK operate 
from -50 V DC, but a few older designs of private manual 
branch exchanges (PMBXs) operate from -24 V DC. Until 
recently, the standard British Post Office (BPO) rectifier plant 
available for use with this equipment was defined by perform­
ance specifications only. Although the performance of these 
rectifiers was satisfactory, widely varying electrical designs 
were used by different nlanufacturers. This has given rise to 
installation, maintenance and factory repair difficulties. Be­
cause of the trend towards increased power requirements, the 
disadvantage of being unable to use such rectifiers in parailel 
has become apparent. There is also a need for an automatic 
high-voltage shut-down and recycle facility for battery pro­
tection, and compatibility with the new generation of elec­
tronic PBXs has to be ensured. 

These factors led the BPO to sponsor the development of a 
new and rationalized range of rectifiers, built to a standard 
design. 

DESIGN PHILOSOPHY 

The new range of rectifiers is used in customers' premises, 

and large numbers of the smaller versions are required. Cost 
and reliability are therefore the prime factors considered in 
their design. Since the mean time between failures (MTBF) of 
the units is directly related to the number of components, a 
simple design is essential. It is also important to restrict the 
floor space occupied and to keep any audible noise emitted 
to a minimum. To reduce variety, the new rectifiers have a 
limited number of output ratings, but are capable of working 
in parallel with other units, regardless of manufacturer; a 
standard design for both power and control circuits is there­
fore necessary. The control and alarm circuitry is designed for 
ease of maintenance replacement. 

Most PBX power plants have, in the past, been based on 
the single-battery float arrangement shown in Fig. 1. The 
battery consists of modern high-performance Plante cells, 
which enables battery condition to be checked by visual 
inspection and provides confidence that the required capacity 
is available. To obtain long battery life and minimize main­
tenance attention required, the battery voltage is maintained 

t Energy, Transport and Accommodation D epartment, Tele­
communications Headquarters 
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FIG. I-Single-battery float arrangement 
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between 2·25 V and 2·3 V per cell. The non1inal output 
voltage of the rectifier (used as a battery charger) 1nust there­
fore be 54 V for a 24-cell battery, and 27 V for a 12-cell 
battery. To prevent battery damage, over- and under-voltage 
output alarn1s are incorporated in the rectifier design. The 
new over-voltage shut-down facility provides an additional 
safeguard to prevent possible cell dan1age, and also enables 
the rectifiers to be used to power electronic equipment having 
a restricted input voltage range. 

Customers arc now given the option of foregoing the stand­
by facility provided by the battery under mains failure 
conditions. Rectifiers that can deliver a sufficiently noise-free 
output, without the use of a battery to provide smoothing, 
have therefore been included in the range. 

THE NEW RANGE 

The Electricity Council recon1mend limits to the level of 
harmonic currents that may be drawn from the public AC 
mains supply*. Consequently, rectifiers with outputs of 
100 A DC or more require a 3-phase mains supply. Therefore, 
the new range of rectifiers consists of two basic designs: 
Rectifiers 1 5 I and 152 share the same design, are powered 
from single-phase mains supply, and deliver outputs of 5 A, 
10 A and 25 A DC; Rectifiers 153 are powered from 3�phase 
mains and have output ratings of 100 A and 300 A DC. 
Details of rectifiers currently available are given in Table I, 
from which it can be seen that standard control and alarm 
units have been designed for each range of rectifier. 

The 27 V Rectifier 151 is designed mostly for use with 
PMBXs, but it can be used for transmission plant on cus­
tomers' premises and as a charger for the batteries used to 
start main exchange stand-by engine-sets. 

• Limits for Harmonics in the UK Electricity Supply System. 
The Electricity Council Chief Engineer's Conference, Engineering 
Recommendation 05/3 

TABLE 1 
New Range of Thyristor Rectifiers 

Output (DC) 

Rectifier Mains Input Nominal Maximum Control and 
No. (AC) Voltage Current Alarm Units 

151C/J0 27 v JOA Control Unit 
151C/25 25A 44A 

152C/5 

}'�" 
5A 

152A/JO single- JOA Control Unit 
152A/25 phase 25A 34A 
152E/25 25A 

54 v Control Unit 
153B/JOO } 415 V, JOOA 35A 

3 -phase and 
15JB/300 300 A Alarm Unit 

4 3A 

154A 240 V, 18-140 v 54-9 A Control Unit 
single- 45A 
phase 
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The Rectifier 152 is used as a 54 V battery charger for most 
PBXs, mainly mounted in floor-standing cases, but the 
Rectifiers 152/5 and 151/10 are light enough to be wall 
mounted. Fig. 2 shows the 2 case designs, while the floor­
standing case, shown in Fig. 3, illustrates the strength and 
cheapness of the sheet-steel construction compared with the 
more conventional welded framework, clad with sheet steel. 
The wall-mounting case is a standard one, ensuring inter­
changeability with earlier models. The Rectifier 152E/25 has 
a case designed to match the equipment practice used with 
the PMBX 11. Like rectifiers with a B or D suffix (see Table 2), 
the 152E/25 has an output filter with improved smoothing 
and is therefore capable of working without a battery if 
necessary. 

Rectifiers 153 are designed to be used with up to a maxi­
mum of four connected in parallel (as can Rectifiers 151 and 
152), and are also capable of being mixed in sizes. Fig. 4 

1 • • 
I 

t\ 

FIG. 2-Rectifiers 152A/IO (floor-standing) and 151C/10 (wall­
mounting) 

' 

\ 

FIG. 3-Floor-standing case construction 
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TABLE 2 
Rectifier Suffixes 

Suffix Capable of Use Without a Battery Colour of Case 

A 
B 
c 
D 
E 

No 
Yes 
No 
Yes 
Yes 

� Light Straw 

} Elephant Grey 

shows a suite of three Rectifiers 153 installed in parallel. In 
this installation, since two rectifiers are capable of supplying 
the full PBX load current, the third rectifier provides a 
stand-by for security. 

The basic circuit design of Rectifiers 151 and 152 has been 
utilized to produce a transportable unit, known as the 
Rectifier 154A. This is intended for use as a variable-output­
voltage rectifier to replace faulty plant in customers' premises 
or main exchanges. For simplicity, the description of this 
rectifier is omitted from this article. 

The range has been developed in such a way that, where 
the need arises, rectifiers can be added by combining design 
features of existing versions. This can be done at minimurit 
cost, and without increasing the variety of basic designs in\ 
service. In this way, prototype Rectifiers 152D/5 and 152B/10 
have already been produced as 5 A and JO A rectifiers 
respectively, for use without batteries. 

PRINCIPLES OF OPERATION 

Any voltage-controlled rectifier consists of: 

(a) a power conversion circuit, capable of transforming 
AC to DC and delivering power to the output terminals at a 
voltage level greater than that desired, with the voltage ripple 
smoothed to an acceptable degree; and 

(b) a control circuit, which continuously compares the 

FIG. 4-Suite of three Rectifiers 153B/300 in parallel 
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sensed output voltage and current with a standard represent­
ing the desired output, and adjusts the power circuit so as to 
maintain the output voltage and overload current within 
specified limits. 

standardization, results in a proliferation of circuit designs. 
(b) The Series Transistor Regulator In this technique, the 

energy is lin1ited by a power transistor (or transistors in 
parallel) connected in series in the power circuit. High 
efficiencies are difficult to obtain, and transistor failure can 
result in high output voltage. 

The major components of Rectifiers 151, 152 and 153 are 
shown in block diagran1 form in Figs. 5 and 6, while Figs. 7 
and 8 show the layout of the components. The control circuit 
for Rectifiers 151 and 152 consists of two parts: Part I, a 
single printed-wiring board, fulfils the control and alarn1 
function; Part 2 S\vitches the power circuit, to provide the 
over-voltage shut-do\vn and recycling facility under the 
command of the alarm function. The control and alarm 
functions arc separated in the Rectifiers 153. 1'he control 
circuit consists of four printed-wiring boards: the master 
control (Part I) and one identical slave control for each 
phase (Part 2). The alarn1 function is performed by a separate 
printed-wiring board (Alarn1 Unit 43A), in conjunction with 
a mains contactor. 

(c) Pulse-Width Modulation In this method, rectified AC 
is chopped by a transistor switched-n1ode circuit. The n1ark­
to-space ratio of the resultant waveform can be varied 
according to the sensed output voltage. The waveform is 
transformed, rectified to DC, and sn1oothed to produce the 
desired output. As the power rating of sen1iconductors has 
improved, this technique has become increasingly attractive. 
Its advantages include reduced size, weight and cost of wound 
components. The speed at which the transistors switch results 
in an improved transient response over other designs; that is, 
rapid changes in load current have less effect on the value of 
output voltage. However, at the time when this development 
was begun, the technologies and power con1ponents for this 
forn1 of conversion were not sufficiently well advanced. 

THE POWER CIRCUIT (d) The Thyristor Bridge A thyristor functions as a diode 
that conducts in the forward direction only after a small 
trigger pulse has raised the potential of its gate connexion 
above that of its cathode. Thyristors can be used as compo­
nents in a rectifying bridge fed with AC which, once triggered, 
continue to conduct until the anode potential equals that of 
the cathode (at the end of the AC half cycle). The rectifier can 
be controlled by varying the tin1e in the half cycle at which 
the thyristors are fired. Efficiencies in excess of 90 % at full 
load are possible. The thyristor technique compares favour-

Controlled rectifier designs differ n1ainly in the choice of 
technique used in the power circuit. These techniques include: 

(a) The Transductor This consists of one or nlore ferro­
n1agnetic cores, upon which the 1nain (AC) winding(s) and 
physically separate control (DC) winding(s) are 1nagnetically 
coupled. The application of DC to the control winding varies 
the core flux, thereby changing the rcactance of the main AC 
winding and controlling the flo\v of AC into an uncontrolled 
bridge rectifier. This technique, offering little opportunity for 
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FrG. 7-Rectifier 152A/10 

i 
'"'I 
W"i 

ably with the other methods in terms of cost, and presents 
greater opportunities for standardization of both power and 
control circuitry. As an additional advantage, a suitable 
single-phase thyristor design was among those of the old 
range purchased by the BPO and proved to be reliable. For 
these reasons, thyristor control was chosen for the new range. 

Rectifiers 151 and 152 

The rectifier circuit chosen for use in Rectifiers 151 and 152 
is the single-phase half-controlled thyristor bridge shown 
in Fig. 9. Voltage control over the entire range is possible 
using half as many thyristors as are required in the equivalent 

TRANSFORMER 
TI 

051 052 

053 

FREE­
WHEEl 
DIODE 

FIG. 8-Rectifier 153B/300 

fully-controlled bridge. The use of a freewheeling diode across 
the bridge output provides a path for current to continue to 
flow through the output filter inductors after the thyristors 
have ceased conducting. This prevents destructive reverse 
voltages from being produced. 

Rectifiers 153 

A half-controlled 3-phase thyristor bridge could have been 
selected for use in these larger rectifiers. However, a well 
proven control circuit for the fully-controlled bridge was 
commercially available. Consequently, the arrangement 
shown in Fig. 10 was chosen to shorten development time. 
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FrG. 9-Single-phase half-controlled thyristor bridge (Rectifiers 151 and 152) 
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OUTPUT FILTERS 

The function of the output filter is to sn1ooth the steep-edged 
unidirectional pulses, resulting fron1 the thyristor bridge 
(mostly at 100 Hz), to an acceptable level of ripple at the 
output terminals. This ripple is specified according to a 
weighting scale related to the audion1etric response of the ear, 
to minin1ize the effect of hum on speech circuits. For PBXs, 
this limit has traditionally been set at 2 mV measured psopho­
mctrically weighted. 

The filter consists of a series inductance and parallel 
capacitance. Use of a 2-stage filter, as in the Rectifiers 153, 
gives an overall attenuation equal to the product of the 
attenuation of each stage, thus representing a saving in 
con1ponents over a single-stage filter. These savings are less 
significant for output currents below 100 A, and so a single 
inductance/capacitance arrangen1ent is used in the single­
phasc rectifier design. This has the added advantage of 
reducing the forward response time of the filter, which gives 
a better transient response than the 2-stage filter. 

When batteries are used with rectifiers, they reduce the 
need for expensive filter co1nponents, resulting in a different 
filter design for the A and C coded rectifiers in the range. The 
resistance of the battery and its connexions is low, but the 
reactance can typically be represented by an inductance of 
12 µH. 

The steep switch-on characteristics of thyristors result in 
higher frequency harn1onics than arc present in the output of 
a transductor rectifier. This would usually require a significant 
increase in conventional inductance and capacitance, but a 
novel solution has been incorporated in Rectifiers 151and152. 
A small additional choke, in series with the output, attenuates 
the high-frequency ripple by a factor of 4: 1. The reduced 
conventional filter size represents a saving of about 18 % of 
the rectifier cost. 

SHORT-CIRCUIT PROTECTION 

All the single-phase rectifiers in the new range have the novel 
feature of protection against a full short-circuit across the 
output. The design of Rectifiers 151 was modified for use as 
an engine-set starting-battery charger by selecting bridge 
components and protection fuses capable of handling the 
energy stored in the Hiter con1ponents, together with that 
from a full half-cycle of output into the short-circuit. This is 
assumed to be delivered before the control circuit senses the 
condition and inhibits the output fro1n the bridge. An output 
fuse and spare is no longer required; thus, reliability is 
increased and, for the small single-phase rectifiers, the saVings 
more than cancel the additional cost of the facility. 

THE CONTROL CIRCUIT 

The Voltage Sense Circuit 

Previous rectifiers have sensed the output voltage directly across 
the battery terminals and, in the past, many problems have 
resulted from the disconnexion of these sense leads. In the 
new range, the sense circuit is therefore connected at the 
rectifier output terminals, and the cable size for the rectifier­
to-battery connexion selected to nleet a nlaximum voltage 
drop of 0·5 V. 

The sense circuit consists of a resistance chain, with a 
variable resistance that allows a proportion of the output 
voltage to be compared with a reference voltage derived fro1n 
a Zener diode. The difference is amplified and presented to 
the control circuit as a variable voltage signal, the level 
of which is a function of the output voltage. Early versions 
of sense circuits were often very temperature sensitive, 
but now, to reduce the effects of temperature in the singlc­
phase rectifiers, a 6 · 2 V Zener diode is included in the emitter 
circuit of the sense amplifier transistor. The temperature 
coefficient of the forward-biased junction of the sense ampli-
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fier transistor and that of the reverse-biased Zener diode 
almost exactly cancel each other out. 

Jn this way, the output voltage is closely regulated to within 
±I% of non1inal. Careful setting up with a digital voltmeter 

of sufficient accuracy is therefore essential. 

Current Sense Circuit 

Jn both the single-phase and 3-phase rectifiers, the current 
is n1onitored by n1easuring the voltage drop across a shunt in 
the output circuit. When the current exceeds about 110% of 
full load, the voltage control is overridden and output voltage 
progressively decreased, thereby limiting the current to a 
n1axi1nun1 of about 115 % of full load. This is achieved 
without the need for any adjustments, which was a cause of 
problems in the past. 

In the case of the 3-phase rectifiers, the shunt is also used 
to drive an am1neter. On the single-phase unit, the output 
current can be checked with a standard BPO Meter, Multi­
range No. 12 connected to two sockets that are fed with a 
fraction of the voltage developed across the shunt. 

Thyristor Firing Circuit 

The thyristors in the single-phase rectifiers are triggered into 
conduction by a direct voltage pulse. This is applied by the 
firing circuit to the gate connexion of each thyristor, via a 
bistable circuit changing state at the end of each half cycle. 
The firing circuit works on a ramp-pedestal principle, which 
operates in the following n1anner. The input to the bistable 
circuit is fed by a capacitor, which is discharged at the end of 
each half cycle by a transistor that conducts briefly. During 
the half cycle, the capacitor charges through a resistor. When 
this voltage, offset by the control current from the voltage 
and current sense circuits, reaches a critical voltage, the 
circuit is switched and a pulse is delivered to the appropriate 
thyristor. When the rectifier output voltage is too high, the 
critical voltage is reached later in the half cycle; the firing 
angle of the thyristors is therefore increased, and the rectifier 
output voltage reduced. The reverse occurs when the output 
voltage is too low. Hence, the output voltage is controlled. 

The firing circuit of the 3-phase rectifier works on a different 
principle. Here, the thyristors are fired by pulses derived 
through six pulse transformers fron1 a circuit consisting of the 
conventional transistor analogue of a programmable uni­
junction transistor. The input to this circuit is again fed by a 
capacitor charging through a resistor to a critical voltage. In 
this case, however, the critical voltage at which the circuit 
delivers a pulse is varied directly by the voltage derived fron1 
the voltage and current sense circuits. When the rectifier 
output voltage is too high, the critical voltage is increased, 
the capacitor reaches this voltage later in the cycle, the firing 
angle of the thyristors is increased, and the rectifier output 
voltage reduced. Again, if the output voltage is too low, the 
reverse occurs. 

A soft-start facility is incorporated in both firing circuits to 
prevent surges at switch on, and to allow the output current 
to build up slowly. This is achieved in both cases by a capacitor 
that inhibits thyristor firing until the capacitor is fully charged. 

THE ALARM CIRCUIT 

The alarn1 circuit for both single and 3-phase rectifiers 
provides high-voltage and low-voltage alarn1s when the 
non1inal output voltage varies beyond pennitted limits. 

Additionally, the novel feature of high-voltage shut-down 
is incorporated. If the rectifier output voltage continues to 
rise above the high-voltage alarm value, the rectifier is shut 
down when the voltage reaches a preset lin1it. This is achieved 
by operation of the mains relay in the control unit of the 
single-phase rectifiers, and by operation of the mains con­
tactor of the 3-phase rectifiers. The alarm circuit, which 
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derives its power fron1 a separate transformer fron1 that in 
the power circuit, continues to monitor voltage. As the battery 
discharges and the terminal voltage decreases to a preset 
value below that for the low-voltage alarm, the rectifier 
restores the output. When no batteries are used, this recycling 
can be inhibited by the si1nple inclusion of a link on the alarn1 
circuit. 

The alarn1 circuits for both the single-phase and 3-phase 
rectifiers work on the sa1ne principle. A san1ple of the output 
voltage, derived fron1 a potential divider circuit, is co1npared 
with the voltage developed across a Zener diode. For Recti­
fiers 151 and I 52, a resultant change in voltage of points on 
the potential divider chain switches a series of transistors 
which, in turn, activates the alarn1 relay. For Rectifiers 153, 
the transistors are replaced by two integrated circuits: one a 

series of linear operational atnplifiers, and the other a series 
of NANO gates, together forn1ing a voltage-con1parator circuit. 

This use of logic gates in the Alarn1 Unit 43A has enabled 
a further novel feature to be included in the Rectifier I 53 
range. When rectifiers are operated in parallel, and the output 
voltage exceeds the shut-down li111it, only the faulty rectifier 
is shut down. This is achieved sin1ply by using one additional 
wire to signal to the alann logic the presence of a ripple 
voltage in the output filter when the rectifier is delivering a 

----·----

Book Reviews 

Introduction to Digital Filters. Trevor J. Terrell. Macn1illan 
Press. x -+- 222 pp. 103 ills. Hardback: £13; paperback: 
£5 ·95. 

The field of digital signal processing is gro\ving in iinportance 
because of recent developn1ents in digital integrated circuits, 
microprocessors and digital telecon11nunications. The tech­
niques used in this field arc based on a set of niathc1natical 
niethods which niay be unfan1iliar to 1nany engineers. The 
purpose of this book is to introduce son1e of these techniques 
to readers who arc new to this subject. 

The fir�t chapter of the book introduces the z-transform, 
the sampling thcore111 and the fast Fourier transforn1. The 
reader's understanding of these techniques is facilitated by a 
large number of nu1nerical exan1ples. Chapter 2 discusses the 
design of recursive digital filters; it deals adequately vvith the 
design of digital filters based on analogue prototypes using 
the bilinear transform and in1pulse invariant niethods, but 
does not discuss the use of computer optimization techniques 
in recursive filter design. In chapter 3 non-recursive digital 
filter design is described, but with little discussion of the design 
of decin1ation and interpolation filters or of computer 
optin1ization techniques, in particular the progra1n of Rabiner, 
Parks and McClellan, which is extensively used by designers 
in this field. 

Quantization effects are explained well in chapter 4 with 
numerous worked examples illustrating the theoretical points 
under consideration. Chapter 5 is less satisfactory: it starts by 
describing the distributed arithmetic realization of Peled and 
Liu without reference to other techniques, for example, shift 
and add multipliers or logarithmic arithmetic; this is followed 
by a digression into niicroprocessor operation before the 
implementation of a simple non-recursive filter with micro­
processor is considered. The special purpose microprocessors 
and peripherals now available are not discussed; 1noreover, 
the use of computationally efficient algorithms such as Booth's 
or Canonic Sign Digit Code, and the implementation of the 
fast Fourier transform are all on1itted. 
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load current. Under a high-voltage condition, the alarm 
circuit shuts down the rectifier it controls only if the volts are 
high and ripple voltage is present. Under these conditions, the 
ren1aining rectifiers would have shed load to the faulty one 
with the high output voltage and, consequently, would not 
shut down because no ripple voltage would be present. 

CONCLUSIONS 

Of the new range of rectifiers described in this article, over 
10 OOO Rectifiers 151 and 152, and over 50 Rectifiers 153 are 
now in service on customers' pren1ises. They are used with 
most BPO rental range PBXs, and agreen1ent has been reached 
with the Telecon1n1unication Engineering and Manufacturing 
Association for their use with niany proprietary PBXs. It is 
hoped that the introduction of the new range of rectifiers will 
contribute towards in1proved con1n1issioning and niaintenancc 
perforn1ance by reducing the variety of designs. 
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In sun1n1ary, the strength of this book lies in its elucidation 
of fundan1entals by n1eans of the extensive use of nu111erical 
exan1ples; its \veakness is the son1ewhat idiosyncratic choice 
of material used in the chapters on design and in1plen1entation. 

DR. M. J. CAREY 

('on1puter Logic, Testing and Verification. J. Paul Roth, PH.D. 

Pitman Publishing Ltd. xx -I 176 pp. 54 ills. £15 · 50. 

The developn1ent of any digital syste111 involves three pro� 
cesses: the production of detailed circuit designs; verifi­
cation of these designs to ensure that they are able to carry out 
their intended functions; and the specification of tests that 
can locate potential nianufacturing and other faults in the 
production versions of these designs. Much work has been 
done over the years in developing methods of auto1nating the 
above tasks, and the author of this book is a key worker in 
this field. 

In fact, this book is a compendiun1 of the contributions 
that the author and his colleagues have made to this develop­
ment work. The author's treat111ent of the subjects is highly 
theoretical (in places excessively so) and the book is not, 
therefore, recommended as an introductory text. However, it 
may be of 1nore interest to those readers who are already fam­
iliar with its subject matter. It is well organized and indexed, and 
each chapter has its own short bibliography. Unfortunately, as 
many of the references contained in these bibliographies are 
listed as personal con1munications to the author, they will be 
of restricted use to the reader. The chapters on the D-algo­
rithm are particularly interesting. This is a method which the 
author devised for producing tests for logic networks and 
which is now used as the basis of several autoinatic test gener­
ation systems. The bOok describes not only the basic algorithm, 
but also its extension and use in the area of design verification. 

C. M. MAUNDER 
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System X: Testing of Slide-In-Units 

P. 1. SHORT, M.sc.t 

UDC 621.395.34 

Au10111atic testing of Slide-In-Units (SI Us) is an essential feature of the 111a11ufacture and n1ainte11ance of 
Syste111 X. This article describes the principles of a11ton1atic testing of SI Us and the 111ea11s hy which the 
interchangeability of testing i11fonnatio11 between the Syste111X111a11ufacturers and the British Post Office is 
ensured. 

INTRODUCTION 

Con1prehensive testing at all stages in the manufacture of 
Systein X exchange systems is necessary to n1ini1nize the cost 
of the manufacturing process, while maintaining high opera­
tional reliability. The cost of rectifying faults caused by 
component failures or assernbly defects of the slide-in-unit 
(SIU) at the final system testing stage will be orders of niagni­
tude greater than if these faults were detected at an early stage 
in nianufacture. Testing niust therefore be distributed through­
out the manufacturing process to ensure that as few unde­
tected faults as possible are carried through fro111 one stage 
to the next. Fig. I illustrates the distributed testing strategy 
which is evolving with the developn1ent of System X. 

The need for extensive testing at all stages of the manufac­
turing process dictates that the most efficient test techniques 
be used to n1inin1ize production costs. All stages of testing 
are therefore auton1ated as far as possible. Furthern1ore, the 
scope of application of individual items of expensive auto­
matic test cquipn1cnt is maximized. General purpose auto­
matic testers are therefore used to test niost of the Systen1 X 
SIUs. Special-to-type test equipment is used only where it is 
economically beneficial to do so, or where the general purpose 
tester does not satisfy specific requirements. 

t System X Develop1nent Department, Telecommunications 
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Auto1natic testing of SIUs is not only econon1ically 
desirable, but essential in n1any cases. The increased con1plcx­
ity of designs resulting fron1 the use of niicroprocessors and 
other large-scale integration (LSI) devices demands that a very 
large nun1ber of test patterns be applied to an SIU to ensure 
reliable operation. The only viable method of generating this 
volun1e of patterns is by using progran1n1able auton1atic 
test equipn1ent. For this reason, such equipment is used 
extensively in repair testing of System X SIUs as well as in 
their n1anufaeture. 

AUTOMATIC SIU TESTERS 

All automatic SIU testers used for testing Systcn1 X are soft­
ware progran1mable. All tests, whether specifying digital test 
patterns or analogue stimuli and measuren1cnts, are defined in 
a test progran1. This progra1n is executed by the auto1natic 
tester in such a way that specified test patterns and other 
stin1uli are applied to the SIU, and nieasure1nents arc 1nade 
sequentially in the order defined in the program. The test 
program is designed to exercise sufficiently the SIU so that an 
acceptable level of confidence that the SIU will function 
correctly in its working environn1ent is achieved. 

There are essentially 2 types of auton1atic SIU tester: the 
in-circuit tester and the functional tester. Both types have a 
role to play in the testing of Systcn1 X SI Us (see Fig. 2). 
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F10. I-Integrated testing strategy 
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Fro. 2-An automatic tester 

The In-Circuit Tester 

The essential feature of in-circuit testing is that components 
are effectively tested individually on an assembled SIU. This is 
achieved by .accessing every circuit node on the SIU via a 
bed-of-nails (BON) jig. The BON jig is a matrix of spring­
loaded pins against which the SIU is held under pressure, 
applied either mechanically, pneumatically or by means of a 
vacuum (see Fig. 3). The pins make electrical contact with 
lands or track on the underside of the SIU. 

In-circuit testing was initially developed as a means of 
testing for short circuits, continuity of tracking and for 
correctness of passive component values on assembled SIUs. 
All such tests are essentially simple impedance measurements, 
although guarding techniques are required to eliminate the 
effects of interaction between components. The technique has 
been extended to cover testing of discrete active devices; for 
example, the measurement of transistor gain. Most recent 
developments have enabled in-circuit techniques to be used in 
testing digital integrated circuits. This is achieved by the use of 
node forcing whereby the logical state of the output of a device 
is overriden by the tester to enable the alternative logic state to 
be applied to the input of a device under test. The duration of 
the forced condition is limited to ensure that the reliability of 
devices is not adversely affected by this condition. By using 
node forcing, it is possible to apply test input patterns to a 
device in isolation and to verify the output states against the 
expected conditions. 

In-circuit testers are being used increasingly in the manu­
facturing environment for the following reasons: 

(a) Typical assembly defects can be readily detected and 
diagnosed. In-circuit testing is ideal for detecting short 
circuits caused by solder bridges, incorrect component values 
or types, components incorrectly inserted and for detecting 
predominant types of device failure arising from thermal 
stress in the soldering process. 

(b) The generation of in-circuit test programs is a less 
skilled and time-consuming operation than that required to 
produce a program for a functional tester. The process, which 
is largely automated, requires the programmer to specify only 
limited information about component types, values, location 
on the SIU and orientation. (The tester programming software 
generates the necessary test program from library data stored 
for each component type). 

The scope of utilization of in-circuit testers for testing 
System X SIUs is at present limited because node forcing 
techniques are not approved by the British Post Office (BPO) 
for certain device technologies; in particular, for complemen-
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FIG. 3-A vacuum operated bed-of-nails jig showing a slide-in-unit 
in position 

tary metal-oxide semiconductor (CMOS) devices. These 
constraints derive largely from deficiencies in currently 
available testers regarding control of the parameters of the 
forcing signals. It is expected that improvements in tester 
design and increased knowledge of the effects of node forcing 
on device reliability will allow the benefits of in-circuit testing 
to be fully realized in the future. 

The Functional Tester 

The term f1111ctio11al tester, although in common use, does 
not accurately describe the purpose of this type of test equip­
ment. The term implies that tests are carried out to ensure 
that the SIU performs its designed function. This may be 
interpreted as meaning that the tester simulates the working 
system environment of the SIU. However, in general, this is 
not the case. Rarely is it practicable for the tester to apply all 
the possible combinations of input stimuli to the SIU that may 
be applied in the working system. In many instances, it is also 
not possible to test the SIU at working system speed, even 
though this is a desirable objective. For these reasons, func­
tional testing would be better described as circuit sti11111/atio11. 
The term functional testing is, however, used throughout this 
article. 

The basic principle of functional testing is that stimuli are 
applied to SIU inputs and that the propagation of these 
stimuli through the circuit is monitored at outputs from the 
SIU and at any test points in the circuit. These measured 
responses from the SIU are compared with expected responses 
and a fail condition is registered if there is a discrepancy. 
Unlike in-circuit testing, the SIU circuit is tested as a complete 
entity and the interaction of devices is thereby validated as far 
as possible. 

The object of functional testing of SIUs is to ensure that 
all parts of the circuit are adequately exercised to establish, at 
a high level of confidence, that an SIU will operate correctly in 
its working environment. Because the relationship between an 
input stimuli and its effects on a remote element of the circuit 
may be complex, the generation of a functional test program 
is a time-consuming task requiring specialist skills. This subject 
is discussed in greater detail later in this article. 

Because the scope of in-circuit testing of System X SIUs is 
restricted at present, as described earlier in this article, 
functional testers are required to perform the role that the 
in-circuit tester is expected to assume in the future. In other 
words, the functional tester is required to detect and diagnose 
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assen1bly defects, as well as con1ponent failures. When in­
circuit testing is established as a viable technique, then, 
during manufacture, in-circuit testers and functional testers 
will assun1e con1plementary roles. Those roles will depend 
largely on the yield of the SIU assen1bly process, which is 
itself subject to change through automation. If the yield is 
high, it is possible that the first pass go/110-go test of the SIU 
\viii be perforn1cd by a functional tester and that only failed 
units wiII be passed to the in-circuit tester for fault diagnosis. 
Conversely, a relatively low assen1bly process yield could 
dictate that SI Us be pre-screened by an in-circuit tester before 
functional testing. 

DESIGNING FOR TESTABILITY 

Jt is essential at the SlU design stage that requirements 
imposed by the use of auto1natic test methods are accounted 
for. Certain requirements niust be satisfied if an SIU is to be 
tested with an automatic tester. Other design features are 
desirable to reduce testing time, and hence costs, and to 
sin1plify the task of test progran1 generation. All testability 
requiren1ents are embodied in the hardware design rules for 
Systetn X, which were the subject of a previous article in the 
Journa/1• 

The majority of testability requiren1ents are aimed at 
improving the accessability of circuit nodes to the tester. 
Accessability is necessary to ensure b'oth visible and effective 
control of circuit operation in functional testing. Test points 
need to be provided so that the circuit can be effectively 
partitioned into s1nall entities, ideally individual devices. By 
this n1eans, the propagation of stiinuli fro1n the inputs through 
the circuit is n1ore readily n1onitored, and the task of test 
progran1 generation is sin1plified. Also, because isolation to a 
sn1all group of devices is achieved directly, the fault diagnosis 
process is enhanced. 

Effective control of circuit operation is also desirable to 
sin1plify progran1 generation and to increase the speed of 
fault diagnosis. Specific n1easures are given below. 

(a) A sin1ple and direct means of initializing the circuit is 
provided; all circuit nodes being driven to a known state 
fron1 unpredictable power-up conditions. For example, it is 
not necessary to clock counters or shift registers several 
tin1es to ensure initialization; a direct clear input is niade 
available to the tester where possible. These measures contri­
bute to minimizing test tin1es and test progran1 generation 
costs. 

(b) The facility is provided to replace a clock signal 
provided by an on-board oscillator \Vith a signal from the 
tester. This allows the synchronization of circuit operation to 
other stimuli generated by the tester. 

(c) Feedback paths in the circuit can be interrupted. 
Automatic diagnosis of faults in circuits that include one or 
more feedback path may not be possible if the path is not 
interrupted. 

(d) Isolation of digital and analogue portions of a hybrid 
circuit can be achieved. If the interface between digital and 
analogue circuitry is not accessible to the tester, it n1ay not be 
possible to simulate the digital elen1ent as described later in this 
article. 

(e) Access can be obtained to niicroprocessor and memory 
device control, data and address lines to facilitate adequate 
testing of these complex devices. In particular, it should be 
possible for the tester to disconnect electrically (that is to force 
into a high impedance or tristate condition) any device driving 
a signal line also capable of being driven by one or more 
other devices; for exan1ple, a bus connexion. This action is 
independent of the state of other circuitry and thus allows 
individual devices to be effectively isolated for testing. 

The testability of an SIU is further improved by avoiding the 
use of certain techniques and devices that would give rise to 
testing problems and/or excessive test times. The use of 
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monostable devices and select or adjust-on-test components is 
therefore discouraged. 

Test access to System X SIUs for functional testing is 
provided by nieans of a 1natrix of 80 test lands in addition to 
otherwise unused edge-connector pads. These test lands are 
accessed by the tester through a BON jig. Where possible, all 
essential access for control of circuit operation is 1nade via 
unused edge-connector pads; this practice allows the expensive 
BON jig to be dispensed with in repair testing where increased 
diagnostic tin1e is acceptable. 

THE INTERCHANGE OF TEST PROGRAMS 

At present, all the System X manufacturers are using different 
types of functional SIU testers. It has been ne(.."CSsary there­
fore to define standards which ensure that test programs 1nay 
be interchanged effectively between the manufacturers so that 
an SIU design can be n1anufactured and tested by more than 
one supplier. Test progra1ns are also supplied to the BPO for 
repair testing purposes. 

Two basic standards are needed to interchange test pro­
gran1s: a definition of tester facilities (hardware), and a 
language ih which to write the progran1 (software). 

Test Facilities 

The definition of the facilities required of the tester so that it 
can test Systen1 X SI Us covers the following aspects: 

(a) the nun1bers of digital drivers and sensors required to 
interface \Vith SIU edge connectors and test lands, 

(b) the number of logic fan1ilies (differing drive and sense 
voltage levels) to be sin1ultaneously accon1modated, 

(c) the nun1ber and scope of fixed and progran1n1able power 
supplies required, 

(d) the perforn1ance requiren1ents for analogue instruincn­
tation for voltage, resistance and waveforn1 nieasuren1ents, 

(e) the perforn1ance requirements of analogue instrumen­
tation for waveform generation, 

(/) the capacity for sin1ultaneous interconnexion of instru-
n1entation to the SIU under test, 

(g) operator interface facilities, and 
(h) progran1 tin1ing control requircn1ents. 

The facility requirements have been fonnulated on the basis 
of a knowledge of the technology to be used in Syste1n X 

SIU designs. The object has been to ensure that a tester 
that satisfies these rcquiren1ents will be capable of testing 
n1ost System X SI Us. 

Those SlUs not capable of being tested by the use of a 
general-purpose auton1atic tester satisfying the specified 
requiren1ents will generally require a special test facility. This 
inay con1prise standard test instrun1entation, such as oscillo­
scopes or signal generators, or take the forn1 of a purpose­
built tester. 

As the technology of System X evolves, the tester facility 
requiren1cnts must be revised to keep in step. This process is 
a periodic rather than a continuous activity as it is not viable 
to replace regularly or n1odify test equip1ncnt. The facilities 
requirements must therefore remain stable for a period of 
several years. 

Test Programming Language 

The standard for ensuring interchangeability of testing infor­
mation dictates the use of a high-level, tester-independent 
programming language. The majority of functional testers are 
conventionally programmed in a machine-dependent language 
analogous to the assembly code of a computer system. Test 
programs written in such a language are not generally inter­
changeable between testers of different manufacture. The use 
of a high-level, n1achinc-indcpendent, programming language 
overcomes this problem. Test programs written in such a 
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language can be readily compiled to a specific machine­
dependent form for use on a particular tester. 

The programming language selected for use in writing 
System X SIU test programs is called PROTEST2. This 
language has been developed by the International Telephone 
and Telegraph Corporation (ITT) and its use is well established 
within that organization and its subsidiaries. It was chosen for 
System X work because the collaborating parties have experi­
ence of its use in testing TXE4 SIUs. 

Unrestricted use of the PROTEST language is not in 
itself sufficient to ensure the interchangeability of test pro­
grams. Implementation of a particular test defined in PRO­
TEST is dependent on the availability of the appropriate 
tester facility. The use of PROTEST must therefore be 
constrained so that it accords with the facilities requirements 
described above. For System X SIU test programs, therefore, 
a subset of the full PROTEST language has been defined 
which takes account of the limitation of the range of facilities 
required of a tester. 

THE DIAGNOSIS OF FAULTS 

While the primary object of automatic testing is to verify 
correct operation of an SIU, an effective means of diagnosing 
the cause of failure is also necessary. As will be shown later in 
this article, logic simulation can provide information to 
support this process. 

At the simplest level, this information takes the form of a 
printed fault dictionary. The fault dictionary comprises a list 
of fault signatures, together with the device faults that could 
give rise to a particular signature. A fault signature is a list of 
the logic state variations that are observed at SIU access 
points for a particular test under fault conditions. If an SIU 
fails a specific test, with a knowledge of the access points 
showing incorrect logic states, it is possible to use the fault 
dictionary to predict the likely cause of the failure. Ideally, for 
each fault signature there will be only one possible cause of the 
fail conditions. Replacement of the indicated failing device 
should be sufficient to effect repair of the SIU. However, in 
practice, there will often be more than one possible failing 
device associated with a particular fault signature. One for 
one correspondence can be achieved only if the tester has 
access to all circuit nodes; this is not generally the case. The use 
of an oscilloscope or logic probe may therefore be required to 
isolate the cause of failure. 

Most of the present generation functional testers now 
provide facilities for the automatic isolation of faults. Auto­
matic fault diagnosis is generally achieved by the use of the 
guided probe technique (see Fig. 4). The probing of circuit 
nodes by an operator under tester control allows the tester to 
gain additional access to the circuit, over and above the direct 
connexions. Fault diagnosis using this technique is a multi­
stage process. 

FIG. 4-Automatic fault isolation using guided-probe technique 
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(a) The test program is run against the SIU and, if failing 
conditions are detected, the fault signature is recorded. 

(b) The tester can scan an internally stored fault dictionary 
for a match with the recorded fault signature. If a match is 
found, then the possible failing devices are noted. 

(c) On the basis of this prediction of possible failing devices, 
the tester selects an appropriate circuit node for probing. If 
no prediction is available because a fault dictionary does not 
exist, or no match with the recorded fault signature exists, then 
an access point to the SIU is selected as a start point. 

(d) The operator is instructed to place the probe on the 
selected circuit node and to re-run the test program. The tester 
records the logical activity observed at the node during the 
course of the test program. 

(e) This logical activity is compared with that for a good 
SIU, which is stored internally within the tester, and a pass 
or fail condition recorded for that node. 

(/) On the basis of the pass or fail condition the tester 
decides the next circuit node to be probed, the process 
described in steps (d) and (e) then being repeated. 

(g) The sequence of operations described in steps (d), (e) 
and (J) is repeated until the tester has isolated a device that 
has good input conditions applied to it but which produces 
incorrect outputs. 

It should be noted that the minimum requirement to 
support automatic fault isolation is a database of information 
for the SIU comprising a circuit description and a record of 
good logical activity for all circuit nodes. The circuit descrip­
tion is required by the tester so that, using a suitable algorithm, 
the path by which a fault condition is propagated through the 
circuit can be tracked. The database may optionally include 
a fault dictionary. Although the tester can always work from 
an SIU access point to the failing device, the number of 
probing operations is reduced, along with diagnostic time, if 
a fault prediction can be made. This allows the tester to start 
probing at an internal circuit node which should be closer to 
the failing device. 

The operator may override the automatic diagnostic process 
and control the sequence of probing operations directly. This 
can allow an experienced operator to achieve further reduc­
tions in diagnostic time and also help in the isolation of faults 
that the automatic diagnostic software is unable to pin-point. 

Automatic fault diagnosis is included in the standard 
defining the facilities required for testing System X SIUs. In 
principle, this is of little significance during manufacture as 
the emphasis is on testing SI Us which are expected to be good. 
However, in the repair environment, where the emphasis is on 
testing faulty SIUs, automatic fault diagnosis is an important 
feature of the testers used. The inclusion of a capability for 
automatic fault diagnosis at the production testing stage thus 
allows the same testers and techniques to be used at the repair 
stage. This minimizes development costs and equipment 
variety as well as reducing production costs in the correction 
of faulty units. 

TEST PROGRAM GENERATION 

It was noted earlier in this article that the generation of 
functional test programs is a skilled and time-consuming task. 
The generation of programs for digital SIUs is, however, 
simplified by the use of logic simulation. The simulation of 
logic circuits under fault-free conditions, and with specific 
types of fault applied, provides the test programmer with the 
following information: 

(a) output responses to a given set of input stimuli (this 
removes the need for the programmer to predict such respon­
ses), 

(b) test program effectiyeness in terms of ability to detect 
the simulated faults, and 

(c) diagnostic data to support the manual or automatic 
diagnosis of faults as described earlier in this article. 
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The use of the test generation and simulation (TEGAS) 
logic simulator for design verification has been described in a 
previous article in this Journa/3• TEGAS may also be used for 
fault simulation, as it is capable of simulating stuck at 
conditions on circuit nodes. The stuck at condition implies that 
a permanent logic oNE or ZERO state appears at a circuit node 
for the duration of the test program, regardless of what 
activity occurs under fault-free conditions. Such faults are 
considered to be detectable by a test program if, at some point 
in the program, there is a divergence of the simulated response 
of the circuit (as seen at access points to the SIU) when the 
condition is present, from that simulated without the condition 
applied. 

The TEGAS simulator is being used effectively in the 
generation of test programs for System X SI Us. Although the 
programming interface to TEGAS does not use the PROTEST 
language, a software package has been developed to convert 
the TEGAS output file into the PROTEST format. This has 
further simplified the program generation process. 

Other logic simulators are used for fault simulation of 
System X SIUs. These simulators form an integral part of 
particular test systems and have an advantage over TEGAS 
since a tester compatible database of diagnostic information to 
support automatic fault isolation is readily obtained. Although 

TEGAS does provide diagnostic information to aid fault 
isolation, the information is normally produced in the form of 
a printed fault dictionary used for manual diagnosis. 

CONCLUSION 

Auto1natic testing is an essential feature of the manufacture 
and repair of System X SIUs. This article has described the 
nature of automatic testers and the impact of their use on the 
design of SIUs. The measures required to ensure the inter­
changeability of test programs between manufacturers and the 
BPO have also been outlined. The benefits that derive from the 
use of logic simulation as an aid to test program generation 
have been identified. 
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CANTAT 1 Reaches Design Life: A Pioneer of 
Long-Life Thermionic Valves 

Twenty years ago, in the summer of 1961, the first telephone 
cable between UK and Canada was laid across the North 
Atlantic. It was then known simply as CANTATt but, 
following the provision of a second UK-Canada cable in 
1974, it has subsequently been referred to as CANTAT 1. 

CANT AT 1 was the first transatlantic cable system to use a 
single cable for both directions of transmission, (the two 
earlier cables, TAT I and TAT 2, had used separate cables for 
E-W and W-E transmission). The main ocean crossing of 
some 3700 kin, which was laid by HMTS Monarch, includes 
90 submerged repeaters and has a bandwidth of 240 kHz in 
each direction of transmission; equivalent to eighty 3 kHz 
spaced telephone circuits. It was the first link in the Com­
monwealth round-the-world submarine telephone system. 

CANT AT 1 will reach the end of its twenty-year design life 
this year but it is still functioning perfectly and there are no 
plans to take it out of service-certainly not until after TAT 7 
con1es into operation. 

Much of the success of CANT AT l must be credited to the 
designers and manufacturers of the repeaters and, in particu­
lar, of the long-life thermionic valves they incorporated. The 
announcement of the death of Dr. Gilbert Metson in February 
reminds us of the immense personal contribution that he 

t CANTAT-A New Sub1narine Telephone Cable System to 
Canada. POEEJ, Vol. 54, p. 220, Jan. 1962. 
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made to subn1arine cable engineering which has played such 
an important part in Britain's international communications. 

Dr. Metson joined the British Post Office (BPO) Research 
Station at Dallis Hill after distinguished war service and set 
out to tackle the crucial problem of valve reliability. He 
assembled a small team, commissioned a valve making unit, 
and pursued an intensive programme combining personal 
research into the physics and chen1istry of failure mechanisms 
with nc\\' approaches to materials, quality control and 
manufacturing processes. This was highly successful and led 
to the first submarine cables using valves of Dallis Hill 
manufacture being laid around the UK coast in 1953/4. 
Other systems followed in the late 1950s and the early 1960s, 
including the Newfoundland-Nova Scotia section of TAT 1, 
COMPAC, SEACOM-and, of course, CANTAT 1. 

Gilbert Metson's many contributions are recorded in over 
15 papers for the Institution of Electrical Engineers (IEE) 
which earned him both the Institution medal and a DSc. 
from Queen's University, Belfast. 

Inevitably the valve has been supplanted by the transistor 
and Gilbert Metson in 1966, then Director of Research, was 
amongst those who strongly advocated solid-state technolo­
gies. The pioneering work of his valve group, with its highly 
disciplined approach to the chemistry and physics of in1puri­
ties and the strict regulation of all fabrication processes, was 
the real foundation for subsequent work on highly reliable 
solid-state devices. 
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System X: Subsystems 
Part 8-Maintenance Control Subsystem 

A. T. DANN, s.sc.t 

UDC 621.l95.345.004.5 

This article prol'ides a general introduction to the 1nai11te11a11ce philosophy used on Syste111 );', outlines the 
require111e11ts o.f Sysle111 X exchanges to support the philosophy and defines the dil•faion of' responsibilities 
within the exchange adopted to i111ple111e11t those require111e11ts. It also describes the split of responsibilities 
between the n1ainte11a11ce control s11bsyste111 ( !v!CS) and the s11bsysten1s whose eq11ipn1e11t 11111st be 111ai11tained, 
and gi11es a description of the i\4CS. 

INTRODUCTION 

Previous articles in this series have discussed various aspects 
of n1aintenance on System X. In particular, the articles on 
subsysten1s have discussed their internal n1aintcnance and 
described the mechanis1ns designed into their hardware and/or 
software1• 2 for this purpose, often making reference to the 
niaintenance control subsyste1n (MCS). This article gives an 
overall appreciation of the manner in which Syste1n X 

exchanges are n1aintained and how the MCS fits into the 
scheme. 

MAINTENANCE PHILOSOPHY FOR SYSTEM X 

In the UK network, the basic philosophy for maintenance of 
System X is centralization. While each exchange has a 
stand-alone capability, with local tern1inals supplying a man­
n1achine interface (MMl), it can as an option also be connected 
to the local adn1inistration centre (LAC)3 by a n1essage 
transn1ission subsystem (MTS)2 link. A central information 
handling capability can then be used at the LAC to ensure 
that niaintenance is carried out in the most efficient n1anner3. 
At the LAC, inforn1ation can be received fron1 an exchange, 
and maintenance personnel can gain access to a system fron1 
the LAC via the MTS and the MM!. 

LACs are expected to be provided on a basis of approxi­
n1ately three per telephone area, with at least one nianned at 
any one tin1e, and could cover so111e 150 OOO local exchange 
connexions plus 20 OOO erlangs of trunk traffic. 

Fault Escalation and Fault History Records 

The normal day-to-day n1aintenance procedures are intended 
to be backed up by a full escalation structure, \Vhereby 
elusive or intermittent faults can be referred upwards to 
groups having specialized expertise. Sin1ilarly, off-line fault 
history records will be used to build up a library of historical 
knowledge on fault situations, enabling such techniques as 
fault pattern recognition to be used as a diagnostics aid. 

MAINTENANCE REQUIREMENTS OF SYSTEM X 
EXCHANGES 

To support the niaintenance philosophy, Systen1 X exchanges 
rnust be able to 111eet certain functional requiren1ents on 
maintenance, implying that each exchange niust be able to 
perfonn niaintenance-related activities. Thesi: fall into t\vo 
main categories: handling of faults; and online updating of the 
service or n1aintenance state of the systen1 resources, (a 

t Systen1 X Developn1ent Department, Te!ecomnuinications 
Headquarters 
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resource can be an iten1 of hardware, or a software data 
structure). 

Fault Handling 

A Systen1 X exchange 111ust function norn1ally during a fault 
situation. To do this, the exchange n1ust be able to detect and 
isolate the fault, perforn1 such reconfiguration necessary to 
contain the effects of the fault, and then generate a report and 
any relevant alarm indications, both locally (if manned) and 
at the LAC. The system n1ust also be capable of carrying out 
diagnostic and routining tests on nianual con1mand and, in 
some cases, auton1atical\y. 

Resource State Updates 

The systen1 n1ust preserve, and be able to make, on-line 
updates to the service or maintenance state of the resources 
constituting that systern. This may need to happen both 
automatically (for exan1ple, as a result of a fault occurrence), 
or on nianual comn1and via the MMI. either at the local 
tern1inal or at the LAC. 

Processor Control 

Systen1 X uses a con1bination of overall central processor 
control and distributed n1icroprocessors for localized control 
of certain functions. As explained in earlier articles in this 
series4•5, processors offer a low-cost easily-managed form of 
centralized control. For maintenance purposes, it means that 
processing power is available for functions such as fault 
handling and resource st1te updating. Jn addition, fault 
infonnation and resource data can be held in store and there­
fore be readily available on demand. 

Division of Maintenance Responsibilities within a 
System 

A Systen1 X exchange is 111adc up of several subsystems. These 
are not only functionally separate, but have, in general, been 
developed separately. This had led to the policy that each 
subsystem with internal knowledge is responsible for provid­
ing the n1echanisms for maintaining its own hardware equip­
rnent and resource data. This i1np!ies fault-detection and 
isolation n1ethods, diagnostic routines, and the ability to 
generate and collate fault inforn1ation. A subsystem must also 
be able to niaintain and update secure (duplicated) copies of 
its resource data. 

While it is practicable for each subsystem to supply the 
internal 1nechanis1ns for fault handling, centralized control 
allows niore secure and efficient processing of maintenance/ 
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adn1inistrative actions. The state of systcn1s can be assessed, 
whereas subsysten1s can check only their o\vn unit. There are 
also various explicit aspects of the tnaintenance function that 
rnake centalized control necessary and efficient, as follows. 

(a) To output fault 111cssagcs via the MMI, the sending 
subsystem must hold data relating to tncssage forn1ats. 
Because it is desirable that fault messages are generally of 
fixed format, it is efficient to retain the data in only one area. 

(b) Under overload conditions, the system should shed low 
priority work. Within the 1naintcnance sphere, certain actions 
are considered high priority (for exa1nplc, fault reporting), 
while others, such as routining, are of low priority. It is 
reasonably sin1ple for a centralized control to keep these func­
tions separate, and stop proc,"Cssing on those activities banned 
by the overload level. 

(c) Following a fault, or a den1and froin maintenance staff, 
resource-state changes (updates) n1l1st be n1ade by the syste111. 
For a single update, more than one subsyste1n can be involved; 
for exan1ple, data relating to a single circuit is held by the 
call processing, digital switching, call accounting and, possibly, 
signalling interworking subsyste1ns. To avoid the requester of 
the update having to be aware of all this, and the sequence of 
protocols involved, a centralized control is required. 

Jn reality, the system consists of a hierarchy of interdepen­
dent resources; for example, a circuit depends for its existence 
upon a digital line termination (DLT) and a call processing 
subsystem band (Fig. I). If the system is to be maintained in a 
consistent n1anner, a change of state should not be made to a 
resource within the systen1, without due regard to the state of 
resources that depend upon it (dependent resources), and those 
resources on which it depends (parent resources). These 
dependency hierarchies span 1nore than one subsysten1, so it is 
essential to n1aintain a central database of the structure. 

In the strategy used on System X exchanges, the MCS 
forms the central control and comn1unication link for 
maintenance activities het\veen the subsysten1s and the MMI, 
and thence the staff (see Fig. 2). 

MAINTENANCE CONTROL SUBSYSTEM 

The MCS perforn1s a series of n1aintenance related control 
functions which, in general, arc provided in stored programs. 
The one exception is hardware n1alfunction and alarn1 detec­
tion equipment, which supplies inputs to the MCS software. 
Although a maintenance transaction niay invoke more than 
one function, each function is self contained and, where one 
interacts or con1municates with another (or with an external 
subsysten1), it docs so via a forn1al task interface. A task is an 
8-word 1nessagc6. 

Man-Machine Communications 

Comn1unication with the MMI processes of the operating 
system is achieved by the n1an-n1achine con1n1unications 
(MMC) function. The MMC handles input and output for all 
MCS functions and holds all required forn1at data. 

(a) Input The MMC conducts a dialogue with the MMI 
input process to validate a comn1and and its associated 
parameters, con1piles the input into a con1plete n1essage and 
passes it to the function concerned. 

(b) Output Messages passed across for output arc queued 
in priority order and, subsequently, correctly formatted and 
output via the MMI output process. 

Macro Handler 

The macro handler facility is provided to enable frequently 
used, but complex, n1aintenance activities to be initiated by a 
single cun1mand via lhc MMI. The 1nacro handler expands the 
single command into the con1ponent commands necessary to 
perfonn the overall task. An example is the insertion of a 
resource that has many constituent resources, perhaps in 
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FIG. 2-Communication flow for System X maintenance 

several subsysten1s. 
A macro program is written and stored as a series of inter­

pretive language statements for a unique action/resource 
co1nbination. Language staten1ents facilitate parameter 
checking, manipulation of parameter values, command calls 
to other MCS functions, and output of n1essages, both inter­
mediate and final. The handler normally interprets and imple­
ments these statements sequentially, although iterative proces­
sing of any section of the macro program can be achieved. 
Comn1ands to other functions are sent, and results returned, 
via the MMC function of MCS; the function being called 
treats the coinmand exactly as if it had originated manually. 

Processes 

The MCS is implemented as several software processes6, each 
containing one or more of the functions. Several factors 
influence the grouping, as follows: 

(a) Priority High priority functions, which frequently 
communicate with each other, are generally held in the same 
processes for running efficiency. This helps to ensure that 
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important 1naintenance actions are completed as swiftly as 
possible, even under overload conditions. 

(b) Periodic F1111clions Son1e functions are invoked period­
ically, rather than on demand. It is more efficient to collect 
these functions together. 

(c) Code Size It is in1portant to have process sizes that 
are nianageable and that comply with syste1ns limits. 

If extra facilities are required later, these can be included in 
additional process(es) without undue effect on the rest of the 
MCS. 

Central to each process is the process manager, which 
controls scheduling and steering of tasks, as well as providing 
various utility facilities (for exan1ple, task passing and data 

LEVEL 

A 

B x 

securing) for the functions within the process. c 

Technology Independence 

Because the MCS controls maintenance actions on systems 
resources in a purely functional sense, the technical details of 
carrying out that action are hidden fron1 the MCS. Thus, the 
MCS is considered to be independent of technology. Changes 
to other subsysten1s, resulting fron1 improved techniques or 
enhanced technology, \viii be reflected in the MCS only by 
possible changes to data tables. 

For sin1ilar reasons, the MCS functional design is largely 
common for all systen1 types. Differences in the resource 
structures of systems can be absorbed in the data tables 
con1piled for a particular installation. 

DESCRIPTION OF MCS FUNCTIONS 

The MCS consists of several self-contained functions, and the 
following paragraphs describe each of these, any interactions 
being mentioned where appropriate. 

Resource Management 

The function of resource n1anagement is to control and co­
ordinate the sequence of actions required of subsystems, or 
other MCS functions, in order to update the state of resources 
in a consistent manner. Resource management may receive 
requests for updates fron1 maintenance staff via the MMI, or 
fron1 another MCS function. 

Each update is performed with reference to the resource 
hierarchy, held as a database within resource management. 
The database portrays not only the hierarchical structure, but 
holds the logical relationships that bind the dependencies; for 
example, a circuit is dependent upon a DLT and a band of the 
call processing subsystem, whereas a DLT depends upon the 
presence of only one or other of the duplicated tin1e switch 
planes (see Fig. I). 

Other logical dependencies have been identified; for 
example, mutual dependency. Because of these relationships, 
when the state of a nominated resource is to be changed, the 
state of the parents must be consistent with the change, and 
the states of its dependents may have to change to n1aintain 
consistency of the system. 

The possible states that a resource niay hold are conceptuaily 
graded in levels. The lowest level is not equipped and the 
highest level is in service to 11on11al traffic. In general, the MCS 
applies the rule that a resource may not hold a state that is 
higher than that of its parents; for example, a circuit may not 
be in serl'ice if its parent DLT or central processing band is not 
equipped. 

To complete an update request, resource management must 
perform two functions: validating against the resource 
hierarchy; and co-ordinating the execution of changes to 
maintenance states. To carry out the validation, resource 
managen1ent must obtain the identities and state of the 
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If X is to be updated from out-of"servicc state to in-service stare; 
(i) resource management checks that resources at level A are both in service by 

making parent requests to ascertain their identities and states; 
(ii) resource management propagates down the hierarchy by making dependent 

reriuests lo level D: and 
(iii) any resources dependent on X. marked dependent-out-of-service, are placed 

in service. 

F1G. 3-Examplc of procedure for updating state of resource 

parents and/or dependants of the target resource, which it 
does by parent/dependant identity requests to the subsystem 
that owns the resource. 

The validation algorithm is iterative such that resource 
managen1ent propagates down the hierarchy until it reaches 
either the lowest level resources in the branch, or a logical 
function that indicates that no further propagation is neces­
sary. It then returns back up the tree, performing the necessary 
updates to the dependants to put the1n in a state consistent 
with the original request. Finally, the nominated resource is 
updated and 'the transaction is completed. Fig. 3 illustrates the 
procedure. 

Fault Management 

Fault management provides the central control for dealing 
with faults that occur within the system. The function basically 
can be considered as two major areas: 

(a) fault handling and reporting, and 
(b) fault clearance. 

FAULT HANDLING AND REPORTING 

All detected faults occurring throughout the system are 
reported to fault management, where the report is analysed 
and appropriate actions taken. The actions vary according to 
the category of report, which might be any one of the follow­
ing: 

(a) hardware fault report, 
(b) software inconsistency, 
(c) transient fault report, 
(d) circuit fault report, or 
(e) rollback/restart report (fron1 the operating system 

rollback process). 

Reports type (b), (c) and (e) require no specific action by 
fault management, other than to generate an output report via 
the MM!. 

For hardware fault reports, depending on the information 
contained in the fault report, which is of a fixed format, 
fault management may instigate any of the following actions: 
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(a) By request to resource managen1ent, it can cause the 
faulty resource and those resources dependent on it to be 
placed out-of-service. This is necessary to preserve the security 
of the systen1. 

(b) It can generate any necessary audio and visual alann 
signals, both locally and at the LAC. 

(c) It can record the fault and all relevant inforn1ation in a 
fault archive that is maintained as a database within fault 
management. The inforn1ation remains there and is accessible 
to niaintenance staff until it is overwritten by new faults, in a 
basically sequential manner, but with regard to the status of 
the fault; that is, cleared faults are over-written before active 
faults that have been reported but are awaiting clearance. 

(d) It can output a report to the maintenance staff, via MMI. 
Output by the MCS is directed, according to the various 

categories, to one or niore output ports, which niay be cart­
ridge, visual display terminal, etc., both at the LAC and locally 
in the exchange. 

Fault Correlation 

Owing to the nature of the systen1 hierarchy, \Vhen a fault 
occurs on a resource high in the tree, several of the resources 
dependent on it do\vn the structures can appear to be faulty 
and reports generated on then1 by their owning subsystem. To 
avoid the maintenance staff being overwheln1ed, fault nianage­
ment performs a correlation on the incoming reports. 

This is done by comparing all reports arriving within a given 
period against a resource structure. The incoming report most 
likely to be associated with the prime cause of the fault is 
determined, the item is put out-of-service, and reported. If the 
rest of the batch appears to be faulty because of their depen­
dency, they should then be made dependent-out-of-service by 
the hierarchy-based update procedure. Those not dependent­
out-of-service are assun1ed to be unrelated and an attempt is 
made to return then1 to service. If this fails, the report is 
included in the next batch and the procedure is repeated. 

FAULT CLEARANCE 

Once a fault has been physically cleared, the system has to be 
returned to the original working status. This is instigated by 
maintenance staff typing in a clearance command, using the 
san1e serial identity furnished by fault management in the 
fault report. On receiving the command, fault nianagement 
reverses the actions taken when processing the fault report; 
that is, it requests the return to service of the resource and its 
dependents, cancels the audio and visual signals and marks 
the record as cleared. A cleared report is also output. 

Atdo1uatic Return-to-Ser1ifce Option 

For certain resource types, a facility exists whereby the owning 
subsystems can report a fault and, on subsequently detecting 
the removal of the fault symptoms, automatically instigate the 
clearance by sending an automatic return-to-service request. 
Fault management is inforn1ed that this option is being used 
in the original fault report. 

Circuit Faults 

These are treated similarly to those resources having automatic 
return-to-service option. Because the call processing subsystem 
i s  able to detect symptoms on circuits that may be interpreted 
as an occurrence or removal of a fault condition, a special 
category has been used to cover them. A circuit reported on 
the first class of symptoms is taken to be faulty and processed 
as such by fault management. If a message is received which 
reports symptoms indicating the removal of a fault and a 
fault record exists on the same circuit, the clearance is auto­
matically invoked. 
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Multi-Threading 

Processing of a fault report by fault managen1ent is driven by 
the fault record it sets up. By keeping an indication of the 
current status of processing on the fault in the record, fault 
management is able to process faults in parallel. When a 
response to one of the actions instigated arrives, the relevant 
record is accessed and processing of that fault continues to the 
point of another request/report being sent out. 

Malfunction Reporting and Alarm Control 

This function has two distinct responsibilities: 

(a) 'to convey System X and non-System X alarm conditions 
to maintenance staff using audio and visual indicators locally 
and at the LAC (non-System X cquip1nent will be situated 
alongside Syste1n X equipment and 1nust be catered for), and 

(b) to provide a link between subsysten1s and certain 
sections of their hardware bet\veen which there is no direct 
communication. 

Malfunction reporting and alarm control is realized by 
software control, which has access to hardware units known as 
co1n1no11 snTices units via the input/output utility subsystem. 
These units provide input terminals for monitor purposes, and 
output terminals to enable ON-OFF conditions to be applied to 
System X equipn1ent and output audio and visual indicators 
(see Figs. 4 and 5). 

Connected to input tenninals are: 

(a) System X 1nonitor points, 
(b) non-Systen1 X alarn1 monitors, for exan1ple, intruder 

alarn1, and 
(c) certain input keys used by maintenance staff to convey a 

message to the systen1; for exan1ple, stafj�present. 

OEOICATEO 

KEY 1-----;>-----< 
INPUTS 

Mes 

llOSS 

CSU: Common services unit 
STU'. Signal t r ansmis�ion unit 

CS Us 

IOUS 

MRC 

MRC: Malfunction reporting control 
HOSS: Hardware-only subsystems software 

LAO 

STU 

f HARDWARE 

- - - i ------

SOFTWAAE 

1-----+<0-'>-I sua�����Ms 

fM 

LAD; Local alarm driver 
IOUS: Inputfoutput utility subsystem 

FM: Fault management 

F10. 4-Hardware/software structure for malfunction reporting and 
alarm control 
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F1G. 5-Examplc of n1essage sequence resulting frorn hardware 
fault report 

MALFUNCTION REPORTING 

Systen1 X hardware resources, monitored and driven by 
inputs and outputs fron1 the comn1on services unit, are 
recorded in an updatablc n1alfunction reporting control 
database. Subsysten1s owning the equipn1ent n1ay request the 
malfunction reporting control either to obtain the 111onitored 
condition of a resource or to change the state of an output. 
The n1alfunction reporting control translates to the relevant 
tern1inal address from the database before obeying the request. 
If an autonon1ous change occurs on a n1onitor input the 
malfunction reporting control either reports it to the sub­
systen1 or generates a fault report direct to fault nianagen1ent, 
according to the data held against the resource. 

ALARM CONTROL 

The responsibilities of the alarn1 control function are: 

(a) to respond to non-Systen1 X alarn1 monitor input 
changes by sending a fault report to fault managen1ent; 

(h) to activate and reset the outputs controlling the audio/ 
visual signals, thereby presenting n1aintenance staff with the 
overall fault situation on both System X and non-System X 

equipn1ent (fault nianagen1ent will provide the driving infor­
mation in terms of required indicator conditions although, for 
security, there is additionally a hardware link between non­
Systen1 X monitor inputs and alarm drivers); 

(c) to respond to changes occurring on the tern1inals 
n1onitoring input keys, by taking the appropriate action. 
Such action might coinprise 

(i) resetting the alann bell, 
(ii) altering the staff-present record and outputing a report, 

and 
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(iii) initiating an auton1atic ret11n1-to-ser11ice to fault 
n1anagement in response to n1anual operation of a non­
Systen1 X alarn1-clear key. 

Diagnostic Control 

To locate a fault with finer resolution than would perhaps 
norn1ally be possible, subsysten1s 111ay provide diagnostic 
facilities. Initially, the diagnostic facility will be run only by 
manual con1n1and, but a later possibility is for auton1atic 
operation as a result of a fault report. Diagnostic control 
provides overall systen1 control and supports the subsysten1 
protocol necessary for the facility. This role is perforn1ed in 
three stages described below. 

(a) Processing the Request 

Diagnostic control holds data tables on diagnostic functions 
in the syste111 and records of those in use, enabling it 
to confinn that those requested are available and that the 
relevant subsysten1 is able to run then1 (the particular diag­
nostic function n1ay already be in use, or the subsystcn1 n1ay 
be busy with others). A n1anually updatable record of inhibited 
diagnostic functions aids further validation of a request. 
Diagnostic functions are run only on out-of-service resources; 
diagnostic control, therefore, n1ust detennine the state of the 
non1inated resource by 111aking a request to resource n1anage-
1nent. If all conditions are favourable, diagnostic control sets 
up a record for the diagnostic function and sends a request to 
the appropriate subsysten1. 

(b) A1011itori11g Subsyste111 Progress 

While diagnostic functions are in progress, diagnostic control 
polls the subsystcn1 periodically to ensure satisfactory 
progress. If an unexpected status reply, or no reply at all, is 
returned, diagnostic control curtails the transaction and 
reports accordingly. 

(c) Processing Results 

Any intern1ediate or final reports on results returned by the 
subsystem are forn1atted by diagnostic control and output to 
the requester. 

Two levels of diagnostic furH.:tions have been defined: 

(a) First Line These are predetern1ined logical sequences 
of tests and analysis progran1s which, when run for a given 
resource type, either locate the fault. to a replaceable unit or 
report no fault found. 

(h) Second Line A con1prehensive set of con1n1ands, 
supported by diagnostic control, enables niaintenance staff to 
nianipulate the test paran1cters and progran1s, thus providing 
a flexible and powerful diagnostics aid when atte1npting to 
isolate a difficult fault. Once diagnostic control has validated 
and initiated a request for second line diagnostics, it responds 
to n1aintenance staff with a tag nun1ber, which is also sent to 
the subsysten1. Subsequently, any input bearing that tag is 
passed directly to the subsysten1 and resulting responses passed 
to n1aintenance staff. The second line niode is curtailed by a 
con1n1and fron1 the originator, or by son1e abnonnal n1essagc 
fron1 the subsysten1, causing diagnostic control to abort the 
diagnostic functions. 

Routine Control 

Routines are used throughout the systen1 to exercise equip­
ment systcn1atically so as to expose donnant faults. Son1e 
routining is entirely under the control of the owning sub­
systen1s; for exan1ple, routines niay be run following the 
occurrence of a rollback/restart of the subsysten1. Other 
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routines are run periodically, or on command fron1 the 
maintenance staff. It is these that are under the control of the 
MCS routine control, which niaintains an updatable record of 
all routines under its control; the record is updatable because 
the facility exists for manual insertion or removal of routines 
on-line. Information will be held relating to the use of each 
routine. If it is run periodically, details of the times or period 
must be held. A list will be kept of routines with inhibitions 
set on them. Inhibitions may be set and reset manually via the 
MM!. 

Routine control must process manual requests for routining 
as well as schedule periodic routines. This is achieved by 
comparing the current clock time with the time the next 
scheduled routine is to be initiated. Before initiating any 
routine by sending a command to the relevant subsystem. 
routine control ascertains that conditions are correct and, in 
the case of a request, the routine/resource combination is 
valid. Checks would be made to detern1ine that 

(a) no inhibition is set against the routine, 
(b) the routine is not already running, 
(c) the system load level (as indicated by the overload 

control subsystem) allows routining, and 
(d) the resource to be routined is in service (detern1ined 

from status requests to resource management). 

If the checks are favourable, a control record is generated 
and the routine com1nand sent. Routine control polls sub­
syste1ns running routines for a status report, either periodically 
or on command from the maintenance staff. On completion of 
the routines, if the result is a failure, or the routine was 
requested manually, routine control outputs a report and 
terminates the control record. 

Trunk and Junction Routining Control 

Routining of outgoing trunk and junction circuits is controlled 
by trunk and junction routining control, under the overall 
drive of routine control, which is responsible for periodic 
scheduling and processing of manual requests. Trunk and 
j unction routines are recorded in the data in routine control in 
tern1s of either a single circuit, a network band of outgoing 
circuits (16 circuits), or a route of outgoing circuits. It is the 
responsibility of trunk and junction routining control to 
initiate routining of each individual circuit within the group 
specified; thus, data must be held to identify all circuits on 
each route. Through resource management, the state of the 
circuit is checked to ensure that it is in service, before a 
request is sent to the signalling interworking subsystem to 
perforn1 the test. For this, a call is set up from a signalling 
interworking subsystem trunk and junction routiner (the 
actual one niay be specified by routine control), to a similar 
equipment in a neighbouring exchange. 

Test failures are reported back to routine control as they 
occur and, when the routine is completed, a final message is 
also sent. When a busy circuit is encountered, trunk and 
junction routine control can either step on to the next one or 
apply ca1np-on-busy; the call processing subsysten1 marks 
the circuit and, when it is cleared down, it is busied out for 
testing. Routine control specifies which option is to apply. 

Hold and Trace 

System X must be able to hold a cail and trace its path across 
the network, and both the MCS and the call processing 
subsystem are involved in providing these facilities. 

The call processing subsystem is responsible for applying 
the hold conditions and providing terminal information for 
call-trace purposes. Co1nmunication between exchanges 
during the hold or trace operations is between their call 
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processing subsysten1s, responses being passed back along the 
chain to the exchange originating the request. 

The MCS is responsible for processing requests for hold or 
call/path trace, which n1ay arrive fron1 niaintenance staff, or 
fron1 a traffic-handling subsysten1, when a nialicious call 
indication is detected. 

Hold or cancel hold requests are queued by hold and trace, 
and released to the call processing subsyste1n at the rate at 
which they can be handled; that is, hold and trace controls 
scheduling of hold operations. For each trace initiated by 
hold and trace, a record is set up. All intermediate responses 
are stored in the record and, on con1pletion of the trace, the 
information is used to provide an output report. If a path 
trace is requested, all node terminals are output. Where 
only a call trace is specified, the end terminals are supplied in 
the report. 

Private-Circuit Control 

Private circuits that are connected through the exchange, as 
opposed to those provided manually via the distribution 
frame, are handled by the private circuit control function of 
MCS. Private-circuit control is deen1ed the resource owner and 
is responsible for the circuit during its life as a private circuit. 
Any resource updates are therefore performed by private 
circuit control on secured data held against each private circuit 
currently connected across the exchange. 

Before a circuit can be used as a private circuit, it must first 
exist in the systen1 data. An existing public circuit may be used, 
or one can be specially inserted using the normal update 
con1n1and, resulting in the relevant data being inserted in the 
appropriate subsystems. The specified circuit is then withdrawn 
fro1n public use and inserted as a private circuit. Private­
circuit control initiates the connexion through the switch and 
sets up the resource data. 

Because it has no physical connexion to the circuits and has 
no call-handling functions, the MCS cannot provide fault 
detection on the private circuits it owns. Normal mcchanistns, 
existing in traffic carrying subsysten1s, are therefore relied 
upon to generate fault reports. 

Hardware-Only Subsystem Software 

There are certain areas in the systen1 (for exan1ple, the 
analogue line tern1ination subsystem, and the network 
synchronization subsysten1) where the functional role is 
realised in hardware and does not have associated software in 
the processor. llowever, for 1naintenance of these areas, some 
software is necessary; this maintenance software resides in the 
MCS. It is known as the hardware-011/y subsysten1 sofnvare 
function and treated as the owner of the resources constituting 
those areas served. Other functions of the MCS communicate 
with hardware-only subsystem software via the same interface 
formats used when communicating with other subsysten1s. 

For fault detection, niost of the hardware-only subsystem 
software equipn1ent is connected to common services unit 
inputs, and thus nionitored by the malfunction reporting 
control hardware scheme. The network synchronization 
subsyste1n, however, is monitored by a dedicated micropro­
cessor, directly linked to a port of the serial input/output. 
Hardware-only subsystem software has the responsibility for 
interpreting the changes of condition reported to it by either 
the malfunction reporting control or the input/output utility 
subsystem, and generating any fault reports necessary. 

Other functions of hardware-only subsystem software are 

(a) to preserve and update secured data on the maintenance 
states of its resources by supporting the resource management 
updating interfaces, which includes supplying dependency 
information, and 

(b) to handle any routining and diagnostics functions that 
may be defined for those areas under hardware-only sub-
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systen1 software, supporting the relevant interfaces used for 
these functions. 

CONCLUSIONS 

This article has described the n1aintenance facilities provided 
for Systen1 X and the n1ethods by \Vhich they arc controlled; 
practical experience of live exchanges will undoubtedly 
indicate the need for others. Greater understanding of the 
maintenance needs of the system should also enable the 
facilities to be tuned to provide the most efficient and effective 
n1aintcnancc of the system. 

ACKNOWLEDGEMENTS 

The author \vishes to thank his colleagues in the System X 

Developn1ent Depart1nent of the British Post Office and the 

Post Office Press Notice 

BRITAIN SIGNS SATELLITE DEAL WITH 

SCANDINAVIA 

As part of its continuing drive to improve con1munications, 
British Telecom has signed an agreement with four Nordic 
countries to provide rnutual access to the International 
Maritin1e Satellite Organization's (INMAilSA'I''s) ship-to­
shore con1111unication satellites. JNMARSAT was set up to 
procure and operate a global syste1n of satellites that will bring 
dra1natic improve111ents in co1nmunications with shipping and 
the oil exploration industry. It has 30 me111ber countries, and 
Britain has a 10% share. 

The deal will enable British telephone and Telex users to 
link up with the JNMARSA'I' Indian Ocean satellite through 
a new ground aerial at Eik, Norway. At the same time, 
Scandinavians will have access to the Atlantic Ocean 1naritimc 
satellite through British Tclecoin's earth station on Goonhilly 
Do\vns, Cornwall. In this way, British Teleco1n and its 
counterparts in Den1nark, Finland, Norway and Sweden can, 
by constructing only one aerial each, provide service covering 
the t\vo ocean regions at a substantial saving in capital and 
operating costs. 

INMARSAT plans to lease capacity in satellites in geo­
stationary orbit over the three main ocean areas-Atlantic, 
Pacific and Indian oceans; this capacity will become available 
in 1982. 

Ships will be fitted \Vith small dish aerials pointed at their 
nearest satellite. This will enable them to send and receive 
telephone and Telex calls faster and more reliably than by the 
existing maritime radio services. The calls will be routed 
through the satellites to and from specially equipped earth 
stations. 

As announced in October 1980, British Telecom has placed 
a £2iM contract with Marconi Communication Systems for 
the supply and installation of aerial and radio equipment at 
the Goonhilly earth station. Its 13·7 m diameter steerable dish 
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develop1nent tean1s at the Plessey Co111pany responsible for 
the detailed design of MCS for their assistance in the prepara� 
tion of this article. 
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aerial-the fifth for this busy site-will be locked onto 
INMARSAT's Atlantic Ocean satellite. The access-control 
and signalling equipment associated with the aerial will be 
supplied by the Digital Com1nunications Corporation under 
a further contract \VOrth so1ne £2t M. 

The Nordic agreement, which \viii run for ten years from 
the start of service, also provides for the British Telecom and 
Nordic aerials to be used by other countries for mariti1ne 
comn1unications via JN MA RSA T's satellites. The four Nordic 
administrations and British Telecon1 have started joint 
niarketing activities to persuade other European adn1inistra­
tions to use these services and to share the resulting revenues. 
At the same time, joint negotiations are being held with 
adn1inistrations in the Far East likely to build aerials to work 
to INMARSAT's Pacific Ocean satellite. If these talks arc 
successful, British and European custo111ers \viii be able to 
com1nunicate with ships in all three major ocean areas by using 
a rapid and high-quality comn1unications system in which 
costs to users will be kept to the n1inin1um practicable level. 

As also announced recently, INMARSAT will lease 
capacity in three different satellite systems. It is shortly to 
place contracts worth £75M with the European Space Agency 
(ESA), International Telecon1munication Satellite Organ­
ization (INTELSAT) and the US Marisat Consortium of the 
USA for leases of satellite capacity from I 982 to 1989. 

The ESA will provide two dedicated satellites, MARECS A 
and B, which arc being built by a European consortium 
headed by British Aerospace and which include con1n1unica­
tions packages from Marconi Space and Defence Systen1s. 
Later flights of INTELSAT V, the first of which was launched 
in Decen1ber 1980, will also be provided to complete the first 
phase of the INMARSAT system. 

At present only about 400 ships of the worlds' merchant 
fleet are equipped for satellite con1munications. By the mid-
1980s, when ship-to-shore services by this means should be 
well established, it is expected that more than 2000 vessels 
will use the INMARSAT system. 

51 



Victorian Telecommunications: An Historical 
Discovery 

J. C. DUNCANt 

INTRODUCTION 

A telephone cable that once formed part of a telephone line 
used by Queen Victoria almost a century ago was recently 
discovered at Windsor in Berkshire by British Post Office 
(BPO) engineers. A specimen length of this rare cable, unused 
since 1900, was donated to British Telecom Museum; another 
piece was sent to the laboratory of Thomas Bolton and Sons 
Ltd. for spectrographic examination. This article describes the 
finding of the cable, outlines the results of the spectrographic 
examination and relates how the chance discovery of some 
important historical documents revealed hitherto forgotten 
facts not only ·about this unusual cable, but also about 
Windsor's telecommunications heritage. 

THE CABLE 

While carrying out underground cable survey work in the 
grounds of Windsor Castle, BPO engineers unexpectedly 
came across a cable marker partially obscured by bushes in 
the border of a lawn near the Royal apartments which Queen 
Victoria had once occupied. As the presence of a conduit or 
a cable was not indicated on the underground plant diagram 
for this particular area, an excavation was made to clarify 
the situation. At a depth of 600 mm, the engineers uncovered 
a flat diamond-patterned iron plate with raised lettering 
which, when cleaned, became legible as Post Office Telegraphs. 

Further digging around the edges of the plate revealed 
that it formed an integral part of a buried iron-box. When 
the cover was removed, a cable insulated with gutta-percha 
was found laying at the bottom of the chamber. The cable, 
devoid of any external protective sheathing, consisted of 
4 wires, each separately covered with a coating of gutta­
percha. The conductors had been twisted into a gentle helix 
along the cable's length to keep them tightly together and in 
close formation. Surprisingly, the gutta-percha gave the 
appearance of being a material that would still function 
satisfactorily as an insulator; with continual bending, 
the leather-like substance exhibited a high degree of elasticity 
which displayed a firm grip on the metal conductors. 

Routed in a 50 mm diameter iron pipe, the cable passed 
through the jointing chamber in a continuous length. To 
locate the cable's destination, an electrical device was used 
to induce an electric field into the 4-wire cable; the induced 
current was,then intercepted by a receiving instrument. One 
end of the cable was traced to a brick-built chamber in a 
drive some 70 m away, and the other end to Frogmore House, 
a former residence of Queen Victoria's married children. 

The carriageway-type box was opened and 4 wires, the 
remnants of the gutta-percha cable, were found protruding 
from a hole in the wall adjacent to a buried polyethylene 
cable. In the dank atmosphere of the brick jointing-box the 
gutta-percha insulation had crazed, and much of it had parted 
from the wires. But, although a thick film of green copper 
carbonate had formed on the bare conductors, the gutta­
percha in the cavity of the brick wall was still in a remarkably 
good state of preservation. 

An attempt was made to withdraw the cable from the iron 
pipe, but it could not be moved because silt had filled the 
bore. However, a small portion of the cable was snipped off 
and despatched to the metallurgical department of Thomas 
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The cable and jointing chamber 

Bolton and Sons Ltd. for spectrographic analysis to determine 
the percentage composition of the metals, and to ascertain 
whether the wire had been produced by this company, which 
had been manufacturers of electrical wire for telecommuni­
cations purposes since Victorian times. 

Gutta-Percha 

The properties of gutta-percha, realized in 1843, created great 
interest among scientists. The gum from which gutta-percha is 
made derives from the bark of certain trees belonging to the 
sapotaceae species found in Malaysia and the Pacific Islands. 
The gum is extracted by tapping the bark or by boiling the 
leaves. Although gutta-percha is an isomer of rubber, its 
properties are unlike rubber. When the material is placed in 
boiling water, it becomes pliable, but on cooling, it reverts to 
its former .tough leather-like state. 

Enterprising firms soon produced an amazing variety of 
articles from this resin. Some of these, such as tubing, 
machinery belts and lifebuoys, were strictly functional 
articles, but others, such as elaborate picture frames and 
inkstands, were ornamental. Gutta-percha shoe soles success­
fully kept out the wet and were popular with the public. 
Today, gutta-percha has little commercial value but, interest­
ingly, it is still used for the outer covering of golf balls. 

The idea of adopting gutta-percha for cable insulation is 
said to have stemmed from a conversation between Michael 
Faraday and William Siemens, a German-born inventor who 
had made England his home. Apparently, Siemens, on 

Faraday's recommendation, obtained a sample of the resin 
and sent it to his brother, Werner von Siemens, the founder 
of the Siemens and Halske engineering firm in Prussia, who 
was later to be credited with making the first practical use of 
the material for wire covering. Meanwhile, in England a 
2-mile trial length of wire covered in gutta-percha was laid in 
the Channel, in a large bight, with both ends at Folkestone 
harbour. One end was connected to the railway telegraph 
system, and the other end taken on board the Princess 
C/eme11ti11e moored alongside the quay. Messages were 
passed from London to the ship via the cable, a distance of 
about 85 miles. 

Although gutta-percha solved the need for effective insu­
lation, the problem of providing outer protective sheathing 
on cables still remained. With the early cables, the gutta­
percha coated conductors would be passed to a wire-rope 

maker to be lapped with hemp strings, coated with tar, and 
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wound helically \Vith zinc-dipped iron \Vires. Despite the 
vulnerability of the gutta-percha to sharp nodules of spelter 
protruding fron1 the roughly galvanized annouring wires, the 
cables proved reasonably successful. 

Several 111ethods of sheathing the insulation \Vith a n1etallic 
covering were tried. On single-conductor telegraph cables, 
the problcn1 was easily surn1ounted by the use of hydraulically 
pressed lead sheathing, but on n1ulti-core cables the task 
proved niore difficult to resolve. Atten1pts \Vere n1ade to 
produce a lead-sheathed niulti-\vire cable, but were not 
successful. However, in Dece1nber 1869, Willian1 Alfred 
Marshall, a telecon1n1unications engineer of Middlesex, filed 
a patent that introduced a fresh approach to the probleni. 

The basis of Marshall's niethod was to wrap the wires in 
cotton, or sonic other niaterial, and to steep thcn1 in a vat of 
niolten paraffin wax. Next, the wax-saturated conductors 
were drawn through long lengths of pre-forn1ed lead tubing 
while air was sin1ultaneously drawn out of the tubing by a 
vacuum process. 

In 1870, a length of this cable was laid in Windsor Great 
Park for the Postal Telegraph Authorities to provide a tele­
graph link between Windsor Castle and Cun1berland Lodge, 
a distance of nearly 3 niiles. Unhappily for Marshall, the 
cable failed after a few nionths of service. 

Electrolytic Refining of Copper 

Initially, v.,1ire-dra\ving for telegraph lines \Vas not considered 
an exact science, and little regard was given to fine li1nits: it 
was felt that, as long as the wire was niade of copper, wire­
drawing would not inipair its electrical characteristics. It was 
not until the 1880s that Williani Preece, then Engineer-in­
Chier of the BPO, approached the wire nianufacturers, 
Thon1as Bolton and Sons, on the subject of electrolytically 
refining the copper to in1prove its niechanical and electrical 
characteristics. Jn 1881, Tho1nas Bolton, following Elkingtons 
patent or 1865, installed an electrolytic pilot-plant at his 
Widnes works; the rollowing year he expanded his equipnient 
to cater for the electrical industry's gro\ving den1and for a 
grade of n1etal of reliable consistency. 

SPECTROGRAPHIC EXAMINATION OF THE 
CABLE 

Thon1as Holton and Sons Ltd., to who1n the piece of cable 
was passed for analysis, were able to confirn1 that, although 
the ract could not be verified, the conipany had probably 
been the original 1nanuracturers of the cable. Boltons sub­
jected 35 111g of each of the 4 conductors to total 
volatillization on a photographic spectron1eter to ascertain 
by atoniic absorption the cheniical concentrates of the 
individuRI 1netal contents. Three or the conductors contained 
0· 13% lead but, surprisingly, the fourth conductor contained 
0·2%. The oxygen content was 0·08% in each conductor, 
and was distributed throughout the wires in the rorni of 
cuprous oxide. 

The high oxygen content, as con1pared \vith niodern-day 
electrolytic tough-pitch copper having an oxygen level of 
between O · 02 % and 0 · 05 %. is explained by Bolton's past 
n1ethod of casting. Previously, hand ladles \Vere used in the 
casting of \Vire bars. The act or pouring 1nolten nietal into a 
niould caused oxygen to be absorbed in the process. In addi­
tion, lead vvas deliberately added to prevent cracking during 
casting and, subsequently, in the process of hot and cold 
rolling. However, this practice \Vas discontinued in the early 
1920s, because lead precipitated a crystalline structure in the 
copper that adversely affected its conductivity. 

Impurities 

Table I lists the niain trace ele1nents found in the copper 
wires; each of these played a significant role in detern1ining 
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TABLE 1 

List of Impurities found in the Copper Wires 

Eleinent 

Alurniniun1 
Antin1ony 

Arsenic 
Bisrnuth 

Chron1iurn 
Iron 

Manganese 
Phosphorous 

Silicon 
Silver 

Sulphur 
Tclluriun1 

Tin 

Syn1bol 

Al 
Sb 
As 
Bi 
Cr 
Fe 

Mn 
p 

Si 
Ag 
s 

Te 
Sn 

Less than 
(Parts per Million) 

JO 
JO 
JO 

3 
5 

30 
10 

Not detected 
10 

2 
20 
10 

3 

the attenuation characteristics of the \Vires. The high content of 
iron that was found could well be attributed to the \vire­
rolling operations. 

Physical Characteristics 

Microscopic exaniination of the conductors revealed son1e 
distortion in the face-centred cubic-lattice grain structure: 
the grains were elongated in the direction of rolling. But the 
grain-size dianicter of the copper cables, 0 · 025 n1n1, was the 
san1e as that used in niodern teleconirnunications systen1s. It 
is worth n1entioning that, conipared to conventional copper­
wire cable, the cuprous oxide was distributed in a randon1 
fashion instead of being aligned in a con1pact orderly state 
and that the particles were of a 1nuch larger size than expected. 
Generally, the \Vires were in a relatively soft condition with 
an ultin1ate tensile strength or 222 N/nini; on a 5 nini speci­
n1en, the elongation was 29 %. Son1e slight variation in the 
wire dian1eters was apparent: it fluctuated between I ·27 and 
I · 28 1nn1. The gutta-percha insulation enveloping each wire 
had been extruded over the conductors in t\vo layers of 
2 · 5 n1ni dianieter to give a total thickness of 5 nin1. (This 
process had been carried out by the Gutta Percha Con1pany 
of Silvertown, London.) 

A CHANCE DISCOVERY 

In Novernber 1980, sonic niinor roofing repairs were being 
carried out in the pren1ises of a shop near Windsor Castle. 
Until 1912, the shop had belonged to the National Telephone 
Co1npany Lin1ited (NTC). The present owners, aware of the 
building's fernier iniportance, had taken a keen interest in its 
history, and this proved fortunate, for when the builders 
ren1oved a section.of the roof that had been scaled off, they 
found scattered an1ong the rafters ren1nants of NTC docu­
n1ents covering the period 1894-1907. 

Why these NTC docunients were left in this attic will 
probably never be known. 1-lowever, one possible explanation 
is that the garret was used as a clerical storeroon1. Certainly, 
a roof derrick to radiate wires across the town did exist; it is 
therefore possible that, although the attic was used regularly 
up to the tiine of its vacation in 1922, the papers \Vere over­
looked when the derrick was removed and the loft restructured. 

The NTC docunients comprised, a1nong other things, 
letters, telephone accounts, workrnen's time-sheets and stores 
requisition books. Their condition varied: son1e were per­
fectly preserved, but others had con1pletely disintegrated, 
The reports of the fornier n1anagers of the Windsor telephone 
district and the antiquated letter-books containing corre­
spondence that had taken place between the NTC's Windsor 
office and its adn1inistration centre at Reading proved to be 
a particularly rich source of information. By supplementing 
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these docun1ents with inforn1ation drawn from Windsor 
Castle's archive, it became possible to trace the teleco1111nuni­
cations history of both Windsor and the Crown, and the 
reason for the installation of the gutta-percha cable. 

THE ELECTRIC TELEGRAPH 

Cooke and Wheatstone invented their electric telegraph in 
1837. By 1842, 17 1niles of telegraph route had been con­
structed along the railway line between Paddington and 
Slough; yet 7 more years passed before the wires were 
extended to Windsor. Vehen1ent opposition to the raihvays 
by the Crown and by Eton College was the reason for the 
delay. Eventually, in 1849, the railway, and \Vith il the electric 
telegraph line, was extended to Windsor. 

But, for the Electric Telegraph Con1pany, who had nurtured 
the idea of a Royal appointment to supply a telegraph line to 
the Castle, it was a bitter disappointn1ent, because the Crown 
continued to use the public telegraph office for the next 
5 years. However, with the con1ing of the Crimean war in 
1854 the Crown changed its n1ind. Telegraph 1nessages, 
lengthy military despatches and news of the war flooded the 
public telegraph roon1s at Windsor and hindered other state 
business. Faced with long delays in the office, the Queen 
ordered her own telegraph instruinent, which was duly 
installed in Noven1ber 1854. 

THE TELEPHONE 

No record of telecon1n1unications activity in Windsor Castle 
is to be found in the archives for the period after 1855 until 
the telephone made its appearance in 1878. 

The telephone was introduced in Britain in July 1877, 
when W. H. Preece brought over the first pair of telephones 
from An1erica. At Osborne House, Isle of Wight, on the 
evening of 14 January 1878, less than two years after he had 
patented the telephone, Bell demonstrated the use of the 
telephone to Queen Victoria. The Queen, writing in her 
journal, noted that "it is rather faint, and one 111ust hold the 
tube close to one's ear". After the demonstration, the Keeper 

of the Privy Purse, Sir Thon1as Biddulph, wrote to Bell to 
tell him that the Queen would like to purchase the two 
instrun1ents used in the den1onstration at Osborne House. Jn 
reply, Bell offered to "n1ake a set of telephones expressly for 
Her Majesty's use". Presu1nably this was done, for there was 
no further correspondence with Bell, and certainly no indi­
cation that he was responsible for the installation of tele­
phones at Windsor. However, the Lord Chan1berlain's report 
of expenditure for 1878 does list "a telephone for Windsor 
Castle", and, in the following year, further spending for the 
installation of telephones is recorded. 

In 1882, three telephones were hired fro111 the United 
Telephone Company (UTC), but subsequently ren1ovcd 
because the rental charged for them was considered to be 
too exorbitant. However, before this was done, 6 telephones 
were purchased in Dece1nber 1883 from Taskers, a firm 
based in Sheffield. 

The Queen had expressed a desire to have a telephone link 
between the Castle and Frogmore House, the occasional 
residence of her n1arried children. This n1cant that, when the 
Court was not in residence at the Castle, telephone con1n1uni­
cation could be niade with the Queen while she was visiting 
her children. In Decen1ber 1883, the superintending engineer 
of the General Post Office issued instructions for the laying 
of a 50 n1m dia1neter iron pipe and a 4-wire gutta-percha 
cable from Frogn1ore House to the Castle, a distance of 
1138 n1. In March 1900, the line was abandoned when the 

NTC laid a 7Hpair 0 · 9 n1111 cable in a 76 m111 dian1eter iron 
pipe to Frog111ore House. 
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Problems with a River Crossing 
K. G. TALLYN and T .  D. GRINDRODt 

While a 4-way junction duct route was being laid along the 
A3054 road between Newport and Ryde on the Isle of Wight, 
two interesting problems were encountered. At Wootton, which 
is halfway between Newport and Ryde, the main road crosses 
a waterway at Wootton Bridge. On the north side of the water­
way there is a tidal creek that is subject to tides of up to 3 · 6 m 
high; on the south side of it there is a freshwater boating lake 
that is fed by streams and retained by sluice gates built onto 
the side of the bridge. The width of the creek and bridge is 
28 m; westwards, the lake extends a further 100 n1. The bridge 
is in effect a dam, for the lake was originally created to serve 
a watermilI, long since demolished (see Fig. 1). 

t Ports1nouth Telephone Area 
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Fig. 1-Plan of the area 
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The first problen1, already foreseen, was ho\v to lay the duct 
over the water\vay. The bridge could not acco111111odate the 
four duct ways \vithin its structure, as too 111uch plant belong­
ing to other services \Vas already buried under the high\vay 
surface of the bridge. The High,vay Authorities had long-tern1 
plans to rebuild the bridge, but the realization of these plans 
\vas too distant to enable the British Post Office (BPO) to n1eet 
the rapid gro\vth in circuits that \Vas required. Since the 
north side of the bridge was free of fixtures, it \Vas decided to 
attach standard BPO 100 111111 dia111eter steel ducts supported 
by unistrut brackets to that side and to use 100 n1n1 stainless 
steel expansion bolts for fixing the bearers to the bridge face. 
The ducts \vould then be kept in place by saddle clan1ps, and 
all fittings \Votild be nylon coated to prevent sea-water corro­
sion. 

The actual \York proceeded very quickly, as the contractor 
\vas fortunate in being able to work during a spring-tide period 
when low water lasted for longer than average. In order to 
niaintain the forn1ation and 10 protect the shores fron1 erosion 
the ducts were boxed in concrete at the points where they left 
the shore; all bearers and brackets \Vere fitted in one day. 

Work on the agreed duct route under the old road \Vest of 
the bridge progressed steadily until a \vorkn1an nearly lost his 
road drill in a hole which appeared son1e 50-75 111111 below the 
road surface near the old rnill site. An investigation revealed 
that the \Vorkn1an had uncovered the old 111ill-race culvert 
which the High\vay authorities believed had been con1pletely 
filled in. The lake-end of the culvert had been sealed off, but 
at the point where the hole \Vas situated the culvert was 3 · 5 ni 
deep and 12 111 \Vide, with a do1ned roof built of bricks. 
Although the seaward end had also been sealed off, sea water 
leaked in at high tide and rose very nearly to the roof of the 
culvert. 

CONCRETE. 
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Fig. 2 -Crossing the culvert 

Quite a large section of the culvert roof \Vould have had to 
be ren1oved to provide reasonable depth of cover over the ne\V 
ducts; but the real problern \Vas how to support the duct nest 
and the road surface. To fill the culvert with rubblt.: and/or 
concrete \Votild have been too expensive, as the concrete \Vould 
have required a considerable an1ount of shuttering \Vhich 
would eventually be abandoned. 

The BPO Works Supervisor, therefore, decided to build piers 
n1ade fron1 concrete building blocks to support the interlocking 
sheet-steel piling. The relatively sn1all gaps to the north and 
to the south were filled with tin1ber shuttering, and the steel 
ducts then laid in reinforced n1ass concrete (see Fig. 2). The 
road surface \vas reinstated in the norn1al \Vay; conventional 
duct laying \Vas then rcsurncd. 

The International Telecommunications Energy 
Conference 

The third International Telecon1111unications Energy Confer­
ence(INTELEC 1981) is to be held al the Royal Lancaster Hotel, 
London, W.2 fron1 19-21 May 1981. The conference is being 
organized by the Electronics and Po\ver Division of the 
Institution of Electrical Engineers in association \vith the 
Institution of Post Office Electrical Engineers (IPOEF) and 
other professional institutions. 

The conference, which \Viii be opened by Mr. P. Benton, 
Managing Director (Telccon1111unications) of the British 
Post Office (BPO), \viii discuss 65 papers, presented by authors 
fron1 15 different countries, covering a wide range of topics 
including: 

AC and DC telecommunications power plant; 
DC-DC converters and inverters; 
uninterruptable po\ver supplies; 
energy conservation and building environ1nent; 
solar and \Vind power; 
po\ver distribution and econon1ic.:s; 
power syste1n reliability. 

Synopses of s�n1e papers were published in ·the February 
1981 issue of Con1mu11icatio11s l11ter11atio11al. 
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An exhibition of n1anufacturers' equipn1ent and con1ronents 
\viii be associated \vith the conference \Vith 30 co1npanies, 
including the BPO, being represented. 

Social functions for delegates \viii take place on 2 evenings 
during the conference and a social progran11ne for ladies 
accompanying delegates has been arranged for the first 2 days 
of the coilference. 

Copies of the conference progran1rne and registration and 
hotel booking fonns can be obtained from the INTELEC 
1981 Secretariat, Institution of Electrical Engineers, Savoy 
Place, London WC2R OBL. 

On the evening before the conference (Monday, 18 May) 
Mr. N. Osifchin, Director of Bell Building and Energy Syste nis 
Laboratory in the USA, \viii give a lecture to the London 
Centre of the IPOEE entitled Manage1nent and Design .for 

Energy Conservation in the Bel! Systen1. This lecture, which 
will be given in the Lecture Theatre at the Institution of 
Electrical Engineers, Savoy Place, \viii be preceded by the 
Annual General Meeting of the IPOEE co111111encing at 17.00 
hours. Delegates to INTELEC 1981 arc invited to attend 
this lecture, which should provide an interesting appetizer 
to the conference. 

D. A. SPURGIN 
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The British Post Office External Students' Scheme 
for Technical Education 

D. C. YOUNGt 

UDC 373.63 

This article describes the philosophy behind the design of learning packages for use by British Post Office 
(BPO) students undertaking lec/111ical education who are unable to attend college-based courses. These 
learning packages co11ti1111e BPO tradition of proriding correspondence courses for ho111e study, and their 
i11trod11ctio11 coincides with the change /ro111 courses organized by the City and Guilds of London Institute 
lo those 01ga11ized by the Technician Education Council and the Scottish Technical Education Council. 

INTRODUCTION 

For 111any years the British Post Office (BPO) has published 
and distributed correspondence courses covering technical 
subjects; in fact, such courses were in existence with the 
National Telephone Company when it \Vas taken over by the 
BPO in 1912. Fron1 1931 onwards (apart fro111 a break during 
the second world war), the BPO has provided correspondence 
courses to assist students who arc unable to attend college­
based classes to receive technical education. 

These correspondence courses cover the courses of the City 
and Guilds of London Institute and provide valuable assist­
ance to the distance learner and, within the resources avail­
able, have allo\ved niany students to pass the appropriate 
exan1inations (see f.ig. 1). Since 1945, a staff of full-time 
authors and editors and part-tin1e tutors has catered annually 
for son1e 2500 students averaging I· 6 courses per student and 
has also provided relevant technical education on selected 
topics. 

In Septe1nber I 980, 5123 learning packages \Vere distributed 
covering Technician Education Council (TEC) and Scottish 
Technical Education Council (SCOTEC) courses. These 
learning packages are a new type of self-contained corre­
spondence course \Vhich has been designed to 1neet the 
requiren1cnts of the TEC courses. A ·whole range of course 

niatcrial has been \Vritten, together v.1ith the operational 
requiren1ents of the ne\v schen1e; the schetne has been en­
titled the British Post Office External Students' Sche111e. The 

t Teleco1nn1unications Personnel Depart111ent, Tcleco111n1unica� 
tions Headquarters 
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philosophy behind the TEC courses has been previously 
described in the Jo11r11af*. 

The subjects available are TEC units in Mathe111atics I, 
Physical Science I, Line and Custon1er Apparatus I, Tele­
communications Systen1s I, Electrical Dra\ving I, Telephone 
Switching Syste1ns II, Lines II, Transn1ission Systen1s II, and 
General and Con1n1unication Studies A and SCOTEC units 
in Telecon1n1unications Systcn1s I, Mathen1atics I/II and 
Electrical Engineering Principles I. 

HISTORY OF THE SCHEME 

The setting-up of the Technician Education Council in 1973 
and the Council's policy statcn1ent on the proposed coverage 
of an external students' schen1e, triggered off a ne\v appraisal 
by the BPO of its existing schen1e of correspondence courses. 
When it was subsequently discovered that the TEC did not 
have the in1mediate resources to take over the BPO's heavy 
existing con1n1itn1ents, it was decided to ren1odel the existing 
course design and to niake use of the latest educational and 
con1n1unication technology to cover level 1 units of the new 
TEC certificate progra1nn1e. 

At this stage, a 20-nian working party under the chainnan­
ship of Professor G. Holister of the Open University was 
forn1ed as a joint venture between the TEC and the BPO to 
develop a packaged learning course for the subject of Tele­
con1n1unications Systen1s I. The working party consisted of 
7 technical-college lecturers, 6 BPO authors and represcnta� 
tives, and one mcn1ber of the Council for Educational 
Technology. This team has now been disbanded. 

The first independently-produced packaged learning course 
(for Line and Custon1er Apparatus I) was designed, \Vritten 
and published by the Vocational Training Division of the 
BPO. Many new ideas in presentation were incorporated in 
111eeting the need to cover the new TEC learning objective 
syllabus. The courses in Telecommunications Syste111s I and 
Line and Custon1er Apparatus I were follo\vcd by a course in 
Electrical Drawing I, and all 3 courses were introduced for the 
l 978-79 academic year. 

OBJECTIVES OF THE SCHEME 

Pri1narily, the External Students' Scheme is ain1ed at students 
who cannot, for valid reasons, attend a technical college in 
the norn1al way. It niay be that the student is ill or has 
do1nestic circumstances which prevent him fro1n attending 
college or that the nearest suitable college is too far away for 
him to travel there. Whatever the reason, the BPO is anxious 

* BLAKEY, H. and STAGG, B. The Technician Education Council. 
POEEJ, Vol. 70, p. 219, Jan. 1978. 
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to ensure that such students are not placed at a disadvantage 
con1pared with students who are able to attend college-based 
courses. The validation exercises \Vhich were carried out on 
the Teleco1n1nunications Systen1s I and the Line and Custo­
mer Apparatus I packaged learning courses suggest that this 
objective has been attained (see Fig. 2). 

Comparison of the Schemes 

An appraisemcnt analysis of the perforn1ance of college-based 
(so-called internal) students has identified the following 
paran1eters: 

(a) the average annual success rate, in tern1s of the nu1nber 
of students obtaining pass and pass-\vith-merit certificates at 
various levels, 

(b) the average drop-out rate, in tenns of the nu1nber of 
students who fail to complete a course, 

(c) the availability of tuition on relevant course syllabuses, 
(d) the magnitude of course fees, 
(e) the uniformity of course levels, and 
(f) the availability of performance nionitoring. 

Objectives of the External Students' Scheme 

The objectives of the External Students' Scheme can be 
identified as follo\vs: 

(a) to achieve the san1e annual success rate as the Internal 
Students' Scheme, 

(b) to keep the drop-out rate to a nlini1num and, if possible, 
to ensure that it is not higher than that of the internal students' 
sche1ne, 

(c) to ensure that tuition is available, on relevant course 
syllabuses, to all students who arc unable to study as internal 
students, 

(d) to ensure that the fees charged to external students are 
not more than those charged at colleges to internal students, 

(e) to ensure that the correct level of student attainn1ent is 
achieved, and 

([) to ensure that facilities are provided for n1onitoring 
performances. 

OBJECTIVES AGREED WITH THE TECHNICIAN 
EDUCATION COUNCIL 

Agreement was reached between the BPO and the TEC that 
the BPO would 
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(a) provide packaged learning n1aterial for use on level l 
courses, 

(b) establish a network of participating colleges and tutors, 
and 

(c) provide administrative support. 

PROCEDURES 

In TEC tern1inology, the BPO external students' scheme is 
called a collaborative sche111e, in which the BPO acts as the 
exporting college and the participating colleges act as in1porti11g 
colleges. In practice, this results in the BPO writing, publishing 
and distributing the learning packages and in the participating 
colleges tutoring the students. In addition to the college tutors, 
there is a substantial back-up facility provided by the BPO in 
that it provides its own industrial tutors to cover the specialist 
units and to provide a truly national coverage. 

The role of the educational technologist is an important 
consideration in the initial setting-up of distance-learning 
schen1es. In retrospection, the role of the educational tech­
nologist can best be described as an adviser to the nianage­
n1ent tean1. The technologist has a catalytic effect on the 
developn1ent of the schen1e: his presence allows many dorn1ant 
but fruitful ideas to be introduced. The nlanager of a ne\v 
schen1e, however, has a different role; he has to co-ordinate 
the manage1nent team and achieve the schen1e's objectives 
by taking a practical and balanced vie\v of all the 
considerations involved (for exa1nple, crnploycrs' educational 
policy, finance, printing and publishing resources, and staff 
1notivation). 

ASSESSMENT 

The External Students' Sche1ne has an i1nportant assessn1ent 
feature. Students arc assessed internally by 1neans of in-course 
tests and an end-of-course test. In the overall assessment, 
these are \Veighted 60 % and 40 % respectively. Successful 
students who obtain a pass or a pass-with-n1erit are a\varded 
records of success (subject to internal and external 1nodcr­
ation). The record of success is valid for entry into the next 
level of the appropriate TEC subject and the student may 
transfer to a college-based course if one is available. 

External students do not have to travel to a college to sit 
cxan1inations of either type, in-course or end-of-course. 
Facilities are available for the tests to be taken at BPO 
centres near to the student's place of \Vork, under the control 
of a BPO invigilator. 

DESIGN OF PACKAGED LEARNING COURSES 

What comprises a packaged learning course? It is learning 
n1aterial that includes everything the student needs to help 
hiin to pass the course, packed into an attractive binder. 
Along with a well-presented text, the learning 1naterial 
includes instructions on its use and self-assess1nent questions 
to allow the student to 1nonitor his O\Vn progress. Some of 
the packages include audio cassettes, and it is planned to 
introduce the1n into all the packaged learning courses. 

The design of the Line and Custo1ner Apparatus I course 
is related to: 

(a) The audience The package 111aterial n1ust con1muni-
cate effectively \Vith the particular audience (the student) and 
has to niotivate hi1n properly. 

(b) The 111ode of study The design nlust take into 
account the students' environn1ental features produced by the 
mode of study. The package and the schen1e have to overco1ne 
the factors that prevent the student fro1n attending a college. 

(c) The expected learning beha11io11r of· the student The 
package n1aterial has to cover fully the require1nents of 
the syllabus learning objectives. The correct level n1ust be 
achieved. 

Existing students studying the BPO correspondence courses 
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for the City and Guilds of London Institute cxa1ninations 
receive 14 or IS lessons throughout the year which an1ount 
to a large quantity of paper that has to be read. Students 
receiving the nc\v learning packages receive 3 packages provid­
ing a total of approxin1ately SO seg111ents or lessons. Each 
seg1nent contains about SOO words and represents approxi­
n1ately I h of reading for the student. Segn1ents usually cover 
teaching points and only the specific telecon1111unications 
principles as outlined by the specific learning objectives. Five 
or six seg1nents constitute a section. 

The BPO external students' schen1e is, however, niuch 1nore 
than a collection of learning packages. It consists of an 
experienced, \Veil-trained tean1 of authors, editors, tutors, 
invigilators, training officers and publishers (illustrators, 
printers and distributors). The scherne, using procedures 
acceptable to the TEC, \Vas set up after additional consul­
tation \vith the technical colleges at a conference in 1978. It 
\vas obvious fron1 the start that the existing organization 
would provide the ideal adn1inistrative basis for the ne\v 
schen1e. 

An in1portant part of the schen1e is the \vay in which 
learning 1naterial is presented to the student. In designing the 
Line and Custon1er Apparatus I course, the !earning packages 
are personalized so that the student feels that he is in touch 
\vith real people and not just a n1achine. For exan1ple, the 
editor signs his nan1e, the student is addressed as "Dear 
Student" and the authors \vrite in the first person. There is 
plenty of student participation built into the course and the 
planned use of situation audio cassette tapes provide an 
additional hun1an touch, \Vhich is all i111portant to the isolated 
student. As an experin1ent, cartoons have been used in the 
early part of the course so that the student is introduced to 
the technical subject 1natter in easy stages. 

One of the niany ne\v features of the schen1e is the face­
to-face tutorials. BPO students n1ay, if required, be allowed 
up to 20 h of absence fron1 their official duties to attend 
tutorials for ren1edial action. 

The learning packages have been given a distinctive logo 
so that students soon readily identify the learning packages 
and associated 1naterial. 

Distance learning schen1es such as the External Students' 
Sche1ne are classified under the heading of open /ear11i11g 
syste111s. J. Coffey of the Council of Educational Technology 
defines the terrn open /ear11i11g syste111 as "one in \Vhich the 
restrictions placed on students are under constant review and 
re1noved \vherever possible". The External Students' Scherne 
is designed to provide the student with niore opportunities 
to learn and to ren1ove so1ne of the conventional adn1ini­
strative and educational constraints. 

FACTORS CONTRIBUTING TO A SUCCESSFUL 
SCHEME 

As already stated, the BPO External Students' Schen1e has 
introduced many ne\v design features into the new packaged 
learning courses and procedures. Which factors n1ake the 
greatest contribution to the overall success of the scherne? 
Son1e \vork has been done on this aspect, but obviously the 
opportunity to use control groups and to obtain the necessary 
statistics is li1nited at this stage. 

Many of the factors involved niay be treated as hygiene 
ones (for exan1ple, presentation of written learning n1aterial, 
provision of audio cassettes, fihn strips and overlays) in that 
failure to 1naintain then1 results in a fall in overall systen1 
perforn1ance. 

The n1ain contribution to the positive n1otivation of the 
external student is the provision of a degree of validated in­
course assess1nent in addition to tenninal exan1inations 
leading to a recognized award. Thus, if a schen1e incorporates 
2 or 3 in-course assessn1ents in addition to the tenninal 
exan1ination, the student drop-out rate will be lo\ver and the 
overall system perfonnance increased. 

58 

This vie•v is supported by M. Guggenhein1 and P. Lazenby 
of the Faculty of Education at Huddersfield Polytechnic in 
an article on Nlicrocon1puter /\4a11agen1e11t Learning in the 
Voc<ffional Aspects of t."d11catio11. 

ADMINISTRATIVE SUPPORT 

In order to launch the schen1e and provide the necessary 
ad111inistrative support, handbooks have been produced for 
training officers and for the authorized participating colleges. 
These handbooks contain the schen1e objectives, schedules of 
procedures, progran1111es and the TEC subn1ission docun1ent. 
A series of sen1inars has been conducted \vith those officers, 
such as Area Training Officers, who are in11nediately involved 
\Vith the schen1e. Special stationery has been designed and 
published and the opportunity has been taken to provide a 
n1uch-needed rationalization of the fonns used to adrninister 
technical education. 

FUTURE DEVELOPMENTS 

Short-tern1 plans cover the provision of packaged learning 
courses at level 2 and 3 of the TEC certificate progra111111e. 
Table 1 sho\vs the current TEC certificate progran1rne 1natrix 
and Table 2 shows the proposed revision of the n1atrix. 
Develop111ent v.1ork is continuing on external student schen1es 
and !ong-terrn plans envisage con1puter applications and also 
the use of vie\vdata services, such as the BPO Prestel service. 

TABLE 1 

TEC Certificate Programme Matrix 

Physical Une and Telecom· 
f\l athematics Science I Customer munications Electrical 

I Apparatus I Systems [ Drawing I 

Transmission 
Sys!cms !Tt 

Radio 
Electrical Electronics Systems lit General and 

Mathematics Principles II oc Communi· 
II II Telenhone cations 

Switching Studies A 
Systems lit 
oc 
Lines lit 

Telephone 
Digital Switching 
Tcchnic1ues Systems III 
lift Electrical Electronics oc General and 
----- Principles lll Radio Communi· 
Transmission Ill Systems Ill cations 
Sy.�tems lilt oc Studies B 

Lines III 

t half-unit 

TABLE 2 

Proposed Revision of TEC Certificate Programme 

Line and Micro-
Customer Electronics It 

Physical Apparatus I Telecom-
!\Iathematics Science I oc munications Genera[ and 

I Industrial Systems I Communi-
Skills and cation 
Practice Studiest 

Electrical and Transmission 
Electronic Systems lit 
Principles II ------

Mathematics Lines rrt Micro-
II ---- -- oc electronics 

General Radio lit II 
'"d oc 
Communi· Telephone 
cation Switching 
Studies Systems ITt 

Electrical Digital Lines III 
Principles Techniques °' 

Electronics Ill lit Radio III General and 
Ill oc Communi-

Telephone cation 
Transmission Digital Switching Studies 

Systems Techniques Systems III 
Ill IHt 

t half-unit 
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CONCLUSIONS 

Harrogate, the Jong-established printing and publishing 
centre for the existing correspondence courses, plays a large 
part in the new scheme. In addition to printing, publishing 
and distributing packaged learning courses, the centre also 
provides the Training and Education Policy Division \Vith an 
on-den1and statistical service. (See Table 3.) 

There n1ay be cases ·where colleges insist on a n1inin1um 
nun1ber of students before they will establish a tutorial 
group; in cases \vhere it is not possible to 1ncct this 1ninin1un1 
figure, students will be enrolled with Harrogate and will be 
tutored by BPO tutors. 

Students under the care of college or BPO (industrial) 
tutors receive the san1e care, attention and expert advice. 
Internal moderation of the BPO tutoring sche111e is carried out 
by the Training and Education Policy Division and external 
n1oderation by the TEC and SCOTEC. Training and Edu­
cation Policy Division also deal with special cases and appeals 
and 1nonitor overall progress of the scheme. 

Does the BPO get value for tnoney? The econon1ics of the 
ne\v schen1c show that it \Viii prove favourable to the BPO. 
A n1uch in1provcd pass rate is envisaged, coupled with the 
fact that the scherne is operated on a n1arginal cost basis and 
the expected college fees should be no 1nore than norn1al 
evening class fees. 

Guildford Education Services, in a report on a prelitninary 
survey on the educational effectiveness of the Post Oflice 
'felecomtnunications schen1e concludes that, allo\ving for 

certain survey constraints, the schen1e is educationally 
effective. 

TABLE 3 

Example of Training Statistics 

End-of Overall 
Phase Phase Phase Unit Assess-
Test I Test 2 Te'it 3 Test ment 

Sample Number 200 200 100 200 175 

Range 46�{.-100% 31%-97% 15%-90% 20%-92% 27 /;-92j� 
(54 ')-;',) (66':-�) (75%) (72/�) {65%) 

Mean 89 ·4 /., 70·3/� 55·6% 62·5% 68·4% 

Median 92·0';-� 71 ·O �� - 63·0% 70·0% 

Mode 97·8% 74·0% 60��- 69·0% 79·0�/� 
65·0% 

Standard 
Deviation !0·4 13 ·I 15. 5 12·9 11 ·9 
(Sample) 

Standard 
Deviation !0·4 13. [ [5·6 12·9 12·0 
(Population) 

Skew -0·75 -0·2 - 0·04 -0·4 

Standard Error 0·7 0·9 I 6 O· 9 0·9 
of the Mean 

Population Mean 88·0%- 68·5%- 52·4%- 60·7%- 66·6i�-
(95�,;; Level or 90·8�� 72·1 % 58·8% 64·3/0 70·2 ?,;; 
Confidence) 

Population Mean 17. 6- 13 ·8- 10·4-· 24. 4-- 66·6-
(\Veighted) 18·2 14-4 11. 8 25· 6 70' 3 

The Institution of Post Office Electrical Engineers: 
London Centre-Past and Present 

K. w. STOA TE, B.SC., C.ENG., M.l.E.E.t 

INTRODUCTION 

In May I 905 there was a 1nccting of senior officers of the 
British Post Office (BPO) Engineering Departn1ent to con­
sider the fonnation of an Institution of Engineers in the Post 
Office. The proposal put before the meeting was: 

For so111e considerable tin1e past there has been a strong 
feeling 011 the part of Electrical f.�ngineers in the Post 
Office sen1ice that the great developn1e11ts in ei'ery branch 
of.Telegraph and Telephone Engineering, and the increas­
ing responsibilities of their position, justifies the }Ortn­
ation of a new organization which would enable them by 
the exchange oj· opinion to keep abreast of the rapid 
progress in the 11ario11s disciplines de11e/opn1ents. 

After due consideration it was decided to establish an 
organization to be known as The Institution of Post Office 
Electrical Engineers (IPOEE). 

t Mr. Stoate was Vicc�Chainnan of the London Centre of the 
IPOEE fron1 1978 to 1980. 
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On 7 Decen1ber 1905, the Govern1nent Treasury Depart­

ment gave an initial sum of £500 toward the setting up of the 
IPOEE, and they gave an undertaking to provide £250 
annually towards the operating costs. 

On 6th July 1906, the IPOEE was forn1ally inaugurated; 
its first President was Sir John Clavey, who was the Engineer­
in-Chief of the Post Office Engineering Department from 
1902-1907. 

At its inception, the IPOEE consisted of the London Centre, 
known as the Metropolitan Centre, and 13 provincial centres. 
The Metropolitan Centre included the Engineer-in-Chief's 
Office and the nietropolitan districts; among the provincial 
centres was one for Southern Ireland. The headquarters of 
the IPOEE was at No. 8 King Edward Street. Membership 
was restricted to all ranks above and including Inspector; 
Senior Clerks were also included. 

The first Chairman of the London Centre was Mr. J. W. 
Woods. The lectures presented during the first year included: 
Telephone Trans1nissio11, by J. G. Hill; Electric Wave Propa-
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FIG. I-Sir John Gavey (First President of the IPOEE) 

gation, by J.E. Taylor; Post Office Telegraph, by J. S. Brown; 
and Trnnk System Signalling Telegraph, by M. Mcllroys. All 
lectures were held at King Edward Street. 

The London Centre also provided a library service, which 
was available to IPOEE members in the rest of the country. 
Also, visits were organized to places of interest. 

ASSOCIATION WITH THE IEE 

No description of any part of the JPOEE activities would be 
complete without mention of the Institution of Electrical 
Engineers (IEE). The founding of this great professional 
Institution was started by telegraph engineers in May 1871; 
at that time, it was known as the Society of Telegraph Engi­
neers. It was one of a large number of learned societies formed 
in the l8th and l9th centuries. The sister Institutions that had 
been formed earlier in the century were the Institution of Civil 
Engineers in 1818, and the Institution of lvlechanical Engineers 
in 1847. The name Society of Telegraph Engineers continued 
until 1888 when, in view of the ever widening scope of the 
Society to include power generation and allied subjects, the 
name was changed to the !11stit11tio11 of Electrical Engineers. 

From the very start of the IEE there has been the closest 
ties between B,PO Engineers and the IEE; many BPO Engi­
neers are of course members of this professional body. 

In June 1910, the headquarters of the IEE moved into the 
well-known site at Savoy Place, London, and has remained 
there ever since, although the building has been considerably 
altered both externally and internally. 

Jn 1922, the London Centre of the IPOEE started to hold 
some of its lecture meetings at the IEE building at Savoy 
Place, and this arrangement with the IEE has continued until 
the present day. 

The IEE building at Savoy Place is shown in Fig. 2, and 
Fig. 3 shows the IEE main lecture theatre, which is con­
sidered one of the best appointed in London. 
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FIG. 2-The IEE building, Savoy Place, London 

Photograph: Institution of Electrical Engineers 

·"'-

FIG. 3-The IEE main lecture theatre 

Photograph: Institution of Electrical Engineers 

GROWTH OF THE LONDON CENTRE 

1906-1919 

It is very interesting to note that a scan through the consider­
able number of documents and minutes of the period has 
revealed that our predecessors considered they were in a fast 
advancing technology and that telephone systems were in a 
constant state of development. 

The period before the outbreak of the first world-war 
(1914-1918) saw the London Centre gain in status and 
popularity. Seven or eight papers a year were read, and the 
membership increased from approximately 450 in 1906, to 
800 by 1914. 

Another noteworthy event which reflected on all sections 
of the IPOEE was the first publication, in 1908, of the Post 
Office Electrical Engineers' Joumal, which was published, as 
now, on a quarterly basis. In the first year of publication, the 
Joumal contained a total of some 40 major articles. The 
publishing of the Joumal gave a decided impetus to the 
prestige of the IPOEE, and this was most noticeable at 
Headquarters (that is, in the Metropolitan Section). 
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The development of the London Centre was impeded 
during the period of the first world-war; papers were still 
read, but they were fewer in number. The number of men1bers 
dropped, and in 1919 was approximately 700. 

1920-1939 

In the period between the two world-wars the London Centre 
continued to grow. One important change was the splitting of 
lectures into two classes: forn1al and informal. The formal 
lectures were held at the IEE Savoy Place, and the informal 
lectures were held in Post Office buildings; for example, at 
Waterloo Bridge House. The purpose of the informal meetings 
\Vas to encourage discussion in a friendly and familiar atmo­
sphere, as distinct from the rather awe-inspiring atmosphere 
of the IEE lecture hall. 

By 1935, the men1bership of the London Centre had grown 
to 2040; the library contained 1000 books; and 11 technical 
periodicals were on circulation to members. As examples of 
the activities of the London Centre during this period, the 
programmes of formal and informal lectures for 1935-36 are 
given in Tables 1 and 2 respectively. 

During 1935-36, visits were made to The Royal Arsenal, 
Woolwich; The National Physical Laboratory; and The 
Pyrene Company Ltd. 

TABLE 1 

Formal Meetings 1935-1936 

Subject Lecturer 
--

External plant layout for L. Meek 
automatic exchange convers-
ions in the City of London 

Ultra-short-wave radio D. A. Thorn, ssc. (ENG)., and 
telephone circuits H. T. Mitchell, A.M.I.E.E. 

Broadcast interference J. Neale 

Some practical aspects of C. F. Thomas and A. T. Soans 
telephone conduit and 
manhole construction 
--

Maintenance, use and R. T. Robinson, A.M.I.E.E. 

development of motor 
transport 

Recent developments in unit B. Winch, A.M.I.E.E. and 
autom"atic exchanges C. G. Grant. 

Laying submarine cables Messrs. Siemens, Bros. & Co. Ltd. 

TABLE 2 

Informal Meetings 1935-36 

Subject Lecturer 
---

Power work in the London H.W. Fulcher, M.l.E.E. 

Engineering District 
-- -

Basic principles underlying C. E. Palmer-Jones 
carrier telephone practice 

Private teleprinter-circuits T. G. London, A.M. INS. BE. 

The case for aerial cable R. MacWhirter, B.Sc., A.M.I.E.E. 

The development of picture J. Stratton, A.C.G.F.c., A.M.l.E.E. 

transmission from mobile 
t ra nsmi t ting-apparatus 

Some notes on the provision A. W. Webb 
and layout of automatic 
exchanges 
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1939-45 

During the second world-war there was a considerable re­
duction in the activities and facilities provided by the London 
Centre. No meetings were held in the 1939-40 and 1940-41 
sessions. However, from 1941-42 until the end of the war an 
increasing number of meetings occurred each year, and in 
1944-45 6 formal and 6 informal 1neetings were held, which 
\Vere up to peacetime standards. 

ASSOCIATE SECTION 

No history of the London Centre or of the national IPOEE 
can be con1plete without mention of the Associate Section, 
or Junior Section as it was called when first established on 
23rd May 1932; the first President of the Junior Section \Vas 
Mr. C. W. Brown. 

The formation of the Junior Section was almost entirely 
due to the imagination and energy of Mr. E. Gomersall, who 
was Chairman of the London Centre in 1931-1932. The initial 
membership was 500, which included all grades of\\ urk111c11 

and youths-in-training. The Junior Section ran its own meet­
ings and visits, and members also enjoyed the facilities of the 
main IPOEE library. There was an annual subscription of2/6d. 

The Junior Section pursued the same objects as its senior 
partner in fostering interest, promoting communication and 
disseminating knowledge relating to developments in tech­
nology; it fostered discussion and debate on Technical 
Instructions Workmens' Pamphlets; it gave prizes for the 
best written papers, as well as encouraging members to take 
part in the main IPOEE essay competition. Other centres 

quickly set up Junior Sections following the example of the 
London Section. 

The name of the Junior Section was changed in the late 30's 
to the Associate Section, and its senior partner was termed 
the Senior Section. 

A considerable reduction in the activities of the Associate 
Section occurred during the period of the second world-war. 
After the war, personal interest by Senior Section members 
stimulated interest in the affairs of the Associate Section and 
the membership increased to 2480 in the 1949-50 session and, 
by 1956, had increased to over 4000. 

At the present time, the Associate Section is structured in 
two parts: the London Postal section, which has a member­
ship of 350; and the London Telecommunications section, 
which has a membership of 7500. The Associate Section is 
managed by a committee consisting of a Chairman from each 
of the 14 area groups, \Vhich include the International Tele­
phone Area, London Test Section and Regional Headquarters. 
The Associate Section produces its own Journal, called New 

Quarterly Journal. Officers arc appointed to liaise with the 
Senior Section; at present, the Associate Section Liaison 
Officers are Mr. N. Bell from the LTR and Mr. E. Clark from 
the LPR. Each May, the activities of the Associate Section 
are reviewed at Conference, at which reports are given from 
such people as the Senior Quiz-Organizer, the Visits Secretary, 
the Librarian and the Treasurer. 

The conference activities are concluded with a dinner in 
honour of Mr. C. W. Brown, the first President of the Junior 
Section; at the dinner, awards are presented by the President. 
Without doubt, the development of the Associate Section of 
the London Centre has achieved a status that lives up to the 
dreams of its instigator, Mr. E. Gomersall. 

THE PRESENT LONDON CENTRE 

ORGANIZATION 

Since 1945, the London Centre has slowly developed, and 
facts about its present working are given below. 

The London Centre is managed by a committee headed by 
a Chairman and Vice-Chairman. These two officers are 
appointed by the President of the IPOEE and serve for two 
years; to maintain continuity of management, the appoint-
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ments overlap by one year. A list of past Chairmen and Yice­
Chairmen of the London Centre from 1926 is given in the 
appendix. 

The other officers of the committee, who are selected by 
ballot and serve for two years, include: 

(a) a Secretary, 
(b) an Assistant Secretary, 
(c) one member from salary bands 1-8 in THQ and the 

LTR, 
(d) one member from salary bands 9 and 10 in THQ, 
(e) one member from salary bands 9 and 10 in the LTR or 

the LPR, 
( f )  one member from the Executive Engineer (EE) grade 

in THQ, 
(g) one member from EEs in the L TR or the LPR, 
(h) two members from the Assistant Executive Engineer 

(AEE) and the Inspector grades in THQ, 
(i) one member from AEEs, in the L TR or the LPR, 
(j) one member from Inspectors in the L TR or the LPR, 

and 
(k) one member from the Draughtsman and Illustrators 

grades. 

From time-to-time, as a need arises, members are co-opted 
to serve on the committee. 

The membership for the year ending April 1980 was 4984 
and consisted of 3462 from THQ and 1522 from the London 
Telecommunication and Postal Regions. 

Facilities Provided by the London Centre 

The main function of the London Centre is to provide a 
series of lectures at a suitable lecture theatre (usually at the 
IEE, Savoy Place) on subjects of interest in communication 
technology. Other facilities available to members are 

(a) visits to places of interest (for example, Air-Traffic 
Control, West Drayton, and the Ford Motor Works at 
Dagenham), 

(b) the use of library facilities, and 
(c) the opportunity to receive periodical publications 

which are on circulation to members. 

In 1979-80 the London Centre arranged JO lectures; 340 
people took part in 20 visits; the library contained 2500 books; 
and 15 periodicals were in circulation. 

In 1978 it was decided to cease the distinction between 
formal and informal lectures; all lectures now have the same 
status and are held at the IEE, Savoy Place. 

In recent years, there has been a central theme running 
through each year's lectures. In the year 1979-1980, the theme 
was Human Relations. 

Under the guidance of the present London Centre Chair­
man, Mr. K. E. Ward, the theme for the 1980-1981 session 
was Modemization, and the lectures have emphasized not 
only the changing technical scene but also the changes that 
may result from the relaxation of the Post Office monopoly. 
This 'liberalization' was clearly demonstrated in the first 
lecture titled British Telecom in the Changing Environment, 
given by the Deputy Managing Director: Telecommuni­
cations, Mr. J. Harper. This lecture was followed by a 
description, given jointly by Mr. Bryan of STC and Mr. 
Leggett of British Telecom, of the most modern processor­
controlled exchange in current production, TXE4A. 

The lectures presented or planned for the 1980-81 session 
are given below. 

18 November 1980 

27 November 1980 

62 

Modemization of the UK Telecom­
munications Network, by C. R. J. 
Shurrock, THQ/DNS. 
Monarch and Herald-Engineering 
for Installation in Customer's Prem­
ises, by F. E. Wright, THQ/BS4.2.3. 

F10. 4-Mr. K. E. Ward: Chairman, London Centre 

11 December 1980 

20 January 1981 

16 February 1981 

26 February 1981 

9 March 1981 

23 March 1981 

6 April 1981 

18 May 1981 

Telconsult-A Worldwide Consult­
ancy Service, by J. F. Boag, General 
Manager British Telconsult. 
Network Management, by R. Mad­
den, Network Manager, American 
Telephone and Telegraph Company 
Long Lines. 
Evolution Towards an Integrated 
Services Digital Network (SDN), 
by A. G. Orbell, THQ/NS2. 
The Impact of Digital Telephony 011 

Transmission Standards, by K. R. 
Harrison, THQ/NS2. l .4. 
Users View of British Telecom, by 
G. Waggett, Head of Telecommuni-
cations Section, Post Office Users 
National Council. 
Local Network Evolution, by A. G. 
Hare, THQ/SES6. 
Worldwide Marketing of System X, 

by J. H. A. Sharpley, Managing 
Director, British Telecommunica­
tions Systems Limited. 
Management and Design for Energy 
Conservation in the Bell System, by 
N. Osifchin, Director, Bell Building 
and Energy Systems Laboratory. 

Two of the above lecturers are visiting speakers from over­
seas organizations, and one is from the Post Office Users 
National Council. Such speakers inject a fresh interest into a 
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session and provide a new slant to the thoughts of British­
Teleco1n oriented members. All these lectures have the san1e 
theme that characterized the first talks in 1906, namely an 
involvement in the ever-developing technology and its rami­
fications; they also provide an essentially independent forum 
for any member to debate technical and policy matters with 
experts in that particular field . 

CONCLUSIONS 

It speaks much for the energy and enthusiasm of the com­
mittees of the London Centre that the centre has continued 
to grow and provide worthwhile lectures, visits and library 
facilities for its members. However, interest has to be con­
stantly stimulated. 

A few years ago, there was a noticeable falling off of 

attendance at the main n1eetings. This was counteracted by 
prompt circulation of the programme card, by Newsletters, 
and by the introduction of attractive posters, one of which 
\Von a recent a\vard in the publicity field. These n1easures 
produced good results and attendance is now good, although 
it can always i1nprovc. The London Centre committee extends 
its thanks to all 1nen1bers for their support, which is given in 
their own tin1e and outside the normal course of their duty. 
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Chairmen and Vice-Chairmen of the IPOEE London Centre 

YEAR CHAIRMAN VICE-CIIAIRMAN YEAR CHAIRMAN VICE-CHAIRMAN 
1926-27 Col. A. G. Lee (E) Mr. J. W. Atkinson (L) 1955-56 Mr. E. H. Jolley (E) Mr. J. G. Straw (L) 
1927-28 Capt. B. S. Cohen (E) Capt. J. Hines (L) 1956-57 Mr. G. S. Berkeley (l) Mr. A. J. Jackson (E) 
1928-29 Mr. W. J. Bailey (L) Mr. P. J. Ridd (L) 1957-58 Mr. H. G. Beer (E) Mr. L. F. Salter (l) 
1929-30 Mr. A. B. Hart (E) Mr. F. H. Wise (L) 1958-59 Mr. H. Willian1s (E) Mr. S. M. E. Roussell (L) 
1930-31 Mr. E. Gomersal\ (L) Mr. P. T. Wood (L) 1959-60 Mr. L. F. ScJ.ntlebury (E) Mr. S. I. Brett (L) 
1931-32 Mr. F. G. Greenham (L) Mr. N. J. Wilby (L) 1960-61 Mr. T. H. Flowers (E) Mr. H. M. W. Ackern1an 
1932-33 Mr. J. Hedley (E) Mr. S. C. Bartholon1ew (L) 
1933-34 Mr. B. 0. Anson (E) Mr. A. Wright (L) 1961-62 Mr. R. H. Franklin (E) Mr. C. G. Grant (L) 
1934-35 Mr. J. W. Atkinson (L) Mr. A. 0. Gibbon (E) 1962-63 Mr. R. 0. Carter (E) Mr. R. W. Hopwood (L) 
1935-36 Capt. J. G. Bines (E) Mr. H. W. Fulcher (L) 1963-64 Mr. S. J. Edwards (E) Mr. A. W. Pearson (L) 
1936-37 Mr. P. J. Ridd (L) Mr. P. B. Frost (E) 1964 -65 Mr. W. J. E. Tobin (E) Mr. T. J. Rees (L) 
1937-38 Mr. R. G. deWardt (L) Capt. A. C. Tin1n1is {E) 1965-66 Mr. E. W. Anderson (E) Mr. T. J. Morgan (L) 
1938-39 Mr. G. F. O'dell (E) Mr. C. W. Brown (L) 1966-67 Mr. A. J. Thon1pson (L) Mr. H. C. S. Hayer (E) 
1939-40 Col. F. Reid (E) Mr. C. H. Phillips (L) 1967- 68 Mr. W. H. Maddison (E) Mr. W. G. Roberts (L) 
1940-41 Mr. A. Morris (L) Mr. B. W. Harding {E) 1968-69 Mr. D. E. Watt-Carter (E) Mr. D. W. R. Cobbe (L) 
1941-42 Mr. A. Morris (L) Mr. B. W. Harding (E) 1969-70 Mr. T. J. Morgan (L) Mr. D. G. Jones (T) 
1942-43 Mr. F. 0. Barralet (E) Mr. W. F. Boryer (L) 1970 71 Mr. T. F. A. Urban (T) Mr. R. J. Griffiths (L) 
1943-44 Mr. F. E. Nanoa1TO\V (E) Mr. F. B. Chapman {L) 1971-72 Mr. R. W. White (T) Mr. F. C. Gould-Bacon (L) 
1944-45 Mr. A. Morris (L) Mr. E. J-1. Jolley (E) 1972 73 Mr. G. E. Brett (l) Mr. J. F. Rampton (T) 
1945-46 Mr. R. M. Chamney (E) Mr. A. E. Stone (L) 1973-74 Mr. C. F. Davidson (T) Mr. A. J. Chappel (L) 
1946-47 Mr. P. B. Frost (E) Mr. C. F. Moffat (L) 1974--75 Mr. E. V. Partington (T) Mr. J. I. Collings (L) 
1947-48 Mr. A. H. Mun1ford (E) Mr. H. F. Epps (L) 1975-76 Mr. B. R. Horsfield (T) Mr. B. F. Yeo (L) 
1948-49 Mr. W. S. Procter (L) Mr. R. W. Palmer {E) 1976 -77 Mr. R. J. Bluel! (L) Mr. H. J. C. Spencer (T) 
1949-50 Col. J. Reading (E) Mr. A. E. Penney (L) 1977-78 Mr. C. K. Price (L) Mr. R. C. Bolton (T) 
1950-51 Mr. W. T. Gommcll (E) Mr. J. J. Edwards (L) 1978-79 Mr. C. K. Price (L) Mr. K. W. Stoate {T) 
1951-52 Mr. H. R. Harbottle (E) Mr. J. Stratton (L) 1979-80 Mr. K. E. Ward (T) Mr. K. W. Stoate (T) 
1952-53 Mr. R. S. Phillips (L) Mr. F. Hollinghurst (E) 1980-81 Mr. K. E. Ward (T) Mr. R. Wilkinson (L) 
1953-54 Mr. F. C. Carter (E) Mr. G. S. Berkeley (L) 
1954-55 Mr. W. F. Smith (E) Mr. E. C. C. Greening (L) (E) : Engineer-in-Chief's Office (T): THQ (L) : LTR 
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The First Installation of the Electronic Exchange 
System UXE8 
W .  M. OLIVERt 

Following an exan1ination of proprietary exchange systeins in 
1978, the Scottish Telecon1n1unications Board and Telecom­
n1unications Headquarters of the British Post Office (BPO) 
concluded that the Pentex ERS (Electronic, Reed, Small) 
systen1 manufactured by Plessey Telecon1111unications Ltd. 
(PTL) should be evaluated as a modern replacen1ent syste1n for 
son1e of the BPO's very sinall local exchanges, n1ost of which 
arc UAXI 2s and UAXI 3s. The Pcntcx ERS, designed to serve 
50-500 custon1ers' lines, is one of a series of complen1entary 
systems that have evolved fron1 the TXE2 systen1; Pentex 
systems are marketed for export by PTL. 

It was decided that twelve ERS exchanges, niodified by PTL 
to include the BPO's coin and-fee-check, local-call tin1ing and 
con1bined 1/9/0 junction facilities, should be purchased for 
installation at appropriate locations in Scotland West Tele­
phone Area. "fhe new type of exchange has been designated 
UXE8 by the BPO. Sites for the exchanges within the areas 
served by the comparatively ne\v TXK I group s\vitching 
centres at Newton Ste\vart and Girvan were subsequently 
selected and plans made for the exchange replacc111ent work. 
The contract placed with PTL stipulated that the first instal­
lation, to replace a UAXl4, \vould be installed and con11nis­
sioncd by PTL's staff, and that the UXE8 would be subject 
to an in-service trial for a period of twelve nionths fro111 the 
date the exchange entered public service; certain service 
perforn1ance criteria were specified so that the nc\v exchange 
could be assessed by the BPO. Agree1nent was also reached 

t Scotland West Telephone Arca 

\Vith PTL on the cost of the project; the training of BPO 
staff; the specifications to be adopted for acceptance testing 
and commissioning; specialist technical assistance and feed­
back on systen1 performance; and the provision of test equip­
n1ent. 1 t \vas proposed that equipment for the ren1aining eleven 
of the t\velve proposed UXE8s should be supplied to the BPO 
for installation by direct labour. A description of the UXE8 
was published in a previous issue of this Journal*. 

When the first UXE8 was brought into public service at 
08·00 hours on 22 May 1980, 315 customers' lines at Wigtown, 
a sn1all con1n1unity in South West Scotland, were transferred 
fron1 the UAXl4. The installation of five traffic racks and 
three nliscellaneous racks was con1plcted in two weeks during 
Decen1ber 1979. Con11nissioning con1menced in January 1980 
and the n1ulti-call san1ple tests were successfully concluded 
during April 1980. Although Signalling System (SS) AC No. 
8 and SSDC No. 2 junctors for the UXE8 were not specifically 
required for the Wigto\vn installation, PTL supplied the111 at 
the request of the BPO; these iten1s were also successfully 
tested. 

The UAXl4 has been retained on standby; in the event of a 
serious failure occurring in the UXE8 equipinent, a change­
over will be effected. However, to date, the UXE8 has niet most 
BPO and PTL require1nents and orders have been placed for 
equipn1ent for the ren1aining eleven exchanges. 

* PouLTNEY, A. E., and LASHMAR, J.C. S1nall Exchange Moder­
nization: New Electronic Exchange Syste1ns UXE7 and UXES. 
POEU, Vol. 73, p. 82, July 1980. 

New Digital PABX for Exeter Telephone Area Office 
R .  G. HAYN E St and R. M. DUDDY* 

The provision of a new Telephone Area Office (TAO) at 
Co1nn1ercial Road, Exeter, brought 430 office-based staff 
together under one roof for the first ti1ne and the opportunity 
was taken to rationalize in-house con1n1unications and to 
provide direct access to several outstations. After studies by 
the Traffic Planning Group and the Sales Division, a set of 
criteria was sub111itted to South Western Board Headquarters 
and to Telecomn1unications Headquarters for consideration. 
As a result, a Plessey PDX 800 PABX \\1as selected as nieeting 
the varied requircn1ents of custon1ers and staff; the first 
stored-programn1e controlled (SPC) PABX for use by British 
Post Office staff. The staff concerned with the new PABX 
visited the nianufacturers to receive instruction on the syste1n, 
its service features and the various facilities available to 
extension users. 

Two operator's consoles were provided at the TAO and 
these are staffed on a rota basis by staff fron1 Ex(.ter auto­
manual centre, \Vhere the service position has been reduced to 
an out-of-working-hours service only. Most of the 470 exten­
sions can be called by direct dialling-in, which reduces the oper­
ator load, and this will be further contained by extended use 

t Exeter Telephone Area 
* South Western Teleco1nnn1nications Board Headquarters 
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of the various facilities available to extension users and opera­
tors. A Systen1 Manager has been appointed to arrange user 
training, to oversee the operators' work and to co-ordinate the 
n1aintenance of in-house records. He also 111akes the necessary 
changes to the processor store via a teletype access and 
nionitors the systetn perforn1ance. Installation con1menced in 
Noven1ber 1979 and the exchange was accepted for service in 
March 1980. 

The Plessey PDX 800 is a SPC, tin1e-division 111ultiplexed, 
4-wire s\vitched systen1, in which a nun1ber of bidirectional 
interface circuits are interconnected by switching circuits onto 
a con1111on 384 slot (340 speech slots, 9 control slots and 35 
spare), 83.3 µs digital bus under the control of the operational 
progra1n. The 2-wire speech path fron1 an extension is split 
into a TRANSMIT and RECEIVE signal by the hybrid at the 
interface. The TRANSMIT signal is routed to the coder,which 
converts the analogue signals to digital signals for transn1ission 
to the digital bus; a decoder carries out the reverse process 
in the RECEIVE direction. The syste111 is con1patible with 7 
different si!;,nalling systen1s for inter-PBX working and has a 
111axin1u111 capacity of 120 exchange lines and 800 extensions. 
The equipn1ent is housed in enclosed double-bay 1730 111n1 
cabinets and powered by a 111ains-drive11 100 A, 50 V DC 
power unit. 
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Institution of Post Office Electrical Engineers 
Genera! Secretary: Mr. R. E. Farr, TE/SES5.3, Room 1420, 207 Old Street, London ECIV 9PS; Telephone: 01-739 3464, E�tn. 7223. 
(Mcmbcrsliiµ and other local enquiries should be directed to the appropriate Local-Centre Secretary as listed in the October !980 issue and as amended below.) 

CHANGES TO THE RULES OF THE 
INSTITUTION 

Council has agreed the following rule amendments. 

Rule 24 A1nend to read. 
"The first Chainnan of a new Provincial Centre shall be 

appointed by the Chairn1an of Council. Thereafter, and for all 
existing centres, outgoing Chairn1en shall seek the agreement 
of the Chainnan of Council to the no1nination of a successor. 
Vice-Chairmen shall be non1inated by the Local-Centre 
Chairman concerned. Six members .. . ". 

Rule 26 Issue of non1inatio11 and l'Oting papers. All dates 
to be advanced by 2 weeks to read respectively: 

"18 January, 24 January, 18 February, 8 March, 3 April." 

Ties. An1end to read. 
"In the event of tic, the Chairman of Council or Local 

Centre, as the case may be, shall have the casting vote between 
the candidates who tied for the representation concerned." 

Rule 35 Replace by the following. 
"Council shall arrange for the publication of the Insti­

tution's Journal and any papers, either read at meetings of 
the Institution or which 1nay be calculated to advance the ob­
jects of the Institution, as selected by Council. Every Cor­
porate and Non-Corporate Member shall be supplied with a 
copy of each issue of the Journal. Every Corporate Member 
shall be supplied with a copy of each Printed Paper published 
by the Institution but Non-Corporate Members shall receive 
only the unrestricted issues of such Printed Papers." 

Rule 36 Replace by the following. 
"Council will consider those papers sub1nitted to it by 

Local-Centre Committees under Rule 43, in respect of the 
following courses of action: 

(i) to print in full 
(ii) to print in abstract 

(iii) not to print 
(iv) to present whole or part to the Board of Editors of the 

Journal 
(v) to place the manuscript in the Central Library. 

The selection of papers to be printed for circulation shall be 
vested solely in the hands of Council. No paper shall be 
printed unless at least nine votes in favour of that action 
are given by members of Council." 

Rule 43 Replace by the following, 
"It shall be the duty of each Local-Centre Com1nittee to 

consider all papers presented at meetings of the Institution 
held at its Centre, as soon as possible after the papers are read, 
with a view to deciding by vote \vhether Council shall be 
requested to take action under one or both of Rules 36 and 
46.'' 

Rule 44(i) Amend to read. 
"To arrange that any paper recommended by the Local­

Centre Co1n1nittce for printing and/or the award of an Insti­
tution Medal shall be promptly submitted to the Secretary for 
consideration by Council." 

Rule 45 Replace by the following. 
"(a) Institution Senior and Junior Medals One silver and 

one Bronze Medal to be called 'Institution Senior Medals', 
and one Silver and one Bronze Medal to be c.:alled 'Institution 
Junior Medals' may be awarded yearly to authors for the best 
papers read at meetings of the Institution during the twelve 
months ended on 30 June of the previous year. 

(b) Institution Field Medals Three Bronze Medals to be 
called 'Institution Field Medals' may be awarded yearly for 
the best papers on field subjects primarily of Regional interest. 
The papers to be considered for these medals shall be those 
read by members at meetings of the Institution during the 
twelve months ended on 30 June of the previous year." 
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New Rule 45X (This is a te111porary nu1nbcr pending future 
Rules revision.) This rule is to be inserted between Rules 45 
and 46 and is to read as follows. 

"All men1bers of the Institution shall be eligible to receive 
Senior and Field Medals, but the award of Junior Medals shall 
be restricted to me1nbers \Vho, when the paper \Vas first read, 
were of the ranks included in Groups 6 to 16 (Rule 18). No 
n1ember shall be eligible to receive n1ore than one medal in the 
same year. For papers by joint authors a similar medal shall 
be awarded to each author, but a paper by joint authors shall 
not be eligible for Junior Medals unless all the authors were of 
the ranks included in Groups 6 to 16 (Ruic 18) \Vhen the paper 
was first read." 

Rule 46 Replace by the following. 
"The selection of papers for the a\vard of Institution Medals 

from those papers recommended for consideration by Local­
Centre Con1n1ittees under Rule 43 shall be the responsibility of 
Council. Unless the final decision as to the award of each of the 
seven medals be unanimous, application shall be made to the 
President of the Institution for expert assistance." 

New Rule 46X (Te1nporary nu1nber) To be inserted imn1edi-
ately after Rule 46. 

"The 1nedals for papers read in any session shall be pre­
sented at the Annual General Meeting of the Institution of 
the succeeding session." 

CHANGES OF LOCAL-CENTRE SECRETARIES 

Mr. L. J. Hobson has taken over as Secretary of the London 
Centre from Mr. Armitage (details of his address were given 
in the October 1980 issue). The Assistant Secretary is Mr. G. P. 
Jones, THQ/NE/NS2.l.I; telephone 01-261 1055. 

Mr. N. Braid, STBIHQ.SJ 14. telephone 031-222 234S, has 
taken over from Mr. Walker as Secretary of the Scotland East 
Centre. 

RETIRED MEMBERS 

The following members, who retired during 1980, have 
retained their membership of the Institution under Rule 11 (a): 

Mr. S. B. Watkins, "Windcroft", Wren Park Close, 
Ridgeway, Sheffield S l 2  3XT. 

Mr. J.E. Roberts, 12 Tenby Drive, Cheadle Huln1e, Cheadle, 
Cheshire SKS 7BR. 

Mr. L. W. Hill, "Inglenook'', 39 Stratford Road, Watford, 
Herts WDI 3NY. 

Mr. W. Smith, 33 Northvicw Road, Westgate Hill, Bradford 
BD4 6NS. 

Mr. F. H. Bradley, 31 Wheatley Grove, Ben Rhydding, 
Jlkley, W. Yorks LS29 SSA. 

Mr. W. I. L. Rae, 53 Church Lane, Oulton, Stone, Staffs 
ST15 8UB. 

Mr. H. Thorpe, 29 Hillswood Drive, Endon, Stoke-on-Trent 
ST9 9BL. 

Mr. R. G. Simmons, 29 Pinewood Drive, Bletchley, Milton 
Keynes MK2 2HT. 

Mr. J. C. Dignan, 13 Meadowfield Drive, Edinburgh EH8 
7NY 

Mr. A. A. Philic, 1 lA McKenzie Road, Broxbourne, Herts 
ENIO 7JQ. 

Mr. L. A. Salmon, 26 Pernc A venue, Ca1nbridge CB 1 3SA. 
Mr. A. A. Buckeridge, 5 Upper Berkeley Place, Clifton, 

Bristol BSS !JS. 
Mr. K. G. T. Bishop, 28 Towncourt Crescent, Petts Wood, 

Orpington, Kent BR5 IPQ. 
Mr. K. 0. L. Hobbs, 29 St. Leonard's Road, Headington, 

Oxford OX3 SAD. 
Mr. R. V. Little, 33 Mancroft Road, Caddington, Luton 

LUI 4EJ. 
Mr. T. W. Jenkins, 9 Hendremawr Close, Tycoch, Sketty, 

Swansea SA2 9ND. 
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Mr. T. Lynas, 85 Kings Drive, Bristol 7. 
Mr. A. E. Pullen, 23 Llanaway Close, Godahning, Surrey 

GU7 3ED. 
Mr. E. A. Askew, 65 Longmead Drive, Sidcup, Kent DA14 

4NY 
Mr. G. A. Bryan, 29 Daleside, Gerrards Cross, Bucks SL9 

7JE 
Mr. W. B. Green, 30 Chelwood Crescent, Leeds LS8 2AQ. 
Mr. A. Ferguson, 8 Deeside Park, Aberdeen AB I 7PQ. 
Mr. K. Gray, 24 Eden Road, Oadby, Leicester LE5 4JP. 
Mr. G. Haley, 8 Sullivan Place, Waldringfield, Woodbridge, 

Suffolk 1Pl 2  4QT. 
Mr. G. King, 40 Heath Gardens, Walton, Stooe, Staffs STl 5 

OAW. 
Mr. H. Turner, 44 Yoxall Avenue, Hartshill, Stoke ST4 

7JH. 
Mr. F. H. Saxby, 30 Highbury Road, Keyworth, 

Nottingham NG12 5JB. 
Mr. E. L. Bubb, 51 Kingsale Road, Salcombe, Devon TQ8 

SAW. 
Mr. C. C. Harrison, 55 Stanley Road, Benfleet, Essex SS7 

3EN. 
Mr. C. Wilkins, 2 Lin1etree Avenue, South Benfleet, Essex 

SS7 5AB. 
Mr. F. K. Marshall, l l Wells Park Road, Londoo SE26 6JQ 
Mr. F. Newton, 134 Westwick Crescent, Sheffield S8 7DJ. 
Mr. A. F. Simpson, 27 The Layne, Elmer Sands, Middleton-

on·Sea, Bognor Regis, West Sussex P022 6JL. 
Mr. A. F. Bareham, 47 Elthorne Park Road, Han\vell, 

London W7 2JB. 
Mr. S. E. Freere, 70 School Lane, Solihull, West Midlands 

B91 2NL. 
Mr. R. E. King, 90 Manor House Lane, South Yardley, 

Birmingham B26 IPR. 
Mr. F. C. Salter, 20 Ercall Lane, Telford, Shropshire TFl 

2DY. 
Mr. S. Bates, 55 Blossomfield Road, Solihull, West Midlands 

B91 !ND. 
Mr. W. E. G. Harris, 3 Carmen Avenue, Shrewsbury SY2 

5NP. 
Mr. A. L. Goodrick, 7 Crossfield Drive, Swinton, Manchester 

M27 3TN. 
Mr. J. D. Armitage, 4 Fairwood Road, Llandaff, Cardiff 

CF5 3QT. 
Mr. A. W. Jones, 14 Elm Close, Newquay, Cornwall 

TR7 2LN. 
Mr. A. H. Elkins, 30 Eastleigh Road, Barnehurst, Bexley­

heath, Kent DA7 6LV. 
Mr. G. R. Brown, 12 Lynthorpe Grove, Fulwell, Sunder­

fand SR6 9HH. 
Mr. H. P. Greenwood, 17 Imber Drive, Christchurch, 

Dorset BH23 5BE. 
Mr. J. T. Ingle, Gore Lane Farm, Alderley Edge, Cheshire 

SK9 7SP. 
Mr. G. H. Franklin, "Stone House", West Felton, Shrop­

shire. 
Mr. J. E. Ramm, 34 Buckstone Avenue, Alwoodlcy, Leeds 

LS17 5HP. 
Mr. T. Mirfin, 5 Hall Close, Dronfield Woodhouse, 

Sheffield S l 8  5ZA. 
Mr. R. J. Martin, 17 Woodlands Drive, Ruishton, Taunton 

TA3 5JU. 
Mr. N. J. S. Rutter, 23 Gerrard Crescent, Brentwood, 

Essex CM14 4JU. 
Mr. J. Taylor, 73 Buckstone Avenue, Alwoodley, Leeds 

LS17 5EZ. 
Mr. C. J. Macpherson, 6 House O'Hill Crescent, Edinburgh 

EH4 5DH. 
Mr. D. C. Smith, 25 Homefield Road, Radlett, Herts. 
Mr. L. F. Miller, "Silverhazc", 16 Sherwood Road, Seaford, 

East Sussex. 
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Mr. R. G. Upton, 2 Gaywood Avenue, Cheshunt, Walthatn 
Cross, Herts. 

Mr. D. W. E. Wheele, 13 Rollswood Road, Welwyn, Herts 
AL6 9TX. 

Mr. E. R. Oakley, 27 Dickens Close, Hartley, Dartford 
DA3 8DP. 

Mr. K. Megginson, 16 Ryndalc Walk, Scarborough, 
N. Yorks YU12 6JU. 

Mr. J. L. Middleton, 25 An1hurst Road, Manchester MJ4 
6UR 

Mr. S. J. Rawlinson, I Easdale Close, Bolton-le-Sand, 
Nr Carnforth, Lanes LA5 8LX. 

Mr. M. C. Ean1es, 27 Woodsland Road, Hassocks, West 
Sussex BN6 8HG. 

Mr. J. Stott, 8 Links Road, Kennington, Oxford OX! 5RX 
Mr. S. Lassey, "Tresscotte", Village Street, Norwood 

Green, Halifax, W. Yorks HX3 8QE. 
Mr. C. A. Rolfe, 25 Anglessey Close, Ashford, Middlesex 

TW15 2JH. 
Mr. G. A. Axe, "Fairchildes", Salston Ride, Ottery 

St. Mary, Devon EX 11 l RH. 
Mr. H. E. P. Burwell, 12 Magdalen Drive, Woodbridge, 

Suffolk 1Pl2 4EF. 
Mr. J. D. Collingwood, "The Old House", 23 Folly Lane, 

Stroud, Glos. 
Mr. �· Roberts, 131 Heygarth Road, Eastham, Wirral, 

Merseyside L62 SAL. 
Mr. R. P. Sin1s, 22 Dobbs Lane, Kesgrave, Ipswich IP5 7PX 
Mr. F. Armitage, 25 Yewdale Avenue, Barrow-in-Furness, 

Cumbria LA14 3PQ. 
Mr. D. Goodship, "The Crest", Tockholes Road, Darwen 

BB3 lJY. 
Mr. J. D. Renaud, 12 Church Walk, Penn Fields, Wolver­

hampton W\13 7BY. 
Mr. R. A. Bayes, 85 Bradford Road, Menston, l lkley 

W. Yorks, LS29 6BU. 
Mr. H. B. Cooper, 11 St. John's Road, Stanstead, Essex 

CM24 8JP. 
Mr. A. R. Fleming, 137 Deeside Gardens, Aberdeen 

ABl 7QA. 
Mr. D. C. Masters, 17 Ruffetts Way, Tadworth, Surrey 

KT20 6AF. 
Mr. R. Corbishley, 98 Wordsworth Avenue, Penarth, South 

Glamorgan. 
Mr. G. Turner, 2 Bollans Court, Goodramgate, York 

YOI 2QB. 
Mr. J. E. Howarth, 38 Saltdean Drive, Saltdean, Brighton 

BN2 8SB. 
Mr. L. Atherton, 40 Arn1adale Road, Deane, Bolton, Lanes. 
Mr. E. H. Francis, 5 Catalpa Close, Malpas Park, Newport, 

Gwent NP7 6JW. 
Mr. R. W. Barton, 49 Cranston Park Avenue, Upminster, 

Essex RM 14 3XD. 

Members about to retire are reminded that they, too, may 
secure life membership of the Institution at a cost of only 
£3·50 (.which is likely to be increased in 1982). Enquiries 
should be directed to their Local-Centre Secretary. Members 
living in or moving to an area served by a different Centre from 
that to which they currently belong may find it more con­
venient to arrange a transfer to the new Centre's membership 
list before retirement; this will ensure advice of local activities. 

THE FEDERATION OF TELECOMMUNICATIONS 
ENGINEERS OF THE EUROPEAN COMMUNITY 
(FITCE) 

Written confirmation of the latest FITCE proposals concern­
ing IPOEE membership is still a\vaited. 

R. E. FARR 
Secretary 
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Notes and Comments 

CONTRIBUTIONS TO THE JOURNAL 

Contributions to the POEEJ are always welcome. In particular, 
the Board of Editors would like to reaffirm its desire to 
continue to receive contributions from Regions and Areas, 
and from those Headquarters departments that are tradi­
tionally modest about their work. 

Anyone who feels that he or she could contribute an 
article (short or long) of technical, _m�n�gerial or general 
interest to engineers in the Post Office 1s 1nv1ted to co�tact t�e 
Managing Editor at the address given below. The editors will 
always be pleased to give advice and lry to arrange for help 
with the preparation of an article, if needed. 

GUIDANCE FOR AUTHORS 

Some guiding notes are available to authors to help them 
prepare manuscripts of Journal articles in. a wa.Y th.at \Viii 
assist in securing uniformity of presentation, simplify the 
work of the Journal's editors, printer and illustrators, and help 
ensure that authors' wishes are easily interpreted. Any author 
preparing an article is invited to write to the Managing 
Editor, at the address given below, to obtain a copy. 

All contributions to the Journal, including those for 
Associate Section Notes, n1ust be typed, 11·ith double spacing 
between fines on one side only of each sheet of paper. 

As a guid�. there are about 750 words to a page, allowing 
for illustrations and the average length of an article is about 6 
pages, although shorter articles are welcome, Coi;tributions 
should preferably be illustrated by photographs, diagrams or 
sketches. Each circuit diagram or sketch should be drawn on 
a separate sheet of paper; neat sketches are all that is required. 
Photographs should be clear and sharply focused. Prints 
should preferably be glossy and should be unmounted, any 
notes or captions being written on a separate sheet of paper. 
Good colour prints and slides can be accepted for black-and­
white reproduction. Negatives are not required. 

It is in1portant that approval for publication is given at 
organizational level 5 (that is, at General Manager/Regional 
Controller/THQ Head of Division level) and authors sh<;Hild 
seek approval, through supervising officers if appropnate, 
before submitting n1anuscripts. 

Contributions should be sent to the Managing Editor, The 

Associate Section Note 

LUTON 

The Luton centre continued its activities through the winter 
months, and n1ost n1eetings \Vere \Vell attended. 

The Lotus car plant at Norwich was visited by 10 n1e111bers, 
and a fa1nily day-out to the Severn Valley railway \Vas attended 
by 45 people. The visit to the Building Research Centre at 
Watford in October proved interesting, as various experin1ents 
were in progress; these included field trials on building 
n1aterials and \vind-tunnel testing of structures. 
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Post Office Electrical Engineers' Journal, NEP I 2, Room 704, 
Lutyens House, Finsbury Circus, London EC2M 7L Y. 

PUBLICATION OF CORRESPONDENCE 

The Board of Editors \vould like to publish correspondence 
on engineering, technical or other aspects of articles published 

"in the Journal, or on related topics. Letters of sufficient 
interest will be published under Notes and Comn1ents. 

Letters intended for publication should be sent to the 
Managing Editor, The Post Office Electrical Engineers' Journal, 
NEP 12, Roon1 704, Lutyens House, Finsbury Circus, 
London EC2M ?LY. 

SPECIAL ISSUES AND BACK NUMBERS 

Copies of the April 1974 issue covering sector s\vitching 
centres, and the October 1973 special issue on the 60 MHz 
transn1ission systen1, are still available. 
Back numbers can be purchased, price £1·30 each (including 
postage and packaging), for all issues from April 1974 to date, 
with the exception of April and October 1975 and April 1976. 
Copies of the April 1973 issue are also still available. 

Orders, by post only, should be addressed to The Post Office 
Electrical Engineers' Journal (Sales), 2-12 Gresha1n Street, 
London EC2V 7AG. Cheques and postal orders payable to 
"The POEE Journal", should be crossed " & Co." and enclosed 
with the order. Cash should not be sent through the post. 
A self-addressed label accon1panying the order is helpful. 

ISSN 

Each issue of the Journal carries on its spine a code known as 
the international standard serial nun1ber (ISSN). 

ISSNs are allocated by the UK National Serials Data 
Centre at the British Library, and each ISSN is unique to the 
publication to \Vhich it is assigned. This 1neans that ISSN 
0032-5287 identifies the PO/::;t,,J in any language in any part 
of the \.Vorld. The value of the ISSN is that it is particularly 
useful to libraries having con1putcrized acquisition, loan, and 
catalogue reporting and listing systen1s. 

A separate nu1nber, ISSN 0309-2720, is assigned to the 
Supplen1e11t, and is shown on the title page. 

Dave Robinson gave 111en1bers an interesting talk and slide 
presentation on the subject of Swiss railways. In Noven1ber 
Dave Jones, in conjunction \Vith Peter Harries, gave a talk on 
the the1ne of an1ateur radio. After\vards, a presentation was 
1nade to Ton1 Little, who was retiring fro111 the Post Office. 
(To1n was the first chainnan of the Luton Centre.) 

The centre's progra1nn1e is already filling up for 1981, and 
it is hoped that this year will be as successful as the last. 

PETER R. OSBORNE 

67 



Post Office Press Notices 

ADVICE ON 'ILLICIT TELEPHONES' 

With Government support, British Telecon1 is giving its 
customers new advice on the purchase and use of privately 
supplied telephone attachments. The message is 'get the best 
use and value out of the telephone service. Avoid the risk of 
buying unauthorized instruments to connect to the public 
network'. 

The Government's British Telecommunications Bill, now 
before Parliament, proposes certain changes, but Mr. Peter 
Benton, Managing Director of British Telecom, stated in 
London recently 'We have a duty to tell customers that it is 
not the Governn1cnt's intention to allow a free-for-all.' 

He said 'The only equipn1ent at present permitted is that 
certified by British Telecom as suitable for use as an attach­
ment. Changes are proposed in this system, but the Govern­
ment is as anxious as we are to ensure an orderly transition 
to the new arrangements. Regulations will still be necessary 
to ensure that the interests of customers are protected. Only 
equipment which conforms to safety and technical standards 
established by a Governn1ent-approved body will be per­
missible.' 

At present, British Telecom operates a certification scheme 
for privately-supplied attachments. This ensures that the 
equipment is technically compatible with the British network; 
that it presents minimun1 risk of injuring staff or damaging 
the systen1; that it does not interfere with other custon1ers' use 
of the network; and that it is correctly connected, to help in 
diagnosing faults. Several thousand types of attachments, 
available from approved suppliers, are authorized for use on 
the public telephone network. Since April 1980, a certification 
number scheine has been in operation for telephone answering 
niachines. Certified n1achines carry labels bearing British 
Telecon1's certification number; these indicate that they have 
passed safety and technical tests and that they arc suitable for 
use on the British telephone systen1. 

This year, British Telecom intends to extend the certification 
number scheme to other types of attachments, such as facsi­
mile machines and intruder alarn1s, and, in the next three years, 
to all ne\v types of attachment such as privately-supplied 
telephones. 

Jn addition, British Telecom currenrly offers an extensive 
range of standard telephones, including those having push­
buttons instead of dials. And there are some 30 or so decora­
tive designs-the special range niarketed by british industry 
but supplied and 1naintained by British Telecom. All have 
been specially designed, or modified, for use on the British 
telephone network. 

This cannot be said of most telephone equipn1ent now on 
sale in shops and departn1ent stores, despite various claims 
that it meets British Post Office standards. Some sales 
promotion does not give anything like the full story. The plain 
fact is that these privately supplied telephones are not certified 
for connexion to the nation's public telephone system. 

Nearly all unauthorized telephone equipment offered for 
sale in the UK is made and designed for use abroad. If 
connected to the British network, it may not work properly. 
Telephones designed for overseas use are frequently insuffic­
iently sensitive for satisfactory operation on all lines in the 
UK. Mains-po\vcred equipment could be electrically unsafe. 

British Telecom points out that it is not only the people 
who have bought and connected this equipment \Vho suffer. 
The victims are more often the callers. They make calls that 
are ineffective because the apparatus does not respond 
correctly, or because it gives poor-quality reception. British 
Telecom has a duty to protect its customers. With the full 
approval of the Secretary of State, it will discharge its legal 
responsibilities. Where customers persist in the use of 
uncertified apparatus, British Telecom, regretfully, will have 
no alternative but to disconnect the telephone line. 
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CARD-IN-THE-SLOT TELEPHONES TO GO 
ON TRIAL 

Public telephones that use plastic cards instead of coins are 
to be tried out this year by British Telecom. About 200 of these 
card-in-the-slot telephones are to go on trial in busy places 
like airports and mainline railway stations in London, 
Birmingham and Manchester. They will be sited near ordinary 
coin-collecting telephones in order to give users a choice 
of either kind. In addition to 1naking inland calls on these 
card-in-the-slot telephones, users will be able to dial directly 
to 101 countries. 

Customers will have to buy special cards, similar in shape 
and size to credit cards, to use the new telephones. These cards 
contain telephone credit units which are erased by a thermal 
process when the card is inserted into the card-in-the-slot 
telephone to pay for calls. The price of the units will be 5p, and 
two different value cards \viii be available: one of 40 units 
costing £2, and a double-sided card of 200 units costing £10. 

Compared with coin-operated telephones, card-in-the-slot 
telephones have a number of advantages. The cards are a 
convenient light-weight alternative to coins (for example, 
the 200 unit card is equivalent to two hundred 5p or one 
hundred !Op coins), and they avoid the need for repeated 
insertion of coins on long-distance calls. The absence of cash 
niakes then1 less attractive to crin1inals and vandals; by 
ren1oving the need for regular visits to collect cash or clear 
jam

_
med coin boxes, they enable British Telecom to make 

savings. 
Making a call from a card-in-the-slot telephone will be 

easier than from the ordinary coin-operated telephone. The 
caller merely lifts the receiver, puts the telephone debit card 
in the slot provided and dials the number to connect the call in 
the usual way. Of course, no pay tone interrupts the initial 
connection; it will still be possible for a user to niake 999 
emergency calls free of charge from a card-in-the-slot tele­
phone without having to insert a card. 

When the card is inserted, a visual display on the telephone 
lights up to sho\v the nun1ber of credit units available; this 
figure decreases as the call proceeds and successive units are 
erased fron1 the card. With card-in-the-slot telephones (as 
with other telephones) the rate at which credit is used up wiII 
depend on the distance of the call (that is, whether it a local, 
trunk or international call) and the 1in1e of day it is made. 
When the credit on the card has nearly run out, the visual 
display starts flashing and the caller hears a warning tone in 
the receiver. The customer can then use up the remaining 
credit; the call is automatically cut off a few seconds after it 
has all run out, and the spent card is returned to the caller. 

Alternatively, the caller can continue talking by pressing 
a special button on the front of the telephone; this auto­
n1atically ren1oves the remaining credit fron1 the card, stores 
it in an electronic memory, returns the used card and allows 
the caller to insert another card (or the second side of the 
double-sided 200 unit card). When the handset is replaced, 
charging for the call stops immediately and the card, complete 
with any credit remaining, is returned to the caller after a few 
seconds. 

}'or the trial, British Telecon1 is planning to make cards 
available from various sites in the areas where card-in-the-slot 
telephones are installed. British Telecom hopes that these 
sites will include newsagents and tobacconists as well as 
telephone shops and post offices. Trial card-in-the-slot 
telephones will be supplied by the Landis and Gyr Group; 
they will use the Sodeco debit card incorporating holographic 
technology, which is based on special patterns of light, to 
provide a high level of security against fraud or forgery. If the 
trial shows that customers like card-in-the-slot telephones, 
British Telecom will consider the possibility of installing more 
of them in town locations where there are also coin-operated 
telephones nearby. 
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INDEX TO ADVERTISERS 

Advertisements 

Communications, advertisement copy, etc., 
should be addressed to Mr. N. G. Crump, The Advertisement 
Manager, POEEJ, Room 5060, 2-12 Gresham Street, London, 
EC2V 7 AG (Tel: 01-357 2089). 

No responsibility is accepted by the Journal for any of 
the private or trade advertisements included in this 
publication. 

Area lntcrtrade Ltd. 

Cannon Electric (GB) Ltd. 

Dale Electric of GB Ltd. 

GEC Telecommunications Ltd ... 

Herman Smith Ltd. 

Papst Motors Lt d . 

Siemens Ltd. 
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The high intensity floodlighting 
system needed by the emergency 
services to provide hi9h intensity 
illumination, even at n ight, at the 
scenes of fires, road accidents and 
other major incidents. 

Stem-Lite is the world's most 
advanced, high performance vehicle­
mounted floodlight that gives near 
daylight conditions at the press of a 
button, improving the safety and 
efficiency of emergency personnel. 

The complete svsteni retracts into 
380mm x 450m·m housing 

rises automatically to 
2.5 metres above the 

floodlighting intensity 
available. The 2000 
watts from the 
halogen lamps 
provides near-

aylight illumination 
UP{O a radius of 33 

mett�s. 
e�piibnal 
illuniinalion 
identifi�atio11 signs. 

'"'- ·." . 
'-

: : 'cy PROou'crs DIVISIO .:· . . 
• 

�e,·11 r et's Road·r_ndustrial Estate, Scarborough, 
• 

-��ire YOl 1 2YR U.K. Telephone-:.,0723 71371 Telex: 52163. 
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editors arc welcome to use not more than one-third of any article, 
provided that credit is given at the beginning or end, thus: "From 
The Post Office Electrical Engineers' Journal". 

The Board of Editors is not responsible for the statements made 
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in this Journal, unless any such statement is made specifically by the 
Board. 
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YOU CAN 
ALWAYS 

CONNECT 
WITH CANNON 

T he widest line of connectors in 
the Industry including 
Multiway Switching Connectors 
Two-part edge Connectors 
Printed Circuit Connectors 
Fibre-optic Connectors 
Circular and Rectangular Connectors 
IDC and Ribbon Cables 
Flexible Printed Circuits 

T he most thorough back-up in the 
connector business. 

A reputation for quality and reliability 
unprecedented in our industry 

T hats what ITT Cannon can offer. To 
learn more about what we can do for you 
contact. 

Cannon Electric (GB) Ltd., 
Lister Road, Winchester Road, 
Basingstoke, Hants RG22 4AS. 
Tel: Basingstoke 3171. Telex: 858105. 

l:iDICANNONI 
You can always connect with Cannon. 

PAP ST 

41481 
48V/DCFAN 
GET OUT WHAT 

YOU PUT IN 

Features 

Long life (greater than 20,000 hours at 72°C) 
due to use of brush less DC electronic motor. 

Power input 3.5-5.0 watts depending on duty 
(12, 24 and 48 V versions available). 

Output 94 CFM and noise rating 47 dB(A) in 
free air. 

All metal construction with ball bearings 
allows operation at up to 72°C. 

Size 4112" x 4 112" x 11/2 ". 

Distributors 
lmhof-Bedco, Ashley Road, Uxbridge, Middiesex U88 2SQ 
Telephone: Uxbridge (0895) 37123 Telex: 923070 

Radio Resistor Co. Ltd., P.O. Box 12, 4 Trust Industrial Estate, 
Wilbury Way, Hitchin, Herts SG4 OTN 
Telephone: Hitchin (0462) 57166, Telex: 826251 

PA PST 

MOTORS LTD 
PARNELL COURT, EAST PORTWAY, ANDOVER, HANTS. SP103LX ENGLAND 

TELEPHONE: ANDOVER (0264)53655 TELEX: 477512 



SIEMENS 

Compact, reliable connect9rs. 
Approved for use on TEP.IE. • 

J 

, 

Designed for c6 · ' at speeds in 
excess of Mach 2, Si 's qoonebtors are the vital 
links upon which the reliability of today's most 
sophisticated eleetronic systems depends. 
In the contll')uing development and improvement of 
our connector ranges; reliability, oost reduction, 
and space saving are major considerations. 
Siemens connectors comply with standards 
specific t o  communications, elf3Cironics and data 
processing'. Two-part connectors are made 

according to DIN 41612 and IEC 130-14 standards, 
with VG95324 military approval, m, therefore 
meet the demanding environmental requirements 
of military and avionic systems. These two-part 
connectors have also been approved by the major 
UK Government contractors. • ; 
Siemens Limited, Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex 1W16 7HS. 
Telephone: Sunbury (09327) 85001 
Telex: 8951091 . 
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Let Herm]ln Smith supply 
your Equtpment ...... :::���==� . ""'.. . 

Practice :.... · · .. 

requirements 
T he British Post Office, in conjunction with the 

telecommunication equipment manufacturers, have 
developed a new racking system for transmission 
and other equipment applications. ------

This is to replace existing 62 Type practice, 
which Herman Smith have manufactured for many 
years. It will house equipment in very sophisticated 
miniaturised forms and will offer a far greater 
packing density. 

Herman Smith on their part will manufacture the 
metalwork for this new type of racking arid supply 
any company or public body. 

T he company has full and adequate facilities to 
make and inspect this equipment-both the rack . 
and the incorporated shelves-to the rrs;n-=��������1 exacting requirements. 

At present, the company is 0 · 

supplying 62 Type wired assemblies Le::::��;;;;;�;;;�\�= and racks to the Post Office and is 
fully approved for Post Office manufacture and 
also to 05/24 M.O.D. standards. 

Cabinets and sheetmetal fabrications can be 
made to customers' special requirements. 

Enqu.iries to Peter Bowen, 

HERMANSMITH HERMAN SMITH LIMITED 
Cinder Bank Works 
Netherton, Dudley 
West Midlands DY2 9AH 
Telephone: Dudley 52791 

/ 
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