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Good Moming

It’s the dawn of the digital 80’s from GEC
Telecommunications. Now with a total network
capability in digital transmission systemsupto
140 Mbit/s; microwave radio systems, coaxial-cable
and optlcal fibre line systems and a complete range -
of digital multiplex. :

Versatile business commuriications
systems, including PA.B.Xs from4 toover5000 .
lines using digital switching and stored programme
contro}.

The dawn of digital technology from
GEC Telecommunications. .. make an early start.

Telecommunications

GEC Teleconununications Limited,
PO. Box 53, Coventry CV3 iHI England.

A Management Company of
The General Electric Company Limuted of England.  ccze




.. avin oud a od koer our e-millionth TX 4 electrnic line, 1n owr (



w levens
Y=

; I" e
| _}
v:f{
)’ ()
1% J
~p— ]
. e -8
r:»
r

ur one-hundredth British TX E4 electronic exchange, we are now looking rather further afield.

For more information about STC’s leadership

in electronic switching, contact Marketing Manager,

STC Switching Main Exchange Products Division,
Oakleigh Road South, New Southgate, London N11 IHB
Telephone: 01-368 1200 Telex: 21917

Standard Telephones and Cables Limited
A British Company of ITT




EXCHANGE
OVERHEAD
IRONWORK

&Y THE COMPLETE SERVICE ...
T ...DESIGN ENGINEERING,
MANUFACTURE & INSTALLATION
OR SUPPLY ONLY...

For the past three decades we have been manufacturing telephone exchange ironwork with
adesignservice aimed at reducing the work of the client or installer to an absolute minimum.

In addition we now provide an Installation service to complete the package.

The only information required from the client before we commence work is . .

*

General details of requirements

A floor plan showing existing or ultimate Rack and Distribution Frame positions
* Position of existing services

*

We will design your telephone exchange layout and supply the Overhead Ironwork, all types
of Distribution Frames to Post Office specifications and Power Equipment.

We will aiso supply complete engineering specifications and installation drawing with both
floor layouts and detailed assembly drawings if required.

ACCOUSTIC TELEPHONE BOOTHS AND HOODS

A wide range of models is available to suit all conditions - for both external and internal
use - including equipment for hazardous areas.

We supply both wall-mounted and fully enclosed kiosks and all models can be tailormade
to customers requirements. All types of Post Office Telephones may be fitted into the hoods :
the equipment is made to BS5501 for hazardous areas covered in Gas Group number BS 4683.

@ Cableways Limited

Cableways Limited Oldends Lane Stonehouse Glos GL 10 3RQ
TEL: Stonehouse (045 382) 4341 TELEX 43456

. We currently supply to : Post Office. Plessey. Standard Telephones

and Cables. GEC. Pye. Crown Agents. M.O.D. Mobil. Phillips Petroleum.
Kelloggs. Cable and Wireless. I.LA.L. British Airways and British Rail.
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EDITORIAL

Members of the Institution of Post Office Electrical
Engineers (IPOEE) will be well aware of the proposed
legislation which will divide the British Post Office
(BPO) into two independent corporations: it is proposed
that one will have the formal title of British Tele-
communications, and will handle the operation of tele-
communications and data processing services; the other
will handle postal and other services at present operated
by the BPO. However, the significance of the proposed
changes (which will eventually be reflected in a change
to the title of the IPOEE and the Journal) may not be
so obvious to our external readers; in particular, to the
overseas readership (the Journal is distributed to over
100 countries).

There can be no legal change from the title Posr Office
until the UK Parliament passes the legislation necessary
to create the new corporations. Therefore, for the
present, the Journal will continue the editorial practice
of using the title BPO where this appears in articles or
other sections of the Journal. However, for the BPO tele-
communications business, the trading name British
Telecom is now in general use (see the feature article on
page 184 of this issue) and it might be appropriate to
use this description at times in the Journal but, for the
present, in such cases, the term may be considered to be
synonymous with the title BPO.

In October 1973, a special issue of the Journal was de-
voted to the description of the 60 MHz FDM transmission
system. The provision of the UK 60 MHz frequency-divi-
sion multiplex (FDM) network is now approaching com-
pletion: some aspects of the project are reviewed in an
article on page 190 of this issue.
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The Operator’'s Console for the Monarch 120

Digital PABX

G. WILLETT, sB.sc.t

UDC 621.395.2: 621.374

The Monarch 120 is a digital switching call-connect system for use at customers’ premises. The overall
system organization and switching arrangements have been described in a previous article'. This present
article describes the operator’s console, which is designed to the highest standards to meet the needs of
modern business communications centres. The console includes a visual display unit which provides an
operator with all the necessary call and system status information.

INTRODUCTION

The Monarch 120 system is a digital switching stored-program
controlled (SPC) call connect system for use in customers’
premises. The system is now going into service in the British
Post Office (BPO) telephone network. In keeping with the
central equipment unit!, the operator's console represents a
significant advance in design concept? and offers the customer
a greater range of facilities than those provided by existing
small private automatic branch exchanges (PABXs).

The opcrator’s console is shown in Fig. I. The console is
fully electronic (including the keyboard) and has its own micro-
processor to control internal console functions and communi-
cation with the central equipment unit,

The major features of the operator's console are as follows:

(a) The styling of the console is compatible with modern
office and reception area accommodation.

(b) The operating procedures are simple and allow rapid
handling of calis.

(c) A 64-character alphanumeric visual display unit (VDU)
is provided. This facility provides full information on the
status of the calls being handled.

(d) The keyboard is operated by touch-sensitive controls
and has no moving parts.

(¢) The range of facilities provided allows an operator to
perform administrative tasks such as revision of extension
facilities or abbreviated dialling codcs.

(f) Data associated with atarms generated by the central
equipment unit is received and displayed.

The use of an “‘intelligent™ console having its own micro-

FiG. 1—Monarch 120: The operator’s console

T Product Development Unit, Telecommunications Headquarters
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processor and program memory permits the introduction of
enhanced operator facilities; this feature will allow future
market demands to be satistied without the need for changes
to the console hardware.

MECHANICAL DESIGN

The console consists of 6 main items of hardware:
(a) power unit,
(b) processor board,
(c) keyboard,
(d) VDU assembly,
(¢) miscellaneous circuits board, and
(f) handset.

The 4 electronic modules are mounted on the main console
chassis, which is of metal construction and consists of upper
and lower halves. The keyboard and the VDU assembly are
mounted on the upper half; the processor and the miscella-
neous circuits printed-wiring boards (PWBs) are mounted on
the lower half. The two halves of the main chassis are hinged
together to allow the console to remain operational when in
the opened position (see Fig. 2) during maintenance. The
power unit has its own metal chassis.

Both the power unit and main chassis assembly are housed
within a two-part plastic case, which is moulded in a
polycarbonate material.

The console is 555 mm wide and 275 mm deep the height is
147 mm. A handset rest is provided to the left of the keyboard
and there are two jacks on the front of the console for the
handset plug. The left-hand jack position is for normal use;
the right-hand jack position allows a second haadset to be
connected during periods of operator training.

FiG. 2—Console in opened position
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The styling of the console is in harmony with that used on
the new range of telephone instruments being introduced by
the BPO; a tandset No. 16A is provided as standard with
cach console. Both the case and the handset are in ““stone”
colour, which is one of a new range approved by the BPO for
customer apparatus. The keyboard and VDU filter plate
have an anti-reflective black finish, with whitc lettering to
identify keys and the associated light-emitting diodes (LEDs).

The 24-wire cable (which is pre-formed and terminated on
insulation displacement type connectors) connecting the
console to the central equipment unit enters the console
through the rear of the bottom half of the case. Adjacent to
the cable entry point is a switch which enables the operator
to initiate dropback* service for the whole PABX. This
supplements the automatic dropback feature within the
central cquipment unit, and provides manual over-ride
should telephone service be severely interrupted by an equip-
ment or power failure. The dropback switch is located where
there is little chance of accidental operation.

The size and location of the PWBs within the console was
constraincd by the styling of the moulded case, with the
result that standardization of PWB size within the console was
not possible. Electrical connexion between PWBs is provided
by a wiring form, with conductors crimp-jointed to sockets;
hcaders are provided on the PWBs to make it possible 1o
replace individual PWBs within the console.

Cooling of the console is by normal convection and the
siting of both PWBs and components within the console gives
optimum laminar airflow. Air enters the console case through
concealed slots below the front slide switch panel, and exits
behind the VDU through a pattern of slots forming part of
the upper case moulding.

t Under conditions of system failure exchange lines can be
connected directly to designated extensions

HARDWARE ORGANIZATION

A block diagram of the console and its interface with the
central equipment unit is shown in Fig. 3. The console line unit
isa 2-port PWB which occupies a positionon a lineshelf in the
central equipment unit. This PWB interfaces with the shelf
multiplex in the same way as other line interface PWBs, as
described in a previous article'.

The line unit provides two identical 4-wire analogue speech
circuits, each consisting of a codec, filters, a gain adjustment
circuit and transformers. The gain adjustment facility allows
for compensation to be made for tolerances in the codec and
filter performance; only onc nominal setting is required for all
console line lengths up to the maximum of 300 m.* The trans-
formers provide unbalanced-to-balanced conversion. A DC
wetting current is fed through all contacts in the line to the
console. The line unit also provides a 4-wire digital signalling
link to the console. Data from the signalling output PWB is
sent to one port of the line unit, where it is converted from
serial transinission and latched into parallel format. A univer-
sal asynchronous receiver and transmitter (UART) samples
this latched data every 8 ms. Each timc this data changes, the
UART transmits the data to the console in serial form (with
start, stop and even parity bits added) at a ratc of 2400 bit/s.
The data is transmitted to line via a current driver.

Data in serial form is received from the console at a ratc of
2400 bit/s and is forwarded from the current receiver to the
UART, which removes the start, stop and parity bits and
converts the data to parallel format. This data is latched,
converted back to serial format and then multiplexed with the
digital speech signal for transmission to the shelf multiplex and
to the signalling input PWB.

* Greater line lengths are possible, subject to the provision of
suitable power-feeding arrangements
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FiG. 3—Block diagram of the console and line unit
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F1G. 4—Block diagram of the console processor PWB

FiG. 5—Console processor PWB

The heart of the console is a single microprocessor (type
8085). A block diagram of the console processor PWB is
given in Fig. 4; Fig. 5 shows the PWB. A UART is provided to
transmit and receive data over the signalling link to the console
line unit. This UART operates in much the same way as the
UART in the line unit except that once the data has been
converted to parallel format, the data is then presented
directly to the console processor via the data bus.

The basic control program for thc consolc processor is
stored in a programmable read-only memory (PROM), which
has a capacity of 16 Kwords (each of 8 bits). Random access
memory (RAM) is used for storing working data, such as
received link messages; the RAM capacity is 2 Kwords.

The processor PWB also contains the interfaces to the
console peripherals (that is, the VDU, the keyboard and the
miscellaneous circuits). The main VDU interface consists of
drivers that extend the address bus and the data bus to the
VDU RAM, which is located on the VDU drive circuit PWB.

Programmable peripheral intcrfaces (typc 8255) are used for
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controlling the LEDs on the VDU and keyboard, and for
controlling the operator’s speech circuit. intrusion tone circuit
and audible tone circuit; these circuits are located on the
miscellaneous circuits PWB.

The console derives its power from a —50 V DC fced from
the central equipment power unit. The console power unit is a
DC/DC converter that provides outputs at +5V, —5V,
+12V, —12V, -60Vand +120 V from the —50 V input.
Total power dissipation within the console is, typically, 37 W;
12 W is dissipated within thc console power unit, 12 W in the
VDU and 13 W in the processor, mcmories and other elec-
tronic circuits.

CONTROL

The contro} program for the console processor consists of a
number of routines for controlling the operation of the
console peripheral units. The routines are known as the /ink
handler, the VDU handler, the keyboard handler, a bleep
routine and a flash routine. These routines are run periodically,
under the control of the scheduler; an esception is the link
handler, which runs on an interrupt basis. Fig. 6 shows how
these routines relate (o the console peripherals and indicates
the main flow of data through thec console. The control
program also contains a memory-testing routine which
periodically exercises the console RAM.

When a call is made into the PABX, the central equipment
processor scans and controls the line interface being used. If
the call has to be directed to the console (for example, an
incoming exchange line call), the central equipment processor
causes the console line unit to transmit a 3 byte message over
the signalling link to the console. The link handler ensures that
the data received is forwarded to the other routines to enable
appropriate action to be taken.

POEEJ, Vol. 73, Oct. 1980
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RAM: Random access memory
VDU : Visual display unit

Fic. 6—Block diagram of the console control structure

In the case of an incoming exchange-line call arriving at the
console, the bleep and flash routines ensure that a cadenced
audible tone is given (o signal the call to the operator and that
the LED adjacent to the appropriate key is flashed. This key
will subsequently be operated and the data output from the
keyboard will be recognized by the keyboard handler, which
ensures that a |1 byte message is transmitted over the signalling
link to the console line unit and so to the central equipment
processor. Receipt of this message will causc the central
equipment processor 1o connect the exchange line port to onc
of the console line unit ports via the time switch. The processor
will also instruct the line unit to transmit a 3 byte message to
the console, where the link handler operates as before and
ensurcs that the correct connexions arc made within the
operator's specch circuit; the VOU handler causes the correct
data to be displayed to the operator.

At this stage, the operator can speak to thc incoming caller;
the identity of the line used and the status of the calf are dis-
played. The operator can proceed to deal with the call, and
subscquent keyboard operation causes further interchange of
mcssages over the signalling link. The handling of other types
of call and the usc of other operator facilitics causes similar
activity on the signalling link.

The samc link-message format is used in all cases (that is,
I byte from the console to the central cquipment and 3 bytes
from the central equipment to the console). Most of the mes-
sages transmitted from the console merely confirm the opera-
tion of a key and give its identity. Messages transmitted from
the central equipment contain more varied information, such
as linc identity and call status, and 3 bytes arec normally
required to convey this information. When this is not the case,
the spare bytcs arc transmitted with data at a default value,
which the console ignores.

When there is no activity on the link due to call handling
therc is a continual intcrchange of idle signals between the
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console and the central equipment. In this way, the central
equipment processor confirms that the console is functioning
correctly; if the idle signals from the console cease, then calls
are diverted to alternative answering points, which are defined
in the central equipment database.

As with the central equipment unit, enhanced facilities for
the console can be introduced in the future by making approp-
riate changes to the control program. The facility is provided
for reprogramming the PROM devices (after erasure under
ultra-violet light) without removing them from the processor
PWB.

The control program for the console does not vary with
different sizes of PABX. Information regarding system
configuration is transmitted to the console by the central
equipment unit and stored in the RAM on the processor PWB.
This occurs each time the processor in the central equipment
or console is first brought into use; for example, when the
console is first powered. Thus, a console recovered from one
customer's PABX can immediately be re-used at another
Monarch 120 site.

KEYBOARD

The keyboard is shown in Fig. 7. It has a polycarbonate
keyplate in which there are depressions for finger location
above each key's sensitive area. This keyplate protects the
circuits from ingress of dirt or harmful fluids and also carries
the legends identifying each key. A PWB carrying the key
detection electronics is bonded directly to the underside of the
keyplate. A second PWB carrying a 110 kHz osciltator,
together with key scanning and encoding circuitry, connects
with this assembly. The complete keyboard is 26 mm thick and
includes the header connexion to the console wiring form.

The keyboard, which is manufactured by Pye Electro-
Devices Ltd., has 46 keys, arranged in three groups:

(¢) The central group contains a 12-digit keypad and 4
commonly-used function keys, the HOLI>, RETVRIEVE, CANCEL
and WITHDRAW keys.

(h) The lefi-hand group of keys includes 4 keys each for
OUTGOING GROUPS and INCOMING GROUPS; 4 other kcys — the
ASSIST, CALL-IN, WAITING RETURN and SERIES RETURN keys — are
used for special categories of incoming calls. Each of the 8 keys
concerned with incoming calls has an associated LED on the
keyboard. The left-hand group of keys also include the 3
other function keys — TRUNK SELECT, SERIES CALL and VOLUME
keys.

(¢) The right-hand group contains 3 keys concerned with
specech circuit control; these arc¢ thc SPEAK 1. SPEAK 2/KEY
INTERNAL and JoIN keys. Also provided arc 8 keys associated
with special operator facilities — the EXTENSION STATUS, LAST
NUMBER REPEAT, METER, LAST CALL RECOVER, RING, STEP-ON,
INTRUDE and TIME keys. The 3 remaining keys in the right-hand
group are the RECEIVING ATTENTION kcy (used under alarm
conditions), the consoLE TEST key (which implements a self
testing routine) and a key marked mmi (man-machine interface)
which changes the mode of operation of the console to enable
it to be used for system administration and fault diagnosis.
Onc sparc key is available for use as new facilitics are intro-
duced.

Fiti. 7—The Monarch 120 keyboard
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The keys have no moving parts, and operate on the capaci-
tive touch principle. Each key-detection circuit comprises a
resistor, capacitor and transistor; the base of the transistor is
connected to a conductive pad on the PWB bonded to the
keyplate. A 110 kHzssignal is fed to each circuit, which gives a
DC level out to the scanning circuit.

When a key is operated, the operator’s finger forms the
second plate of a capacitor with the conductive pad on the
PWB: the keyplate acts as the dielectric. The dielectric
constant of polycarbonate and the dimensions of the keyplate
are such that the value of the capacitor so formed is about
1 pF, which is in scries with the body capacitance to earth
(normally between 100 pF and 150 pF).

The additional capacitance to carth thus connected to the
basc of the transistor is sufficient to cause a shift in the DC
level output, which is subscquently recognized by the scanning
circuit. Having detected the operation of a key, the encoding
circuit presents an 8 bit code (7 data bits plus an even parity
bit) to the programmable peripheral interface on the processor
PWRB, via a parallcl data bus. The keyboard sends a strobe
signal to the processor to confirm when key data can be rcad
from the bus: this action occurs after a persistence check of
10 ms (minimum).

The keyplate dimensions and material have been carefully
selected to give the required key sensitivity, although setting
up adjustment is provided by a potentiometer at the front
of the keyboard which alters the level of the 110 kHz signal.
This adjustment also ensures that the sensitive area of each
key is confined to the depression in the keyplate.

Becausc therecare no moving parts in the key it is nccessary (o
provide a substitute for the mechanical feedback given by
conventional keys. This is done by sounding an audible tonc to
confirm each key operation; operator reaction to this method
has so far proved very favourable.

VISUAL DISPLAY UNIT

A DC clectroluminescent (DCEL) panel is used for the
console VDU4:5. This pancl gives an alphanumeric display in
4 rows of 16 characters. cach character being formed from a
5 x 7 dot matrix. The display area is 76 mm wide by 34 mm
high, cach character is approximately 3 mm wide and 4 mm
high. The DCEL pancl is supplied by GEC Hirst Research
Centre and Phosphor Products Ltd.

The front viewing panel of the VDU consists of a glass
plate, on the rear face of which are deposited layers of material
(including phosphor) which form an electrically-conducting
grid pattern. The rear face of the plate is protected from
atmospheric moisture by further glass encapsulation.

The pancl is clamped onto a PWB, and electrical connexions
to the conducting grid arc made via two elastomeric connec-
tors positioned along the top and bottom edges of the panel.
This PWB is also used to mount 5 LEDs, which indicatc
alarm conditions and system status (see Fig. 8(«a)). The drive
circuitry for the VDU is accommodated on a second PWB (scc
Fig. 8(/) which connccts dircctly with the PWB on which the
panel is mounted.

When a potential (above a certain threshold value) is
applicd between a horizontal row and a vertical column on the
conducting grid, the phosphor dot at their point of inter-
scction will emit light: the VDU drive circuitry applics a
positive 120 V potential to the row, and earth potential to the
column. In the idle condition, a positive 60 V potcntial is
applied to both row and column and the dot is not illuminated.
The threshold potential required to iliuminate a dot is approxi-
mately 70 V.

A block diagram of the VDU drive circuit isshown in Fig. 9.
To drive all the dots on the VDU (2240 in total) it is necessary
to use multiplexing techniques. The columns are continually
scanned such that cach is selected in turn and driven from
+60 V potential. The VDU (80 columns) is scanned at a rate
of 600 Hz: thus, within cach scan period (167 ms), cach
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FiG. 9—Block diagram of the VDU drive circuit

column is selected for 21 us. During this period, a +120V
potential is applied to those rows containing the dots to be
illuminated. (The remaining dots in the sclected column have a

60 V potential on the row, but this is below the threshold
required to illuminate them.)

When the console processor responds to an event such as a
key operation or an incoming link message from the central
equipment unit, one of the processor’s activities is the control
of the VDU. The VDU has its own complementary metal-
oxide semiconductor (CMOS) static RAM, in which there is
stored one bit of data corresponding to each dot on the VDU.
To display a message on the VDU the processor writes data
into the RAM, which effectively beccomes a memory map of
the display.

To prevent corrupted data being displayed continually, the
processor completely refreshes the VDU RAM once every
second. This is done both when the VDU is clear and when a
message is being displayed.

Anuncommitted logicarray (ULA) usesa |- 536 MHzclock
waveform, sent from the processor PWB, to derive all the
timing signals required for thc RAM, row drive circuit and
column drive circuit. The ULA also controls access to the
RAM, which has to be shared between write periods from the
the processor and read periods from the row drive circuit. If,
for example, the ULA has just caused the column drive
circuit to select the first column on the VDU then, within the
21 s selection period, the ULA will control the RAM addres-
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sing so that the appropriate data (28 bits) is read from the
RAM and latched into the row drive circuit, which then
translates the logical levels zero and one to the +60V and
4120V potentials to be applied to the panel. The appropriate
dots in the selected column will then be illuminated.

The row drivers are hybrid devices; each 14-pin single-in-
line package contains circuitry to drive 4 rows of dots, there-
fore 7 hybrid packages are required for the whole VDU.

After the dots have been illuminated for a while, the ULA
sends a signal to the row drive circuit to clear the +120V
potential and restore the —60 V potential for all the rows. The
period of time in which this action is initiated can be varied by
setting a switch onthe VDU drive circuit PWB, thus allowing
the brightness of the display to be controlled; the period is,
typically, 8 us, givinga dot duty cycle of approximately 0-5 9.

After the 21 us column select period has elapsed, the ULA
will cause the column drive circuit to select the second
column on the VDU and the whole process is repeated. The
ULA addresses a different area of the RAM, holding the data
corresponding to the dots in the second column. This cycle is
repeated 80 times for each complete scan of the VDU.

The light output from a phosphor dot decays to approxi-
mately 159 of its maximum before the driving potential of
+120 V is re-applied (after 167 ms). However, the display
appears completely free of flicker because of the high scan rate
used.

The light emitted by the panel is yellow in colour, and is
closely matched to that part of the spectrum in which the
human eye has its maximum sensitivity. A grey filter plate is
provided in front of the VDU ; this plate has an anti-reflective
finish on the front surface and also serves to improve the
contrast ratio of the display. The maximum brightness of the
panel could be 180 candela/m? at 120 V, but the brightness is
set below this value on the VDU drive PWB. The brightness of
the panel display is further reduced by transmission losses
through the VDU filter plate; in this way, the brightness
apparent to the operator is about 70 candela/m-.

OPERATOR'S SPEECH CIRCUIT

The two 4-wire analogue speech circuits from the central
equipment unit are terminated in the console on the miscel-
laneous circuits PWB. The speech circuits interface with the
operator’s speech circuit through transformers, which perform
the same function as those in the console line unit.

The operator’s speech circuit consists of a 20-pin dual-in-
line thick-film hybrid package (containing an array of resis-
tors, CMOS bilateral switches and operational amplifiers) and
a few discrete components. The CMOS switches are controlled
by the console processor and are used to connect either or both
of the 4-wire circuits to the transmitter and receiver in the
handset under the control of the spEAX 1, sPEAK 2 and JoIN
keys, thus providing the normal operator facility of call-
splitting and joining. Another CMOS switch is used to select a
different gain setting for the operational amplifier in the path
to the handset receiver, under the control of the voLUME key.
Thus the operator can increase the loudness of calls by 6 dB, if
required. The hybrid package contains a feedback path
between transmitter and receiver connexions to provide the
correct level of sidetone on the handset.

Intrusion tone is generated on the miscellaneous circuits
PWB and, when appropriate, this tone is injected into a 3-
partycallviathe transmitter input to the speech circuit hybrid.

CONSOLE FACILITIES

One of the major features of the Monarch 120 system is the
wider range of extension and operator facilities offered in
comparison with existing small PABXs3. The Monarch
120 operator’s console provides ‘key-per-function® working,
rather than ‘key-per-line’ (as used on many other systems),
and allows simple functional control of the PABX for both
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experienced and inexperienced operators. This feature is
important at smaller installations where the level of telephone
traffic is relatively low and where the operator may also have
other duties as a receptionist or secretary.

Lines incoming to the PABX (exchange lines and inter-
PBX circuits) can be arranged in up to 4 separate groups, as
defined in the system database. Successive calls within each
group are queued automatically in order of arrival, and a
faster LED flash rate indicates that more than one call is
awaiting answer. The operator can therefore choose which call
queue will be handled, by operating the appropriate INCOMING
GROUP key; the VDU then shows the identity of the line
connected.

To extend the call inwards, the operator merely keys the
extension number, which is also shown on the VDU together
with the status of the line; for example, the word RINGING is
indicated on the VDU. In this case, the operator can either
wait to announce the call to the extension or can operate the
WITHDRAW key, leaving the incoming caller receiving ringing
tone. If the call remains unanswered for 30s, the call reverts
automatically to the console, where itis placed on the “WAIT-
ING RETURN™ queue.

If the extension being called is busy, the VDU shows BUS Y,
ACTION ?. In this case, the operator can redirect the call or
use the INTRURE key to break into the existing call (warn tone
is introduced at this stage) to announce that a call is waiting.
Alternatively, the incoming call could be put into a “HOLD"
status until further attempts to connect the call prove success-
ful: in this case, the legend H/ is flashed in one corner of the
VDU to remind the operator that one call has been held on the
console. More than one call can be held at a time, in which
case the number of calls held is indicated by H2, H3 etc. on the
VDU. The ReTRIEVE key is used when the operator wishes to
speak to a held call; successive operation of the HoLb and
RETRIEVE keys selects the heid calls on a cyclic basis.

Calls to the operator from PABX extensions are placed on
the ASSIST queue: those from PABX extensions already
engaged on a call and making an enquiry to the operator are
placed on the “CALL-IN™ queue.

If the party on an “INCOMING GROUP™ call states that
subsequent calls to other extensions will be required. then the
operator can set up a “SERIES CALL". On conclusion of the
first call, the incoming call is placed on the “SERILCS
RETURN™ queue on the console, so that the operator can set
up the next extension call.

Inansweringcalls at the console, the operator can choose to
speak privately to either party involved, by operating the
SPEAK | or SPEAK 2 key, and then restore a 3-way connexion by
using the Join key. The VDU shows the speech connexion
status of both parties on the call. The operator can also
increase the loudness of a call to the console by operating the
voLUME key; when there is no call being handled, this key is
used to alter the volume of the audible tones given to indicate
incoming calls and confirm key operation (these can be
individually adjusted).

Outgoing exchange and inter-PBX lines are also arranged in
up to 4 outgoing groups, which are defined in the system
database. If more than 4 groups are required, then access to
these can be made using a digit code on the keypad. When
necessary, the TRUNK SELECT key (followed by a digit code) can
be used to seize a particular line within a group; this would
normally be done whilst trying to identify a faulty line.

If an outgoing group call does not mature, a further attempt
can be made by re-operating the appropriate OUTGOING
GroOur key followed by the 1.AST NUMBER RePFAT key. This
causes the last number keyed out over a line in that group to be
transmitted again.

The operator can decide to meter an outgoing call set up via
the console. On conclusion of a metered call, the audible tone
is sounded, and re-operation of the METER key causes the VDU
to display the extension identity and the number of metered
units recorded on that call.
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The operator uses the CANCEL key to negate the previous
action; for example, if an incorrect digit has been keyed.
Operation of the LAST CALL RECOVER key re-connects the last
call handted to the console, providing that the call has not
matured in the meantime; it is therefore possible to negate an
operation of the wiTHDRAW key.

The Monarch 120 system offers various call diversion
facilities to extension users, including divert all calls (DAC),
divert on no reply (DNR) and divert on busy (DOB). The
operator can override these diversions where appropriate,
by using the RING and STEP-ON keys. For example, if the
operator calls a free extension which has invoked DAC, the
VDU will show EXTN 234, DAC, ACTION ? The diversion
can be overridden by operating the rRiNnG key or followed by
operating the srep-oN key. In the latter case, the VDU will
then show the identity of the new extension. When DNR has
been invoked, diversion would normally occur after 10s.
However, when the operator calls an extension which has
invoked DNR, the diversion only occurs if and when the
STEP-ON key is operated; the VDU shows the identity of the
new extension, as before. Similarly, when DOB has been
invoked, and the extension called from the console is busy, the
diversion occurs only after operation of the STEP-ON key.
These facilities ensure that the operator can offer incoming
callers the choice of following a call diversion, or refusing if
they only wish to speak with a particular person.

Usc of the EXTENSION STATUS key allows the operator to
determine the status of any extension without changing the
condition of the line; in particular, if the extension is free. the
telephone is not rung.

The operator can use the TiME key to display both time and
date on the VDU, these being continually updated by data
transmitted over the signalling link from the central equip-
ment.

Two slide switches arc provided on the front of the console
to enable the console to be switched inactive or completely
powered down. Switching the console to the inactive state
normally initiates night-service working for the PABX: call
handling arrangements would be defined in the system data
base.

Wken it is switched inactive, a routine of tests can be run on
the console by using the CONSOLE TEST kcy. This flashes all
the LEDs and causes the VDU to give a schematic display of
the keyboard; this display is amended after successful opcra-
tion of each key.

Two LEDs are provided adjacent to the VDU to indicate
the arrival of wurgent and non-urgent alarm messages; an
audible tone is also given.

Operation of the RECEIVING ATTENTI®ON key cancels the
alarm indication and causes the fault parameters to be dis-
played on the VDU. The operator can relay this information to
the service engineer when the fault is reported. In most cases
this will be sufficient to identify hardware faults down to
PWB level so that the correct replacement item can be brought
to site.

The mm1 (man-machine interface) key changes the function
of the console to that of a simple terminal which can be used to
carry out system diagnosis and administration. MMI instruc-
tions are implemented by use of a range of special codes sent
from the digit keypad; the VDU is extensively used in MMI
to display system data. Various levels of access are provided
into MMI, each requiring a password to be keyed-in prior to
using the MMI facilities. The customer level is thc most

restricted; service and specialist levels offer increasingly
sophisticated facilities. Some of the functions available at
customer level are;

(a) definition of systemn abbreviated dialling codes,
(h) activation/deactivation of extensions,

(c) definition of extension hunting groups,

(d) displaying/resetting meter counts,

(e) revision of directory numbers,

(f) listing of extension/trunk attributes, and

(g) resetting system time/date.

At the service level, some of the functions available are

(a) clearing system fault records,
(b) resetting alarms,

(¢) running diagnostic tests, and
(d) displaying port status.

At the specialist level, some of the functions are

(a) clearing facility statistics,
(h) setting fault analysis, and
(¢) examining memory contents.

These lists are by no means exhaustive, and demonstrate
that the console has wide ranging uses in the MMTI mode. This
avoids the expense of providing a dedicated terminal on site
and allows the customer to carry out administrative tasks that
would otherwise require the attendance of a service engineer.
The use of MMI during system maintenance will be the subject
of a later article in the Journal.

CONCLUSIONS

This article has described what is probably the world’s most
advanced operator’s console for small PABXs.

After 4 years of development and field trials, the production
and delivery of Monarch 120 consoles are now well under
way; together with the central equipment units, these are
being manufactured by Plessey Office Systems at Nottingham,
and GEC Telecommunications (Private Systems Division) at
Coventry, which are also marketing the system abroad under
its earlier title of Customer Digital Switching System No. |
(CDSSI).

Further development of the console is already under way to
ensure that it continues to meet customer requirements in
what is becoming an increasingly competitive and demanding
area of the tcleccommunications business.
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High-Speed Digital Transmission in the British Post

Office Coaxial Network
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The British Post Office is moving steadily towards a fully integrated digital switching and transmission
network. This article examines some of the problems associated with the conversion of the main coaxial
transmission nerwork to digital operation and considers the latent potential for application at bit rutes up to

565 Mbitis and above.

INTRODUCTION

Over the past four decades, the British Post Office (BPQO) has
installed a nctwork of approximately 200 000 pair-kilometres
of coaxial cable, of which 79¢ is of the | -2/4-4 mm typc and
the remainder is 2-6/9-5 mm. As the nctwork has evolved, it
has bcen used for analoguc transmission systems of incrcas-
ing bandwidth, commencing at 1 -3 MHz, through to systems
of 2-6 MHz. 4 MHz, 12 MHz and, finally, 60 MHz'.

Following the UK Trunk Task Force recommendation? that
thc BP® should progress towards a fully integrated digital
switching and transmission nctwork, a programie for meeting
network growth by using 120 M bit/sdigital transmission?: 4 was
initiated. The new 120 Mbit/s systems® use the same nominal
repeater spacings as the cxisting 12 MHz frequency-division
nultiplex (FDM) systcms: that is, 2km on [-2/4-4 mm
cable and 4-5km on 2-6/9-5mm cable. The value of
120 Mbit/s was chosen before standardization by the Inter-
national Telegraph and Telephone Consultative Committee
(CCITT) at about 14@ Mbit/s for the fourth ordcr of the
digital hierarchy. At that timc, it was considered that 120
Mbit/s was the maximum ratc that could retiably be achieved
within the existing power feeding limits of the BPO network at
the repeater spacing required to permit utilization of existing
repeatcr accommodation. However, as a result of further
research on linc codes and coaxial cable charactcristics, it
subsequently proved possible to mcet the rcpeater spacing
requirements at the 140 Mbit/s ratc®, and so future digital
transmission capacity on coaxial cables will be provided by
CCITT standardized 140 Mbit/s digital line sections (DLSs)?.

In 1973, when the third phase of the main network develop-
ment programmc was being formulated, circuit demands were
buoyant and a need was forcseen for a higher-capacity DLS to
he available in the carly-1980s3. As a result, rcsearch was
undertaken in the BPO and Industry to develop a 565 Mbit/s
system’# for use on either 1:2/4-4 mm or 2:6/9-5 mm
coaxial cables. Subsequently. because of the world economic
reccssion, the estimated demand for new circuits fell. thereby
delaying the rcquirements for systems of this capacity,
Progress on the dcvelopment of optical fibre systems now
suggests that optical systems may be more economic when the
requircments for very-high-capacity DLSs eventually arise.

Consequently, there remains doubt as to whether 565 Mbit/s
coaxial systems will be required: much will depend on time
scales and comparative costs. In the latter context, two
basically different situations must be considered:

(a) provision of new routes using either optical or coaxial
systems, and

(h) provision of a ncw optical system compared with the
conversion of an cxisting coaxial system to 565 Mbit/s
opcration.

+ Rescarch Depariment, Telecommunications Headquarters
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In the former casc, there scems little doubt that optical
systems will bc the more competitive, but it is not yet certain
that this will also apply in the latter case. In particular, spare
high-quality coaxial pairs in the cables provided recently for
60 MHz FDM systems may be worth exploiting at bit rates of
565 Mbit/s or above.

The future demand for new coaxial cable is expected to
decline rapidly when more competitive optical fibre systems
bccome avaitable. From the coaxial cable viewpoint therefore
the problem is one of cxploiting existing cables, rather than
considcring improved cable designs better suited to digital
transmission.

This article reviews the digital transmission capabilities of
the BPO coaxial cable network, and considers somc of the
specific cable problems involved in providing 140 Mbitfs and
565 Mbit's transmission systems.

HIGH-FREQUENCY COAXIAL CABLE
CHARACTERISTICS

The results of carlicr high-frequency studics on coaxial pair
cables® indicated that the ultimatc !imiting factors for high-
bit-rate transmission arise from the non-uniform nature of the
cables. Sources of cable non-uniformity and the resulting
echocs produced have been discussed previously? and classificd
into two main groups: random discrete effects, and coherent
periodic echo sources resulting from the repetitive nature of
manufacturing process. These both produce a degradation in
the transmission error probability performance that becomes
increasingly severe as bit rates arc increased and ultimately
set an upper limit to the operational bit rates that can be
achieved.

Basic Transmission Characteristics

An accurate knowledge of the basic transmission character-
istics—attenuation, phase delay, characteristic impedance and
crosstalk—is fundamental to the design of all types of system.,
Fortunatcly, these characteristics arc more consistent than
those of impedance irregularity and have been adequately
defined over the required frequency ranges for both types
of cable!©.

Analysis of UK 1-:2/4-4 mm Impedance Irregularity
Data

To ensure that a realistic estimate of the transmission capa-
bilities of the UK coaxial network was made, all available
cable test records from UK manufacturers were used, together
with those from the BPO Research and Operational Program-
ming Departments™ cable and field testing programmes!® !,
This data included a total of 112 cables. with a detailed record

* Now part of Transmission Department. Tclecommunications
Headquarters

145



of the characteristics of 961 coaxial pair ends of 1-2/4-4 mm
cable. This gives a representative sample of about 1 ¢ of the
total installed 1-2/4-4 mm coaxial cable network.

General Data Format

The total data available on impedance irregularities was
presented in a number of different forms including: pulse-echo
return loss!2, conventional time-domain reflectometry (TDR)!?
tests, carrier wave (CW) return loss'¢, CW burst return loss!®,
CW burst forward echo’, excess attenuation't and, finally,
through pulse echo!”. However, for the coherent echo data,
the CW burst return loss measurements provided the vast
majority of the information. It was therefore decided to
convert all the data to this format for the purposes of analysis
and system calculations.

The discrete echo results were extracted from the pulse-echo
return-loss data and analysed separately.

Computer-Aided Analysis

As can be seen from the example in Fig. 1, practical cables
have extremely complex return-loss/frequency characteristics
—commonly rcferred to as regudarity return loss (RRL); it
therefore proved necessary to extract a limited amount of
information for analysis. The important features in the RRI.
characteristics involve only two parameters: the frequency
and amplitude of RRL resonances. For pulse-echo data, the
principal feature is the amplitude of any discrete echo detected,
as shown in Fig. 2.

Computer assistance was necessary to analyse the large
number of results.
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The General Form of Data Analysis

The data format produced by the computer sifting program
(Fig. 3) shows the probability density function (PDF) of
resonant frequencies of RRL spikes up to 500 MHz, while
Fig. 4(a) gives the PDF of the amplitude of the spikes. As a
further example, Fig. S(a) gives the PDF of the 2 ns pulse-echo
amplitudes from the same sample. If the results in Figs. 4(a)
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Fi6. 3—Example of CW return loss analysis result: resonant
frequency distribution
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and 5(a) arc plotted on a probability scale, a tairiy linear, and
thus Gaussian, distribution results, as shown in Figs. 4(h) and
5(h).

It can be scen, from the two examplcs given, that the depar-
ture from the Gaussian distribution becomes significant only
for very high ccho levels: that is, for extreme cases, where
there are proportionately fewer contributors. Clearly the true
PDF, for a 1009, sample. must be of a truncated Gaussian
form, as production cable tests will have rejected any extreme
values above this region.

2:6/9'5 mm Cable Data

In gencral, thc 2-6/9-5 mm cables fall into two distinct
classes: those installed during the initial stages of the forma-
tion of the couxial network, and those installed much later for
the 60 MHz FDM routcs.

Only limitcd high-frequency testing has heen undertaken on
the formcr, while very full data is available from factory and
installation test records for the cables installed on the 60 MH¢
routes. Thc 60 MHz cables are not directly comparable with
the earlicr 2:6;9-5 mm cables because thcy were manufac-
tured to a specification intended to meet not only the 60 MHz
FDM systcm rcquirements, but also to provide a digital
transmission capability over a 500 MHz frequency spectrum.,

Altheugh it has not proved possible to put the 2:6/9-5 mm
cahle data on computer file for detailed analysis, the following
broad conclusions can be drawn from a study of the availablc
measurement data:

(@) The basic transmission characteristics of all the 2-6/
9-5 mm cables are known with sufficient accuracy for system
design purposes.

() The impedance irregularity characteristics of the pre-
60 MHz 2-6/9-5 mm cables are broadly comparable with
those of the 1 -2/4-4 mnt cables.

(¢) The cables for the 60 MHz network have significantly
better impedance uniformity than other types and would be
thc most suitable for very high bit-rate digital transmission.

03

02]

RNE

o J3-077
R ] 0-D64

4] 0-0084
l o-0030
-] 0-0030

:] 0025

&4 0-012

PROBABLE NUMBER (F RETURN PULSE ECHO
SPIKES PER COAXIAL PAIR END BEING EQUAL TO
fIR GREATER THAN THE THRESHOLD LEVEI
o
4 I— R

-3 — R ]
X 0035

&1 10-05%
{10047
&{_Jo-pas
&{ 1003
@ 6-010

4] 0-0089

&
[
=3
@
w,
&

RETURN PULSE ECHO THRESHOLO 108)

(«) On lingar scale

GAUSSIAN

PROBABLITY (%!

005

i) n L n N M n N N N i N " N . "
53 8 36 as a3 20 38 36 34

RETURN LOSS !dB)

(b) On prebability scale
F1G. 5—Pulse echo (2 ns) amplitude distribution

POEE/, Vol. 73, Oct. 1980

SYSTEM PERFORMANCE PREDICTIONS FOR
120/140 Mbit/s TRANSMISSION

The main findings of the RRL data analysis studies on UK
1:2/4-4 mmand 2-6/9-5 mmcoaxial cables for 120; 140 Mbit/'s
transmission were that:

(a) echoes from randomly-spaced irregularitics are in
general sufficiently small to be neglected—this also applies for
565 Mbit/s transmission, and

(h) all significant echoes from periodic irregularities fell
outsidc the spectrum of thc 120/140 Mbit/s systcms: this was
not thc case for 565 Mbit/s transmission and this aspect is
discussed later.

The main constraints on thc design of the 120/140 Mbit/s
systems did not result therefore from impedence irrcgulari-
ties!8; these arose fromn the requirement to use the same
repcater spacings as the 12 Mtlz FDM systcms, while also
meeting the power-fecding limits in the BPO network?.
However. these requirements were satisfactorily attained:
120 Mbit/s systcms arc currently being installed, and
140 Mbit's systems are expected to bc availablc in the near
future.

INCIPIENT CABLE FAULTS

Although thc overall transmission characteristics of the BPO
coaxial network were found to bc fundamentally suitable for
digital transmission and presentcd no major problems in the
design of the 120/140 Mbit/s DLS, unexpected problems arose
because of the presence of intermittent or incipicnt faults.
Thesc faults, which were of the typc commonly referred to as
dry-joints, can occur in the cable terminations (mainly at seal-
ing ends and back-joints). or in the main cable joints.
Intermittent faults of this typc are troublesome on both
analogue and digital systems. They produce noise bursts or
level variations on analogue systcms, and can cause bursts of
errors, leading to possible loss of framing alignment in extrcme
cases, on digital systems. In the case of severc intermittent
faults, digital transmission is, in somc¢ respects, less robust
than analogue transmission and it is important that faults of
this typc are eliminated for digital transmission at all bit ratcs.

Pulse Crosstalk Test

To permit rapid location of intermittent faults, a new test
method was developed by the BPO and is illustrated in Fig. 6.
The method is termed owrer injection pulse crosstalk test'” and
is currently in use in the field. [n this method, pulses (typically
of 10 ns duration) are injected into the coaxial outer circuit.
Crosstalk coupling, rcsulting from the longitudinal impedance
of a dry joint, is detected on the normal inner/outer circuit of
the coaxial pair under test. The fault position can be detcr-
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FiG. 6—Block diagram of pulse crosstalk measurement
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mined from the measured time delay and the known phasc-
delay characteristics.

The pulse crosstalk test has proved very successful in the
field for locating faulty terminations, and the Regions are
being equipped with this type of test equipment. Unfortu-
nately, the test is limited to a range of about 40 m because of
the high attenuation, dispersion and poor uniformity of the
coaxial outer circuit.

To locate dry-joint faults anywhere within a repeater
section, two other possible test methods, swept-frequency
crosstalk and anintermodulation technique, are being studied.

Swept-Frequency Crosstalk Measurement

The proposed method for swept-frequency crosstalk measure-
ment also uses outer injection (Fig. 7). An appropriate swept-
frequency signal is injected onto a pair of outer conductors.
Crosstalk resulting from coupling produced by longitudinal
fault impedances (dry joints) is detected using a high-gain
selective detector connected to the inner conductor of one of
these two pairs. A reference length of cable is inserted between
the coaxial pair under test and the detector to ensure that
adequate phase change is obtained when locating faults close
to the testing end.

A reference signal is also injected into the detector circuit
via a variable attenuator. On detection of a crosstalk signal,
the attenuator is adjusted to give a reference signal level
approximately equivalent to thecrosstalk level. The frequency
deviation is adjusted to give a suitable number of peaks and
troughs on the display of the combined waveform: the faulit
distance can then be obtained from the frequency spacing of
peaks or troughs and the known phase characteristics of the
cable.

The ultimate range of the method is limited by the high
attenuation of the outer conductor path. Although this can be
alleviated tosome extent by the use of reduced test frequencies,
a lower limit of about 1 MHz is dictated due to the decreasing
separation between the inner and outer circuit ““skin’’ currents
at lower frequencies. So far, good results have been obtained
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measurement
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at distances of 200 m on §-2/4-4 mm cable, but the ultimate
range of the technique has yet to be determined.

Intermodulation Techniques

Intermodulation techniques rely on the non-linear nature of
the surface film at the fault to generate harmonic or inter-
modulation products. Previous experience suggests that high
sensitivities should be possible, but little documented evidence
can be found on the orders of magnitude of harmonic or
intermodulation products generated, relative to the test signal
or signals, for different types of fault.

A fault locator, based on the use of the second harmonic
generated at the fault, has recently been introduced for field
use. This has been successful in only a limited number of
cases; in certain circumstances, the presence of faults has been
detected, but location has not been possible. Consequently, a
number of intermodulation techniques having higher potential
sensitivity are being studied.

One of the possible arrangements is shown in Fig. 8. The
test frequencies f and f < & are applied to the coaxial pair
under test, which is looped at the far end to another coaxial
pair in the same cable. The presence of a non-linear fault
results in propagation of modulation products in both direc-
tions. The difference frequency product is selected at each end
of the loop, using high-gain narrow-band detectors, and the
phase difference between the two signals, 8, is measured using
a vector voltmeter.

If the distance to the fault is X, the distance to the far end is
L and the respective phase changes are Ox and 6, , then

6 0+ O — Oy

by - °

The loop phase change 26, can be determined either from
the known length and phase change characteristic of the cable,
or, by direct measurement using a reference non-linear fault
(a diode) at the testing end.

To avoid amhiguity, the maximum phase change to be
measured is arranged to be less than 27 rad. This can be
achieved for all current repeater spacings by ensuring that the
difference frequency is less than 100 kHz.

For most purposes. it should be possible to use two fixed
test frequencies in the low megahertz region. However, where
it might be necessary to locate multiple faults on the same
coaxial pair, morc complex equipment could be required and
the use of amplitude and/or frequency discrimination could
provide a solution. In the simpler case, using amplitude
discrimination, reliance is placed on the likely differences
between the transfer characteristics of separate faults and the
square law dependence of the intermodulation signal. Thus
the most serious fault would first be detected and cleared
using low amplitude signals, thereby enabling less severe
faults to be detected using higher amplitude signals.

Should the problem of mwultiple faults become significant a
more powerful intermodulation technique using frequency
discrimination offers a potential solution. In this technique,
which can also be used with the swept-frequency crosstalk
method, very high frequencics are used to detect nearby
faults, and the frequency is progressively lowered for locating
more distant faults. In such cases. it immay be necessary to
clear the nearby faults before the more distant ones can be
located.

SYSTEM PERFORMANCE PREDICTIONS FOR
565 Mbit/s TRANSMISSION

General System Constraints

A summary of the general parametcrs of the 565 Mbit/s
system studies for BPO applications is given in Table 1.
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TABLE 1
Summary of 565 Mbitjs System Requirements

System input digit rate 565 Mbit/s
Linecode - 4BIT | emaT
Maximum section length (km) 11 \ 1-1
Equalization, percentage raised cosine 75 or 100
Nominal path loss (dB) o A?6 —‘.— 7_‘;9_ o

The choicc of line code has bcen narrowed down to either
4B3T or 6B4T+, with either 100%, or 75% raised cosinci¢
equalization. In both cases, the nominal equalized path loss is
80 dB. This allows the minimum decision-point signal-to-
noise ratio of 22- 6 dB for an error rate of 10-!'! to be achieved
with a nominal 8 dB margin. The margin is nccessary to allow
for such effects as ageing, automatic gain control variations,
equalization tolerance and eyc closurc resulting fromy echoes
and inter-symbol interference.

The apportionment of the 8 dB margin to thc various
degrading phenomena is still a matter of debate. However, it
has been suggested that 1 dB of the margin should be allocated
for discrete echoes, while 0-4 dB, or perhaps even | dB, should
be allowed for periodic echoes?!. These figures are therefore
adopted as a gencral guide in this analysis. The choice of these
values is somewhatarbitary; other organizations arc known to
have adopted, or are still debating, different and somewhat
less-pessimistic limits. In the following sections, a range of
values for thc echo margin and its influence on the choice of
the line code are considered.

Accounting for Periodic Echoes

Considering the effect of periodic echoes alone, the cffective
signal-to-noise (S/N)'7 ratio can he written in the form:

So [ 3

— —— S L 3

Noi!+ So £ \> @
No So |

S ,‘" N =

where Sg is the received peak signal power,
No is the thermal noisc power, and
F is the echo power due to periodic components.

S _— E

Thus, if 2° = 30 dB, the limiting values of --~- can be
No So

computed for a given allocation of the noise margin, A

p
decibels, as given in Table 2.

TABLE 2
Example Noise Margin Figures

Noise Margin Ap(dB) [ S/N(dB) ] E/SotdR)

0-4 [ 26 | 4o
1-0 29 _36
15 R Y
2.0 | 28 | —323

* Farly suggested value for UK system

The limiting values of S—O can be rclated to the limiting RRL

values, Ry (fy), by the following formula:

t nBmT line codes use m ternary signa! elcments to represent a
group of n binary digits, thereby giving a line signal rate m/n times
the input information rate
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..(4)

where N is the number of periodic irregularities,
/m is the system modulation rate,
/o is the resonant frequency of the RRL peak,
a (fy) is the attenuation coefficicnt at resonance,
L. 1s the length, and
[R (fo)l is the equalized amplitude at resonance.

A typical family of RRL profiles. for a noise margin of
0-4 dB, produccd from equation (4), is given in Fig. 9.

Risk Estimates for Periodic Echoes

Selecting the RRL data appropriate to the handwidth require-
ments of the 4B3T and 6B4T line codes gives the PDF shown
in Fig. 10. Using this PDF in conjunction with the RRL pro-
file of Fig. 9, and using an appropriatc scaling of thc results,

-25

-2

LIMITING AMPLITUDE OF RRL A ¢ fpl 'd8]

6B4T 100% RC

75% RC

1 J S S WU S a

0 1 A 1 i 1 1 [l A I i 4
20 60 100 140 180 220 260 300 340 380

RESONANT FREQUENCY foiMHz2)

RC—raised cosine

Fis. 9—--Profiles of rcturn loss amplitude/limits for 5635 Mbit s
transmission

PROBABILITY (%)

23 22 21 20 1 18 17 18 16
RETURN LOSS idB)

F16. 10—Probability distribution function of retum loss amplitude
distribution
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TABLE 3

Estimated Risk Figures for 565 Mbit{s Operation over
1:-2/4-4 mm Coaxial Pairs with a Continuous and Well-
Defined Periodic Structure throughout their Length

J Percentage Risk of Unsatisfactory

Ratio of | Margin | Operation at 565 Mbit/s
periodic-echo- . against - I
to-signai | periodic ! 4B3T 6B4T
power echoes | 1007 raised | 75% raised
E:S,(dB) ‘ A (d B) : cosine cosine
a0 T
D B E
- -36 ‘I b 0 3 ! |
) 14_ -\ ) 1 '5 _:- I- i -3
23 |20 035 | 0

gives the risk figures for 565 Mbit's opcration shown in Table
3.

The figures in Table 3 reprcsent the extreme case where o
constant and scverc level of periodic irrcgularity is maintained
throughout the entire length of a repcater section. In practice,
the usual situation in a typical cable section is that the occa-
sional one or two pairs may exhibit severe periodic irregu-
larity, but over short lengths only.

Coaxial pairs produced by a given manufacturer show
signiticant correlation of RRL resonances in the frequency
domain (that is, cablcs tend 1o exhibit uniquc signatures
associated with the machinery used in their manufacture) and
this has been allowed for in the calculations by using voltage
addition. However, no significant amplitude correlation of
RRL has been detected; thus, if the pairs are sclected at ran-
domt, the total risk for a repcater section can be estimated by
the following simplified relationship:

O K qu,

where @ is the total risk,

¢ is the risk prescribed to individual coaxial pairs,

m is the number of cablc lengths constituting a repeater
section, and

x is a correlation factor that weights the results to
account for the total number of individual lengths per
repcater section that violate the RRL limits.

Insufficient data is available to dctermine ~ accurately, but
the best estimate from the available information indicates an
approximate value of unity. The valuc of m depends on
installation practice (that is, the number of cascaded lengths in
a repeater section), but normally falls in the range 2-7. Thus,
for 1 -2/4-4 mm repcater sections of nominal 1 km length, the
risk of the periodic echo noise margin being exceeded is
approximatcly bounded by the values:

é? = > < ¢7.

Therefore, for the worst case of ¢ — 15%;, & < 0-152 ~ 100°;,
and so B <7 2-3% in all cases.

For the range of conditions being considered, the estimated
risk of not exceeding the indicated margins, when selecting a
single coaxial pair at random, is shown in Table 4.

The results in Table 4 relate to the risk associated with each
coaxial pair, and since all coaxial pairs in the cable must be
satisfactory, it is necessary to multiply the Table 4 risk factors
for each pair by the number of coaxial pairs in the cable.
Thus, for an 8-pair cable, using 6B4T code and allowing a

I dB margin for periodic echoes, the risk would be <2 0-08%.

...... (5)

t Tt should be noted that there is not only a marked variance in
the RRL characteristics from different manufacturers’ processes.
but also a wide variance between cable pairs in any one cable made
by a single manufacturer. Thus, in general, the configuration of a
specific repeater section will involve a random combination of
RRL characteristics, especially in terms of the relative amplitude
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TABLE 4

Estimated Risk Figures for 565 Mbit/s Operation over the
BPO Installed 1:2/4: 4 mm Coaxial Pairs

T
) ) : Percentage Risk of Unsatisfactory
Ratio of Margin | Opcration at 565 Mbit/s
periodic-echo- against  — ——-
Lo-signal periodic [ 4B3T 6B4T
power echoes | 1009 raised 75°; raised
EiSo (dB) A (dB) L cosine cosine
—40 04 | w23 2009
36 -0 | <009 001
34 {-s } . 0-01 10 5
323 20 10 3 10 4

Risk Estimate for Discrete Echoes

The results of the analysis of all available 2 ns return pulse-
echo data are shown in Fig. 5(6), plotted as a PDF. Thesc
results do not include the cffects of joints, tail cables and gas
blocks because it is likely that these would have to be modified
or changed for 565 Mbit;s transmission.

As a 1 dB allocation of noise margin represents a return
puisc-echo loss of approximately 19 dB (assuming a pessi-
mistic 100°, forward reflection from therepcater termination),
it is clear that the systcem margin is not cven approached.
Moreover, there is an added degrec of pessimism associated
with the results presented because the systemis likely to use a
1009 duty cycle launch signal, which in turn suggests a
return pulsc-echo test of about 2-4 ns for a 4B3T code and
2-7 ns for 6B4T as being morc appropriatc. The 2 ns results
are therefore likcly to give a pessimistic performance estimate.

CHOICE OF 565 Mbit/s SYSTEM

From the results presented, it is clear that discrete echoes
within the cable do not present a problem. It is assumed that
suitable high-frequency termination arrangecments would be
provided for 565 Mbit/s system and, therefore, no significant
degradations should arise from this source.

The risk of unsatisfactory operation at 565 Mbit;s at
nominal | km spacing on 1-2/4-4 mm cable arises almost
entirely from periodic irregularities: as shown in Table 4, this
covers a wide range, depending on the type of system. At
present, the acceptable degree of risk is not known, but a
possiblc target might be of the order of 0-1%;. This would
imply that, for every 1000 rcpeater scctions equnpped. one
section would requirc cable length replacement.

Using the risk figures shown in Table 4, adjusted to allow
for the increased risk arising from the number of coaxial pairs
within the cable, appropriatc parameters and margins for
meeting the 0- 19 risk criterion for most cable sizes would be
as shown in Table 5.

TABLE 5

Parameters and Margins for 565 Mbit/s Operation on
1:2/4:4 mm Coaxial Cables

Maximum Repeater Spacing , 1-1km

Linc Code 6B4T

Equalization

75 T Rmsed (osme

Margin for Periodic Irregularitics 1dB

Margin for Discrete Irregularities 1dB
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FiG. | | —Block diagram of 250 Mbit;s digital transmission measurement equipment

FiG. 12—250 Mbit;s transmission equipment

TRANSMiISSION EXPERIMENTS

To verify the theoretical conclusions, digital transmission
experiments were conducted. Unfortunately, test equipment
was not available for usc at 565 Mbit/s, and so suitably scaled
experiments were conducted at both 140 Mbit/s and 250 Mbit;'s
using rcadily available repeaters and associated cquipment.

The Test Equipment

An experimental test rig (see Figs. || and 12) was constructed
to compare theoretical predictions with measured results. A
binary system was used to simplify the problems associated
with accounting for the difierent line codes being considered
for very high bit-rate applications.

This ecquipment configuration cnabled all significant echo
phenomena to be investigated by direct simulation. Using the
comparison method shown in Fig. 11, with precision attenu-
ators, a stablc noisc source, a stabilized mains power supply,
mains power filters and a temperature-controlled environment,
a measurement uncertainty of less than +0-025 dB with 95°%
confidence was achieved for all crror probability measure-
ments. This cxtreme accuracy was deemed to be nccessary so
that measured results (in the error probability range 10~2 to
1010 could be realistically cxtrapolated to an operational
level where additional signal-to-noise ratio margin2! would be
allowed.
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Cable Samples

The general quality of |-2;4-4 mm cables is such that their
degrading effect on error probability lies well outside an easily
mcasurable range—cven at 250 Mbit/s. To overcomc this
problem, a number of cable lengths were moditied by deliber-
ately deforming the cable structurc in a planned manner to
simulatethecfiects of severc structural periodicity and random
discontinuities. To simulate extreme cases of random dis-
continuity (for example, arising from local damage or dis-
continuities at joints) discrete capacitors and/or resistors
were introduced into the transmission path. Thesc modified
cablc samples were also augmented by cable rejected during
manufacturc becausc of structural defects or damage, thereby
allowing a comprchensive scries of system conditions to be
simulated.

System Simulation Results

The experiments performed, and the results produced. fall into
threc distinct categories concerned with the effects of':

(a) periodic echoes,

(h) discrete echoes. and

(¢) combinations of periodic and discrete echocs.

Many different configurations were considered and the

results compared with previously published signal-to-noise
ratio predictions'” of the form:

o 4

1010g|0{| i k?"}.
J’\JI

where Sq is the signal power,

N SV,
SIN = 10 log,g S" - ZOIog,O{I - ¥ ° 'l} :
1

Ngq is the thermal noise power,
N, is the injected noise power,
k is a ratio of power relating the signal and periodic
echoes, and
oV, . - .
3| —'| is the worst-case sumation of all discrete echoes.
iV

In all cases, an acceptable degree of agreement was obtained
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between the measured and predicted results, as shown in the
typical examples given in Figs. 13 and 14.

Additional experiments were also undertaken by another
Research Department group??; these used the same cable
models to perform scaled simulation with a 140 Mbit/s
transmission system. These experiments used 4B3T and 6B4T
coding equipment and, again, the results showed a good
agrecment between thecory and practice.

CABLE WITH ECHOES

CABLE WITHOUT ECHOES PREOIC TED £AOM THAGUGH
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ERROR PAOBABILITY
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Fi1G. 13—System error probability performance for 1-2/4-4 mm
coaxial cable with degraded periodic error characteristics
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FiG. 14-—Error probability performance resulting from combined
discrete and periodic errors

152

PRE-DIGITALIZATION TESTING

As discussed previously, at the 120 Mbit/s and 140 Mbit/s
rates, no problem arises in UK manufactured coaxial cablcs
from lack of cable impedance uniformity. The purposc of
testing instalied repcater scctions of cable, prior to the instal-
lation of such systems, is to cnsurc that thcre arc no faults,
either in the main cable or the associated terminations.

For 565 Mbit/s, or higher bit-rate operation, the cablc
quality is morc marginal and it would be advisable to under-
take transmission type tests on repcater scctions intended for
usc at such bit rates. To meet this requircment, a system-
oriented test method has been developed!”. which provides a
direct measurcment of the forward ccho arising as a result of
multiple reflections at points of impedancc discontinuity. In
this test, high-amplitude pulses are transmitted into the
equalized repeater section and the received pulscs arc detected
at the remote end using a signal-averaging, cross-correlation
dctector to obtain the required scnsitivity,

A significant advantage of the technique is that the effects of
beth discrete and periodic cchoes can be identified separately,
ard these should fall within pre-defined upper bounds. The
high sensitivity obtiined enables the test cquipment to be
reconfigured for equatized, return-pulse-ccho and crosstalk
measurements up to sensitivities of the order of 180 dB. Pulse
attenuation and declay mcasurcments can also be made.

The equipment described has been demonstrated in the
ficld; it has proved to be suitable for checking repeater section
lengths of cable for digital transmission over a wide range of
bit rates and locating any portion of the cable that falls below
the required transmission standards.

CONCLUSIONS

Theoretical and practical studies, based on comprehensive
data obtained from I[ndustry and BPO cable mcasurements,
have shown that the¢ BPO coaxial nctwork can adequatcly
support a wide range of digital transmission systems, including
the currently installed 120 Mbit/s systems through to possible
future 565 Mbit/s systems. The only slight impediment to the
direct implementation of such systems is thc presence of
incipicnt faults, but these can be rectified prior to or during the
change-over from FDM to digital opcration and do not
thereforc constitute a fundamcental limitation to transmission
capability.

Assuming the reduced repcater spacings for higher bit rate
systents arc acceptable, the factor that determines the upper
limit of operation of a practical cable network is thc magni-
tude of the structural irrcgularitics; in particular, those of a
periodic nature. This article has demonstrated that operation
at rates up to 565 Mbit/s is not seriously at risk because of
any structural phenomena inherent in theinstalled 1 -2/4-4mm
cable network, and this conclusion almost certainly applies
equally to the 2:6/9-5 mm network. Howcvcr, the choice of
system parameters is influcnced by the level and frequency of
structural periodicities. Within the confines of the previously
reported studies, it has been shown that 565 Mbit/s systems,
using eithcr 4B3T or 6B4T coding could be accommodated
by the network with low risk and with acccptable system
margins at half the repeatcr spacing of the 140 Mbit/s systems.

Itis also ciear from the studics that operation at rates higher
than 565 Mbit/s would be feasible, but it is likely that spccific
routes would have to he sclected to mect the systcm margin
rcquirements. In particular, the high quality 60 MHz DM
cable routes should be idcally suited to opcrational rates in
excess of 565 Mbit/s.

A demonstration of a 565 Mbit/s DLS incorporating

(a) 4 %140 Mbit/s muldex,

(h) 3 dependent regenerators,

(¢) in-service supervisory system, and

(d) power feeding at + 500 V, 350 mA
is to take place at the BPO Research Centre¢ at Martlesham
in the week beginning 20th October 1980.
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The system will be routed on [-2/4-4 nun cable with
repeaters spaced at 1 km (approximately) and will use a 6B4T
line code. It is thought to be the first complete system of its
type to be demonstrated anywhere in the world.

The eventual use of any part of the coaxial network at rates
greater than 140 Mbit/s will obviously depend on the relative
costs of converting an existing coaxial route compared with
installing a new optical libre system. Time scales will thus
figure largely in such decisions.

In closing, it is thought that the soundness of the present
coaxial cable designs, which have already secn many years of
service, should be acknowledged, bearing in mind that they
have proved capable of supporting digital transmission over
bandwidths at least two orders of magnitudc greater than
originally intended.
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is unsatisfactory, since the search for 4 table often interrupts
the train of learning.

Both books are split into several sections, closely follow-
ing the topic areas of the TEC syliabi, with each of the sections
being further split so as to deal with all the unit behavioural
objectives. While all the teaching objectives are covered, in my
opinion the treatment of some subject areas is insufticient ; for
example, integration (level II) takes only two pages. Each
section contains a number of worked examples, but both
texts would have benefited if a larger number of more varied
examples had been incorporated in them and if those that
were included had had more words of explanation given to the
working steps involved. The parts within each section all
contain a large number and variety of unworked examples
which help the student to assimilate the knowledge and also to
assess his own performance.

Far morc attention should have been given to the artwork.
The basic idea of the figures is good, but in many cases the
dimensioning is incorrect and this causes the figures to be mis-
leading. The shapes of many of the sine waves are also inac-
curate.

Both books end with several pages of multiple-choice
questions, with their answers, which are most useful since
TEC lay down that this type of question should form part of
the assessment plan: practice in answering examination-type
questions is to be recommended.

To sum up, ! feel that Mathematics Level 11 and Level 111
could be usefully employed in a classroom as supplements to
lectures or as concise revision courses; but | would not
advocate their use in a self-teaching situation,

R. SuTttoN
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Character Coding for Text Communication

Part 1-Background to Character Coding

A. J. WHALL, B.SC., M.LEE.

UDC 681.3.04:621.397.12

There is a rapidly growing worldwide interest in electronic mail and information retrieval systems. The
development of appropriate standards for these systems and services concerns many national and inter-
national committees. This article, in 2 parts, describes the background to character coding work within the
International Standards Organization and the CCITT* (part 1) and the practical coding schemes developed
(part 2). The article concentrates on the coding of graphic characters in order to illustrate the technigues.
Coded character sets for text communication for the new range of services currently in the course of develop-

ment are described.

INTRODUCTION

What is a character set? Where does it fit into the overail
picture of text communication ? Applying a simple hierarchical
structure to this work enables character coding to be seen in
the context of the overall range of techniques available. Part
of such a hierarchy is illustrated in Fig. 1. Other models of
general text communication may be used; the one shown is
not definitive and is merely used to illustrate a relationship
between the various services and techniques.

Two major worldwide text communication services are in
the course of detailed definition within the various standard-
ization committees; these are Videotex and Teletex. Videotex
is the name provisionally adopted within the CCITT* for
public-network-based information retrieval systems using
suitably equipped television receivers, The British Post Office
(BPO) Prestel service is the world’s first Videotex service.
Teletex is the service currently being defined by the CCITT
which will permit worldwide communication of business
correspondence between suitable terminals, in such a way that

t Network Strategy Department, Telecommunications Head-
quarters

* CCITT—International Telegraph and Telephone Consultative
Committee
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the recipient of the information will be presented with a docu-
ment which is identical in content, layout and format with that
transmitted by the sender.

In the future, the development of system capabilities will
lead to anintegration of advanced picture-drawing and photo-
graphic capabilities within systems and terminal equipment
but, for the present, the use of coded character sets for the
communication of text is a basic requirement for systems; the
development of suitable international standards is a prere-
quisite to enable rapid development of the equipment to
provide these services on an international scale. Full descrip-

tions of the various schemes are given in the appropriate
standards.

HISTORICAL BACKGROUND

The first international standard character code for text
communication was probably the International Telegraph
Alphabet No. 2 (ITA2)!, which has been in existence for some
40 years. This character set has been widely used on private
telegraph circuits throughout the world and, more signifi-
cantly, it is the code used for the international Telex service.

In the early years of computer communications, ITA2 was
the only standardized code available, but it was obvious that
an extended code was necessary to cater for the wider reper-
toire of characters necessary for data communications.
Various methods of extending the S-unit 1TA2 code were
considered, relying in general on the use of multiple figure-
shift and letter-shift control sequences. This philosophy was
eventually abandoned and coding based on 6 bit/character was
briefly considered before it, too, was rejected. The American
Standard Code for Information Exchange (ASCII) was
proposed in 1962, and subsequently became the basis of work
in the international standard committees. With some minor
changes, the ASCIT is embodied in the CCITT Recommenda-
tion V3 as the International Alphabet No. 5 (IAS5)? and in the
International Standards Organization (ISO) Standard ISO 646
as the international reference version (IRV). Recommenda-
tion V3 and standard ISO 646 are identical in technical
content although minor variations of wording exist.

For over a decade the A5 has served the needs of data
users. However, the advent of low-cost digital circuitry and, in
particular the microprocessor, has led to the development of
terminal equipment with ever increasing sophistication.
Whereas simple electromechanical printers have, in the past,
been limited to presenting only that range of characters
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contained in their set of print elements (or possibly a limited
range of composed characters; for example, some accented
characters) modern microprocessor-controlled terminals can,
by the use of incremental movements of the print head, image
satisfactorily a much greater range of characters, utilizing the
same basic selection of printing elements.

In recent years, postal services throughout the world have
been in apparent decline. At the same time, the quest for
greater office efficiency has led to growing awareness of the
potential benefits of electronic mail and information retrieval
services. This coming together of user demand for services and
the technological means to satisfy that demand was recognized
by the CCITT when, in 1977, it began its study of the Teletex
service, followed in May 1978 by the adoption of questions
relating to Videotex. At the same time, a technical committee
of the ISO adopted a work programme to develop a general
coded character set for all text-comtnunication applications,
including Teletex and Videotex. This standard is still being
considered by the relevant ISO technical committee; when it
is ratified it will be published as ISO 6937. For the present,
the CCITT has developed specific codes for each of its
regulated services, Teletex and Videotex. Further work may
include a more general-purpose standard along the lines of
1SO 6937.

SHORTCOMING OF RECOMMENDATION V3 FOR
TEXT COMMUNICATION

Recommendation V3 consists of a 7-bit code table arranged
as a rectangular array of 8 columns and 16 rows. Columins 0
and 1 are reserved for control characters, and columns 2-7 are
available for graphic characters. The recommendation defines
2 versions of the code table. a basic table and the international
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reference version, which is known as /45. The basic table has
certain code-table positions left blank, and these inay be allo-
cated nationally or by individual equipment implementors,
who choose the basic table as their starting point.

The tAS (see Fig. 2) is a fully defined table allowing no
variations and it is intended to be used for all international
interchange and for national and application-oriented use
when there is no special requireinent for different characters.
Herein lay the paradox: whereas the ability to use a national
version of the basic 1able has led to widespread equipment
implementation having a large degree of compatibility, the
national differences have prevented fully acceptabie inter-
national interworking. The 1AS did permit interworking but
could, basically, only cater for Fnglish and possibly French.
Many Latin-alphabet-based languages, in particular those of
eastern Europe, require many more special letters and symbols.

CODE EXTENSION

In order to extend the usefulness of the ISO 7-bit code, a
companion standard to 1SO 646 was published as 1SO 2022.
This standard defines methods of code extension for use with
7-bit coded character sets. The code extension principles in
ISO 2022 are based on the use of additional control characters.
either alone or in defined sequences, to extend the range of
both graphic characters and control functions. All code
extension work is based on the principles defined in ISO 2022

Asdefined in Recornmendation V3, the IAS consists of a set
of 32 control characters plus a set of 94 graphic symbols
together with space coded as column 2, row 0 (2/0) and defere
coded 7/15. The control characters shift out (SO), shift in (SI)
and escape (ESC) are included in the set of 32 controls. These
control characters are used to permit the representation of
alternative sets of control functions or graphic characters in a
7-bit environment. This general structure of code extension is
illustrated in Fig. 3.
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To remain compatible with Recommendation V3, certain
rules must be obeyed when defining these alternative sets:

(a) SO, SI and ESC must be contained within the alter-
native control set,

(h) the bit combinations corresponding to space and delete
must not be used for other graphic characters, and

(¢) the 10 transmission controls defined in V3 must not be
used for other purposes.

Compatibility with Recommendation V3 is important to
ensure that new systems using the extended sets remain
compatible with the large amount of equipment based on the
older standard.

Referring to Fig. 3, the 7-bit set in use comprises the C0 and
GO sets of control functions and graphic characters respec-
tively.

Alternative sets of characters are called CI and G| respec-
tively. Thus, a terminal may have within its store a library of 2
or more sets of 32 control functions and 2 or more sets of 94
graphic characters. The C0 and GO sets represent the 7-bit set
in use; that is, they are the normally available sets. If it is
required to change to the alternative (G 1) graphic set, then this
is invoked by means of the control SO, which causes the bit
combinations following to be interpreted as characters from
the G1 setuntil the occurence of an S/character whichrestores
the GO set. If still more graphic sets are required (for example,
it might be necessary to have available within a terminal
English, Russian (cyrillic alphabet) and special scientific
characters) then the process of designation is used.

From the library of sets of graphic characters stored within
the terminal, a set is designated as GO or Gl by means of a
sequence of control characters of the form ESC (/) (F), where
(1) and (F) are the intermnediate and final characters of the
sequence and are assigned by the ISO, which maintains a
registration authority for this purpose. In practice, imple-
mentors submit their sets of symbols or control functions to
the ISO; providing the set complies with the registration
requirements, a designation sequence is allocated with (/)
indicating whether the set is to be used as GO, G1, G2 or G3
and (F) being a unique identifier for that set of symbols. The
ISO-registercd designation is then available for use inter-
nationally. Similar principles of designation apply to sets of
control functions. At the present time, about 20-30 graphic
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character sets have been registered with the 1SO, or are in
course of being scrutinized by the registration authority.
These sets include the Japanese Kanji set of ideographs
consisting of several thousand symbols and which is repre-
sented by 2-byte combinations.

Thus, in broad terms, invocation is the method of directly
calling a set of characters which has been previously desig-
nated for use as GO, Gl1, etc. Invocation allows characters to
be coded for transmission on a character-by-character basis
from two or more different sets, whereas designation would
typically be used on call set-up to indicate which sets are to
be invoked during the call. In essence, code extension can take
four forms:

(a) code extension by substitution,

(b) code extension by composition,

(¢) dircct coding, or

(d) 8-bit coding.

In practical coding schemes, mixtures of these techniques
tend to be used.

CODE EXTENSION BY SUBSTITUTION

By defining the graphic sets of 94 symbols to corres-
pond to, say, an interchangeable set of printing elements, then
the technique of code extension by substitution can be applied
to simple equipment without the facility of incremental move-
ment. Typical of equipment which could be used with this
type of coding scheme are ‘golf ball” typewriters having
96 printing elements on each print ball which may be arranged
to correspond to a particular registered set. A stock of print
balls thus allows many languages and type-styles to be
produced on one machine.
The major disadvantages of extension by substitution arc

() a particular symbol may have different coded represen-
tation in different registered sets; thus, equipment based on
character generators (for example, matrix printers) would need
more complex transcoding algorithms, for conversion be-
tween thce line code and the machine code, and

(h) certain languages would require more than one set of
characters and, therefore, implementation and use in these
cases would be more difficult, particularly in automatic systems.

Fig. 4(a) illustrates code extension by substitution.
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CODE EXTENSION BY COMPOSITION

Most accented letters occur infrequently in text, typically
5-10% for western European languages and 10-159% for
certain eastern European languages. Because of this, a code
extension technique, whereby an accented letter is transmitted
as a sequence of bit-combinations representing the basic
letter and the accent mark separately, can be used with little
overall effect on the transmission efficiency. The IAS contains
6 symbols which may be used together with backspace (BS) to
represent diacritical marks. However, it is generally agreed
that, for text communication, about 14 diacritical marks are
necessary. Furthermore, when the special requirements for
transliteration of non-Latin alphabet languages are considered,
this number increases considerably, There is, therefore, a clear
need for inorc than a single code table to enable these charac-
ters to be catered for. A recent addition to standard ISO 2022
makes provision for 2 non-locking shift control characters
called single shift 2 (§52) and single shift 3 (SS3). The occu-
rence of one of these characters causes the single bit-combina-
tion which follows to represent a character froma G2 or a G3
set of graphic characters respectively. By coding the diacritical
marks as elements of a G2 set it is possible to transmit an
accented letter. For example, é (e with acute accent) as

6/5 0/8 1,9 52 112 52 08 6/5
or
e BS SS2 ¢ §§2 ' BS e

In the interests of transmission economy, the BS may be
implied; that is, the diacritical mark can be coded as a non-
spacing character (analogous to the dead keys on many office
typewriters). Code extension hy composition has the benefit of
economy of usage of coding resources at the expense of some
loss of transmission efficiency. The method is, of course, only
useful for dealing with accented letters; other alphabetic
symbols would require the appropriate coding resources to be
made available, which could defeat the object of using the
composition method. In part 2 of this article, however, it will
be seen that taking account of the Latin-alphabet-based
languages results in a repertoire of characters which is amen-
able to the composition method of coding. Because of this,
composition coding has been chosen as the basis of code
extension for the new text communication standards.

Composition coding, although economic in the utilization
of coding resources, is not the inost efficient scheme in terms of
transmission efliciency. From the point of view of terminal
implementation it suits terminals with a backspace and over-
printing capability. but it is less useful for raster-scan screen-
based terminals. In the latter case, the transcoding algorithm
needs to be aware of many non-valid code comibinations and,
also with this type of terminal. it is usual to store the complete
character shape to be displayed. Therefore, any transcoding
is an undesirable overhead. Fig. 4(h) illustrates composition
coding.

DIRECT CODING

Because Videotex is essentially a screen-based-terminal service,
proposals were made by the BPO that the so-called direcr
coding method should be considered as the basis of the coding
scheme for text communication. The term direct coding is
used to distinguish this method from the substitution method;
in both cases, the displayed character is represented on the
transmission line by a single bit-combination. With the pro-
posal, 3 simultaneous sets of graphic characters G0, G2 and
G3 would be designated for simultaneous use; each graphic
character would be coded with a single bit-combination.
(Characters from G2 and G3 sets being invoked by means of
5§52 and §53) This would give inherent transmission efficiency
and would simplify terminal design for both matrix printers
and, more especially, for Videotex-type terminals; in particu-
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lar, it eases compatibility between Videotex and British-type
(video synchronous) broadcast Teletext systems. Although
direct codingis acknowledged by most workers to be simple to
implementin practically useful international text-communica-
tion systems, it was not chosen as the basis for the standards
because it apparently required more than GO, G2 and G3 sets
to cater for all Latin-alphabet languages simultaneously. It
was also claimed that the composition method of coding was
more flexible to cater for future expansions.

Direct coding also has the disadvantage that the utilization
of coding resources is less efficient than the composition
method (but is more efficient than the substitution method).
Also, for simple terminals the backspace and overprint
facility was felt to be of some importance for services other
than Videotex. Fig. 4(¢) illustrates direct coding.

8-BIT CODING

The use of a 7-bit code structure for 1AS together with
synchronous transmission techniques results in an 8-bit code
structure on the transmission line; that is, 7 bits plus a parity
check bit.

Most computers, microprocessors and memory devices are
organized on the basis of an 8-bit structure. Furthermore, on
modern data transmission networks the trend is towards
synchronous transmission techniques using frame-structured
data, together with cyclic redundancy error-checking mecha-
nisms rather than the simple parity check which has been the
usual method with the 7-bit code. The modern trend. there-
fore, is towards the transmission of 8-bit data bytes and
towards an 8-bit code for text communication: 8-bit coding
enables 64 control functions together with 188 graphic
characters, to be immediately available, and is therefore an
attractive candidate as a coding scheme. Although dcscribed
here as if it were an alternative to the other coding schemes,
8-bit coding is in fact capable of being implemented together
with either composition, substitution or direct coding schemes.
The capacity of 8-bit coding schemes is such that they can
cater for some applications (for example, Telctex at a basic
level) without recourse to further code extension.

At the present time, to ease the introduction of new
systems, the ISO and the CCITT are jointly discussing the
most appropriate means of providing for code extension in the
8-bit environment in order to maximize the inherent flexibility
of the 8-bit structure, while keeping the transcoding algor-
ithms for 7-bit to 8-bit interworking as simple as possible. The
structure of the 8-bit character code is shown in Fig. 5.

7o be contined
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System X: Subsystems
Part 3—Processor Utility Subsystem

R. C. BELTONY

UDC 621.395. 34: 681.31

System X exchanges use stored-program control for major operational functions. This article covers a
specialized processor subsystem that gives the required security levels and provides the storage and processing
power required by the Systenm X exchange software subsystens.

INTRODUCTION

System X is designed to be modular and is capable of incor-
porating future advances in technology, system design,
software structure, high-level languages and other design
features should there be advantage to do so.

The exchanges designed for the System X family of ex-
changes use stored-program control. The digital main network
switching centre (DMNSC) has been described in this
Journal*; the DMNSC applications programs are processed
by a processor utility (PU) subsystem.

SYSTEM X EXCHANGE SOFTWARE STRUCTURE

The computer programs (software) are divided into a number
of functional subsystems: typical software subsystems are the
call processing subsystem (CPS), the maintenance control
subsystem (MCS) and the management statistical subsystem
(MSS); the digital switching subsystem (DSS) and the analogue
line terminating subsystem (ALTS) are typical of the hard-
ware subsystems which incorporate software handlers. The
same software structures are used for software and hardware
subsystems, and the PU provides the greater part of the pro-
cessing power required; microprocessors provide the balance.
The operating system (OS), tied to the particular processor
utility, is separate from the applications programs (APs) and
distributes the computing resources to them. The software
programs and data resides in the storage (memory) provided
with the PU.

The software in each subsystem is divided up into one or
more processes, each of which is made up of modules. Each
process performs a particular function. A process comprises
programs that conirol the processing performed by the PU on
data held in store, some of which may be dedicated and some
shared. The process is activated by information arriving from
other APs or the OS. The interfaces between processes is
rigidly defined., as are the structures of the processes.

PROCESSOR HARDWARE CONFIGURATION

The PU architecture provides for muliti-processing with » -i-
CPUs havingaccess to p + g store blocks: the values of m and
¢ will be decided by the security needs and the values of p and »
by the processing capacity required.

Processes

Processes are allocated processing power by that part of the
PU software ‘operating system’ (OS) which controls the way in
which the PU can function and which schedules the processes

t System X Devefopment Department, Teleccommunications
Headquarters.

* VANNER, N. J. Architecture of System X. Part 2—The Digital
Trunk Exchange. POEEJ. Vol. 72, p. 142, Oct. 1979.
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to the central processing units (CPUs). A number of CPUs are
available to provide processing power; a process may be
handled by any CPU. That part of the OS that schedules the
use of a CPU runs when the currently running process
requires no further activity or a higher priority process needs
a CPU. The OS also runs to deal with interrupts and fault
conditions. An interrupt is triggered by particular peripheral
devices when they require attention; in this case, the CPU
interrupted is that having the lowest priority of process
running.

When a running process is interrupted, the register contents
for the process are saved in a process descriptor. The process
can therefore be retrieved and run later when processing
power becomes available.

Individual processes may not be run on more than one
CPU at a time. If, for performance purposes, it is required that
a process should be running on more than one CPU then the
process will be replicated. Replications do not all have the
same priorities, but they usually have a band of adjacent
priority levels.

Process Security

Each process is a software security unit required to be con-
fined to storage and input/output (1/0) hardware allocated to
it. These process boundaries are maintained by various
hardware and software checks in the operating system.

The software is designed so that the malfunction of a
software module does not propagate to other modules. To this
end, the aim of the application program data structures is that
there should be a very limited ainount of storage shared by
different processes.

A process is therefore a unit of software that is scheduled to
run on a CPU; a process comprises a grouping of software
modules, and it has a unique scheduling priority and its own
read/write working storage. A process perforins a particular
operation on all the calls in progress at the appropriate stage
of the call. Whenever a process is run it executes ihe basic
code for each call. Since the handling of a call requires a large
number of functions, the call must pass from one process to
another. Datatransfers from one processtoanotheris achieved
by means of inessages (zasks). The handiing of these message
transfers is performed by the process allocator (PA). The
transfers take a finite time and the software is partitioned
into processcs taking account of the message transfer require-
ments. The process boundaries arc organized to minimize the
message or task traffic.

In each exchange the hardware will be provided with the
necessary supportsoftware. The hardware will be dimensioned
to meet the exchange requirements in respect of storage and
processing power. The support softwarce will be provided with
data appropriate to the exchange.

The hardware configurations of the PU are shown in Fig. 1,
and the location of the processor utilities within the System X
exchange software modules is shown in Fig. 2.
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WSS | sooneme. The PU software is able to respond to an indication arising
ocs from the fault-detection mechanisms and to remove complete
DMNSC

CPS: Call processing subcysiem

D 1N§C Digita! main network switching centre
RS Magital switching subsvstem

: Dignal subscribers switching subsystem
MCs: Mamlen.mce cantral subsystem

MMI: Man-machine intertace

MSS: Management statistics subsystem

MTS: Message lransmission subsyslem

CS: Overload contro! subsvstem

Operating system

Stgnaliing interwarking subsystem

Fic.. 2—The PU interface (0 subsystems

HARDWARE MODULES

The hardware modulcs comprise CPUs, shared stores,
(DMA) units,

put/foutput blocks. direct memory access

in-

functional units from service while distributing the load over
the remaining equipment. I'he software is able to carry out
checks on the equipment in which a fault condition has been
detected. If the fault is of a transient nature and the equipment
is tested and found to be satisfactory, it will be returned to
service and a record made of the detected fault condition. If
the fault condition persists, the faulty equipment will be
reported to the maintenance control point so that remcdial
action can be taken. The PU is also equipped with software
that enables faulty items within the functional entity to be
identified.

PROCESSOR-UTILITY MICROPROGRAM

The technique of microprogramming is used extensively within
the PU: a brief description of the microprogram is now given
in support of the hardwarc description. The basic function of
the microprogram is to provide the control for the execution

peripheral controllers, backing stores, peripherals, magnetic-
tape, cartridge units, visual display units (VDUSs), teletype,
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of the machine instructions. The machine command-words
are translated into control flelds, which set up data paths in
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COMMAND
ey TRANSLATOR
ROM
ARU
TRANSFER CONTROL
DECODER REGISTERS
AOM

ARU: Arithmetic unit
ROM: Read-only memory

Fi1G. 3—Basic microprogram components

the processor. Instructions require one or more commands
and result in the transfer of data between registers. The basic
microprogram components are shown in Fig. 3.

BASIC OPERATION

The basic operation of the microprogramming process is
initiated by a command-word, which is transferred to a clock
buffer store. The command word specifies the instruction to be
performed and the register input and output data to be derived.
Instructions may consist of multiple transfers with the input
and output data being generated by the microprograms. The
instructions address the command translator which, via an
output field, determines a unique initial entry point for the
instruction in the control memory.

A translator output will, in some circumstances, be used to
address the arithmetic unit (ARU) and transfer decode read-
only memory (ROM). This transfer field may also have
rcccived information from the control memory which may be
used to derive arithmetic unit control data.

Signals are also produced to indicate the ARU functions
and the output highway’s address, message-length indicators,
next instruction, fetch, etc. The appropriate registers operate
at a rate determined by the microprogrant clock.

Fault detection is provided and parity checks are carried out
on the output fields on the ROM. A highway is provided to
monitor all toggles and registers. Each CPU has access to
private and shared store.

Error-contro} mechanisms are provided on the data busses
between the CPUs and the stores. Information for use by the
diagnosticsystem is generated as appropriate. Special facilities
are provided to allow for automatic testing of a CPU suspected
of being faulty.

CENTRAL PROCESSING UNIT

The CPU contains the conventional items required with a
computer. The application of a CPU as part of a
stored-program controller within a telephone exchange
requires that its register set is particularly powerful; examples
of which are index, program, status and history registers.

CPU hardware faults are usually found by parity failure and
time outs, although other detection mechanisms are provided.
When a fault is detected, the CPU timing system is stopped
and its access port (AP) opened. This latter allows a failed
CPU to be tested by those CPUs still in service.

STORAGE

The main store is constructed using 16 kbit or 64 kbit metal-
oxide semiconductor (MOS) RAM technology. A backing
store is provided as part of the multi-level storage provided
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with the virtual memory system. The backing store may
consist of a magnetic-disc store designed for very high
reliability and of the ‘fixed-head per track’ type or may use
magnetic-bubble-storage technology. The interface between
the backing store and the PU elements is the direct memory
access (DMA) unit; a controller is situated between the
backing store and DMA.

Data is transferred to and from the backing store via a
balanced line using line driver/receivers. This arrangement
gives some flexibility in siting the backing store in the rack.

The task system, the usual mechanism for passing control
information within the PU, is used to indicate the address of
the data required and any other relevant information. A head-
of-queue pointer is used to indicate the first task linked to the
list queue. This task in turn points to subsequent tasks. Both
head-of-queue and link addresses are virtual addresses. The
controller contains a microprogram which exercises all the
control required for the logic elements interfacing to the back-
ing store and the DMA. A comprehensive range of failure
detection mechanisms is provided; each has self-test and self-
healing features. Normal access to the backing store for
maintenance purposes is via the maintenance monitor.

OUTLINE OF THE DMA SYSTEM FUNCTION

The function of the direct memory access (DMA) Unit is to
allow access to the main shared-store without intervention by
a CPU. The DMA also allows for the transfer of data at a
higher rate than through direct 1/O; this facility is required by
an applications subsystem and the PU backing-store. A block
diagram of the DMA system is given in Fig. 4.

The DMA is connected to the other PU facilities by the 1/O
highway, store highway and peripheral-controller highway,
together with, in each case, the relevant proceed wires and
security interfaces.

Data direction is controlled by proceed signals. A fault-
proceed signal indicates a fault detected by the DMA unit or
by the peripheral controller.

The DMA Interrupt Interface Input{Output Write
Functions

All valid messages cause microprogram sub-routines to run
after a proceed signal has been returned. Proceed action can
only occur when the microprogram is running. On completion
of the microprogram sub-routine, the DMA services only the

Security e Store
Interlace Highway Highway
STORE STORE POWER
P VoNTOR ADDRESS OATA soppils |10V
INTERFACE INTERFACE
1
CONTROL AND
TRANSLATION

TERMINATION
B AND TEST
BOX

PERIPHERAL PERIPHERAL PERIPHERAL
CONTROLLER CONTROLLER CONTROLLER H

ACTIVITY ADORESS OATA

INYERFACE INTERFACE INTERFACE Return

IPecipheral

L

freeze Activity PC Centroflers
Flags Highway

1/0O: Inputioutput
PC: Peripheral controiler

F16. 4—Block diagram of the direct memory access system
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1/0O interface. However, READ access is possible with the DMA
microprogram in any state. The DMA generates an interrupt
signal if the microprogram stops.

THE PERIPHERAL CONTROLLER

The peripheral controller uses balanced line interfaces. Data
direction on the unibus is contirolled by proceed signals. A
fault-proceed signal, when received instead of a proceed
signal, indicates that the addressed peripheral-controller has
detected a fault.

FUNCTION OF THE INDIVIDUAL PARTS OF
THE INPUT/OUTPUT UNIT

The address port receives addresses broadcast on the 1/O
highways from the CPUs and their dedicated requests; the
address port undertakes address decoding and port selection.

In the data port, data is transferred to and from the 1/O
highways. The data port also sends, under hardware com-
mand, proceed and fault-proceed signals.

The maintenance monitor supplies the block decode address
with the correct number of address bits and takes requests
from the 1/O cables from which the selection is made. It also
detects fault signals which are en route to the alarm
equipment. An interface is also provided for the wnit-srood-
down condition.

Data buffer handles the data and proceed signals to and
from the 1/O buffer highways and maintains the security over
the buffer interface and the fault-data register, where data is
assembled.

The address buffer deals with the transfer of address and
buffer data to the 1/O buffer highways. Some special requests
are carried out in applications/peripheral equipment.

One block contains all 1/O highway test boxes.

The console interface contains the serial-to-parallel and
parallel-to-serial conversion circuitry for the link to a remote
console, and contains all level-changing logic and registers for
consoleinformation. Buffer highways have test boxes available
or can be used with 1/O expanders. The PU I/O expander
allows connexion for an T/O block to additional request-data
blocks.

A block diagram of the input/output system is given in
Fig. 5.

Address 10 Praceed) Data Unibus
Highway Request Fault Proceed Highway
ADDRESS SELECTION __| OATAHIGHWAY!
PORTS LOGIC DRIVERRECEIVERS
Data Iram Data ta
ll1} 1i0
BUFFER
AQDRESS DATA
HIGHWAY
TERMINATION BUFFERS BUFFER
Dedicated Requesis Dedicated Dedicated
Address Data Proceed
Highway Unibus
Highway
-

1/O: Input/output

F1G. 5-—The input/output system
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PROCESSOR SOFTWARE

Each PU is equipped with software to enable the hardware to
provide the processing facilities required by the applications
programs. The software can be divided into 4 main areas:

(a) the mechanism for allocating processor time to a
process, and storage {where appropriate) to PU users;

(b) the man-machine communication to the PU and the
exchange;

() the facilities for conimwunicating with other exchange
PUs or the local administration centre (LAC) via the message
transmission subsystem (MTS); and

(/) the mechanisms for detecting and recovery from failure
conditions.

Off-linc softwarc packages arc also provided to assist in
loading the machine.

THE PU OPERATING SYSTEM

The operating system (OS) is that part of the software which is
independent of the applications using the machine. The OS is
responsible for the efficient running of the machine and for
providing all the facilities required by the applications pro-
grams. These facilities include running programs, communi-
cation between progranis, controlled recovery in the event of
failures, storage management, timing and man-machine
communication.

Process Allocator

Most of the software is implemented as entities called pro-
cesses. Each process has a limited area of access which will
include dedicated program and data. The area of access may
also include some program and data shared with other
processes. Each process is given a unique priority and, at a
particular time, will be in one of the following possible states
(see Fig. 6):

(@) running (executing code on a CPU),

(6) blocked (awaiting work, in the form of a task),

(c) suspended (awaiting a CPU), or

(d) trapped (awaiting clearance of a fault).

The process allocator (PA) provides the mechanism to
change the process states. The PA is central to the operating
system and is implemented identically within the micro-
program of each CPU. The operating system performs the
following functions:

Scheduling

There must be a process running on each in-service CPU at all
times. The PA ensures this and also that the processes being
run are the highest priority ones with work to do. Maps are
maintained of processes which are eligible to run on each CPU
and of processes which are suspended.

RUNNING

BLOCKED ] \ 4 [ TRAPPED

A

I SUSPENOED

F1G. 6---Possible process states
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Task Passing

Task passing is the main method of inter-process communi-
cation. Processes can pass blocks of information to other
processes. The originating process makes a call to the PA to
initiate the task passing. The first word of the task contains
an index from a table which is examined by the PA to
determine which process is to receive the task. The receiving
process makes a call to the PA when it wishes to receive a
task.

Interrupt Handling

All interrupts are steered to the PA on the CPU which is
running the lowest priority process (knownas the LCPU). The
PA then suspends the process which is running and deals with
the interrupt, an action that requires the PA to hand tasks to
the appropriate process and then reschedule the CPU, or
merely to reschedule.

Trap Handling

The PA detects when a process tries to carry out invalid
operations, such as writing to read-only memory, and places
the process in the trapped state. Details of the process and
what it was doing are then handed in task form to the TRAP
process, as described later.

Overload Control

The PA monitors the task queues of each process. When the
queues go over or under specified levels. the PA hands tasks to
the overload control subsystem for remedial action to be taken.

The above functions are not independent of each other. A
single PA cail may involve a combination of the functions. For
example, consider a process handing a task to a process which
is blocked awaiting this task. The PA on the CPU running the
handling process will examine the priority of the receiving
process; if this is higher than the process on LCPU, then the PA
will initiate an interrupt. The interrupt will go to the PA on
LCPU, which will reschedule the CPU and get the receiving
process running with the received task. In this example, the
PA has carried out task passing, scheduling and interrupt
handling as the result of a single PA call.

In performing the functions, each PA in each CPU works
independently. However. there is a common data area for
such things as the map of suspended processes. If a PA wishes
to write to this common data area it engages a lockout, which
will cause other process allocators to queue for access to this
area.

Storage Allocator

The management of the PU storage system is effected by a
process called the storage allocaror. The main function of the
storage allocator is the control of the 2 levels of store, main-
frame and backing store, and the transfer of data betwcen
them,

Storage is grouped into pages, cach of which contains 256
words. Processes on the PU always use virtual addresses,
which are translated by the hardware to physical addresses
each time a fresh page is used. This translation uses 2 tables:
the first, called the process page table (PPT), gives the system
virtual address for a given process virtual address; the second.
called the system page table (SPT), gives the physical address of
the page from the system virtual address. However. not ali
procedure and data will be in the mainstore at all times, If
during translation a page is found not to be in mainstore, then
the process attempting access witl be trapped whilst the
storage allocator fetches the page from the backing store.

This operation will be transparent to the process, apart from
the delay caused. If required, important pages can be kept in
mainstore permanently. Processes thataccess pages which are
not kept permanently in store can avoid being trapped by
making specific requests to the storage allocator for pages to
be brought into mainstore in advance. Rollback versions of
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each page are kept on backing store mainly for use by the
storage allocator in the event of failures.

A file system is provided mainly for the convenience of the
storage allocator and the compiler system operations. A file is
a group of pages with consecutive process virtual-addresses
which have the same status (that is, EXECUTE. READ ONLY Or
READ/WRITE).

A file consists of one of 256 pages of information. All the
file pages accessible to a process have the same status for that
process. A process has one procedure file and a fixed number
of data files. For each file, the process has an associated « and v
number: the numbers « and v indicate the virtual page address
of the first page in the file; the succeeding pages in the file
have successive values of v, but the same value of «.

There are corresponding entries in the process page table
whilst the file is open. Files may share part of the process
virtual-address space. In this case, only one file may be open at
a time and the other file or files are closed and are not directly
addressable by the process. The open file must be closed before
another can be opened. Closing a file will not cause any loss of
information,

Each process has an associated process file table. Each file
that is accessible to a process has an entry in the file table,
which contains the access status of the file to the process—
the «. v and an index v number. The file is referred to in the
process by a file number /., which is used as an index down the
process file. The storage allocator uses the displacement r to
index down the system file table to an entry containing a
pointer to the file-page table for that file. Each page in the file
has an entry in the consecutive process virtual-addresses, and
each is of the same status (that is, EXECUTE. READ ONLY Or
READ/WRITE).

A process has at least 3 files, one of each status. The storage
allocator provides facilities to manipulate code and data on a
file basis when this is more convenient than a page basis, This
entry contains an index x down the system page table (if there
is an entry in the system page table for the page), and the
store address for the page.

An entry may consist of more than onc word. The file page
table length is specified in the system file table.

Each page has an 8 bit page number, £, within the file. If a
trap-not-in-main-memory state occurs. the storage allocator
can use the values of » and g in the system page table to obtain
the backing-store address of the page via the systems file and
file page tables. The backing-store address corresponds to 2
physical addresses for 2 copies of the page on different
backing-siore units.

Interrupt and Timing Process

The interrupt and timing process (INTIM) provides timing
data which includes the time and date. interval timing and
periodic timing. This data is supplied by INTIM in tasks. but
the time and date can aiso be obtained by a process reading
INTIM’s software calendar.

The {INT!M also provides interrupt facilities in conjunction
with the PA. Applications programs will inform the INTIM of
which interrupts they wish 10 be informed. The INTIM will
arrange for the PA 10 note when these interrupts are triggered.
The PA will hand tasks appropriate to the triggered interrupts
directly to the applications programs.

Background

A background process is provided for each CPU, Background
processes are the lowest priority processes on the machine and
ensure that the CPUs have a process to run at al! times.

Failure-Detection and Recovery Rollback Process

A facility used in the failure detection and recovery
mechanism is termed the rollback process. With this facility,
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failure situations can be detected and the programs and data
relevant (o a particular activity can be re-run. The amount of
program and data re-run will be increased from a very small
amount initially (that amount which could be expected to
produce the correct output) to acompletesystem re-run if this
is necessary to correct the defect.

Rollback Requests

Rollback requests are made when a process suspects another
process or suite of processes of being faulty. These requests are
in the form of a task to the roliback process.

A process cannot request the rollback of any process: a
number of pre-spccified requests only are possible. These
requests are determined by thc task index tablc of the
requesting process. The requesting processes do not need to
know any process indices, this information is inherent in the
task index tables and other operating system data.

Hardware faults on the CPU, the mainframe store, the
backing store and the 1/0 can cause processes to be rolled back
and data refreshed if data is lost or corrupted.

Roliback Reports

Rollback reports show the rollback action taken to rccover
from a hardware or software fault. Roliback niay output
tasks to a TYPER process via the maintenance control
subsystem to print-out the identity of registers of a trapped
process (caused by a software trap).

MAN-MACHINE INTERFACE

The man-machine interface subsystem (MMIS) is not really a
subsystem, but it is a functional entity within the PU sub-
system software. The MMIS comprises 3 on-line processes:
the command analyser (CANAL) process; the TYPER
process; and the interface packagc process (IPP). Thcse
processes enable other processes to communicate with locally
or remotely-sited man-machine peripherals.

The CANAL process reccives lines of input characters from
thc hardware peripheral controller, checks for syntactical errors,
and analyses the input to decide which applications process
(AP) should receive the input. The CANAL process then
passes the input to the AP in a format specified by the AP. or
generates appiopriate responses back to the peripheral
device.

The TYPER process takes buffers of data from an AP and
generates the output characters in a format spccified by the
AP; the output characters arc passed to the peripheral
controller for output to the peripheral device. The commands
required to control the magnetic-tape cartridge machines arc
generated by the TYPER process under the controt of the AP
that requires an input from a cartridge.

The IPP, in conjunction with the System X Message
Transmission Subsystcm (MTS). provides communications
between local processes (for examplc. at an exchange) and
remote processes (for examplc, at an LAC) such that man-
machine commands which are input locally can be carried out
remotely, and to enable the transmission of administration
data from an AP to another AP at a remote location. The [PP
also detects failurc of the MTS link and. using the cartridge
control facilities of the TY PER process, diverts information to
a local back-up store cartridge until the MTS link is re-
established. The contents of the back-up cartridge arc later
transmitted to the rcmote location. The main MMIS inter-
faces are shown in Fig. 7; the CANAL and TYPER processes
present similar interfaces to the APs and the [PP, and the [PP
also interfaces with thc MTS.

The man-machine language for input, known as UNKCLE]
(United Kingdom CCITT Man-Machine Language No. 1),
and the supporting control procedures are designed to bc
compatible with the International Telegraph and Telephone
Consultative Committee (CCITT) recommendations for
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Fi1. 7—Block diagram of the man-machine process

man-machine communication. Man-machine instructions
take the form of a contmand code followed by one or more
blocks of parameters. The command code specifics the
resource to which the instruction is to be directed and the
action which is to be perforimed on the resource. The initial
verification of the command code and the checking of the
man-machine language syntax is done by the CANAL process,
which can output, via the TYPER process, standard error
messages when necessary. Man-machine instructions can also
be input from the magnetic-tape cartridge devices. In this
case, a keyboard terminal device is used to instruct the
CANAL process to allocate a drive for this function and to
instruct the AP to request cartridge input.

The CANAL process is then able to 1ssue cartridge control
commands via the TYPER process and w0 dcal with the
spanning of track and volume boundaries. facilitated by the
use of extended {SO cartridge labelling standards.

Security of access to the software is provided by the CANAL
process password-level system. All man-machine inputs and
responses are recorded by a logging process which gets the
details from the CANAL process (via the 1PP il remote).

Outputs can be scnt to one or more devices and can be
diverted automatically if an output device is unavailable.

The [PP provides communication betwecn the APs and
man-machine terminals at different {ocations. Man-machine
characters (ASCII) arc routed via the CANAL and TYPER
processes to and from the IPP, but binary data to be sent from
one AP to another is passed directly to the IPP, as shown in
Fig. 8. The remote [PP receives the bundles of mcssages from
the MTS link, reconstrucls the buflers, and passes them on
to the destination AP or to the CANAL process in the same
order as they were received by the local [PP.

Complete bundles of messages are acknowledged by the
recciving [PP, which can also detect loss of individual messages
and send a negative acknowledgement. Message loss is cor-
rected by re-transmission by the sending [PP. Link verification
and flow control messages are also sent between the two [PPs
and are used to detect failures and overload of the MTS link.
Under conditions of MTS failure or overload, bundles are
diverted via the TYPER process onto the LAC back-up
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FiG. 8—Block diagram of a communication path routed via IPPs to
a remote !ocation

store (a set of dedicated magnetic-tapc cartridges), until the
link is re-established. Diversion to the LAC back-up store is
then stopped, and a message is sent from the IPP to the
irregular input process (1IP) at the LAC. The IIP can then
request the IPP to transmit the diverted information by using
the CANAL process to access the LAC back-up store car-
tridge drive.

The 1PP therefore provides a means whereby information
can be passed between processes at separate locations without
the need for the processes to be involved in the management
of the transmission link, and also provides the facility for
man-machine transactions to be carried out by remote control.

LOADING AND EDITING

The LOADER process is an on-line process which allows
system files to be entered, altered and tested under control
from a man-machine terminal. Since the LOADER process is
used when the processor subsystem is working in an oper-
ational telephone exchange, the data checking and the trial
procedures are designed to protect the rest of the system
against errors in the loaded or edited files.

Data input. normally from cartridge, to the LOADFR
process is in the form of a series of commands in the
LOADER process language. These commands allow infor-
mation relating to each process, file, and page to be input
together with the virtual address (1, v) and the list of data
contents for each page. The LOADER process checks the
input for consistency, not only within the files being loaded
but also for consistency with other files already loaded onto
the system. When the LOADER process has checked the
input, it sends the information to the storage allocator, which
amends the system data tables and updates the rollback copies
on the backing store,

PU SECURITY, FAILURE DETECTION,
RECOVERY AND FINE DIAGNOSTICS

Security
The processors are divided into distinct security units (CPU,

STORE, etc). A faulty unit can be withdrawn from service to
allow the remainder of the PU to continue to function. Faults
are detected within each unit by a number of mechanisms such
as parity checks, time-outs, cyclic redundancy checks, and
software routines including validity checks. Fault detection is
also provided by parity checks being carried out on the ROM
output fields. A highway is provided to monitor all toggles and
registers.

Detection of PU Failure

A security unit. having triggered a detector, is taken out of
service and software is run to confirm the existence of a fault.
If a fault is confirmed, the security unit remains out of service
awaiting repair action. If a fault is not confirmed. it is returned
to service and a record kept of atransient fault; maintenance
attention is initiated only if transients occur too frequently,

The failures in the PU are divided into 2 main arcas. The
first covers those failure conditions where the failure detection
mechanism within the PU detects a fault and is able to recover
from it by ‘standing down’ the failed item and replacing it with
a working unit. The second involves determining the precise
cause of the failure within a hardware area. Diagnostic soft-
ware is provided to assist the maintenance staff’ to undertake
this work.

Fine Diagnostics

Diagnostics software is a term to describc a set of software
facilities used to resolve the location of a fault to a slide-
in-unit (SIU) within a ‘stood down’ security unit, The diagnos-
tic process consists, in part, of a software module per security
unit and is brought into action automatically by the MCS after
receiving a fault report from the PU OS. Each diagnostic
module is of a tree-structure and initiates problems (bit
patterns) via the hardware to a fault register within the security
unit, The results in the fault register are analysed by the
software and a fault number is output locally or to the LAC,
from which the faulty SIU can be identified and replaced. A
further diagnostic facility is available via the MMI, which
allows a limited but powerful variation of the ‘problent’ to be
offered to a security unit by a maintenance technician.

CONCLUSION

The requirements of the System X switching units for very
reliable real-time computing facilities operating within, and
providing the features required by, the software built to System
X standards are being met by the processor utility described.
The concept is providing the basis for satisfactory operation
and management of the switching units within an existing
network.
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System X: Subsystems

Part 4—-Common-Channel Signalling and the Message Transmission

Subsystem

T. W. PRICHARD, Bsc.t

UDC 621.395.34: 621.394.4: 681.327.8

The general principles and advantages of using conunon-channel signalling (CCS) for System X exchanges
have been described in a previous article! in the Journal. The CCS systent adopted for the System X project
is based on the CCITT* Signalling System No. 7, which is described in this article. Description is also given
of the message transmission subsystem, which performs the message transfer functions for the signalling
system in accordance with CCITT specifications. For the purpose of conparison, a brief description of the
operational features of the CCITT Signalling System No. 6 is also included.

INTRODUCTION

The use of common-channel signalling (CCS) allows direct
communication to be made between the processors of different
exchanges for call control and other purposes; this is achieved
by using separate dedicated signalling links interconnecting
the exchanges over which call-control messages are sent.
Because one link can carry signalling messages for a large
number of traffic circuits, the need for signalling equipment
on a per circuit basis is avoided. The message formats are
compatible with the way in which the exchange processors
handle calls so that signalling conversion is minimized and
the signalling links appear as transparent carriers to the call
processing functions. The use of messages allows anysignalling
conditions to be transmitted; thus new facilities requiring
additional signals can be easily introduced. The signalling is
fast, such that routeing information derived from customer-
originated dialled or keyed sending is transmitted as fast as
it is originated, thus significantly reducing the post-sending
delays compared with the delays which arise in the existing
network.

The signalling links also enable other information besides
call-control signaliing to be transmitted. Links between
exchanges and local administration centres (LACs) enable
managenient, maintenance, and statistical information to be
transferred.

t System X Development Department, Telecommunications
Headauarters

* International Telegraph and Telephone Consultative Com-
mittec

SPECIFICATION BY THE CCITT OF
COMMON.CHANNEL SIGNALLING SYSTEMS

Although the concept of common-channel signalling (CCS)
has existed for many years, it was not until the advent of
common-control systems, and in particular those in which
computer-type processors were used for control, that the
realization of CCS began to develop.

The first well known systcm was the CCITT* Signalling
System No. 6, which was first specified for international use
in 19682. This system was originally intended for use on data
links provided over analogue circuits fitted with 2-4 kbit/s
modems. Howcver, the system was later enhanced to allow it
to operate over circuits derived from pulse-code modulation
(PCM) systems and to operate at a faster speed.

The British Post Office (BPO) and the GEC Ltd participated
in an international field trial which proved the feasibility of
CCS and provided valuable operational experience. CCITT
No. 6 signalling was first used for international service in
July 1978 and was brought into service for circuits between
the UK and the USA in January 1980. The system will be the
subject of an article in a future issue of the Journal.

Although intended primarily for international use, CCITT
No. 6 signalling has been adapted for national use by some
administrations. For example, it is used by the Bell System?
for inter-regional signalling, and is referred to as comunon-
channel inter-office signalling (CCIS).

The following is a brief description of the key operational
features of the CCITT No. 6 system.

{a) Signal messages comprise one or more fixed-length
signal units (SUs).

Editor’s Note: The normal editorial practice of defining abbreviations at their first appearance only has not been adopted in this
article; instead the abbreviations, summarized below, have been defined frequently throughout the text to aid identification.

SUMMARY OF ABBREVIATIONS USED IN THIS AKRTICLE

BIB: Backward indicator bit

BSN:  Backward sequence number
CCS: Common-channel signalling
CPS: Call processing subsystem
DIO: Direct input/output

DLT: Digital line termination

DPC: Destination point code

DSS: Digital switching subsystem
DSSS: Digital subscriber switching subsystem
FIB: Forward indicator bit

FISU: Fill-in signal unit

FSN: Forward sequence number
GPL: Group processing logic

GTU: Group terminal unit

LAC: Local administration centre
LSSU: Link-status signal unit

MCS: Maintenance control subsysten:
MDP: Message discrimination process
MMC: Man-machine communication

MP: Management process
MRP: Message routeing process
MSS: Management statistics subsystem

MSU: Message signal unit

MTP:  Message-transfer part

MTS:  Message transmission subsystern
MUX: Digital multiplex

OPC: Originating point code

PCM:  Pulse-code modulation

PU: Processor utility

RTU: Remote terminal unit

SIU: Slide-in unit

SLS: Signalling link selection

SP: Signalling point

ST: Signalling terminal
STP: Signal transfer point
SuU: Signal unit

TUi’: Telephone-user part
ULA: Uncornmitted logic array
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(b) A full duplex SU synchronous mode of transmission is
used. (The two directions operate in a plesiochronous mode.)
A synchronization SU is used to achieve synchronism in each
direction of transmission.

(¢) Error detection is achieved by use of check bits in
each SU.

(d) Acknowledgement of the state of correctness of the
received SUs is sent on a block basis.

(e) An error detected in any received SU is corrected by
retransmission of the complete message.

(/) The error control is such that the probability of a
message containing an undetected error being delivered is
negligible. However, in some circumstances, the system does
allow superfluous messages and messages in the wrong order
to be delivered. To overcome this problem, the system
incorporates check procedures whereby the received signal
messages are analysed to check that they have not been
duplicated and to check if their reception at a particular point
in a sequence of signals is reasonable. This problem does not
arise in the CCITT No. 7 system to any significant degree.

(g) The CCITT No. 6 system accommodates a repertoire
of signalling messages: their formats and use are defined for
telephony.

(h) Management procedures are defined for the control
and use of signalling.

(/) Signalling links are used on a point-to-point basis, and
the permitted modes of operation include the use of quasi-
associated signalling whereby intermediate signal-transfer
points (STPs) may be used for transferring messages relating
to traffic circuits between two or more other exchanges.

(f) The system is specified for telephony signalling only.

CCITT SIGNALLING SYSTEM No. 7

The CCITT Signalling System No. 7 has been adopted for
use in System X. Tt is a system which has been optimized for
use in a digital environment and which has been specified
with a particular view of its adoption for use in national net-
works as well as for international signalling. The BPO has
taken an active part in the studies involved and in the pro-
duction of the specification of the system. The specification is
due for ratification by the International Telecommunication
Union towards the end of 1980, which coincides with the end
of the current CCITT plenary period.

Although changes have been incorporated in the CCITT
No. 7 system specification as it evolved, the description given
in an earlier article! for the BPO Signalling System Common-
Channel No. | (SSCC No. 1), which is based on the No. 7
system at an earlier stage in its devclopment, is still correct
with respect to the current CCITT No. 7 system specification.
The differences which now exist between the CCITT No. 7
system and SSCC No. 1 are of a more detailed nature and do
not affect the description at this level. SSCC No. 1 is to be
replaced by the current CCITT No. 7 signalling system.

Operational Features

The operational features of the CCITT No. 7 system are as
follows:

(@) Signal messages are transmitted as message signal units

SIGNALLING INFORMATION FIELD

\

CHECK BITS

SERVICE INFORMATION OCTET

(MSUs). These may vary in length up to a normal maximum
of 544 bits; the actual length is indicated by a length-indicator
field within the MSU. In addition, there are link-status signal
units (LSSUs), which are used for link control purposes, and
fill-in signal units (FISUs), which are transmitted when there
are no other MSUs for transmission. The format of an MSU
is shown in Fig. 1.

(b) Because signal units (SUs) may vary in length, there is
no continual SU synchronism. Instead, the start of each SU
is identified by a flag, as described in a previous article!.

(¢) Error detection is achieved by use of check bits in each
SU. A message has a single check field.

(d) Acknowledgement of the state of SUs received is carried
by all SUs in the backward direction. In the forward direction,
each MSU is identified by a forward sequence number (FSN).
In the backward direction, each SU carries a backward
sequence number (BSN) and a backward indicator bit (BIB)
for acknowledgement purposes.

(¢) An error detected in a MSU is corrected by retrans-
mission of the complete message, followed by retransmission
of all the subsequent MSUs which have been sent. This is
cyclic retransmission and avoids the need to store MSUs in
the receiving part of a signalling terminal (ST) while awaiting
a retransmission.

(f) Procedures are incorporated which allow automatic
change-over with message retrieval in the event of a signalling
link failure. This facility is used in a situation where more
than one signalling link is provided for security, and results
in MSUs being delivered to a user in the correct order, and
without the loss or repetition of information when a signalling
link fails.

(g) A repertoire of signalling messages, formats, and
protocols for telephony applications is defined separately in
a specification for the telephone-user part (TUP).

(f) Signalling network functions are defined in consider-
able detail for the basic message handling and. in particular,
for the more complex functions of managing signalling
traffic, signalling routes, and signalling links.

(i) Signalling links are used on a point-to-point basis and
quasi-associated signalling with one or more signal transfer
points may be used, as well as associated signalling.

(j) The system permits other user parts in addition to the
TUP.

Functional Breakdown

For purposes of specification, the CCITT have defined 4 func-
tional levels in the specification of the CCITT No. 7 system,
as shown in Fig. 2. Levels | 3 are contained within the
message-transfer part (MTP), which is currently the major
part of the signalling system specification. The MTP is
implemented in System X by the message transmission sub-
system (MTS). Level 4 is termed the user parr and is covered
by a separate specification for each user. The telephone user
part (TUP) is the main user and is implemented in System X
by the call processing subsystem (CPS).

The functional levels are not intended to imply a particular
implementation; therefore, detailed specifications for the
interfaces between the levels are not provided. The levels are
hierarchical in nature with level 4 at the top, and it is the

FIRST BIT

FORWARD BACKWARD TRANSMITTED

SEQUENCENUMBER  SEQUENCE NUMBER

I BT

Y
ROUTEING
LABEL
{see Fig. 3]

\
8 B 1 N
T Y

SPARE LENGTH BACKWARDH FLAG
INDICATOR INDICATOR BIT

FORWARD INDICATOR 81T

FiG. 1—Format of a message signal unit
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F1G. 2—Functional levels of the CCITT Signalling System No. 7

functions which the levels have to perform that are specified
in detail.

The information to be sent over level 1 is specified in detail
because this is the boundary between different administrations
for international signalling.

The main functions performed within each level are as
follows:

Level 1

Level 1 contains the signalling data link functions. The level
comprises a full duplex data link and the means to access it
from level 2. In System X it is normally a 64 kbit/s PCM
channel derived from a PCM system which is accessed via a
digital multiplexer and a semi-permanently switched path
through the digital switching subsystem (DSS). Where PCM
systems are not available, such as in the case of links to a
local administration centre (LAC), then analogue circuits,
fitted with 4-8 kbit/s modems at each end, are used.

Level 2

Level 2 contains the signalling link functions. These functions
enable the correct transfer of messages over a single signalling
data link. They ensure that messages are delivered in the
correct order, without Joss or duplication, in the face of line
error rates up to a defined limit, beyond which the link is
deemed to have failed.

Level 3
Level 3 contains the signalling network functions. Two of the
main functional categories are

(a) the message-handling functions, which deal with the
transfer of messages between a user (level 4) and the appro-
priate signalling links, and vice-versa, and the control of link
changeover and message retrieval, and

(b) the signalling network management functions, which
deal with control of the network and message routeing accord-
ing to the current state of the network ; these functions control
reconfigurations and other actions required to preserve, or to
restore after failure, the normal message transfer capability.

Level 4

Level 4 contains the user-part functions. For the telephone-
user part (TUP) these functions are defined as part of the
signalling system in the TUP specification, which defines the
signals and procedures to be used for the control of telephone
calls. Other user-part functions may be defined separately
from the signalling system specification; for example, the
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transfer of bulk data which could be assembled from, and
disassembled to, message signal units (MSUSs) for transfer
over the message-transfer part (MTP).

The Signalling Network

The CCITT specification for the message-transfer part (MTP)
defines a signalling point (SP) as a network node at which
CCS is provided. A numbcr of signalling links directly inter-
connecting two SPs, which are used collectively to provide the
signalling capability between them, is referred to as a signalling
link set. There can be 1-16 signalling links in a set over which
the signalling traffic may bc shared, but in the UK national
network the number will be limited to four.

Modes of Operation

In the associated mode of operation for the tclephone user
part, the signalling betwecn two directly interconnected SPs
is associated with the telephony traffic circuits between them.

In the non-associated mode, the signalling between two
SPs may follow a different route to that of the traffic circuits
for which they carry the signalling, and the route may pass
through one or more intermediate signal transfer points
(STPs).

The quasi-associated mode is a limited case of the non-
associated mode, in which the signalling for each group of
traffic circuits follows a predetermined route. More than one
route may be specified for security reasons. For example, the
typical case is where a quasi-associated signalling route is
used as a back-up route for an associated route.

Message Routeing

Each user message contains two SP codes for routeing and
management purposes. These are aptly named the originating
point code (OPC), which uniquely defines the SP at which a
user message is originated, and the destination point code
(DPC), which defines the SP for which the messageis destined.
The location of these codes in the message format is shown
in Fig. 1 and the format of the routeing label is shown in
Fig. 3. Also shown in Fig. 3 is a signalling link selection
(SLS) field, which is used to select a particular link in a
signalling link-set, at each SP, over which a particular message
is transferred. The SLS enables signalling to be shared over the
links in a link-set.

All messages relating to a particular traffic circuit have the
same SLS code. This ensures that all messages relating to a
particular telephone call are transferred over the same links,
and are thus delivered in the correct order.
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F16. 3—Format of the routeing label

THE UK COMMON-CHANNEL SIGNALLING
NETWORK

Plans for the UK CCS network are currently being formu-
lated and hence it is not yet possible to describe the network
in detail at this time.

It is probable that in the main network all mandatory
traffic routes wili have associated CCS routes with 2 links in
a set normally being provided. Link sets of 3 or 4 links can
be provided where the level of signalling traftic or the security
requirements warrant this.

Not all traffic routes will have associated CCS: in such cases,
use will be made of quasi-associated signalling via signal
transfer points (STPs). The use of STPs reduces the number
of signalling links which arc needed in the network, but
increases the processing power required at signal points (SPs)
when they are also STPs. In general, small traffic routes may
be more economically served by the use of quasi-associated
signalling, particularly if this avoids the provision of signalling
links over analogue circuits. In such cases, consideration must
be given to the additional cost of providing data modems for
the signalling tcrminals (STs).

An STP also involves additional message-handling timcs
and it is therefore desirable to minimize the number of
STPs through which a particular message has to pass.

SECURITY

Signalling routes are normally secured by the use of 2-link
signalling link sets with automatic change-over in the event
of a single link failure. Ideally, diverse routeing of the signal-
ling data links over line plant will minimize the chance of a
route failure, but irrespective of this, additional security can
be gained by the provision of alternative signalling routcings
which make use of STPs.

Alternative routecing will also provide security against the
failure of an STP by enabling a different or other STPs to be
used in its place.

The network management functions enable these facilities
to be provided. When a normal route bccomes unavailable,
the information is sent to SPs and a nominated alternative
route is selected. Since all messages carry a destination point
code (DPC), the messages can be routed to their correct
destination, provided that the routeing is permitted for that
DPC.

Where alternative routeing is provided it is necessary to
ensure that messages cannot be routed around a continuous
closed loop as aresult of fault conditions orincorrect routeing.

THE MESSAGE TRANSMISSION SUBSYSTEM

The messagc transmission subsystem (MTS) is implemented
as a combination of software, firmwarc, and hardware which
performs the message-transfer part (MTP) function for the
UK national subset of the CCITT No. 7 system in accord
with the CCITT specification for the MTP.

A previous articlc? briefly described an earlier development
of the MTS for digital trunk exchanges. A variant of MTS
was also developed for use in small local exchanges to provide
a more cost effective implementation for applications where
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few signalling links are required. Since then, advances in
technology have enabled the development of a single version
of MTS for use in all applications, including international
signalling and remote control signalling for the digital sub-
scriber switching subsystem (DSSS). The development of this
version of MTS is tending towards a single slide-in-unit (SIU)
per signalling link.

A few early System X exchanges use the local exchange
version of MTS. However, changes have since been incor-
porated in the CCITT No. 7 system specification to both the
position of various fields within SUs and to the order in
which the bits in these fields are transmitted. This results in
the early MTS signalling terminals being incompatible with
the present ones and, to avoid future interworking problems,
it is planned to replace these as soon as possible with new
ones. This was an unavoidable and not unexpected require-
ment, since designing to an emerging international specifi-
cation has obvious risks when assumptions have to be made
concerning the final specification.

MTS Requirements

Apart from conforming to the CCITT No. 7 System specifi-
cation, the MTS has to meet the operational requirements of
System X. The chief requirements are as follows:

Size

The MTS must be capable of easy extension from a minimum
size of two links to a maximum size in the region of 1000 links
for large tandcm exchanges.

Cost

The MTS nwst meet cost targets, particularly for the small
local exchange application and when CCS is first introduced.
In practice, this means that the amount of equipment required
to perform the functions common to all size ranges must be
minimal.

Traffic Capacity

Traflic capacity may be expressed in terms of both average
and peak mcssages per second for each link and also for the
MTS as a whole. in addition, it is necessary to mect the
message transfer time requirements under various loading
conditions. A typical figure based on the larger exchange
requirenmicnts is the ability to handle over 3000 mcssages per
second for an exchange handling up to S00 000 busy-hour call
attempts. An individual signalling terminal will be required
to handle up to 200 user messages per second, on average,
during the busy hour. This level of traific corresponds to an
approximate link occupancy of 0-2 in each direction, but
would only occur under multiple failure conditions in the
signalling network.

Message Transfer Times

The CCITT No. 7 system specification defines where message
transfer times are measured, but the values given are pro-
visional and will be the subject of further studies. Typical
requirements proposed for messages transferred between
users (level 4) at each end of a single link arc for a mean
transfer time of 25 ms, with no more than 5% of messages
exceeding 75 ms. In addition, for each signal transfer point
(STP) involved in a transfer, a mean transfer time of 25 ms
through the STP is proposed, with no more than 5% of
messages exceeding 40 ms.

MTS Implementation

A block diagram of MTS is shown in Fig. 4. The MTS con-
sists of 3 software processes which operate on the processor
utility (PU)’ and communicate with the hardware via the
direct input/output (DIO) mechanism of the PU. The pro-
cesses are the message-routeing process (MRP), the message-
discrimination process (MDP), and the management process
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(MP). The hardware consists of 3 basic types of slide-in unit
(SIU), and is given access to either 64 kbit/s PCM channels
via a digital multiplex and the DSS, or to 4-8 kbit/s data
modems.

Between levels 4 and 3, the user interface is a task-passing
interface between the call-processing subsystem and the

mcssage-routeing process and the message-discrimination
process.

The Message Routeing Process

The message routeing process (MRP) receives messages in
the form of tdsks from the call processing subsystem (CPS)
and routes them to the appropriate arca of the hardware for
transmission over a signalling link. The routeing is based on
an analysis of therouteing label, inserted in the message by
the user, which contains the destination point code (DPC).

Other messages arc passed to the MRP from the message
discrimination process (MDP), for which the MTS is acting
as a signal transfer point (STP).

Should the amount of signalling traffic warrant it, the
MRP and MDP can be replicated. In this case, an MRP may
receive STP messages from more than one MDP. Also, under
some circumstances, an MRP may be unable to route a
message correctly with the hardware to which it has access.
The MRP can then transfer the message to another MRP
which is able to route it correctly.

Apart from user messages, the MRP routes network control
messages from the management process: the messages are
identified in the service information octet.

The MRP provides statistical information on the number
of messages handled to the management statistics subsystem
(MSS) on a periodic basis.

The Message Discrimination Process

The message discrimination process (MDP) handles messages
from the hardware which have been received over the signal-
ling links and discriminates between those messages which
arc transit and those which are to be terminated, by examining
the destination point code in the routeing label. The transit
messages arc passed to the appropriate MRP for further
transmission and the messages (o be terminated are routed to
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the required user according to the service information octet.
When process replication is required for traffic reasons,
then the MRPs and MDPs are added in pairs.

The Management Process

The management process (MP) handles the management and
maintenance functions of the MTS and, for this purpose,
communicates with the maintenance control subsystem
(MCS), the DSS, and the other processes and hardware of
the MTS.

Management commands via the man-machine communi-
cation (MMCQ) of the MCS allow control of the MTS con-
figuration and enable system data to be changed as required.
Communication with the DSS enables control of the semi-
permanent paths through the DSS for the provision of the
signalling data links.

The MP performs checks on itself and the other processes
and the MTS hardware. It requests status reports periodically
from the MTS hardware via the MRP and the MDP, and
sends periodic test messages to the hardware and to other
MTS installations via the signalling links. It responds to the
status information sent over signalling links in link status
signal units (LSSUs) and to management messages from other
MTS installations. and sends fault reports to the MCS.

The MP carries out autonomously those functions which
are required by the CCITT No. 7 system specification. These
include the automatic change-over and retrieval of messages
during link failure conditions and re-routeing of messages
over a quasi-associated back-up link where appropriate. The
MP is not replicated.

MTS Hardware

There are 3 functional units in the MTS hardware, as shown
in Fig. 4. These units arc the central ram, the group terminal
unit (GTU) and the remote terminal unit (RTU). In addition,
a digital multiplex is required to give access to the DSS as
part of the level 1 function.

+ The namce ram has no special significance but is derived from
the word omnibus.
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FiG. 4—Block diagram of message transmission subsystem
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Central Tram

The central tram is an input/output controller which inter-
faces between the processor utility DIO and the GTUs. The
basic function of the central tram is to provide, at low cost,
a fan-out capability between the DJO and up to 12 GTUs.
This is achieved by using a high-speed serial interface to the
GTUs for data transfer, with separate control lines, and by
using an uncommitted logic array (ULA) device as part of
the tram controller to minimize the number of components
used.

The central tram contains a message buffer for each
direction of transmission, Messages from the MRP are
transferred to the correct GTU according to header infor-
mation passed with messages by the MRP. The GTUs are
scanncd by the tram for mcssages rcccived over links. Each
message received is transferred to the tram, which then
informs the MDP.

Group Terminal Unit

The group terminal unit contains the group processing logic
(GPL) and up to 8 CCITT No. 7 signalling terminals (STs).
Both the GPL and STs are implemented as single S1Us, each
containing a microprocessor. The GTU performs mainly
level-2 functions and somc level-3 functions in conjunction
with the software processes.

Signalling Terminal

The signalling terminal (ST) sends to and receives messages
from the signalling data links. In the outgoing direction the
ST generates the polynominal check field, inserts zeros as
necessary, and adds the flag prior to transmission. In the
incoming direction, it searches for flags, deletes zcros, per-
forms the polynominal check and discriminates between
fill-in signal units (FISUs) and other SUs. These functions
are all performed by a ULA device.

In addition, in the incoming direction, a leaky-bucket
crror-rate count is maintained to enable the state of the
signalling link to be monitored. User messages are stored for
collection by the GPL. The backward sequence number
(BSN) and the backward indicator bit (BIB) are examined
for acknowledgements and retransmission requests. The
status information of the link status signal units (LSSUs) is
examined for requests to re-align the link etc.

In the outgoing direction, messages for transmission are
received from the GPL. On command from the GPL, LSSUs
can be transmitted repeatedly. When no new messages are
received from the GPL, the ST will send FISUs continually.

Remote Terminal Unit

The remote terminal unit (RTU) is provided to enable control
signalling between the PU and a digital concentrator of the
digital subscriber switching subsystem (DSSS)t. This form of
signalling is considered to be intra-cxchange signalling, and
as such it is not regarded as part of the national signalling
network.

The use of the RTU permits the DSSS to be located either
locally with, or remotely from, the PU and DSS, as required.

The RTU is the same basic slide-in unit (SIU) as the ST.
It differs in terms of the microproccssor firmware which is
stored in a memory on the SIU. The difference arises because
of the type of signalling involved and because the RTU is not
associated with a GPL. The RTU performs the same basic
functions as the ST but interfaces with the DSSS instead of
a GPL.

Signalling links are normally provided to the DSSS as a
single pair, but unlike the signalling link sets in the national
network, these are operated in a main and standby mode as
the means of security.

1 The DSSS will be the subject of a future article in the Jeurnal
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Group Processing Logic

The group processing logic (GPL) handles messages between
central tram and its signalling terminals (STs). In the outgoing
direction it receives messages from the MRP via the DIO and
central tram, and is able to store a number of messages for
each ST for retransmission purposes. Each message is allo-
cated a new sequence number according to its ST, and a copy
of the message transferred when the ST is ready to accept it.
The wnessage is deleted when acknowledged as correct, or
retransmitted when requested.

In the incoming direction, the GPL receives messages from
the STs. Each message has the validity of its sequence number
checked and, if correct, the message is transferred to the
MDP via the central tram and the DIQO. Acknowledgement
information is transferred for transmission in imessages in the
outgoing direction.

The GPL also monitors the status of all the STs. Any
failures are reported to the management process.

Security

All data transferred betwcen the PU and the STs has various
checks performed on it at different stages in the transfer. In
addition, test messages may be sent. These checks enable
fault conditions in the hardwarc to be detected and fault
reports to be sent to the MP.

Security against failures is provided by duplication of
hardware. The central trams are provided in pairs, the
number of pairs being dependent on the traffic requirements.
As shown in Fig. 4, each GPL is connected to two central
trams which are operated in a worker/standby mode. Thus,
a signalling link set with links from two group terminal units
(GTUs) is secured against a hardware failure.

CONCLUSIONS

An outline of common-channel signalling for System X has
been given in this article in terms of the message-transfer
part of the CCITT Signalling System No. 7 specification, the
general network requirements, and its implementation using
the message transmission subsystem.

The provision of CCS between digital exchanges, with its
rapid and wide ranging signalling capabilities, will enable
calls to be estabtished quickly and reliably and new facilities
to be provided.

It will also enable management facilities at the local
administration centres, such that many of the functions of
management and maintenance of the network, and the
provision of new facilities as requested, can be carried out
more efficiently from central points.
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A New Equipment Practice for Exchange Switching
Equipment and other Applications: Tep-1H

D. G. W. HARVEY t

UDC 621.395.345

The British Post Office, in conjuncrion with its main equipment suppliers, has introduced a new equipinent
practice to house the range of digital-switched exchanges known as Systemt X. The equipment practice.
designated Tep-1 H, has other applications and can be used for the mounting of electronic equipment
associated with earlier designs of exchange plant.

INTRODUCTION

The equipment practice used for electronic exchanges differs
greatly from that used for Strowger and crossbar exchanges.
There is no longer the need to provide a rugged steel frame-
work to support the considerable weight of electro-mechanical
selectors and conventional relay-sets. The first electronic
exchanges in the British Post Office (BPO) telephone network
used an equipment practice in which the racks were designed
by the individual contractors. As a consequence, two versions
of equipment rack emerged: one manufactured in aluminium,
and one in steel. These designs were later used as the basis for
the BPO documented T10000 and T10001 equipment practices,
which are used in the manufacture of TXE2, 4 and 4A
exchanges.

During the last decade great strides have been made within
the BPO towards the realization of an integrated network of
digital transmission and switching systems. At the heart of
this system will be a new family of exchanges, known as
Systein X, which makes extensive use of microelectronic
technology. To secure rationalization of design, development
and production, the BPO has collaborated with its main
switching equipment suppliers in the design of System X:
one feature of which is the adoption of a standard equipment
practice, known as Tep-1H.

DESIGN OBJECTIVES

The design objectives of a new equipment practice were
established in 1972. At that time, it was hoped that there
would be a high degree of commonality between the equip-
ment practices used for switching and transmission systems.
The objectives were as follows:

(@) The new form of construction would possess all the
features of accessability for cabling, flexibility, maintenance
facilities and reliability possessed by the existing practices.

() The new practice could be completely different in
concept from the existing forms of construction but it had to
be compatible with existing designs from a station planning
point of view.

(c¢) There was no need for an arbitrary distinction between
transmission, data and switching equipment. The new practice
could be designed specifically for digital equipment of all
types: the existing forms of construction would continue to
serve for analogue systems.

(d) Any new equipment practice would be agreed by all
the BPO’s major contractors and it would be possible for any
manufacturer to supply the BPO and other UK and overseas
customers without restrictions.

(e) There would be interchangeability of items made by

T System Evolution and Standards Department, Telecommuni-
cations Headquarters
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different manufacturers down to the slide-in-unit level.

(/) Contractors would have maximum freedom to design
electronic equipment down to slide-in-unit level in the most
effective way consistent with the established standards.

(£) A new practice would, preferably, give a prospect of
reduced cost per function, and have more facilities than
existing forms of construction.

{h) The design and materials used would be consistent
with the need for reliable operation over a long service life
(that is. in excess of 25 years).

(i) The construction would be realized by simple manu-
facturing methods. have a minimum number of parts and be
accurately reproduceable in mass production from basic
materials.

(/) Enbanced capability to cope with high levels of power
dissipation would be a prime requirement.

(k) Reliable connexion facilities would be provided between
electronic modules and station wiring, catering for the
increased number of functions provided within a unit volume,

(/) The design would meet the standard requirements of
safety, including earthing,.

(/m) Attention would be paid to appearance and other
external design features, bearing in mind the increase in
provision of BPO electronic equipmentincustomers’ premises
and the desirability of avoiding special housings.

The compatibility hoped for between transmission and
switching equipment practices to achieve a high level of
commonality did not matcrialize. Systcm X, at least for its
carlier realization, required heavier slide-in units (SIUs), a
higher concentration of cables and greater power dissipation
than was necessary for transmission systems. Any one design
of equipment practice was therefore likely to be uneconomic.

"The switching equipment practice satisfying the above has

been designated Tep-1H. and the resulting design of trans-
mission equipment practice Tep-/£, which has been de-
scribed in the Journal®.

MATERIALS AND FINISHES

Rack frameworks and piece parts are made of steel pressings
or stampings, the materials are to BS 1449 (1972) Parts 1 or 2.

S1U guides and shelf mountings are moulded from thermo-
plastic material.

Normally visible parts (for example, rack footings) arc
painted. Rack side members which are not seen are zinc-
plated and passivated. Covers for front, rear and ends
are of plastic-coated aluminium., A view of an isolated

* Crump, N. G. A New Equipment Praclice for Transmission
and other Applications: TEP-1(E), POEE/, Vol. 72, p. 160, Oct.
1979.
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FUSE
MOUNTING ————*§

Fii. 1—An equipped and clad rack

rack compiete with end-of-suite cover and with one shelf
cover removed is shown in Fig. |.

RACK

The rack side members are formed from mild steel to give
adequate strength and provide channels for inter-rack and
power cabling. The top load-bearing cross-member is a
U-shaped section and the front and rear base members are
angle sections bolted to the side members. Two spacing bars
of 16 mm diamcter mild steel are provided at the top and at
the bottom of the rack between the side members. The bottom
spacing bars serve also to maintain correct spacing between
racks in a suite by use of pitching studs screwed to the ends
of the bars. This is necessary where no spacer is provided
between racks and could occur in very lightly cabled instal-
lations. Auxiliary uprights at the rear of the rack provide the
frame on which rear covers are fitted.

The side members are pierced at intervals of 30-48 mm to
fix the shelf guides and cable bearers, and to permit variation
~of shelf position if required.

The assembled framework, together with part of the cable
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FiG. 2— Rack framework

support system is shown in Fig. 2. A view showing details of
the rack base construction is shown in Fig. 3.

DIMENSIONS OF RACK

The nominal overall dimensions of the Tep-1H equipment
rack are:

depth 630 mm (a 520 mm version has also been docu-

mented),

width 900 mm, and

height 2164 mm (other heights are obtainable in steps

of 30-48 mm).

The equipment has been designed to house S1Us (planar
printed-wiring boards (PWBs) or framed units) which are
285 mm high by 345 mm or 457 mm in depth. (The 457 mm
unit can only be housed in the 630 mm deep rack.)
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Fii. 3—Rack base
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Fii. 4—Front view of shelf

SHELVES

The design of the shelves for Tep-1H has departed from
that of the traditional shelf, which is supported at the front
and is rigidly fixed to the rcar members of the rack. As shown
in Fig. 4, the backplatc is bent at right angles top and bottom
to give rigidity: the shelf side plates are secured by twisted
tabs to the shelf backplate. The top and bottom front rails are
of light metal construction and serve merely as a locating
point for the card guidance system. The load imposed by the
slide-in units is borne by aluminium membrancs cantilevered
from the backplatc: these membranes are anodized to insulate
the metal from the componcnt leads on the rear of the adjacent
stide-in unit. The shelf unit is secured to the rack side plates
by means of a plastic slide (bolted to the sideplates), sce
Fig. S, engaging with a mating guidc fixed to the rack, sce
Fig. 3. and locked with screws.
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Fi1i. 5—Side view of shelf showing side platc and slide

S1U CONNECTOR
WIRING FIELD

CABLE CONNECTOR
WIRING FEED

ELECTRICAL
BONDING

Fii. 6—Wiring of double shelfl

In addition to the single shelf described above, shown as a
shell in Fig. 4, double and triple shelves are also available.
The double shelf has a one-picce double depth of sideplate
on each side, onto which arc mounted 2 single backplate
assemblies. The double shelf is also cquipped with 2 scts of
plastic slides on each sideplate. A rear view of a fully wired
double shelf showing these features is shown in Fig. 6.

The triple shelf has onc-picce triple height sideplates
onto which are mounted 3 single backplate assemblics. This
triple shelf is equipped with 3 sets of plastic slides on each
sideplate, but the rack is only cquipped with 2 scts of mating
guides in the 2 top positions. (Notc: 3 slides are provided as
they incorporate protection for the distribution wiring from
the shelf fuse box.) All 3 sizes of shclves are therefore
assembled to the rack as an cntity.
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FiG. 7—Backplatc and side platcs

BACKPLATE AND SLIDE-IN.UNIT SUPPORT

For use with a 5-08 mm connector design, the backplate
extends the full width of the shclf and accommodates cable
connectors and connectors for slide-in units. Twenty-two rows
of holes are punched at 5-08 mm spacing at each cnd of the
backplate for cable or SIU conncctors. The space in betwcen
is punched to accept connectors for SIUs at 20-32 mm pitch.
The backplate and side plate construction detail is shown in
Fig. 7.

A maximum of 40 planar cards can bc fitted if no cable
connectors are required (that is, when this shelf is part of a
double or triple shelf and one of the other shclves carries the
cable conncctors). In this case, supporting membranes are
provided on the basis of 8 per 40 planar cards and the mem-
branes are distributed evenly along the shelf; when heavy
slide-in units are provided, the position of the membranes is
varied to give maximum support where nceded.

The usc of the cantilever method ensures that the SIU
supporting system and the backplate are firmly fixed in
relation to onc another, hence any distortion of the shelf has
no effect on the relative position of a SIU to its socket.

Where multiple shelf groups are used the individual back-
plates are bonded together electrically, as shown in Fig. 6,
which also shows the typical wiring of a Tep-1H rack
including the connexions to the cable connector field at the
right-hand side. The accuracy of the pin placement permits
the use of automatic wire-wrapping practices for the termi-
nation of cables.

A different type of backplate is used in association with the
2-54 mm conncctor design. whichcan be mounted on plain or
multilayer backplanes (1, 2 or 3 sections) and assembled on
the backplate. The suspension mcthod for mounting SIUs is
retained.

SLIDE-IN UNITS

Slide-in units can be single planar PWBs having intcgral edge
connectors, framed units with discrete edge connectors or
double units each with its own conncctor. The large units are
capable of taking an auxiliary or daughter board.

Either depth of board can be housed in a 630 mm deep rack,
but the 520 mim rack can only accommodate the shorter unit.

Slidc-in units used for System X are equipped with front
plates. These can have drillings and cut-outs to accommodatc
lamps, test points, etc. Each slide-in unit is fitted with a
handle fer case of withdrawal. It is essential that some units
are locked in position to prcvent accidental removal, and a
locking device, consisting of a spring loaded rod (see bottom
right-hand corner of Fig. 8) extending from the front to the
rear of the unit and operated from the front, can be provided.
The rod screws into.a plastic block attached to the backplate
when required. Fig. 8 shows a heavy unit and includcs the
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F1G. 8—A heavy slide-in unit
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Fic. 9—A planar slide-in unit

framework, the discrete edge connector and a power ON/OFF
switch associated with the lock. Early-make/late-break
facilities can be provided by altering the length of the contact
pad on the PWB. A view of a planar unit is shown in Fig. 9.

CONNECTORS

The connectors on Tcp—1H have two main functions:

(«) to connect slide-in units to shelf wiring, or

(b) to terminate the cables entering the rack and connect
these to the shelf wiring.

A 5:08 mm slide-in unit connector is shown in Fig. 0.
The wiring pins protrude from the rear of the backplate, see
Fig. 1i, and the connectors are fixed securely by means of
bosses in the moulding and retained by metal ferrules.
Variations in contact formations within the connector can
provide for special requirements; for example, bridging.

In the case of the cable connector, the male half is fixed to
the backplate and pins protrude on either side to facilitate
front or rear connexion as required. Cables bctween racks
and between shelf groups within a rack are fitted with female
connectors. This practice shortens installation time because
the connectors are assembled to cables in the factory. These
cable connectors can be attached either at

(@) the front of the backplate on the male cable connector
pins,

(b) the rear of the backplate on the male cable connector
pins (this is shown in Fig. Il with the wiring omitted), or

(¢) the rear of the backplate on the male SIU connector
pins.
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Fi1G. 10—A slide-in-unit connector (5-08 mm)
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F1G. 11—Cable connector

To cater for greater component density and an increased
number of input/output connexions, the 2-54 mm pitch con-
nector has been introduced. This is a 96-way two-part
connector with the male half attached to the backplane, the
SIU therefore is not produced with an integral edge connector,
but is equipped with the female half.

POWER SUPPLIES

The Tep-IH rack was originally designed for use with
conventional bus-bars and, if required for use in exchanges
having this method of power distribution, can still be supplied.
For System X, however, a radial power distribution system is
used with individual cables to racks or shelf units as required.
Shelves, or parts thereof, are supplied through Type-44 fuses
mounted on either side of the shelf, as shown in Fig. 1. A fuse
mounting is shown in Fig. [2.

COOLING

Normally, racks are cooled by natural convection. For this
purpose it is essential that the centrc of the rack top is kept
free from cables or any obstruction that might restrict the
airflow from the top of the rack.

Where heat dissipation is exceptionally high, for example
2-5 kW, fan assisted ventilation can be provided.

CABLING

The Tep-1H racks are designed to butt together (see section
on racks). The space formed between the side members and
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fa/ FRONT VIEW (&0 AEAR VIEW

Fi1G. 12—Fuse mounting

Fi1G. 13—Inter-rack spacing arrangement

the space between adjacent shelf side plates is used for inter-
rack cabling. This space suffices for the average density of
cabling. However, the quantity of cable in many System X
exchanges has necessitated increasing the cabling space by a
further 150 mm (for exceptionally dense cabling this can be
300 mm). Verlical covers for cable spaces are provided.

A view of the inter rack spacing arrangement is shown in
Fig. 13.

In System X exchanges, fongitudinal cables are run in wire

‘cable trays, which occupy positions above the front and rear

of the rack: for transverse cables, a second layer of cable
trays is provided.

The design of the rack is such that underfloor cabling
similar to that in use in computer installations can be used.
Also, some cabling can be at floor level using the space in the
base of the rack.

CONCLUSION

The equipment practice described will house the new gener-
ation of telephone exchange switching equipment and will
also perform the function of a general rack for thoseelectronic
equipments now in use in Strowger cxchanges; for example,
electronic call recording (metering) equipment.
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Monarch 120: A Central Installation-Workshop

Facility

T. G. BRASSILY

A new installation workshop has been set up in Bridgwater
Supplies Depot to assemble, program and test the new British
Post Oftice (BPO) designed digital PABX, which is being
marketed as Monarch 120. The workshop, which is staffed
and controlled by Taunton Telephone Area, started processing
Monarch 120 systems earlier this year; eventually it will
process about 1000 systems a year. Further growth in the
demand for Monarch 120s will be catered for by the establish-
ment of one or more similar workshops elsewhere in the UK.

Although at first sight the establishment of an installation
workshop in Bridgwater Supplies Depot to serve the whole
country may seem unusual, easy access to the M5 motorway,
good accommodation and storage facilities, the availability
of support facilities, and the willingness of local management
to take on the project made Bridgwater an obvious site.

The workshop’s involvement in the provision of Monarch
120s begins when an Area requisitions a unit by entering full
details of the customer’s requirements into a central computer
via a terminal in the telephone area planning office. The
computer generates an order and a complete stores list; it
then processes the input to generate a machine-code database
that will configure the Monarch 120 to match the customer’s
order. The workshop accesses the computer to extract the
relevant job data, allocates a suitable date to begin processing
the unit, checks that the necessary stores are available and
then replies to the originating telephone area by Telex to
confirm the order and delivery date.

Order processing usually starts about 3 weeks before
installation, when the workshop transfers the database from
the central computer into a custom-built programming device,
known as the automatic memory board loading equipment
(AMBLE). AMBLE is then used to insert the database into

t Taunton Telephone Area

one of the Monarch 120 system memory boards which consist
of eraseable programmable read-only memories (EPROMs);
simultaneously it checks that the memory is operational and
that it does not contain any data from a previous program.
The unit is then switched on and tested to make sure that the
main system is functioning.

The system, which should exactly match the customer’s
order, is placed in a hot room at an ambient temperature of
about 30°C to soak-test the electronic components for a period
of between 4 and 14d; this helps to expose any potential
failures in the system before it is installed in a customer's
premises. During this time, the system maintenance and
diagnostic routines built into the Monarch 120 ensure that it
performs a complete self-test approximately every 2 h for the
full system,

A few days before a unit is dispatched, the central computer
is accessed again by workshop staff to see if the customer has
made any last minute changes to his order: if he has, the new
database is transferred into AMBLE and the EPROM board
reprograimmed as before. The computer is then instructed to
freeze any further alterations to the order until after the
installation date. The system is then comprehensively tested
and packed ready to be passed over to Supplies Division,
which uses a fleet of vehicles that have been assigned specifi-
cally for the purpose of delivering the units directly to
customers’ premises on the day of installation.

The workshop provides an after-sales service, in the sense
that staff offer help and advice to area staff on Monarch 120
installation matters, and provides on-site support with special-
ized test equipment to deal with particularly difficult instal-
lation problems. Apart from the normal provision of PABXs,
the workshop also deals with the Monarch systems that are
required occasionally for exhibitions and other functions.

Forthcoming Conferences

Further details can be obtained from the conference department of
the organizing body.

Institution of Electrical Engineers, Savoy Place, London WC2R 0BL..
Telephone: 01-240 1871
TXE4A (co-sponsored by 1POEE)

28 October 1980 (evening meeting)

Institution of Electrical Engineers

CDSSI1 and Its Evolution into a Public Exchange (co-sponsored by
JPOEE)
(IPOEE members may attend at IEE member rates)

5 December 1980 (half-day colloquium)
Institution of Electrical Engineers
Telecommunication Transmission

17-20 March 1981
Institution of Electrical Engineers
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Antennas and Propagation

13-16 April 1981
University of York

International Telecommunications Energy Conference
19-21 May 1981
Royal Lancaster Hotel, 1.ondon
Software Engineering for Telecommunication Switching Systems
20-24 July 1981
University of Warwick
Electronic Design Automation

1-4 September 1981
University of Sussex
Papers: Synopses by 3 November 1980
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Cardiff Cable Tunnel

N. A. JAMES, T.ENG.(CEL), ML.T.E.T

UDC 621.315.23

The growth of telephone traffic in the Cardiff telephone area has resulted in the construction of a large new
telephone exchange building which is adjacent to the old telephone exchange. To optimize the provision of
the network of underground cables serving the site, the British Post Office has built a tunnel system which

radiates from the new exchange.

The construction of the tunnel, which has been a major civil engineering project, is described in this article.

INTRODUCTION

Since 1912 the telephone system in Cardiff has been centred on
a site adjacent to the Welsh National rugby stadium. Orig-
inally, manual local and trunk exchanges were housed in the
Head Post Office (HPO) building; later, on conversion to
automatic working in 1952, the telephone exchange was
housed in a building situated between the HPO and the river
Taff. This latter building was equipped to maximum capacity
by 1978 and plans for a further extension of equipment
accommodation had been in hand for many years prior to
that time.

This additional accommodation was designed as a 15-
storey tower block—appropriately named Studium House—
which was built on a sitc vacated by the Postal Business on
transfer of their mail-handling operations to a new building in
another part of the city. This vacated site lay conveniently
between the main HPO building and the existing automatic
telephone exchange (ATE).

It was realized that, coincident with this major addition to
the equipment accommodation, the underground network
serving this increasingly complex site would also need to be
developed if the potential of the site was to be exploited to the
full.

After an assessment had been made of the likely cable
capacity required and the obstructions which might be encoun-
tered in laying any substantial amount of surface duct, thc
British Post Office (BPO) decided to construct a tunnel
system radiating from Stadium House to points at which
conventional surface duct could connect to it.

PLANNING

Sir William Halcrow and Partners (Consulting Engineers to
the BPO) were commissioned to undertake a feasibility study
for a minimum length of tunnel which would overcome the
difficulty of assuring adequate long-term access from all
directions into Stadium House; they concluded that it was
possible to construct such a tunnel at a depth of 15-20m in
the red mudstone, known as Keuper marl, which underlies
Cardift.

In planning the line of a tunnel system, two clear options
present themselves. Firstly, the BPO can use the powers
granted to it as a statutory undertaker under the provisions of
the Public Utilities Street Works Act 1950 to drive a tunnel
entirely beneath public highways. Although this course would
virtually eliminate any problems regarding permission to
build, it has two major disadvantages:

(a) the length of the tunnel would compare unfavourably
with a direct routeing and result in additional costs, not only
for tunnelling but for every cable installed in it, and

(b) any sharp turns encountered would make tunnel con-

+ Planning and Works Division, Wales and the Marches
Telecommunications Board
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struction more complicated (and more expensive) for hand
mining, and would completely rule out the use of any form of
tunnelling shield.

The second option, which was adopted for the Cardiff
project, is to plot as direct a line as possible, limitingany bends
to a radius of not less than 150 m. This approach requires that
private wayleave agreements are negotiated with each of the
individual freeholders and leaseholders under whose properties
the tunnel is to pass; such wayleave agreements need to be
irrevocable. This direct-line approach was advocated by
W. H. Lamb in his article on the London tunnels!. The
difficulty with the direct-line approach is that one refusal to
grant a wayleave can invalidate a complete routeing and force
a designer to recommence negotiations for a revised line.

At the time that building work at the site of Stadium House
was imminent, three shafts were sunk at the site because,
although the construction of shafts below an existing building
is possible, it would certainly have been a technically difficult
and costly operation once the thick reinforced raft on which
Stadium House was built had been cast. The basement of
Stadium House is below the flood level and any breaching of
the substructure after completion of the building would
expose the basement, which houses the total energy power
plant, to the risk of flooding.

The internal diameter of two of the shafts was 3-048 m and
these shafts were destined to provide cabling access into the
cable chamber of Stadium House. A third shaft, which was to
emerge in a separate lift house, was 4572 m in diameter and
provided accommodation for a 5t goods lift, access ladders
and all the pumping and electrical services to the tunnel
systent.

The three shafts were sunk, caulked and capped by Decem-
ber 1973. The building of Stadium House commenced in 1974,
Nine investigatory bore-holes were sunk at that time to a
depth of about 20 m at various points along the general line of
the proposed tunnel to supplement bore-hole information
which was already available from other developers and under-
takers.

The knowledge obtained from examination of the bore-
hole samples did not guarantee that all was known about the
structure of the ground because a bore-hole log can only
reveal the soil structure that exists at a specific point and,
while a succession of bore-holes telling a similar story gives an
increasing degree of confidence, the unexpected can still lie
between the bore holes to trap the overconfident. Nevertheless,
with this soil information to hand, tunnel lining design was
considered and a firmer indication of cost given.

In March 1975, seven contractors submitted tenders and,
with inflation running at record levels, a cost variation
mechanism was included in the contract. This mechanism,
known as the Baxter fornmla, required each tenderer to
include in his submission an evaluation of the percentage
make-up of the contract in terms of labour, plant, cement,
fuel, steel, etc., and once this make-up had been agreed it
served as the basis for cost variation calculations. The Depart-
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ment of the Environment publish each month an index for
each of these items, related to a base index of 100 in 1970,
which shows how costs have moved. From these indices and,
the agreed percentage make-up, a fluctuation factor was
calculated which was applied to the value of the work (at
contract date value) which had been done during a given
month.

CIVIL ENGINEERING

The successful tenderer (Sir Robert McAlpine Ltd,) moved on
to site in August 1976 with an engineering team from the
consultants, Sir William Halcrow and Partners, who were to
supervise the construction on behalf of the BPO. The main
work site at the eastern extremity of the tunnel scheme was on
part of a shoppers’ car park. adjacent to which was a vacant
building that belonged to the Cardifi City Council: the
Council leased this building to the tunnelling contractor for
use as site offices, stores and workshops.

Shaft Sinking

In collaboration with the South Glamorgan Highway engin-
eers, the first task was to fix the position of the work shaft
centre because the entrances to the manhole which was built
over the shaft were in the footway of a section of the Cardiff
inner ring road, which at that time existed only as a plan.

The bore-hole reports gave a guide as to what could be
expected when shaft sinking started. The bore hole nearest to
the initial shaft showed 2-25 m of made ground overlying
0-5 m of soft brown sandy clay, beneath which was 4-25 m of
brown and grey gravel with cobbles and some sand and clay.
Below this level, under a | m thick layer of stiff red clay. was
the Keuper marl in which the tunnel was driven. This marl
continued beyond the limit of the bore-hole at a depth of 23 m
below the surface. An illustration of the ground structure is
given in Fig. 1.

In the ground above the clay layer the shafts were lined with
cast-iron segmental rings, most of which were supplied second
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hand by the BPO and refurbished on site before sinking
started. Once the shafts entered the marl the lining material
was changed to reinforced concrete segments, which are
considerably cheaper than cast iron. The whole of the tunnel
was constructed of similarly designed concrete segments.

The method of construction used for the 6 shafts was as
follows.

A hole was excavated, deep enough and large enough to
bury 3 rings. The lowest of these 3 rings was then built; great
care was taken to ensure that it was absolutely circular about
the agreed centre point and that it was completely level.
(See Fig. 2(a)). This ring was aligned so that a line from the
centre point along the proposed line of the tunnel exactly
bisected the key (that is, the very narrow segment which is the
last piece installed to form a ring).

Two more rings were added above the first ring and the
whole structure was bolted-up solidly. Each segment was
manufactured with a grouting hole in it and through each of
these holes a reinforcing bar was driven into the surrounding
ground. (See Fig. 2(b)). The gap between the rings and the
surrounding ground was then backfilled with concrete. (See
Fig. 2(c)).

Thus, a solid collar had been formed below which the
shaft was excavated and lined ring by ring, each lining ring
was hung beneath its_predecessor (see Fig. 2(d)); the two
addtitional rings at the top acted as guard rings to prevent the

(«2) Construction of first ring

Heintorcing Grout holes
bars

(«) Back hiling between rings and ground

(4) Placing of additional rings

FiG. 2—Stages in shaft sinking
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unwary falling in. As the shaft sinking procceded, the extrados
(that is, the overbrecak between the outside of the lining and
the excavation) was filled under pressure with cement grout.

Water Problems

Ground water was first encountered at a depth of 4-5Sm.
However, the sinking of the work shaft proceeded unecvent-
fully until the excavation was well into the marf. But, on 7
October 1976, at ring 29, the rate of water inflow through the
bottom of the excavation suddenly increased dramatically and
it was soon clear that the pumps on site could not cope, and
the shaft was allowed to flood.

The tunnel had been designed originally with the lowest
point in the system being at the work shaft for the practical
reasons that

(a) any water encountered during tunnelling would drain
downhill to the shaft, from which it could be readily pumped,
and

(H) the skips of spoil would also be moved from the work-
face with the partial aid of gravity, rather than being hauled
uphill.

However, the inflow of water from an aquifer at tunncl
level forced a revision of the plan. The alternative was to
continue as planned using larger pumps and then construct the
tunnel in compressed air at a pressure in excess of 138 kPaf,
for which there was no provision or price in the Bill of Quan-
tities,

The course adopted, which the consultant recommended,
was to reverse the gradient between the work shaft and Stadium
Housc so that the tunnel remained above this major source of
water. This move reduced the eflective depth of the work
shaft by some 4 m and resuited in permanent pumping
equipment being sited at Stadium House lift shaft. The
gradient throughout the tunnel is nominally 1 in 250 downhill
to the lift shaft.

The immediate task at the time was to stop-off the source of
waler so that the shaft could be drained; this was achieved by
laying a 1 m thick plug of concretc at the bottom of the shaft.

Preparations for Tunnelling

The next part of the work consisted of building an enlargement
of 4-572 m diamecter in which the McAlpine tunnelling
machine could be assembled. With the experience of the water
flows encountered during shaft sinking in mind, the consul-
tants advised that the ground in which this enlargement was to
be built should be stabilised by pumping grout down pipes
from the surface to fill any water bearing fissures in the marl.
About 30 holes were sunk to tunnel level from the surface and
some 50t of grout injected.

The cnlargement for the tunnclling machine was built
without any great difficulty, but as cxcavation procecded it
became increasingly apparent how large were the fissures in

t Equivalent to 20 pounds per square inch (PSI).

the marl which the grouting had filled, and how much water
lay in the ground. At that time, the contractor was reluctant
to commit the tunnelling machine to the ground ahead without
the safeguard of being able to pressurize the workings imme-
diately if circumstances demanded such action. The contractor
therefore procceded, at his own expense, and with the consul-
tant’s consent, to drive a further 21 m of tunncl (3:048 m
diameter) in which the tunnelling machine could be assembled
and commissioned, and bchind which an airlock could be
built in the 4-572 m diameter section. This extra 21 m length
of tunnel was reduced to a diameter of 2-438 m before it was
handed over to the BPO.

Even at that stage of the project, a decision to work in
compressed air had not finally been made but, as was called
for in the specification, atl the support plant for such opera-
tions had been installed and tested.

Compressors were housed in the basement of the lcased
surface-building to provide low-pressure air for pressurizing
the workings and high-pressure air for powering air tools. Air
receivers and filters ensured that an even supply of cleaned air
was available to the workings. A medical air lock was brought
to site to cater for the treatment of possible cases of decom-
pression sickness, better known as the bends.

At this stage of the proceedings the tunnelling machine
arrived on site. The function of the tunnelling machine (see
Fig. 3) was to cut a 2-8 m hole through the ground, provide
for the removal of the spoil it cut, and allow for the lining and
grouting of the tunncl.

The tunnelling machine consisted of a digger shicld, which
was 3-6 m long and weighed about 28 t, the face of which was
equipped with cutting teeth which revolved (sce Fig. 4). The
whole device was pushed forwards by 12 hydraulic rams acting
against the last concrete ring to have been built. By choosing
which rams were activated, the machine could be stcered in
both horizontal and vertical plancs. (Sce Fig. S).

F1G. 4—Digger shield (at the end of its drive) showing the cutting
face

(Photograph by courtesy oi Mr R. Moorby of Sir Robert McAlpine & Sons Ltd.)

DIGGER SHIELD RETRACTABLE HYDRAULIC PUMPS TRANSFORMERS ANG GROUT PUMP TRAIN GF SKIPS
CONVEYOR SWITCHGEAR
W |
i — s q  ——— e
i ————
SHOVE RAMS

Fi1G. 3—Sectional drawing of the Sir Robert McAlpine full-face tunnelling machine
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FiG. 5—Recar view of the digger shicld being lowered into the
tunnclat the work site (the two hydraulic motors and the shove rams
can be secn)

(Photograph by courtesy of Mr R. Moorby of Sir Robert McAlpine & Sons Ltd.)

The shicld dragged behind it a series of sledges which
carricd the nccessary support cquipment: for cxample,
hydraulic pumps, transformers and clectrical switchgear,
grout pump and cement loading platform. Situated above the
support cquipment was a scries of conveyors which fed the cut
marl 10 a train of 1 m?skips, and down the side of the tunncl-
ling machinc was a roller conveyor which took the concrete
lining scgments forward to the front of the machine for
crection. Each time the machine drove forward 0-610 m the
rams were retracted and an additional ring was manhandled
into position, scgment by segment (cach onc weighed 250 kg),
within the protection given by the tail of the machine: the key
scgment was the last unit to be placed in position.

Each ring of tunncl lining is made up of O-type and T-type
segments and a key segment. The O-type segments form the
part of the ring opposite to the key segment, which is flanked
by two T-type segments. An O-type segment is angularly
equivalent to a T-type scgment plus half a key segment ; that is,
the circumference of a ring appears as a multiple of O-type
segments. In this way, the bolt holes between adjacent rings
are aligned even if the adjacent rings are built without the
keys corresponding. This procedure, known as rolling the
runnel, produces a similar cffect to the bond in brickwork in
that the lateral joints are not aligned.

Compressed-Air Working

While the tunnelling machine was being installed, the proba-
bility of having to work in an atmosphere of compressed air
was examined and, eventually, the contractor and the consul-
tant concluded that, at least for the initial stages of the work, it
would be necessary to usec compressed air. The principle
applicd was that by maintaining an air pressure within the
tunncl workings that balanced the pressure excried by the
hcad of water above the workings, the water inflow would
ceasc.

An air lock similar in appearance to a large boiler was
asscmbled behind the tunnclling machine, the necessary
services (for example, power, water, air, tclephone, ctc.) were
led through the bulkhcad and, most important, the workers
and engincers who would be employed in compressed air were
given a thorough medical examination by the Mecedical
Advisory Service of the Health and Safety Executive; those
who passed the medical were issued with a hlue hook, which
must be held by any person needing to go into a compressed-
air environment. These medical checks had to be repeated at
6-monthly intervals for as long as compressed-air working
continucd.

The pressure which was used in the Cardiff' tunncl was
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about 1 bar (97 kPa (14 PS!) above atmospheric pressurc),
which is equivalent to a head of water of about 10 m. Com-
pressed-air working brings with it problems in two fields:
medical and logistic. The one which attracts most publicity is
decompression sickness—the hends—or, its minor form, the
niggles. In a compressed-air environment, the bloodstream can
absorb nitrogen in larger than normal quantitics dependent on
the length of time spent in compression an on the degree of
compression. For example, at the end of a full shift spent at a
pressure of 276 kPa (40 PSI) the bloodstrcam might be carry-
ing a 1 litre cxcess of nitrogen. A problem occurs on decom-
pression when the bloodstream is no longer capable of retain-
ing this level of nitrogen. If decompression is too rapid this
cxcess of nitrogen is relecased as bubbles in the bloodstirecam
and, in any quantity, this can be fatal. To avoid this con-
dition, the ratc of decompression is related to working
pressurc and to the cumulative time spent in compressed air,
and is codified in what arc known as the Blachkpool tables. At
97 kPa (14 PSI), major hecalth problems do not usually arisc,
but some cases of the niggles (pains in the joints) did occur.
The treatment for this condition is recompression of the
sufferer in the medical lock to a pressure suflicient to clear the
pain, usually somewhat above the working pressure, followed
by an cxtended decompression period. In all instances in
CardifT, this type of trecatment was suftficient without medical
intcrvention.

From a praciical point of view. the main penalty of com-
pressed-air working was the nced to pass all men and materials,
ingoing and outgoing, through theair lock. This took time, and
was restrictive because of the limited physical size of the air
lock. Another penalty was the cost of keeping the works
pressurized continuously 24 h/d. This cntailed pumping in
considerable quantitics of air to make good the losses through
the ground until such time as the caulking was complete.

Compressed-air working is, 10 some cxtent, a compromisc.
Air pressure within a tunnel acts uniformly in all directions
throughout the length of the tunnel, but if the tunnel is
constructed at a gradient and is of significant diameter (and
in this instance 2-438 mwas significant), the external pressure
is not cqual at all points. Thus, if the air pressure is sufficient to
prevent any walter inflow, there must be air escaping at points
where the air pressure cxceeds the external water pressure.
Conversely. if the air pressurc is adjusted for minimal air loss,
then the pressure will be insufficient to exclude water at the
lower levels.

Tunnelling

The tunnelling machine was used to drive a tunnel of 2-438 m
diameter from the main work site to the northern end of the
tunnel, a distance of some |1 km. In doing this, the tunncl
passed through the arca adjacent to Stadium House, where the
tunnel was later enlarged to form the junctions to the three
shafts which had previously been sunk. This enlargement will
be used, when equipped with support steclwork, to direct
cables from the cabling shafts to the section of tunnel through
which they pass (sce Fig. 6).

The tunnc! drive to the northern end involved a right-angle
turn, which could only be achieved by constructing a scction of
tunnel of 3-658m in diamcter in which 10 manocuvre the
digger shield. Fortunately, this enlargement was required for
cable routcing purposcs by the BPO.

The digger shicld took some time to work up to its full
potential duc to a variety of factors: for example, it took the
crew some time to learn how to steer the machine to the
rcquircd tolerances, soft damp spoi! stuck to the conveyors,
harder material snapped oft thessteel cutting teeth (which had to
be replaced withtungsten-carbide-tipped teeth). Buteventually,
the machine and its crew proved capable of excavating,
lining and grouting over twelve 0-61 m rings in a shift; this
rate of work cnabled the tunnel 10 advance by about 15m ina
working day, with an average output of 6-7 rings per shift.
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‘I'he usual cycle of operations was (0 excavate for one ring,
build it, excavate for another ring and build that, then back
grout the two rings. This cycle of operations governed the way
in which the tunnel trains had to run. There had to be 4 skips
ready to load with spoil for each one ring advance of the
machine, and sufficient segments (loaded onto the roller
conveyor in exactly the right order) and cement had to be on
hand for the build-and-grout phases of the cycle. As the
tunnelling machine advanced, the railway track had to be
extended. Fortunately, the 2-438 m diameter tunnel was just
large enough to allow for the occasional passing loop, and
when mining was proceeding on two fronts at 600 m or more
from the work shaft, the track and its 4 battery-operated
electric locomotives were fully occupied. A view of a loco-
motive and skips is shown in Fig. 7.

By the very naturc of its construction, the digger shield
could not return along the tunnel which it had constructed
unless it was cut up and removed in pieces. As the shield
represented a considerable capital investment and it was
required for another job, the machine was removed up the
shaft at the northern extremity of the tunnel, and the various
side tunnels, or adits, were excavated using hand tools. The
short adits to the shafts at Stadium House were constructed
directly without recourse to piloting once the good state of the
ground had been established; a 300 m drive going west under
the River Tafl was built using a hand shield.

As with the digger shield, the hand shield consisted of a
cylindrical metal skin inside the protection of which the
excavation, lining and grouting of the tunnel was carried out

F1G. 6—The main enlargement {the west tunnel junction can be scen
on the right-hand side of the photograph)

Fic. 7—Chamber at the foot of the work shaft w.ilh a train of skips
leaving the air lock

(Photograph by ceurtesy of the Wesiern Mail)
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by hand. This shield was pushed forward and steered by
individually-controlled hydraulic rams. Production in the
hand-driven part of the tunnel averaged between 3 and 4 rings
per shift—a rate of advance of about 5 m per day.

In all the excavations, both tunnel and adits, the alignment
was aided by the use of a laser beam. This fine beam of co-
herent light was used as a straight edge to convert what would
be seen through a theodolite into a spot of light projected on
to a target at the work face. thus enabling an operator to
know immediately if his shield deviated from line in direction
or elevation and take appropriate action as necessary.

When an enlargement, such as the turning enlargement or
the main enlargement, was to be construcied on the line of a
2-438 m diameter drive, the tunnel was excavated and lined as
normal to form a pilot tunnel, which was later ‘broken up’ (o
the larger tunnel size at a convenient time aftcr the machine
had gone on its way.

The method used to enlarge a section of tunnel depended to
a greal extent on the state of the ground. In poor ground, the
work was completed in a number of small steps so that the
size of the open face was kept to a minimum. The 2-438 m
diameter tunnel was enlarged to a diameter of 3-048 m, ring
by ring, and the chamber so formed was then enlarged to
3-658 m, ring by ring, and so on until the required diameter
enlargement had been formed. In sound ground, such as that
encountered in Cardiff, some or all of these intermediate steps
could safely be omitted, with consequent saving of time and
reduction of cost.

Each ring of tunnel is, to a large extent, a self supporting
structure, but if a segment is removed then all stability is lost.
So, before an adit or tunnel could be driven out of the side of
an enlargement, the remaining segments of the affected rings
had to be fully supported until such time as the junction
between the enlargement and the adit was excavated and
permanently supported by asteellintel, which was held on two
jambs with asteelsill between their feet. The whole of this type
of structure was finally backfilled with concrete.

Waterproofing

The grouting which followed the building of the concrete rings
was primarily intended to fill the extrados and prevent ground
movement, rather than to act as a totally effective water-
barrier. Once water had reached the outside surface of the
concrete lining it passed into the joints between the segments
of lining and, unless steps had been taken to prevent it, this
walter would have found its way into the tunnel through the
joints and along the line of each of the fixing bolts.

The joints were sealed by filling the caulking groove (see
Fig. 8) on theinside of the lining with a cement-based caulking
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Fic. 8—S8ection of the lining illustrating the caulking method
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filler, which was well compacted and which was overpainted
with a waterproofing compound when the need arose. This
type of compound, when used in conjunction with concrete or
cement, percolates into it and then reacts with water to form a
crystalline seal; the makers claim that it can penetrate
75-100 mm into concrete.

Each of the holes through which the fixing bolts pass were
sealed by the inclusion of a pair of hemp grummetts, impreg-
nated with silica grease, which were forced into recesses in the
concrete behind steel washers.

FINISHING WORKS
Floors

A semicircular invert was clearly unsuitable as a permanent
finish, so a concrete floor was laid (see Fig. 9) and, sub-
sequently, covered with a granolithic layer, which received a
sprinkling of carborundum dust where a non-slip surface was
specified. In enlargements, this flooring is sensibly flat over the
whole area with just sufficient fall to allow for necessary
drainage but, in the 2-438 m diameter tunnels, the floor was
profiled to allow for the inclusion of two drainage gullies and
side benchings, which will act as guides for the cabling trolleys
used for drawing cables into position.

Drainage

Although the BPO had called for a high standard of water-
tightness it would clearly have been unwise not to cater for the
removal of water, therefore two pumps were provided in the
sump of the lift shaft; the pumps have a total combined capa-
bility of lifting water to the surface at a rate of 546 litres/min,
On completion of the 1-4 km length of tunnel the inflow of
water was less than 23 litres/min. The two pumpsnormally do
duty on a turn-and-turn-about basis under the control of steel
electrode level detectors. If the inflow exceeds the capacity of
one pump then both pumps are brought into use, and any
further rise in the sump water-level raises an urgent alarm.

Toilet facilities have been provided; these include the usual
offices, washing facilities, a sewerage pump, a small air condi-
tioning fan and an electric water heater.

Ventilation
At the main enlargement each tunnel and the toilet adit

CABLE BEARER FIXE0
T0 TLINNEL LONGBOLTS

CANTILEVERS

ERANDUITHIC
FNISH

Fii. 9 —Sectional drawing of 2-438 m diameter tunnc! showing the
floor profile

contains a concrete cross bulkhead for ventilation control.
Three of these bulkheads have a large fan housed in a duct
above the door to draw air down the lift shaft and exhaust it
through ventilators at the outlying ends of the system. The
ventilation plant has been designed to produce between 2 and
3 air changes an hour. All the bulkheads are pierced by
personnel doors and cabling ducts.

Surface Manholes

A two-part surface chamber was built at the top of each of the
three remote cabling shafts, with the shaft emerging in one
half and the surface duct leading away from the other half, the
two halves being separated by a watertight butkhead incor-
porating a watertight door and ducts closed with caulking
glands.

Shaft Steelwork

The tunnelling contractor was responsible for erecting the
steelwork inthe 6 shafts. In the cabling shafts this consists of a
series of platforms, at intervals of about 3 m, connected by
sloping ladders. Tacking bars to support the cables are provi-
ded at every platform and at intermediate levels between
platforms, thus the distance between adjacent sets of tacking
bars does not exceed |-5 m. In the lift shaft, the steelwork
consists of a rectangular tower inside which the 5 t goods lift
was installed by another contractor. Outside this mesh-guarded
tower is a service bay, which accommodates various pumping
and supply mains, ventilation ductwork and trunkings, and a
ladder bay with regularly spaced platforms.

CONCLUSION

With the work sites cleared and reinstated and with the tunnel
complete (except for the remedial works which are the con-
tractor’s responsibility during the 12 months following hand-
over), the BPO and its sub-contractors have moved on site to
provide the electrical services, ventilation plant, alarms, lift,
telephones and cable support steelwork. (The reader’s
attention is drawn to other sources of information?—*
regarding tunnelling projects.)
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Regional Planning for Woodbridge System X

Exchange

I. R. HILDREW, B.sc.}

INTRODUCTION

The first local System X exchange, at Woodbridge, is due to be
brought into public service at the end of 1980. Woodbridge
was selected as a suitable site because of its proximity to the
British Post Office (BPO) Research Centre at Martlesham
Heath, Ipswich, and the System X test-bed facility: it will thus
assist the ongoing development and testing that is inevitable
with the introduction of new technology.

The present 5000-line Strowger exchange is housed in an
extended non-standard building; the System X equipment
catering for 1000 lines is being accommodated within the
existing apparatus room as the first phase of an ultimate
complete replaccment. Planning at Regional level, which
commenced ecarly in 1978, was necessarily confined to network
connexion to and from the new exchange: the actual dimen-
sioning was carried out by Telecommunications fcad-
quarters (THQ) stafl, from the traffic data provided by Col-
chester Telephone Area.

PLANNING CONSIDERATIONS

To limit the amount of signalling interworking subsystem/
analogue line termination subsystem (SIS;ALTS) interface
cquipment, all incoming and outgoing traffic to the group
switching centre (GSC) at Ipswich is carried on 30-channel
pulse-code modulation (PCM) circuits. Because it was
necessary to provide a large number of PCM circuits with
security, problems were encountered with the selection of
cables for the interceptions. Routes to the cmergency and
operator services are routed over 4-wire audio circuits; access
to most other exchanges is gained via the Strowger portion
of the exchange, since to do otherwise would have been
uneconomic. The new PCM circuits enable the existing
circuits to be left connected to the Strowger exchange so that,
if the new exchange needs to be withdrawn from service for
tests, the customers can be transferred back to the Strowger
unit with the minimum of inconvenience. To achieve this
change-over, rclays are used to switch customers” lines and
divert incoming traffic. Miscellaneous facilities, such as
trunk offering, arc similarly diverted. In order to achieve the
partial replacement of Woodbridge. the Strowger exchange
has been reconfigured for incoming trafltic from Ipswich; this
and other features are shown in Fig. 1.

Other planning activities have consisted of providing 2 cool-
ing units for the System X floor area, and a DC distribution
point for power to be fed to each rack by a radial distribution
system: conductive flooring has aiso been laid throughout the
digital exchange and control areas to reduce static electricity,
which tends to be greater in the cooled dry atmosphere.
Arrangements being finalized at present include the pro-
cedures for circuit line-up and subscribers” change-over.

ROUTEING CONSIDERATIONS

Metering of calls in the System X exchange is performed
wholly within the local exchange; therefore code 0 routes with
metering-over-junction (MOJ) facilities are not required, nor
is a separate code 0 coinbox-telcphone route needed. A
number of register access relay-sets at Ipswich GSC have been
modified and it is not necessary to connect these to the

T Planning Division, Eastern Tclecommunications Board Head-
quarters
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international call timers. Planning associated with the decod-
ing of digits for routeing and charging information has already
been cotnpleted; this involved decoding all area and inter-
national country codes so that the exchange could determine
the correct charging rate.

SUPPLEMENTARY SERVICES

It is intended to hold a supplementary-scrvices trial for about
one half of the 1000 customers. They will be offered MF4
keyphones with register recall to enable them to use the
services.

MAINTENANCE FACILITIES

Woodbridge digital exchange will initially not have an asso-
ciated processor-backed local administration centre (LAC);
however, a basic local servicing control unit will be provided
on-site to assist in formulating maintenance procedures. The
maintenance of the exchange will be undertaken by the staff
who at present maintain the Strowger exchange.

CONCLUSIONS

As is to be expected with a new technology, the staff in the
Region and Telephone Area offices are still learning and being
guided by THQ: but much has already been learnt that will
help in the introduction of other local System X exchanges
throughout the country.
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British

TELECOM v

Birth of a Business
M. McDONAGH T

In September 1979 the Government announced its intention to
introduce legislation which will divide the British Post Otfice
(BPO) into two independent corporations. The one which
will run telecommunications and data processing will have
the formal title British Telecomnuuiications.

Although legislation will not go through Parliament until
next year, preparations for the transition arc well advanced
so that already the telecommunications arm of the BPO is
trading under the new name of British Telecom, for which a
distinctive logo and associated *T" symbol have been designed.

In accordance with the wish of the Industry Secretary,
Sir Keith Joseph, the main changes in practical terms were
substantially achieved by the middle of this year.

Short-term plans for re-identifying the mainstream aspects
of the business using the British Telecon logo and ‘T’ symbol
were announced by Mr. Peter Benton, Managing Director,
British Telecom, in May at a small exhibition and demon-
stration at London’s World Trade Centre.

The new identity, which introduces a second house colour—
bright blue—10 supplement the familiar yellow adopted for
vehicles some years ago, will begin to appear progressively
over the next few months. The cost will be spread over several
years in line with normal replacement and refurbishing, and
so it will net become a burden upon the business.

A number of leading industrial design groups was invited
to submit proposals for the scheme. The winning submission is
the work of Banks and Miles and was chosen by the former
chairman of the BPO, Sir William Barlow; Mr. Peter Benton:
Mr. Bryan Stanley, general secretary of the Post Office
Engineering Union, representing the Council of Fost Office
Unions; and Lord Reilly, the former director of the Design
Councii,

t Features and Information Bureau, Central Headquarters

The new livery
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Arrangements are well advanced for the phased application
of the scheme and it is intended that all points of contact
between the business and its 17 million customers will
eventually adopt the new identity. For example, all 50 000
vehicles, ranging from the standard 7 cwt engineering van to
heavy duty articulated lorries, and representing the biggest
single-owner transport ficet in the country, will take on the
new livery. About 8000 new vehicles, the normal annual
replacement quota, will go into service in yellow and bright
blue by the end of 1980 and existing vehicles will be treated
as they become due for routine overhaul and repainting.
(Almost all of the country’s 61 telephone areas have at least
one new-look vehicle in service today.)

Other items on which the new logo or symbol will pro-
gressively appear include some of the 63 million directories
and dialling code booklets issued every year; the 65 million
telephone bills; and the headed notepaper and other stationery
used in the business at headquarters, regional and telephone
area levels. The new identity is also being applied 1o jointer’s
tents, safety helmets and other equipment carried by engineers,
and to new lapel badges for staff.

The Managing Director has said that the new identity
would help to reinforce the importance of the 8-point plan
recently introduced to meet booming demand and improve
the quality of Britain’s public telecommunications services.

The elements of this plan, which demand a £1500M a year
investment between now and 1985 and a continued drive to
the end of the decade, are as follows:

(@) A massive replacement and modernization programme
for almost all of the 6000 exchanges in the UK public network
and new products in the PABX field.

(b) A continuing programme to iron out troublcspots in
the l!ocal underground cable network. More than £42M
would be spent on this work in 1980-81.

(¢) Improving the reliability of the standard type 746 tele-
phone handset by introducing new electronic microphones;
£50M would be spent over the next four years.

(/) A major programme to replace public kiosk and
renters’ coinbox telephones with new improved designs giving
added customer facilities. By the autumn of 1980, 400 new
Blue Payphones are due to be in service and a total of £250M
will be spent on the entire replacement and upgrading
programme.

(¢) A drive to keep international service provision ahead
of the 209, annual call growth. Britain already has the most
extensive international direct dialling service in the world,
and efforts to improve operator services arc beginning to
show encouraging results.

(/') Speeding response to customers’ needs by allocating
total responsibility for tasks to individuals and reorganizing
the business along commercial lines.

(g) Overhauling methods of buying-in and distributing
equipment.

(/) Harnessing staff support for the drive to improve
customer service.[ ]
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Protection Against Thames Flooding

R. HARPERYt

Until the River Thames barrier project is completed, large
areas of London remain at risk from flooding which could be
of catastrophic proportions. The deep-level cable tunnels*
within the London Telecommunications Region (LTR) were
particularly vulnerable to the ingress of water. This fact
prompted the LTR Works Division to make a detailed study
of the possible effects of a major flood on this system.

The first consideration was, of course, the safety of person-
nel. This aspect presented little problem because the Greater
London Council flood-warning control gives several hours
advance notice of the build up of the factors which, in combin-
ation, will produce the fiood condition. The present security
procedures ensure that the number and whereabouts of
personnel in the tunnet system are known, leaving plenty of
time for their evacuation and for the closing of all bulkhead
doors.

The next stage of the study was to locate the points at which
water could enter, and to determine ways and mcans of
effecting a seal, The examination showed the top of one S m
diameter vertical cabling shaft to be 6-85m below the
predicted maximum flood level. This shaft is situated in the
basement of a building in the vicinity of the River Thames and
the shaft would certainly have been flooded in the very first
stages of a tidal flood. This shaft gives access to a substantial
length of horizontal tunnel before bulkheads, isolating the
major part of the tunncl system, are reached.

Experiments had shown that hydraulic pressures, created by
the hecad of water acting on the bottom of the shaft, would
have been sufficient to crush air-spaced cables and allow water
to enter the cable cores. Therefore, it was decided that the
shaft should be scaled, provided that the work could be
achicved at rcasonable cost.

Sealing of the shaft with a flat or dome-shaped cap would
have been fairly simple but for the presence of about {00
cables which pass through the basement of the building and
down the shaft. The sealing of these cables presented the
major problem. After considering various possibilities, the
conclusion was rcached that the only practicable solution was
to extend the circular shaft segments to the ceiling of the basc-
ment, leaving an inlet in the circumference for a duct seal to
accommodate the cables. The work was put in hand and a
view of thc complected installation is shown in Fig. 1. A
bulkhead door was provided for access to the shaft.

A flat facc was provided on the exterior of the circular shaft
for the inclusion of a non-standard duct seal, which comprises
Duct No. 54D, glands, lock nuts and end caps. The duct and
glands had to be cut longitudinally and sprungover the cablcs.
A Desoutter saw was used for the cutting process to minimize
the amount of material removed from the split and to ensure
that a split item rcturned to its original shape after being
passed over the cable. The fitting of the ducts and glands
around the cables was achieved using slit wideners manufac-
tured by the LTR Power Workshop. A diagram of the duct
seal construction is given in Fig. 2.

A cable gang was in attendance to open up the cable forma-
tion while the ducts and glands were fitted; the cables were
lowered, layer by laycr, as the shuttering was installed and the
concrete placed. Reinforced lightweight concrete was used in
the construction to reduce the load on the shaft structure to

t Mr. Harper was in the LTR (Works Division) and is now in
the Transmission Department of Telecommunications Headquarters

* Lame, W. H. The London Cable-Tube Sysiem. POEEJ,
Vol. 63, p. 14, Apr. 1970
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FiG. 1—Shaft extension and cablc inlcts
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(6) Construction detail

FiG. 2—-Diagram of duct scal arrangements

approximately two-thirds of what it would have been had
conventional concrete becn used.

The project was very much a tcam eflort involving LTR
cxternal works, drawing office and power stafl. The super-
vision of the construction work was undertaken by staff of the
South Central Area, and the North Central Arca provided the
cable gang.

While there is every confidence that the measures taken will
prove effective should the nced arisc, it is very much hoped
that they will never be put to the test. []
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An Improved Pseudo-Random Digital Sequence

Error-Detector

F. L. ADAMS%

UDC 681.32:621.373:621.394.14

This article describes a method of detecting bit errors, irrespective of rate or burst pattern, in a pseudo-
random digital seqitence of pattern length 27— 1 bits.

INTRODUCTION

The conventional pseudo-randont digital generator (see
Fig. 1) generates the required pattern by comparing the out-
puts of specific stages of a shift register in an EXCLUSIVE-OR
gate and by feeding its output back into the input stage of
the register. This produces a pseudo-random sequence of
20 — | bits (where # is the number of stages in the shift
register). However, the 2n — 1 sequence is only generated if
the correct outputs from the shift register are chosen; more
than 2 outputs may be required for some values of 7. A truth
table for 7 - 4 is given in Fig. 2. For the sake of simplicity,
only the 2-output case is considered in this article.

Although the present design of basic error-detector has
features similar to the generator, it does not incorporate a
locally-generated pattern (see Fig. 3). The feedback loop
between the EXCLUSIVE-OR gate (G1) and the first stage of the
register has been removed in the detector, and the incoming
digital sequence is injected into the first stage of the register
and clocked through it under the control of a clock signal.
Subsequently, in a situation where no bit errors are present,
the digital sequence input is identical to the output from the
EXCLUSIVE-OR gate G1. These 2 signals, when compared in the
second EXCLUSIVE-OR gate (G2), provide a zero state output. If
there is an error in the digital input sequence, then at that
instant the 2 inputs to gate G2 are different; this results in an
output pulse which is gated with the clock signal in an AN
gate (G3) to give singular error pulses; therefore adjacent bits
in error can be individually detected. Any error in the digital
sequence presented at the input to the register is clocked
through the register and therefore appears at the outputs of
and sth stages. As a resuit, 3 output error pulses are produced
for a single error in sequence; to overcome this problem a
divide-by-3 circuit is added.

T Transmission Department, Telecommunications Headquarters
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Fis. 1—Block diagram of a pseudo-random digital generator
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Fi1G. 2—Truth table for n = 4
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Fi. 3 Basic error-detector

AN IMPROVED ERROR.DETECTOR

With the conventional error-detector, the EXCLUSIVE-OR gates
fail to provide an error output condition when errors occur in
the x and ath stages simultaneously (which could be the case
when errors occur in bursts) and this results in an inaccurate
error count.

One way to overcome this problem is to arrange for the
error in the digital sequence to be counted only once by using a
bit-by-bit comparison technique. By this method a Jocally-
generated pseudo-random signal is compared with the incom-
ing digital sequence, but some form of synchronization is
needed to lock the locally-generated signal with the incoming
sequence. Therefore an alternative method of detecting errors
has been developed to obviate the need for synchronization.

The basic circuit of the improved detector (see Fig. 4)
includes a second shift-register (B) which is used to store the
equivalent position of the bits in error: these are clocked
through the register so that, if there is a bit in error in stage v
of register A. alogic one state is present in stage v of register B.
When the one state arrives at the output of stage x or # of
register B, this condition is used to invert the outputs from
stage x or n of register A, via gates G4 and GS, to produce. an
error-free output condition (that is, the bit in error has only
been detected at the input stage). An example of the inversion
process is given in Table 1.

TABLE 1
Example of Logic-State Inversion Process between Shift
Registers A and B

Shift-register A: Stage L2 L "
Bit ! ‘ R T E| ... E
state

Shift-register B: Stage ' | ‘ L2 e L I n
Bit i
state 0 | B 0 0 I | I I 1

E: Error bit
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F1G. 4—Basic circuit of an improved error-detector
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FiG. S—Practical circuit of an improved error-detector

By using this method of error detection the divide by 3
circuit is not needed. However, this method only works in
practice if register A is set initially in an error-free mode and
register B set at zero, so some form of self-start mechanism
is required to overcome this problem.
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F1G. 6—Alternative design of improved error-detector

A PRACTICAL CIRCUIT

A block diagramofa 2» — 1 bit pseudo-random error detector,
which incorporates all the features previously described, is
shown in Fig. 5. The self-start mechanism searches for an 11
bit period of the incoming sequence which is free from errors,
before it frees register B to start the true error detection
sequence.

When first powered, the initial-start circuit gives a clear
pulse to the divide-by-I1 counter, via gate G6; another pulse
triggers the bistable formed by gates G7 and G8 to clear
register B. The divide-by-11 counter then starts counting.
Provided no error pulses have arrived when it has counted to
11, the counter’s output pulse triggers the bistable to remove
the clear from register B to start the true error detection
sequence. If error pulses arrive during the counting sequence,
the counter is reset and starts counting again. The inversion
process is carried out in gates G4 and GS.

It is possible that particular error sequences occuring during
the start-up period could cause a false start situation but, as
this occurence would have a low probability, this situation has
been ignored in this instance. To reduce the probability even
further, the counter length can be altered to provide a no-error
count of 32 or more bits.

Fig. 6 shows an alternative design of error detector based
upon the same principle as the one shown in Fig. 5. However,
in this case, the element that would have been shifted into
register A has been corrected beforehand; thus, in this
alternative design, register B and an EXCLUSIVE-OR gate is
deleted from the circuitry which is shown in Fig. 5.

CONCLUSION

The improved error detector described in this article can be
incorporated in test equipment for use in detecting errors
produced in any digital equipment or systems. At present, it is
being incorporated into a 64 kbit generator and error detector
which is being developed for use on data and PCM systems in
the British Post Office (BPO) telephone network. The detector
is capable of detecting errors when the rate is greater or less
than 1-in-n, (where 2 is the length of the shift register) and
when multiple errors are present in a burst, Moreover, it does
not require any form of synchronization. The only require-
ment is for a single » bit period when no errors are present; if
this were not the case, then the error rate would be so highthat
the system under test would be in a complete failure mode.
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Britain Shows The Flag in South America

D. V. CLARK T

The beautiful city of Rio de Janeiro in Brazil was the host for
INTELCOM 80, the major international telecommunications
exposition which was held between 19-23 May of this year.
Following its notable successes of last year at the TELE-
COM 79 exposition in Geneva and COMMUNICASIA 79
in Singapore, the British Post Office (BPO) was a major
participant at INTELCOM 80, both in the large and attractive
display of products and services it mounted, and in the range
of papers its members presented during the conference, which
ran in parallel with the exhibition.

The exposition, with the theme of Creating the future today,
was organized by Horizon House, the publishers of Tele-
communications Magazine, as part of a series of international
expositions in the developing world. INTELCOM 80 was held
at a purpose-designed conference and exhibition centre butlt
in open countryside about 20 miles outside Rio de Janeiro.
One exhibitor likened the centre to the National Exhibition
Centre without Birmingham. Like most exhibitions INTEL-
COM 80 did not open without its full share of problems
beforehand. The British exhibitors, together with most of the
foreign participants, encountered excessive difficulties in
getting their equitpment released by the Brazilian customs
authorities. Despite many promises and much pressure, many
exhibitors had still not even received their exhibits 3 days
before the exhibition was due to open. As the dead-line
approached, the British exhibitors genuinely wondered
whether they would be able to display any equipment at all.
It was literally at the eleventh hour before packing cases
arrived on-site, and many hours of hard work before the
British stands were made ready and resplendent.

The opening ceremony of the 5-day exposition, which was
performed by Sendr Haroldo Correa de Mattos, the Brazilian
Communications Minister, was attended by representatives
from many other Latin American countries. A special guest
at this ceremony was Mr. J. S. Whyte, Deputy Managing
Director of the BPO. Other special guests, including national

T Marketing Executive, Telecommunications Headquarters

Mr. J. S. Whyte, Deputy Managing Director, BPO, addresses the
convention
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representatives from France, Italy and Germany, reflected
the major European presence at this event. After the opening
ceremony, Senor Haroldo Correa de Mattos, special guests
and other dignatories toured the exhibition, for which there
was considerable television and press coverage. The con-
ference sessions and the exhibition were well attended by
senior people from many South American countries, as well
as by delegations from further afield, including representatives
from Kenya, Malaya and Malta. Over 140 companies or
organizations participated as exhibitors.

Thirteen British companies participated in the exhibition
under the auspices of a British Overseas Trade Board joint
venture, sponsored by the Electrical Engineering Association,
The British pavilion displayed a wide range of products and
services, which included data and message switching equip-
ment, modems, electronic teleprinters, data printers, visual
display units, facsimile equipment, line transmission and
submarine communications systems, test cquipment, precision
waveguides, line plant and a variety of customer telephone
equipment that had been designed and developed in Britain,

The centrepiece of the British pavilion was the joint stand
of the BPO and British Telecommunications Systems Limited
(BTS), showing Britain's competence in advanced telecom-
munications, and examples of the latest products and services.
Many warm comments were received from visitors about the
design of the stand, and the presentation and technical quality
of the equipment on display. A novel feature of the stand was
the several large Union Jack panels mounted above it. These
were eye-catching and immediately visible from all parts of the
exhibition hall. Moreover, within 24 hours another exhibitor
had copied this idea.

As at previous international exhibitions, the principal
exhibit on the joint BPO/BTS stand was System X, the
integrated, modular family of stored-program control (SPC)
digitally-switched electronic exchanges that will carry the
British telecommunications network into the next century.
BTS, the company established by the BPO and its partners in
System X—GEC, Plessey and STC—to promote exports of
the system, undertook the presentation and demonstration
of System X with a team led by Mr. John
Sharpley, the Managing Director. A working digital con-

The joint BPO/BTS stand
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Visitors at the joint BPO/BTS stand

centrator, which acted as a small local exchange, was installed
on the stand to demonstrate the facilities offered by System
X. This, together with an animated lamp display, slow-scan
television and the new range of Ambassador telephoncs having
access to rccorded commentaries in 6 languages, proved to
bec 4 valuable aid in describing and demonstrating the
capabilitics of System X.

Another major attraction on the stand was Prestel, the
world’'s first public viewdata service, which was connected
on-line from London and which was being shown for the
first time in South America. Picture Prestel, the latest en-
hancement from the BPO Rescarch Department, causced quite
a scnsation and added a tremendous impact to the appeal of
Prestel. Also featured on the Prestel display were large-screen
domestic (ecrminals, small colour business terminals, a hard
copy printer and a small alphanumeric keyboard. At the
conference Mr. Mike Ford, Dcputy Dircctor of Prestel, used
new projection equipment which allowed Prestel to be pro-
Jjected onto a large screen—on-line from London—to give
effortless viewing during the several presentations that were
given to cnthusiastic audicnces. As at previous exhibitions,
Prestel was a prime attraction for visitors; and on the occasion
of its unveiling in South America, Brazilian press and tcle-
vision gave it a very warm reception, which was rcflected in
the excellent coverage it received both during and after the
exhibition. Prestel was fcatured on 7V Gloho, the largest
commercial television station in Brazil, at the lunch time and
evening news spots, and the Brazilian Government sponsored
television company, TV Education, filmed samples of Prestel
pages. Prestel's international debut in South Amecrica was
clearly @ major attraction at the exhibition.

In addition to System X and Prestel, the BPO display
included a wide range of fully working cxhibits of the latest
customer products and services. Central to this display was
the Monarch 120 PABX, an ail clectronic, digital SPC PABX,
which is now going into quantity production. As well as being
used for demonstrating its facilities, the Monarch 120 system
acled as a switching system for the other customer products
on display. These products included Herald, the new press-
button office telephonc systcm that uses micro-clectronics to
makc available many new facilities previously only possible
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The British Ambassador, Mr. G. E. Hall, and his wife sce Prestel
on the BP® stand

with a large PABX, the ncw Ambassador range of telephones,
a high quality loudspcaking telephone, radiopaging, and
ABC Alarms—an alarm communication system, which the
BPO has developed and which 1s now in scrvice in East Anglia.

Besides showing new products and syslems, the BPO/BTS
stand also highlighted Telconsult, the overscas consultancy
service which is backed by the large resources and expertisc
of the BPO. The Tclconsult team, led by Mr. Frank Thomas,
Director of Overseas Liaison and Consultancy, received many
enquirics over a wide range of tclecommunications topics.
The many ncw contacts made during the exhibition confirm
that Tclconsult has a positive role to play in the development
of telecommunications in South America.

During the conference the 11 papers presented by British
representatives were well attended and gencrated lively
discussion. In addition, British represcntatives chaired 2 con-
ference sessions, and made a special half-day presentation of
UK products and scrvices.

The last day of the exhibition was British National day, the
highlight of the week for the UK contingent. This was the
day Her Majesty's Ambassador to Brazil, Mr. G. E. Hall, and
the Consul General in Rio, Mr. S. Egerton, and their wives,
supporicd by other members of (he consular staff, visited the
British stands. Their tour of the stands, escorted by a colourful
Scottish piper and enhanced by the distribution of 5000
English roscs, highlighted Britain's presence and provided a
considerable attraction for visitors. The cvent attracted
television camera crews, and good shots were filmed of the
British stands and shown on the Brazilian TV news. A highly
successful evening reception, attended by 150 guests, firmly
and cnjoyably roundcd off the day.

In reviewing INTELCOM 80, mention must be madc of
the invaluable help provided by the local British Consulate
and the unliring cflorts of its staff on behalf of (he British
exhibitors. It is dilticult 10 judge the impact of an exhibition
such as INTELCOM 80. Perhaps it is too early to make an
assessment because of the time span involved in telecommuni-
cations activities; but all the British stand staiT were very
encouraged by the large number of telccommunications people
who attended the exhibition. Certainly, the level of intcrest in
British products and expertisc, and the many useful contacts
made during the exhibition made INTEL.COM 80 another
successful venture: the task now is to bring thesc to fruition
for the bencfit of Britain and British Industry.
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The 60 MHz Frequency-Division

Multiplex Network

R. W. BALLINGER ¢

UDC 621.394.44.029.62: 621.315.212

This article gives a brief review of the provision of the 60 MH:z frequency-division network, which is now

approaching completion.

INTRODUCTION

The increasing traffic requirements of the late-1960s indicated
a need to extend the circuit capacity of coaxial cables on
which major telecommunication undertakings were operating
12 MHz frequency-division multiplex (FDM) systems on
trunk routes. Feasibility studies initiated by the CCITT*
indicated that, by taking advantage of the by then well
established semiconductor technology, standard 2:6/9-5 mm
coaxial cable could be exploited up to 60 MHz (nominal),
with repeaters spaced at 1-5 km intervals.

The economics of the 60 MHz FDM system restricted its
use in the UK to the traditional high growth rate routes, such
as London-Birmingham and Birmingham-Manchester. In
the arrangement adopted by the British Post Otlice (BPO).
High Wycombe became a nodal point between London and
Birmingham with a spur to Reading. The addition of the
Birmingham-Manchester route enables direct 60 MHz links,
each with a capacity of 10 800 telephone circuits, to be set up
from London to Reading, Birmingham and Manchester, and
from Birmingham to Reading and Manchester. (See Fig. 1.)

A field trial of the equipment and cable was carried out at
Marlborough in 1972, and a pilot schenie to demonstrate the
installation of cable and repeater housings took place at
Marlow.

In October 1973, a special issue of this Journal was devoted
entirely to the 60 MHz FDM system!, the articles being
written in the light of experience of the field trials. The value
of those trials can be gauged from the fact that, with few
exceptions, the provision of the 60 MHz network, now
approaching completion, has proceeded using the designs and
practices set out by authors of those articles, and the results
predicted have been achieved.

This article reviews some aspects of that provisioning story.

BPO SCHEME FOR 60 MHz WORKING

The BPO scheme for using the 60 MHz systems was to couple
the dramatically increased capacity of each coaxial pair (from
2 700 telephone circuits on one 12 MHz system to 10 800
circuits on one 60 MHz system) with an 18-pair coaxial cable,
which was routed so as to afford a high degree of security.
This was achieved by doubling the depth at which cable is
normally laid to 1-2 m, or by affording equivalent protection.
Most of the route followed roads, but some cross-country
routeing was used. Serious consideration was given to laying
the London-Birmingham cable alongside the London (Pad-
dington)-Birmingham (Snow Hill) railway line, but this was
not adopted because of access problems.

Two pairs of the cable were equipped with a system

t Transmission Department, Telecommunications Headquarters

* CCITT—International Telegraph and Telephone Consultative
Committee
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FiG. 1—The 60 MHz FDM network

normally in standby mode, but able, by means of automatic
switching equipment, to take over the traffic from either, or
both, directions of a failed system. Inner layer pairs were
selected for the standby system because service statistics
indicated that the predominant mechanical damage to cables
rarely extended to the inner pairs. Secure accommodation
and dedicated power plants have been provided for 60 MHz
equipment installations.
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DUCTWORK AND HOUSINGS

The total route length of the 60 MHz network is 375 km. It
has 259 manholes constructed to house repeater cases and
747 jointing manholes. The plan was to pull in cable lengths
of 500 m, thereby reducing the amount of jointing to the
minimum practicable, with only two intermediate joints in
each 1-5km repeater section. In practice, this could be
achieved on only 102 out of 266 sections. The main reason
was that a route that avoided other plant and provided safe
working positions for manholes could seldom be straight,
and lengths shorter than 500 m had to be used.

Precast manholes were originally proposed for some
locations, but this concept was abandoned when the idea of
routeing alongside the London to Birmingham railway line
was dropped in favour of conventional road routeing. Pre-
cast manholes require a large excavation, which was seldom
convenient. No situation was encountered that required the
silo buried repeater station?; this was designed for use in
particularly wet locations.

Manholes were constructed in siti, using excavation, shut-
tering and reinforced concrete. The dimensions of manholes
used to house repeater cases were 4 m > 2m X 2-3m high
and those used as normal in-line jointing chambers were
3m x 1:2m and 2-15m high. Both types are more than
twice the size of manholes used on previous coaxial routes.

Throughout the route, two duct bores were laid so that a
second cable could be installed subsequently if required.
Occasionally, where an overground interruption cable could
not be used, a complete maintenance bore was provided
between adjacent manholes. The work of laying the duct
proceeded at a satisfactory rate. It involved excavating a
deeper and wider trench than normal and was not without
incident; 8 km of the route through rock sub-soil took
13 months to complete, some five times longer than on better
soils and, on a moorland section, an unmapped mineshaft
was encountered.

A standard polyvinylchloride (PVC) water main pipe was
used for most of the duct length, except where normal
practice called for steel pipes or the route utilized previously
provided ducts. The PVC duct had an internal diameter of
105 mm and that of the epoxy red-oxide lined steel was
102 mm. The two types could be directly connected.

The PVC pipe, with its socket end terminating in each
manhole and compound-smeared joints, was used not only
to provide a low-friction surface through which to pull the
cables, but also to provide a dry route?. This has not been
entirely successful and, on many sections, the plant, including
repeater cases, will spend much of its life in a wet situation.

For the approaches to the major centres, use was made of
existing cable tunnels.

Accurately marked steel measuring ropes were used to
obtain measurements between duct faces on completion of
duct sections. This allowed cable drum lengths to be manu-
factured within fine limits, thereby reducing wastage of
expensive cable. Occasionally, the pre-cabling check with
brush and mandrel revealed duct deformities; some were
investigated using a claw-action duct measuring device,
which presented the information on a chart. A television
probe was also used.

CABLE

The 18-pair 2-6/9-5 mm coaxial cable was made up within a
lead sheath, to which was added a coating of bitumen and
an over-sheath of blue polyethyelene. These provided ad-
ditional protection against corrosion and the polyethyelene
also gave a low friction surface. A maximum overall diameter
of 78 mm was specified for this cable, the largest used by the
BPO, and this ensured that a “sniffer” device could be passed
through a duct containing the cable to detect pressurization
leaks.

On the Marlborough field trial, the cable was pulled into
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the repeater station up cable risers and along cable racking
to the equipment area, where it was intended to terminate it
on a cable terminating rack. The state of the cable at the end
of its journey, however, indicated the need to reduce the size
of the cable within repeater stations and to make other
arrangements for terminating it. Furthermore, a cable ter-
minating rack did not suit the requirements of the power-
feeding safety arrangements because it would have provided
an accessible break point. Consequently, it was arranged that
each cable approaching a 60 MHz repeater station was
reduced from one 18-pair to three 6-pair cables at a con-
venient point in the tunnel or in a manhole adjacent to the
repeater station cable chamber.

The 6-pair cables were then routed to a point adjacent to
the equipment racks, where each cable was jointed to six
|-pair lead-covered coaxial cables. Finally, above the position
of the equipment rack served by the individual pairs, an
air-seal joint was used to convert the lead cable to a flexible
coaxial cable with a plug on the flying end for connexion to
the equipment. (See Fig. 2.)

Positions of breakdown joints varied, although a standard
pattern was achieved for main (power-feeding) stations. A
high standard of workmanship was achieved on the cables,
which will stand as a tribute to the plumber jointers art.
Fig. 3 shows the arrangements at High Wycombe, where
cables enter from London, Birmingham and Reading as
6-pair cables, and |-pair cables, rise to leave at high level to
the equipment area.

Although many experienced cabling personnel had some
doubts, most cable lengths were pulled in without the
winch rope tension approaching the limit. Liquid paraffin
applied to the cable sheath proved an effective lubricant®. On
one section, where a length was pulled through an inter-
mediate manhole in a slight downhill direction, the cable
became impelled by its weight and entered the intermediate
manhole faster than when it left; this had a disastrous
effect on that cable length and it had to be replaced.

Plastic clamps were used to anchor the cable to the bearers
in manholes. However, where cable creepage occurred, it was
necessary subsequently to brace the bearers to prevent them
pivoting about the unistrut junction with the wall members.

As intended, the comprehensive range of tests applied to
the cables® ensured their suitability for digital working at

FiG. 2—Air-seal jeints converting lead-sheathed cable to plug-ended
flexible cable
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FiG. 3—The 60 MHz cabling arrangement in High Wycombe cable
chamber

500 Mbit/s or higher-rate working. Indeed, the quality of the
cable is far above that needed for 60 MHz FDM operation.

REPEATER CASES

The repeater cases> are made of cast aluminium, with nylon
coating on all external surfaces. Overall dimensions of the
main section are 1-35m X 0-58 m x 0-465 m deep. The
volume available for equipment is some three times greater
than that provided by cases used previously.

Various problems were encountered with minor air leaks
from early production cases. Checks instituted on pipework
unions, air-box lead-through and air-switch fitting minimized
defects in later stages. In some corrosive areas, investigation
is continuing to determine the effect on stainless steel nuts,
bolts and washers used for lid closure and also on plated
fittings.

The cable and repeater cases between two 60 MHz repeater
stations form a continuous pneumatic circuit. Air pressure is
maintained in the cable and repeater cases by cable pressu-
rizing equipment connected at each end of a section between
two 60 MHz repeater stations. The compressors and dessi-
cators used are of standard design, but are not connected
direct to the cable. Enstead, they are used to supply dry air to
an air receiver, or reservoir, where it isstored at high pressure
before passing to the cable via regulator valves at 162 kPa
(9 Ibfin?). ¥

Each repeater case contains two pressure-sensing devices
(contactors). One is set to operate at 150 kPa and controls
the operation of an oscillator, which is also housed in the
repeater case and which has a unique frequency for identifying
the repeater. When pressure falls to 150 kPa, the sensing
device disconnects the output of the oscillator from a control
pair in the cable. The loss of the unique frequency enables
cable-pressure monitoring equipment at the repeater stations
to identify the repeater case concerned. This information is
presented as a print-out, giving date, time and location.
Subsequent failures at adjacent repeater cases are also re-

t The international system of units, published by the British
Standards Institution, uses the Pascal as the unit of pressure.
However, the Bar is still in common use: 1 millibar — 100 Pa.
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corded. This information, coupled with that concerning the
pneumatic resistance of the cable, enables close location of
the actual leak position to be made in cable sections up to
66 km long.

The second contactor is set to operate at 145 kPa and is
connected to a simple cable alarm arrangement, which enables
the position of a contactor to be located with a Murray
bridge. This provides an alternative to the oscillator arrange-
ment.

THE MULTIPLEX EQUIPMENT

Each 60 MHz line system can carry up to 10 800 circuits, and
the line spectrum is nominally 4-60 MHz, into which twelve
900 circuit hypergroups are assembled. (See Fig. 4.) The
equipment to perform the first stage of assembly (that is,
hypergroup modulation®) was already available as part of the
translating equipment for 12 MHz FDM systems; this was
therefore provided in the familiar 62-type construction.

The 60 MHz hypergroup translating equipment®, which
assembles the twelve hypergroups, the master frequency
generator’, the line system® and the protection switching
equipment?, have all been provided in a proprietary form of
construction, colloquially called conclave. The name derives
from the enclosed nature of the form of construction, being
composed principally of screened units within hermetically-
sealed boxes, which plug into base plates mounted vertically
on a rack. The racks are half the depth of 62-type racks, but
adapted easily for installation with BPO standard super-
structure and practices. Fig. 5 shows the installation at High
Wycombe and Fig. 6 shows a unit removed from a conclave
rack.

Field commissioning tests on 60 MHz multiplex equipment
followed a similar pattern to those adopted for lower-order
systems, but the increased bandwidth and additional features
required more time on site to set up and test. For example,
on each 60 MHz frequency translating equipment, there are
twenty-four 4 MHz bands and two 60 MHz bands to be set
up and checked for insertion-gain/frequency response and
spurious frequencies. Use was made of XY plotters and
spectrum analysers to facilitate commissioning.

The extremely high accuracy specified for the 60 MHz

60 MHz
BASIC HYPERGROUP
HYPERGROUPS MODULATING ?JXEZFE‘?.%’L
EQUIPMENT
EOUIPMENT
Band 1{0-4 MHz}

Band L(0—4 MHz) HME Band {8~ 12 MH2)

Band1{0-4 MHz) w
3 and I { HME Band I [B—12 MH:I

Band 1(0—4 MHz) HME Band I [B— 12 MH2)

5 Band L(0—4 MH2) HME BandIL(B—12 MHy]
TO LINE
Band 10 XIT
Band110—4 MHz) w Band {812 MHz) 14-60 MHz)
Band 1(0—4 MH2) HME Band L (8— 12 MHz)
Band I(0—4 MHz) HME Band L (B— 12 MHz)

BandI{0-4 MH2) Band I (B— 12 MH;;
_L-J )

nd110—4 MHz, —12 MH,
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L

F1G. 4—Assembly of 12 basic hypergroups
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FiG. 5—The conclave equipment installation at High Wycombe

(Equipment for the 60 MHz network was manufactured and installed by PYE/TMC
in association with Philips Telecommunicate Industrie BV)

B

F1G. 6—A unit removed from a conclave rack

master frequency generating equipment, together with the
fact that its supplies include frequencies of 124 kHz, 440 kHz
and 2-2 MHz, made it suitable for use at certain submarine
terminal stations, and four equipments were ordered for this
purpose.

A practical difficulty arose because the specified final drift
rate of 2 parts in 10° per month was required to be reached
within 2 years. This meant that final acceptance of 60 MHz
master frequency generators might be prolonged by as much
as a year beyond normal contract periods. The issue was
complicated by earlier field trial results, which showed that
four out of six master oscillator units had exhibited an
unsatisfactory drift-rate performance. To cnable satisfactory
equipment to be identified and accepted within a normal
contract period, a guidance curve for drift rate performance
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FiG. 7—Guidance curve for long-term frequency stability of
frequency generating equipment

was constructed (see Fig. 7). This was coupled with an agree-
ment that equipment performing within the limits of the
curve in the early periods would be acceptable. Close quality
control of the crystal encapsulation process during pro-
duction of master oscillators eliminated the earlier problem
and, in the event, all were accepted without the need for
prolonged testing.

THE LINE EQUIPMENT

Notable features of the 60 MHz line system are the power-
feeding and system-regulation arrangements. Both are con-
trolled by signals between 5 kHz and 17 kHz, which bypass
the dependent amplifiers by using the power-feeding path.
Once adjusted to the requirements of a section, these features
have proved satisfactory.

The power-feeding system adopted by the BPO for the
60 MHz system uses constant-current generators at each end
of a section: these deliver a current of 110 mA and develop
a maximum voltage of 500-0-500 V. Each dependent ampli-
fler requires 21 V, which limits the number of amplifier points
in a section to 43 (a length of 66 km). This necessitated the
provision of two power-feed stations between Birmingham
and Manchester and also between Birmingham and High
Wycombe. Thus, both routes have three main sections, which
must be treated as separate transmission entities before lining
up the overall route,

Following instatlation and in-station tests on line equip-
ment racks at each end of a section, the coaxial pairs forming
each system were looped together at a midway amplifier
point. The dependent amplifiers were installed by working
outwards from each station up to the temporarily looped
position. Amplifiers were preset in the factory for specific
positions, using data obtained from cable test results.

Tests were made to each amplifier point to check the loss
of the preceding cable section and the gain of the amplifier
inserted. The midway loops enabled the amplifiers provided
for both directions to be checked, using power fed and con-
trolled from one end. The loops also allowed ampiifiers to
remain powered and warmed up, so that they gave steady
gain from the time of installation onwards. This became more
necessary as the number of amplifiers preceding those being
tested increased.

Regulated amplifiers were normally provided at every fifth
position and initial settings for the appropriate cable temper-
ature were made by manual adjustment of the controlling
2:9 MHz pilot.

The amplifier installation phase of the work was occasion-
ally hampered by the presence of gas, and excessive water

193



caused delays at some locations. Pre-installation checks of
amplifiers ensured few delays were attributable to equipment
defects.

A typical result for the spread of the amplitude/frequency
response on a section of the Birmingham-Manchester route
was 1:25dB, which reduced with bump equalization to
0-37 dB. A 14-section twin-cosine equalizer was used for the
final equalization of a 60 MHz system, which might comprise
several sections. Associated test equipment items were a
cosine coefficient computer and a 14 spot-frequency oscillator,
the outputs of which lay outside or betwecn traffic signals of
the 4-60 MHz band. Initial measurements were made at each
frequency and this information was conveyed to the com-
puter. The output from the computer enabled these levels to
be manually readjusted by controls on each equalizer section.
The work described took only a few hours per system.

The final spreads on the amplitude/frequency responses
obtained between Birmingham and Manchester for the three
systems installed were 0-31 dB, 0-05 dB and 0-09 dB.

CONCLUSIONS

At the design stage of the 60 MHz line system, much emphasis
was placed on reliability. This has now been supplemented at
the works stage by providing cable and equipment of a very
high quality, which have met performance limits with adequate
margins. It is confidently expected that, in service, the
60 MHz FDM network will prove to be the most reliable
means of routeing trunk circuits so far adopted by the BPO.

The editorial of the October 1973 of this Journal posed the
question “‘will this be the last in the line of succession for
high-capacity analogue system?”* The digital demand of the

System X modernization strategy surely makes the answer
l.yes”.

However, if the BPO decides to introduce future high rate
digital line systems requiring a high-quality coaxial cable,
the BPO has one ready on its primary route and a duct bore
for a second.
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Post Office Press Notice

BOUQUET FOR DR. FLOWERS

The British Post Office (BPO) has launched a new silver medal
award for BPO engineers. The award, which is to be known
as the Martlesham medal, will be presented annually to
present or past employees of the BPO who have made a
significant contribution to telecommunications science and
engineering.

In June of this year Dr. Tommy Flowers, the acknowledged
father of electronic switching and the man who invented
Britain's, and possibly the world’s, first computer, became
the first recipient of this new award when Sir William Barlow,
Chairman of the BPO, presented it to him at a special
ceremony and private lunch held in London’s Savoy Hotel.
During the course of the lunch, which was attended by many
distinguished guests from the field of electrical engineering,
including Mr. Peter Benton, Managing Director: Telecom-
munications, and Mr. J. S. Whyte, Deputy Managing
Director: Technology, Sir William paid tribute to Dr. Flowers®
skill and vision, for which, he believed, Industry and the
BPO owed him a lasting debt.

Dr. Flowers was born in London and joined the BPO in
1926. Even before the Second World War began he appre-
ciated the intrinsic advantages of electronics technology—
high operating speed and freedom from wear; by 1939 he was
well experienced in electronic circuit design.

During the war he worked at the BPO’s research establish-
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ment at Dollis Hill; for a time he was employed on work for
Government Communications Headquarters at Bletchley
Park, where his initial work in connexion with the German
Enigma coding machine earned him an MBE. As it was
necessary to decipher quickly the messages produced by
Enigma, he developed the equipment which speeded up the
code-breaking process. But his greatest achievement proved
to be his invention of the Colossus machine, so called because
of its size, since it helped to break the code of the German
Geheimschreiber (the secret writer) which was thought to be
impregnable. Hitler used this machine to send messages to his
generals at the front. Colossus gave the allied forces access
to a stream of secret information about German war plans
and it was working 2 years before its nearest equivalent, of
American design, was at work.

After the war he used his specialized knowledge to pioneer
work on electronic and computerized telecommunications.
Although his early ideas and concepts make up much of
today’s telecommunications technology, when he conceived
them the transistor had not been invented and the most
advanced technologies of the day were the cold cathode tube
and the thermionic valve.

In 1964 he left the BPO to work on electronic switching
for STC; after leaving STC he did consultancy work and
wrote a book on electronic communications. Although he is
now retired, he still uses his inventive powers by making
custom-built aids for disabled people at his local hospital.
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Facsimile Communications

UDC 621.397.12; 621.39

The information given in this article is reproduced from the ‘Post Office Research Review 1979, a publication
issued by the British Post Office Research Department. The article comments on the internationally-agreed
standards for the provision of facsimile communication systems and describes the operation of a system that
could form part of an advanced office communication system.

STANDARDS

Facsimile systems for the remote copying of documents were
first developed over t00 years ago, but only recently has there
been a real commitment to establish internationally-agreed
standards. In this field, an important part of the work of the
British Post Oftice (BPO) Research Department is the support
of standards by independent research into the merits of
different transmission systems and protocols. At present,
there are threc internationally-agreed methods of transmitting
facsimile signals over public telephone networks (see Table 1).

Standardization and improvements in scanning and printing
technologies have both stimulated the growth and develop-
ment of document facsimile.

The 6 min analogue Group | standard, which has been in
existence for some years, but which was not well supported,
has now been largely superseded by the 3 min analogue Group
2 standard.

The Group 2 standard was ratified by the International
Telegraph and Telephone Consultative Committee (CCITT)
in 1976 and, subsequently, the number of facsimile machines
which conform to this standard has increased rapidly (see
Fig.1). The facsimile service recently introduced by the BPO
also uscs this standard.

In recent years therc has been much interest in the develop-
ment of digital source encoding, which will allow shorter
transmission times to be achieved. The Group 3 standard was
drafted in 1977 and, although there arc few facsimile
machines which conform to it at present, it is expected that
the number will risc substantially in the near future.

The CCITT is at present considering optional extensions 1o
the Group 3 data-reduction method. Whereas the basic coding
mcthod reduces the amount of data required to transmit a
document by removing horizontal redundancy, extended
coding methods achievc further data reduction by also remov-
ing vertical redundancy. For example, the extended coding
methods wilt allow typical A4 documents, scanned at 3-85 and
7-7 lines/mm, to be transmitted in about 45s and 7Ss
instead of 1 min and 2 min respectively when the basic coding
method is used. Therefore, when high copy quality is required.
extended coding methods are particularly useful for docu-
ments scanned at high resolution. The BPO Rescarch Depart-
ment, in co-opcration with scveral other PTT administrations
and manufacturers. has assessed the performance of these
proposed codes in terms of their efficiencies, sensitivities 10
transmission errors and case of implementation. 1t is hoped
that an international agreement concerning the extension can
be ratified this year.

Because of the increasing availability of public data nct-
works (both packet and circuit switched), an initial dcfinition
of Group 4 facsimile has been drafted to cover the application
of facsimile on such networks. With the low error perfor-
mance achieved by these networks further developments in
data compression techniques are being considered.

The four mecthods of facsimile transmission are viable only
when the co-operating terminals are able to converse with each
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TABLE 1

Summary of Existing Facsimile Standards Applicable to
Public Telephone Networks

Transmission time
Vertical resolution

Transmission method

Group Irr(iAnialogue)i

6 min/A4 page

3-85 scan lines/mm (equivalent hori-
zontal resolution)

Frequency modulation {1700 + 400 Hz)

Group 2 (Analogue)

Transmission time
Vertical resolution
Transmission method

3 min/A4 page

As Group |

Vestigial-sideband amplitude modu-
lation (2100 Hz carrier). Bandwidth
reduction achieved by encoding of
baseband signal

Group 3 (Digital)

Transmission time

Resolution

Data reduction

Transmission method

About 1 min/A4 page (typical type-
script document)

3-85 lines/mm and 1728 picture ele-
ments/215 mm scan line. High resolu-
tion option (77 lines/mm).

Signal quantized to black and white
only

Statistical method based on Huffiman
code

Digital modulation at 4-8 kbit/s

FiG. 1—Typical Group 2 facsimile machines
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other to establish, maintain and terminate the communication
process: this requires the precise definition of terminal-to
terminal procedures or protocols. A CCITT Recommendation
now exists covering the protocols for Groups 1, 2 and 3, which
also allows the possibility of interworking between facsimile
terminals supporting more than one method of transmission.

Developments in microprocessors are now enabling more
compretensive, structured protocols to¢ be developed. These
will provide Group 4 facsimile with a degree of network
independence that is not available at present. Present inter-
national collaboration is aimed at developing a common
protocol which will be suitable for future facsimile and tcxi-
based communication services. It is intended that this
protocol will provide the basis of future integrated office
communication systems, but the protocol will not be restricted
to any particular network.

FONOFAX SF: AN AUTOMATIC DOCUMENT
TRANSMISSION SYSTEM

The Fonofax SF system represents an initial step towards the
use of facsimile as part of a more advanced office communi-
cation system.

Fiii. 2— Document being loaded into the Fonofax SF system

Documents can be loaded via a fast scanner onto magnetic
tape during office hours (see Fig. 2) by untrained personnel.
The documents can then be transmitted automatically during
preselected periods without the need for an operator to be
present. This facility could allow transmission during low-tariff
periods. Documents are received on conventional Group 2
apparatus at a speed which enables an A4 sheet to be repro-
duced in 3 min. A block diagram of the Fonofax SF system
operation is shown in Fig. 3.

Each item istransmitted to every telephone number for
which it is intended. If the transmission is not successful, the
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i«

1 bt 3
\

FACSIMILE

SCANNER

(a) Input phase

)

SLOW PLAYBACK
TO GIVE NORMAL
FACSIMILE
DESTINATION TRANSMISSION

ENTRY AND PUBLIC
TERMINAL SWITCHED
CONTROL TELEPHONE

NETWORK
: FACSIMILE
I:llk v

A

)

UNATTACHKEO FACSIMILE
RECEIVERS

(hy Transmission phase

Fi. 3—Fonofax SF system opcration
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LINE INTERFACE

FACSIMILE RECEIVER

MOTOR
PRINTER CONTROL

AUTOMATIC
g
CIRCUIT
TELEPHONE !- ! CONTROLLER
LINE N4 i
LINE 300 bitrs OATA
SWITCRING - MOOEM o~
MICROPROCESSOR
- P CONTROL
-
FiG. 5—Receiver terminal
document is logged for a repeat attempt after the transmission P ——
of any others on the tape. These repeat attempts can continue GRAPHICS
until the end of a transmission period. PRINTER
If the apparatus is connected to a non-facsimile subscriber, /
ringing tone will continue beyond two bursts; this fact is N . FACSIMILE
togged and the call is immediately terminated. No further call i - SIGNAL
will be attempted to this number.
On answering, the receiver sends back its national telephone ChARRLTER
number as a means of identity. This number is checked at the
transmitter before the document is transmitted. Block dia-
grams of the transmitter and receiver terminals are given in it Rl
Figs. 4 and 5 respectively.
The system can be interrogated at any time, except during 3
the transmission phase, to determine which items have not \
been sent, and the reasons for failure. These documents can COMMUNICATIONS
then be retrieved from the tape and sent manually. CONTROLLER
The system is microprocessor-controlled and human factor
considerations have been incorporated to facilitate ease of use. +
This project has provided the impetus for several significant SWITCHED
developments, notably, a suitable analogue tape unit based on NETWORK

a commercially available ‘Elcaset’, capable of storing about
100 documents, and a fast scanner (11 s for an A4 document)
using a solid-state array.

FACSIMILE AS PART OF A FUTURE
INTEGRATED OFFICE SYSTEM

Facsimile printers and some text printers are now tending to
use the same technology. With a suitable interface, a single
printer terminal could therefore be used to receive both
facsimile and coded-text information. Either could be used,
depending on the form of the source material; they could
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Fi. 6—Combined facsimile and text printer

even be intermixed within the same page. An interface unit
has been built at the BPO Research Centre to demonstrate this
concept of enabling both text and graphical information to be
received on a fast printer (300 characters/s).

This concept could be extended to include other office
communication services when the necessary standards and
protocols are developed.
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An Unusual Method of Supporting Underground
Cables during Construction of a New Road

J. C. DUNCAN, am.rBET

INTRODUCTION

Owlsmoor, a community consisting of several hundred
houses, a few shops and a school, is set amidst coniferous trees
and gorseland just north of Sandhurst in Berkshire. The tele-
phone service in the parish is provided by thc telephone
exchange at Crowthorne, a small village next to Owlsmoor.

In late 1979, the controlling housing authority granted
developers planning permission to build a housing estate of
some 530 houses of Elizabethan character within the Owls-
moor district. The project involved the construction of a dual
carriageway and an intersection complex to link it to the
existing Owlsmoor road, which carried the main ductways
from the Crowthorne exchange into Owlsmoor.

To facilitate the construction of the intersection, the
developers requested that the underground plant impeding the
progress of works in this section be diverted. However, this
was not practicable since, owing to industrial action by com-
puter operating personnel at national level which affected
requisitioning procedures, the cables needed to effect the
diversion were not available and there was a critical shortage
of some engineering stores. In order not to hamper the
progress of the road and housing development programme,
unorthodox methods were of necessity adopted by both the
Planning and the Fxternal Works Construction staff.

PLANNING

Owlsmoor had bcen regularly monitored for speculative
building projects for several years, and contingency plans had
been in hand to cater for any sudden telephone demand in a
given area.

Two pressurized unpigmented polyethylene-sheathed cables
of 300 and 1600 pair capacity, were routed individually in 92
mm diameter glazed-earthenware ducts on opposite sides of
the road, to serve Owlsmoor from the Crowthorne exchange.
Information received from the developers indicated that it was
necessary for the British Post Office (BPO) not only to divert
the ducts but to lower them beneath the finished levels of the
new dual carriageway to allow construction of the intersection
to be completed. Fig. 1 shows the end elevation of the Owls-
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F16. 1—Elevation of Owlsmoor road with proposed new road
cutting through it
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moor road with the proposed new road cutting transversely
through it.

A physical survey of the route discloscd that insufficient
cable slack existed in the adjacent jointing chambers to effect
the slewing and lowering manocuvres. Moreover, it proved
impossible to obtain cable of any length to piece-in a short sec-
tion. Consideration was then given to converting the under-
ground cables to an aerial route by using the existing cables.

Pilot holes were excavated at intervals along the length of
the affected track to ascertain essential data regarding its
depth and the geographical location of other undertakers’
plant within the vicinity. Theoretical consideration given to the
suspension design concluded that a catenary wire support
system in combination with a linear wire that was tensioned
and stretched parallel to the track would provide optimum
results. By this means each cable would have its own support
system crected on opposite sides of the new road. Fig. 2 shows
the system it was proposed to adopt.

The duct line was to be exposed along its length before the
lincar wire was strung and tensioned. Linking wires would
then be fixed to both the linear and the catenary wires; the
ducts would be broken open and the cable secured to the linear
wire.

However, the choice of poles and staying methods proved
not to be straightforward, as the peculiar nature of the soil
needed to be taken into account. Owlsmoor is situated within
the area known as the Bagshot Beds. a collective name for a
series of sands dating from the Eoscenc age, which occupy
extensive tracts of land throughout Berkshire, Surrey and
Hampshire. These sands have a scant covering of topsoil,
beneath which therc cxists a patchy layer of flint pebbles
resting on sand. which in places is 68 m deep. Some evidence
indicates that the upper layer of sand was deposited in sait
water and, although generally devoid of fossils, some indistinct
casts of shells can be occasionally found. Thc sand, which
shows signs of tidal currents, was probably once the estuary
of a great river that had gradually subsided. Because of the
unreliable mechanical stability of sand and its inherent low
holding strength, special consideration had to be given to
determining the dimensions of poles and stay-anchoring
devices. Originally the developers had requested a span length

CATENARY WIRE

UINKING WIRE

300 -PAIR

POLE CABLE

STAY
POLE 1600 - PAIR

CABLE

CABLE AND LINEAR WIRE

Fi1G. 2—Flevation of catenary support across dual carriageway
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of 90 m, so that vehicles could operate without hindrance.
However, with some temporary rearrangement of the public
access slip-roads a compromise was reached, and an accep-
table 65 m span with a cable-sag clearance over the site of 4 m,
well above the minimum permissible vehicle clearance height,
agreed. This atlowed a margin of clearance that was just
enough for ram-operated excavating buckets to swing their
jibs carefully into the air to drop excavated spoil into the
tipper lorries.

Within the constraints applied by the stores shortage, the
poles selected were of medium size and 9 m in length. The
evaluation and analysis of yield strength data given for the
conventional size stay anchor in sand was disappointing: the
ultimate holding strength was 16-7 kN, whereas in compari-
son it was 52-3kN in crumbly damp chalk. Under these
circumstances it was decided not (o install stay anchors but
to employ medium-size pole stumps S m in length, as thesc
were of sufficient length to terminate 2 stay wires on each
stump. Calculations that were made indicated that a pole
stump of S m would provide a holding strength of 35 kN and
that it would provide a safety margin against the distinct
possibility of mechanical impact from heavily laden earth-
moving vehicles. Moreover, a large pole stump rising out of a
flat terrain would be more visible to vehicle operators.

The aerial construction was designed to last for 9 months;
its short lifetime was not due to its physical structure, but to
the durability of the cable: in particular, the life expectation of
the unpigmented polyethylene sheath under these conditions.
There are 2 reasons for this: degradation of the natural
polyethylene sheath by light-exposure, and elongation of the
cables by tensile creepage, a phenomena which is assisted by
thermal softening of the sheath by warm sunlight absorption.
Visible light, a natural source of power, is only about half as
energetic as sunlight; nevertheless. it contains sufficient
strength to break (he carbon-to-carbon bonds within the
unpigmented sheath. In consequence, this promotes sheath
discoloration, which leads to embrittlement and to eventual
fracturing.

The incessant bombardment of the cables by this relatively
low-energy source of radiation throughout the anticipated
exposure time was not considered to be sufficiently deleterious
to have an appreciable cifect on cable performance. Tt was
envisaged that tensile creepage would be of an immeasurable
amount if the cable was securely lashed to the tensioned linear
wire.

INSTALLATION

It had been agreed with the developers at the planning stage
that their groundworks contractor would uncover the duct
tracks on each side of the road and that a side trench would
be cut parallel with the ducts to allow working access for the
BPO construction party.

After exposing the track, the pole erection unit, using the
conventional motor-driven lorry-mounted auger, drilled
pole-holes approximately 3-3 m deep next to the ducts. When
the line-poles had been erected, the pole stumps selected for
back-staying were inserted at a depth of 2-2 m, angled against
the projected pull-on-pole, and positioned to give a base/
height ratio of equal length. Because of wind and ice-loading
tensioning requirements, the choice of suspension wire was
limited to the few types that had been obtained from various
sources. For the 1600-pair cable, which has a diameter of
66 mm, a coil of 7/4 mm (7/8 SWG) wire was earmarked for
the linear wire; the catenary wire, and that needed for staying
requircments, was adequately covered with 7/2 mm (7/14
SWG) wire, which was available in sufficient quantity.

On a day when the thermometer was reading 1°C the linear
wire was tensioned to 16-1 kN between the poles by using a
dynamometer, a chain puller and a block and tackle. Coun-
teracting the tension of the lincar wire was a back-stay
provided in line with the linear wirec and terminated on the

POEEJ, Vol. 73, Oct. 1980

F16. 3—Type of clamp adopted

pole stumps provided for staying. After the lincar wire had
been tensioned, the catenary wire was suspended from the top
of the line poles in parabolic fashion. Vertical connecting
wires were then terminated by using clamps to join both wires.
Fig. 3 shows the method adopted and the type of clamps used.
Stay wires were provided at the top of the poles to counteract
the catenary wire strain, and these wires were terminated on
the same pole stumps as those holding the linear stays.
Because of the close proximity of a national grid electricity
pylon route of 400 kV, insulators were fitted (o the stay wires.
When the wire and staying structure had been completed, the
glazed carthenware ducts were carefully broken open: this
task was made more difhicult by ice-clusters, which had
formed after torrential rain had fallen some days previously
and which had bound the cables to the ducts.

Draw rope was used to lash the cables to the linear wire, and
cable restrainers fitted (o the cables in the jointing chambers
at cach end of the interrupted section. This was to prevent
cable joints from being dragged into the duct mouth in the
cvent of excessive movement caused by the natural sag of the
suspended cables.

The cables, now completely suspended but still at ground
level, were left for several days, but inspected periodically to
ascertain whether any movement had taken place in the struc-
tures. Confident that the designed system would withstand the
flexural and dynamic stresses calculated from known failure
data, the contractors then proceeded to demolish the road.
After the road construction had been completed, 2 further
poles were erected close to the kerb line as an extra safcty
precaution.

CONCLUSION

Undoubtedly projects of the type described in this article are
challenging in comparison to conventional methods. Cost
comparison studies indicated economical savings could result
by adopting similar modes of construction based on the
applied techniques. As a public relations exercise it rated very
highly. The Local Authorities, in conjunction with the
architectsand majorconstructioncompanies directly involved,
appreciated the unstinting assistance given by the staff of the
Reading Telephone Area in overcoming a difficult situation
at a critical period in the building programme.
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Profiles of Senior Staff

SENIOR DIRECTOR:
PROCUREMENT

S. SWALLOW, M.A.. F.INST.P.S.

Sam Swallow ix a relative ncwcomer
to the British Post Oifice, which he
joined as Senior Director: Procurement
in 1977. Apart from a period of wartime
service with the Royal Engincers, his whole carcer has been
spent in purchasing, contracting and supply.

His first job after lcaving Cambridge University was as a
temporary Assistant Principal with the Mining Supplics
Directorate of the Board of Trade. In 1946 he joined Britain's
first nationalized industry, the National Coal Board, just
before vesting day, as a Planning Assistant (Supply). Over the
next 13 years he played a significant part in the development
of the Board's procurement activities: he held planning and
cxecutive posts; latterly he was Chief Contracts Officer. In
1959 he moved to the Central Electricity Generating Board as
Assistant Chicf Officer: initially he dealt with maintenance
and engincering stores. subscquently with major construction
contracts.

In 1965, he was approached by Associated Electrical
Industries (AEI), and hecame their corporate Controller of
Purchasing: he held a similar post with GEC after their
take-over of AEL. From 1968 until 1977 he was Director of
Supplies for the Greater London Council, a job in which the
principle clement, rather surprisingly in the public service,
was to head a large trading organization supplying numerous
local and other public authorities on a competitive and
profit-making basis.

He is actively involved in the field of procurement education.
He chaired the Institute of Purchasing and Supply’s education
committee for many yecars, and currently holds a visiting
lecturer’s appointment at Henley administrative staff college.

DIRECTOR: PRESTEL
R. HOOPER, &.a.

Richard Hooper. who was bornin Wool,
Dorset, began his carcer as a television
and radio producer with the BBC. after
he had obtained a first class honours
degree in modern languages at Worcester
College. Oxford.

In 1967 he was awarded a Harkness Fellowship in the
United States to study educational and communications
technology. Returning to the BBC in 1969, he spent two years
as the senior producer in the Faculty of Educational Studics
at the Open University, before he left to become Director of
the Government-sponsored National Development Pro-
grammec in Computer Assisted Learning, a post which he held
for 5 years.

From 1978 until he was appointed Dircector of Prestel in
the British Post Officc carlier this ycar, he was Mana-
ging Dircctor of Mills and Allen Communications, one of the
first major information providers on Prestel. While working
for Mills and Allen, he pioncered the concept of the umbrella
information provider, which has become a major feature of
Prestel’s growth.

As Dircctor of Prestel, he looks forward to developing the
service rapidly to cater for millions of customers in the 1980s
and to retaining Britain's world lead in viewdata technology.

He is married, has three children and lives in north London.
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DIRECTOR: MANAGEMENT
SERVICES AND SCIENCES

S. LILLIE C.ENG.., M.LE.E.

Stewart Lillic joined the British Post
Office (BPO) in 1940 as a Youth-in-
Training in Newcastle Telephone Arca.
After service in the Royal Navy as a
Radar Mecchanic, he returned to maintenance work in rural
north Northumberland: in 1950 he moved to the Engineering
Department in London as an Assistant Executive Engincer,
followed by 8 years in Bedford Telephone Area on mainten-
ance and installation work. As a Senior Exccutive Engincer, he
returned to the Engincering Department just as the product-
ivity drive of the 1960s was getting under way, and for 5 years
played a leading part in the numerous innovations introduced
on installation work. including the onc-man installer and the
appointment plan. This was followed by 3 years as an Assistant
Staff Engincer helping to secure productivity improvements in
the field in what later became the Productivity Improvement
Division. He then transferred to pay and grading work, first in
Telecommunications Headquarters as an Assistant Secretary,
then later as a Director in Central Headquarters. In September
1979 he returned to Telecommunications as Director of the
newly formed Management Scrvices and Sciences Depart-
ment.

DIRECTOR: PAY AND
GRADING

D. W. PORTER

Derck Porter sat the Open Competition
for Assistant Engincer in 1948, and,
while waiting for an appointment, joined
South West Regional Headquarters as a
Draughtsman-in-Training. His appointment to lhc Bristol
Telephone Arca came nearly a ycar later; however, he had
to lecave shortly afterwards to complete 2 yecars National
Service with the REME.

From his return to the British Post Oftice in 1951
until he left the South West region in 1968, he was engaged
on external planning and works in Arca and Regional offices.
His promotion to Execcutive Engincer, via the Limited
Competition, came in 1958, and to Arca Engincer in 1966.

Success in the special sclection for Deputy General
Manager (DGM) meant a move to the London Telecom-
munications Region (LTR) where, as a DGM in both North
and City Arcas, he widened his experience of all aspects of
customer service.

In January 1973 he moved again, this time to the Midland
Telecommunications Region, where as Planning Controller
(External) he was able to make use of his carly experience.
Later, as Service Controller, he was able to draw upon the
knowledge he had gained in LTR.

In 1976 he returned 10 London to work for the first time in
Telecommunications Headquarters (THQ). As Hcad of the
Grading Division, he was well able to appreciate the ficld
repercussions of agreements made with unions. He also made
his first acquaintance with proposals for grade restructuring:
however, just as Government pay policy was starting to
provide an opportunity to engage in discussions on this with
the unions. he Icft to become a Deputy Director in LTR. After
18 months in these famitiar surroundings he returned to THQ
as Director: Pay and Grading.
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DIRECTOR:
TELECOMMUNICATIONS
FINANCE

D. J. TUDGE

David Tudge is one of a number of
postal business refugees who are now
making their careers in telecommunications. He joined the
British Post Office (BPO) Midland Region Headquarters at
Birmingham in 1959 as an Assistant Postal Controller and
travelled the Region extensively in his early ycars. A very
interesting two-ycar period in Nigeria was followed by work
study at Postal Headquarters.

Promotion to Principal brought a move from postal work
to broadcasting policy when he became secretary to the
Television Advisory Committce. Keen to stay in the BPO
after it became a Corporation, he moved to the BPO Appoint-
ments Centre when it was established; later he was appointed
to the office of the Chairman, Lord Hall.

It was not until after Mr. Tudge had completed a sabbatical
year as a Sloan Fellow at the London Business School that
he entered finance work. Service in Central Finance Depart-
ment (CFD), Postal Finance Dcpartment and then Tele-
commuuications Finance followed. Promotion to Deputy
Director in Telecommunications Systems Strategy Department
introduced new worlds (although still with an economic or
financial slant). He had a short sojourn again in CFD before
he rcturned to the Business as Director: Telecommunications
Finance.

His main interest when he is not working is education,
especially that of his two young daughters. He is a governor
of Mayfield School, Putney. and is active on Inner London
Education Authority parent consuitative committees.

DIRECTOR: INTERNATIONAL
NETWORK

C. J. MAURER, c.G.I.A., B.SC.(ENG.),
F.LE.E.

John Maurer joined thc British Post
Office (BPO) in 1939 as a Youth-in-
Training at Exeter. After serving in the -
Royal Air Force from 1942-45 on radar B i

duties, he returned to the Exeter Area (o Unit Automatic
Exchange maintenance duties. In 1949 he joined the signalling
group of the Telephone Branch as an Assistant Engineer and
was later promoted to Executive Engineer. During this period
he was engaged on the development of London Faraday
International exchange. In 1958 he graduated from London
University with a degree in electrical engincering, and in 1961
he received an Insignia Award from the City and Guilds of
London Institute (CGLI). As a Senior Executive Engineer he
Jjoined the newly formed Electronic Exchange Development
Branch (TPE) to work on the high-speed time-division
multiplex electronic-exchange development.

On promotion to Assistant Staff Engineer in 1969, he
represented the BPO at the signalling and switching study
group meetings of CCITT and CEPT. During this period he
was responsible for the tcchnical evaluation of the Inter-
national Switching Centrc at Stag Lane. After he was pro-
moted to Staff Engineer in 1972, his Branch responsibilities
covered clectronic cxchange developments and all types of
customer apparatus. In 1975 he joined the External Tele-
communications Executive as a Dcputy Director. After a
short period in the Exchange Switching Division, he returned
to the newly formed International Executive as the Director:
International Network.

During his career he has taken an active interest in the
CGLI, and for a number of years was the Chief Examiner
for advanced telcphony. For the past 7 ycars he has been the
Chairman of the Moderating Committce for all of the CGLI
Telephony and Telegraphy examination papers.

Book Review

Teletext and Viewdara. S. A. Money, T.ENG.(C.E.1.), M.B.C.S.,
T.1.T.E. Newnes Technical Press. [51 pp. 100 ills. £5-50.

The title of the book is Telctext and Vicwdata, but about 100
pages are devoted to broadcast tcletext compared with 23
pages for viewdata. The section on telctext is well written
and explains its principles clearly and in considerable dctail.
The operation of digital components, such as character
generators and memories, is explained from first principles
for the benefit of engineers and technicians who arc mainly
familiar with analogue tclevision techniques. and the section
is notable for the large number of simple, clear diagrams it
contains. The operation of teletext decoders, and the page
and row structure of broadcast telctext are fullv explained.
Topics of practical value, such as eye-hcight displays, are
included: these make this section extremcly useful.

The section on vicwdata is also well written and adequately
covers the major clements of the system, but the depth of
treatment given to broadcast teletext is lacking. For cxample,
there is nothing on data entry for viewdata. aithough there is
a chapter devoted to tcletext production at the studio.
Considering both the technical and commercial importance
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of vicwdata information providers and their editing facilities,
this omission is disappointing,.

A chapter is devoted 1o describing the proprietry decoders
produced by TI, Mullard and by GI, GEC and Labgear: it
also contains information of prime interest to maintenance
technicians. Although useful and comprehensive'at present,
this material must be vulnerable to the rapid changes (both
technical and commercial) that are occurring in this area.

Only 3 pages are devoted to possible futurc developments,
and this is meagre considering the plethora of comment and
speculation that has becen made on the future of clectronic
publishing and data dissemination. Related developments
overscas, such as Antiope and Telidon, receive even shorter
shrift, and are dismissed in 10 lines, despite the fact that the
choice of international standards for viecwdata and teletext is
proving as contentious as that for a colour television standard.

However, the book is well printed and bound, and reason-
ably priced. The technician or enginecr requiring a detailed
introduction to broadcast teletext will find it most uscful,
but the telecommunications strategist concerned with the
future of electronic publishing may find it a little limited.

K. E. CLARKE
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Institution of Post Office Electrical Engineers

General Secretary: Mr. R, E, Farr. THQINE!NS4.1.3, Room S04, River Plate House, Finsbury Circus, London EC2M 7LY; Tel. 01.432 1954

{Membership and other local enquiries should be directed to the approgriate Local-Centre Secretary as listed below)

ESSAY COMPETITION 1980-31

Details of the special Essay Competition being organized for
1980-81 to celebrate the forthcoming 75th Anniversary of the
foundation of IPOEE are given on the opposite page.

THE FEDERATION OF TELECOMMUNICATIONS
ENGINEERS OF THE EUROPEAN COMMUNITY
(FITCE)

The FITCE Exccutive Committee has agreed in principle to
the concept that certain IPOEE members without the required
academic or professional qualification should be allowed to
join FITCE during a limited period (see report in January
1980 issue of the Jowrnal), but has expressed concern at the
number thus eligible in relation to the membership from other
countries. Council huas agreed to the continuation of nego-
tiations on the basis of a possiblc overall limit on the number
of IPOEE members permitted to become members of FITCE.

CONSTITUTION OF THE COUNCIL 1980-81
Council for 1980-81 is constituted as follows:

Mr. D. Wray, Chairman.

Mr. A. B. Wherry, Vice-Chairman.

M. D. V. Davey, Vice-Chairman.

Mr. A. V. Knight, Honorary Treasurer.

Mr. A. G. Leighton, representing Group 1 (members in the
Headquarters Departments and the London Regions
holding posts in bands 1--8 of the Senior Salary Structure).

Mr. W. N. Lang, representing Group 2 (members in the
provincial Regions holding posts in bands 1-8 of the Senior
Salary Structure).

Mr. R. D. Edwards, representing Group 3 (members in the
Headquarters Departments (London) holding posts in
bands 9-10 of the Senior Salary Structure).

Mr. F. V. Spicer, representing Group 4 (members in the
London Regions holding posts in bands 910 of the Senior
Salary Structure).

Mr. B. H. House, representing Group 5 (members in the
provincial Regions and in Headquarters Denartments
(provinces) holding posts in bands 9-10 of the Senior
Salary Structure).

Mr. J. M. Auvis, representing Group 6 (members in the Head-
quarters Departiments (London) listed in Rule S(a), with
the exception of those in Group 14).

Mr. J. W. Turnbull, representing Group 7 (members in the
London Regions listed in Rulc 5(a), with the exception of
those in Group 14).

Mr. L. W. F. Vranch, representing Group 8 (members in the
provincial Regions and in Headquarters Departments
(provinces) listed in Rule 5(a), with the exception of those
in Group 15).

Mr. M. E. Barnes, representing Group 9 (members in the
Headquarters Departments (L.ondon) listed in Rule S(b),
with the exception of those in Group 14).

Mr. J. D. Overall, representing Group 10 (members in the
London Regions listed in Rule 5(b), with the exception of
those in Group 14).

Mr. D. F. Ashmore. representing Group 11 (members in the
provincial Regions and in lHeadquarters Departments
(provinces) listed in Rule 5(b), with the exception of those
in Group 15).

Mr. D. V. Gasson, representing Group 12 (Inspectors in the
London Regions).

Mr. N. R. Paul, representing Group i3 (Inspectors in the
provincial Regions).
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Mr. M. E. Webb. representing Group 14 (Draughtsmen,
Illustrators and above, but below the Senior Salary Struc-
ture, in Headquarters Departments (London) and London
Regions).

Mr. C. G. Suett, representing Group 15 (Draughtsmen,
Illustrators and above, but below the Senior Salary Struc-

ture, in provincial Regions and Headquarters Departments
(provinces)).

Mr. P. M. Annett, representing Group 16 (all affiliated
members).

Representation for Groups 5 and 15 was contested. The
unsuccessful candidates, in descending order of votes cast
WErc:- -
Group 5
Hodnett.
Group 15 Messrs. D. R. Norman, F. Brown and J. C.
Clarke (the last two named polled equal votes).

Mecssrs. G. T. Davies, G. Brice and P. W.

MEETING OF LOCAL-CENTRE SECRETARIES

Local-Centre Secretaries meet annually under the chairman-
ship of the General Secretary, together with other members
of the Secretariat and the Managing Editor of the Journal,
to discuss organizational and other problems. This year’s
meeting was held at POTTC, Stone on 23-24 June. A wide
range of topics was discussed and the Chairman thanked all
Local-Centre Secretaries on behalf of Council for their
continuing work for the Institution.
R. E. FARR
Secretary

IPOEE CENTRAL LIBRARY

The books listed below have been added to the IPOEE
library since the publication of the 1974 Library Catalogue.
Any member who does not have a copy of the catalogue can
obtain one on loan from The Librarian, JPOEE, 2-12 Gresham
Street, London EC2V 7AG. Library requisition forms are
available from the Librarian, from Local-Centre and Associate
Section Centre secretaries and representatives. The form
should bhe sent to the Librarian. A self-addressed label must
be enclosed.

5300 Health and Safetv. K. P. Davis (1979)

This textbook, which is intended for TEC and BEC courses,
should be of interest to anyone with control of staff or
premiscs.

5301 High Performance Loudspeakers. M. Colloms (1980)

The many theoretical and cemmercial developments in high
quality loudspeaker design during the last decade have gone
largely unrecorded. This book provides a comprehensive and
up-to-date account of these design techniques, covering both
driver units and complete systems.

5302 Comémrers and Commonsense. R. Hunt and J. Shelley
(1979)

This book is a down-to-earth guide to computers and com-

puter systems, progressing from simple principles to advanced
modern systems.
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THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS

75™ ANNIVERSARY ESSAY COMPETITION

A UNIQUE ANNIVERSARY SILVER MEDAL wiLL BE AWARDED FOR
THE BEST ESSAY ON A THEME CONCERNED WITH THE FUTURE ROLE OF BRITISH TELECOM.

IN ADDITION, PRIZES WILL BE AWARDED IN EACH OF THE FOLLOWING SECTIONS:

1 A total of £1 00 for up to five essays submitted by Members of the Institution in all Post Office/British Telecom
grades of the rank of Inspector and above but below the Senior Salary Structure.

2 A total of £1 00 ror up to five essays submitted by Post Office/British Telecom engineering staff below the rank
of Inspector.

Each Award will be accompanied by a Certificate of Award. In addition, up to five Certificates of Merit may be
awarded in each Section.

YOUR SUBJECT: ANY TOPIC RELATING TO ENGINEERING ACTIVITIES IN THE POST
OFFICE/BRITISH TELECOM, OR TELECOMMUNICATIONS ENGINEERING GENERALLY, IS ACCEPT-
ABLE, BUT ONLY ESSAYS ON THE GIVEN THEME WILL BE ELIGIBLE FOR THE MEDAL

Technical accuracy is essential but a high standard of technical content is unnecessary. Creative thought, clearness of
expression, the correct use of words and presentation are all taken into account. Typewritten or manuscript entries
are acceptable.

YOUR ESSAY SHOULD CONTAIN BETWEEN 2000 AND 5000 WORDS
BE ON A4 SIZE PAPER
INCLUDE A CERTIFICATE IN THESE TERMS:

I certify that this Essay is my own unaided work as regards composition and drawing.

Name (in block capitals) ... ... .. ...
OFBCIAL AQATCSS .o oo e et e et e e e e
Signature .. ... ... .. ... Rank.. . ... . 1TPOEE Centre .

DaAte. . oo e

SEND YOUR ENTRY TO The Secretary (EC), IPOEE, THQ/TPS.3.1.

16th Floor, St Alphage House, Fore Street,
LONDON EC2Y 5XA

CLOSING DATE 15™ JANUARY 1981

The Council of the Institution reserves the right not to award prizes or certificates if the essays submitted are considered
not to be of a sufficiently high standard.
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5303  Microelectronics: Digital and Analog Circuits and
Systems. J. Millman (USA, 1979)

A comprehensive digest of integrated circuit devices and their
uses in digital and analogue circuits.

5304 Microwaves. A. Y. Baden Fuller (1979)

An introduction to microwave theory and techniques, this
book provides a theoretical development of electromagnetic
propagation of guided waves and material properties, together
with a descriptive treatment of microwave components and
measurements.

5305

This book has been written as an accompaniment to courses
leading to a TEC certificate which requires a knowledge of
electronics at levels 11 and I11. It concentrates on the prin-
ciples of light-current electrical engineering with particular
relevance to communications and industry.

Electronics for Technicians. R. Hamilton (1979)

5306 Elements of Computer Science. G. Emery (1979)

This book aims to provide a futler introduction to computing
and computer technology than is found in most publications
on the subject. It places emphasis on the mathematical con-
cepts fundamental to computer science and has a compre-
hensive treatment of the principles of analogue and hybrid
computation.

5307 Scientists and Inventors. A. Feldman and P. Ford
(1979)

This is an illustrated guide to the theories and practical
achievements of 150 of the World’s great inventors and
scientists. Set out in chronological order, the book gives an
account of human progress told through the lives of out-
standing men and women gifted with imagination and
ingenuity.

5308 Teletext and Viewdata. S. A. Money (1979)

This is one of the first books on an increasingly important
field of telecommunications. The concepts and technicalities
of information presentation are explained in basic terms with
numerous diagrams and illustrations. The book is mainly
devoted to Ceefax, Oracle and Prestel, though world-wide
developments are also examined.

5309 Encrgy. Scientific American (USA. 1979)

A compilation of energy articles from recent issues of Scientific
American. this book summarizes the current energy supply
technologies and cxamines the options for the future.

2247A  Radio and Electronic Lahoratory Handhook. M. G.
Scroggie and G. G. Johnstone (1979)

This latest edition (the ninth) of this standard work is
written using SI units and has been revised to include recent
developments and new techniques,
R. CRross
Librarian

Local-Centre Secretaries

The following is a list of Local Centre Secretaries, to whom enquiries about the Institution should be addressed. It would be
helpful if members would notify any change in their own address to the appropriate secretary.

Centre
Birmingham

Local Secretary
Mr. D. F. Ashmore

Mr. D. R. Norman
Mr. P. M. Cholerton

Eastern (Bletchley)

Eastern (Colchester)

East Midlands My, D. W. Sharinan
London Mr. M. S. Armitage
Mr. L. J. Hobson
Martlesham Mr. A. F. Hare ..
North Eastern Mr. D. Spencer ..
Northern Mr. L. G. P. Farmer

Northern lreland Mr. W, H. Tolcrton
North Western . ..
(Manchester and Liverpool)
North Western .. ..
(Preston)
Scotiand East

Mr. W. Edwards . .
Mr. R. L. Osborn
Mr. S. Walker
Scotland West Mr. G. A. Dobbie
South Eastern Mr. J. M. Smith ..
South Western Mr. D. P. Cosh ..
Stone/Stoke Mr. J. Coulson

Wales and the Marches Mr. D. A. Randles
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Address and Telephone Nuiher

MTR HQ, PLX1.1. 95 Newhall Street,

Birmingham B3 1EA

General Manager's Qflice, £0129.3, Telephone House,
25-27 St. John's Street, Bedford MK 42 0BA

I'TR HQ, PLG2.1.4. St. Pcter’'s House, St. Peter's Street,
Colchester CO1 1ET

General Manager's Oftice, ES3.3, 200 Charles Street,

] cicester LLE1 1BB (0533) 534409
NC/CP, Fleet Buitding, 40 Shoc Lanc, London EC4A 3O 01-829 4467
THQ/ME;/BS4.4.3, Tenter House, 45 Moorficlds,
London EC2Y 9TH

BPO Research Centre. ResP)/R2.1.2, Martlesham Heath,
Ipswich IPS 7RE

NETR HQ. St31, 36 Park Row. Leeds LS1 IECA
General Manager's Office, CI128, Swan Housc,

Pilgrim Street, Newcastle-upon-Tyne NEI 1BA

Gencral Manager's Office, ECI, Dial Housc.

3 Upper Quecn Street. Belfast BTI 6LS

NWTB HQ, F2.3, Telecommunications Housc,

91 London Road, Manchester M60 THQ

General Manager's Otfice, PS. Telephone Housc,
Fenton Street, Lancaster LAl 1BA

STB HQ, P312, Canning House, 19 Canning Strect,
Edinburgh EH3 8TH

General Manager’s Office, EX 14, Marland Housc,

40 George Street, Glasgow GI 1BA

SETR HQ, PL/LT].2, 52 Churchill Square,

Brighton BNt 2ER

SWTB HQ, Sv2.3.1. Mcreury House, Bond Street,
Bristol, BS1 3TD

Post Office Technical Training College, 1P7.2.9B,

Stone, Staffs ST15 ONQ (0785) 813631 Extn. 511
WMTB HQ, PW3.1.2.2, 25 Pcndwyallt Road, Coryton,

Cardiff CF4 7YR ( ) 391370

021-262 5407
(0234) 55860
(0206) 89547

01-432 13853

10473) 642139
10532) 467529

10632) 27212
(0232) 24777
061-863 7178
(0524) 88400
031-222 2361
041-220 2697
(0273) 201318
(0272) 295578

0’)‘)’)
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CENTRE PROGRAMMES 1980-81
Eastern (Colchester)

Meetings will be held at the University of Essex. commencing
at 14.00 hours, unless otherwise stated.

1S October: Optical Fibre Development and Use by D. Brace.
12 November: Advances in Food Processing Instrumentation
by R. Connell. To be held at the Assembly Rooms, Norwich,
commencing at 14.00 hours.

10 December: LS7 Design in the Post Office by A. E. Jacketts.
14 January: Telecommunication Systems in Hong Kong and
East Africa by K. McKenna and S. A. Downing.

11 February: Energy and Nuclear Power by B. Skelcher.

11 March: /nterim Planning Rules for 2 Mbit's PCM by
J. Warburton,

22 April: Future Trends in Customers’ Apparatus by G. J.
Pocock. This is a joint mecting with the Bletchlcy Centre and
will be held at 14.00 hours in the Guildhall, Cambridge.

Martlesham Heath

Mectings will be held in the John Bray Lecture Theatre at the
Post Officc Research Centre, commencing at 16.00 hours.

8 October: Telecomms in Australia by S. A. Deighton.

23 Octeber: High-Speed IC Technigues by P. J. T. Mellor and
R. J. Hawkins.

5 November: Advances in Microwave Radio- Better Com-
munications Through a Fickle Medium by W. K. Ritchie.

18 November: The Cambridge Digital Ring by D. J. Wheeler.
10 December: Telephones for Consumers by R. R. Walker.
1S January: Radiophone Research and Development by J.
Garrett and J. R. Ball.

3 February: Surface Acoustic Wave Devices by E. G. S. Paige.
25 February: Distributed Processing for the Control of Tele-
phone Exchanges by M. H. Barton and L. A. Jackson.

19 March: External Plant by G. E. Haines.

T April: Sub-Micron Lithography by M. E. Jones.

13 May: The Terminal Scene by C. E. Rowlands.

Stone/Stoke

Meetings will be held at the Staffordshire Fire Brigade Hcad-
quarters, Bethesda Strect, Hanley, Stoke-on-Trent, or at the
Post Office Technical Training College (POTTC), Stone, at
13.45 hours with the exception of the Joint meetings on
15 December and 26 February which will commence at
19.00 hours.

13 October (Stoke): Telecom Pricing Policy by G. J. Joncs.
10 November (POTTC): Microprocessors (16 bit )—Their Im-
pact on Control and Automation by G. Trickey.

8 Dccember (Stoke): Nuclear Energy by L. Curtis.

15 December (POTTC): Recent Developments in Land Mobile
Radio by W. Gosling. (Joint mecting with the Institution of
Electrical Engineers and the Institution of Electronic and
Radio Engincers.)

12 January (POTTC): Digital Transmission of Video-Audio
Signals Over Optical-Fihre Systems by N. H. C. Gilchrist.

9 February (Stoke): Intelpost (Flectronic Mail) by K. Spence.
26 February (POTTC): Prestel by K. E. Clarke. (Joint
meeting with the Institution of Electrical Enginecrs and the
Institution of Electronic and Radio Engineers.)

9 March: Euronet by J. Gordon.

The Associate Section National Committee Report

The Seventh Technical Quiz Final and National
Awards

The scventh national technical quiz final took place on
25 April at the Institution of Electrical Engineers’ Theatre,
London. This ycar’s finalists were Oxford and Inverncss.

Mr. Norman Clarke, oncc again acting as Master ol
Ceremonies. introduced Mr. R. E. G. Back, Senior Director
of Nctwork Executive, and the many invited guests and their
wives. The quiz {inal was a closc fought battle (the teams had
cqual scores at the half-time interval) and Inverness emerged
as the eventual winncrs.

The final question was put 1o the quiz master of long
standing, Mr. Frank Thomas, who was asked to identify an
object held by the ex-quiz organizer, Mr. Kevin Marden. The
mystery object was correctly identified by Mr. Thomas as a
brandy warmer, for which he rcceived 3 points, and the
brandy warmer in rccognition of his years ol service to the
National Commiittec.

Mr. Back then presented the Bray Trophy to Mr. R, G.
Swanson, captain of thc victorious and splendidly dressed
Inverness tcam.

The Chairman of the National Committee, Mr. Brian
Headley, then asked Mrs. Back to present the Cotswold
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Trophy to the Centre, Region or Board deemed to have
contrihuted most to further the aims of the Associate Section
during the year. This year's winner was Midland Region.

This was followed by the National Committee’s Projects
Organizer, Mr. Joe Anning, introducing this year’s winning
project for the F. W. Fudge Trophy. This was a random-
number generator constructed hy the London North-West
Centre: Mr. Fudge was then invited to present the trophy to
the winners.

The awards dinner was held at-the Regent’s Palace totel,
Piccadilly Circus, where about a hundred members and
gucests cnjoycd a fine meal whichrounded off a very good day.

Two presentations were made during the evening. The first,
on behalf of the National Committee, was made by the
Chairman to the retiring President, Mr. K. Stotesbury, who
was presented with a sct of do-it-yoursclf tools to keep him
busy during his leisure time.

The other presentation, also a rctircment prescnt, was to the
Regional Liaison Officer to the Eastern Region, Mr. Turnbull.
The presentation was made by Brian Puncher in recognition
of Mr. Turnbull’s past services.

M. E. Di8DEN
Secretary
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Associate Section Notes

ABERDEEN CENTRE

The second half of the centre's programme was made up of
2 talks and 2 visits, Mr. W. F. Leith, a Head of Division in
Aberdeen, gave atalk on The Importance of Telecoms Develop-
ment and Mr. B. Sapsford gave a talk on AMewsurement
Analvsis Centres (MACs); both talks were very informative.

An evening visit was arranged to the studios of a local
independent television station, and day visits made to
St. Fergus, which is the home of Total Oil Marine's gas
collection terminal, and Peterhead, which is a new oil-fired
power generating station. The centre’s AGM ended the
session; hopes were expressed that the 1980-81 session would
be as successful as this last one.

We would like to take this opportunity to congratulate our
colleagucs in Inverness, who werce the eventual winners of the
national quiz competition,

J. H. McDoNALD

INVERNESS CENTRE

Last year's programmc featured a visit to Savo Electronics,
Inverness: talks on bridge building by a representative of the
Cleveland Bridge Company, An [Introduction to Micro-
processors by Mr. D. Gaunt of the BPO Research Centre,
The Unit Digital Fxchange by Dr. P. A. Trudgett and Mr.
M. J. Elsden of the BPO Research Centre: and a quiz between
management and the Associate centre. Attendance for these
meetings was up on previous years; indeed, this was the best
session to date for the centre.

The centre’s enthusiasm was most openly displayed by the
success of its quiz tcam, which won the Scottish title for the
second year running. The newly inaugurated Ness trophy was
presented by Mr. Ness of the Scottish Telecommunication
Board’s Headquarters, who sponsored, designed and con-
structed the trophy.

The quiz team went on to further successes, with victories
in the quarter finals against London and in the semi-finals
against Preston. Finally. after a very close contest, the team
cmerged as victors in the National quiz against hat-trick
seeking Oxford to gain the Bray trophy. The members of the
quiz team were R. G. Swanson (captain), A. MacKenzie,
J. Ogilvie, J. Fulton, P. Bisset and D. Ross.

R. G. Swanson

DERBY CENTRE

It is becoming increasingly difficult to find original industrial
or technical venues to keep members interested in the activities
of the Institution. This, and the fact that members are not
always able to use leave for mid-week activities, gave the
centre’s committee an arduous task in planning the pro-
gramme of events for 1979-80. Nevertheless. the committee
succeeded in planning a programme, and high attendances
proved that it was received with the enthusiasm it deserved.

During the summer, visits were arranged to the sand caves
beneath Nottingham Castle and to a fire station in Ascot. In
addition, a gliding evening at Ashbourne airfield was organ-
izcd. Despite the fact that this event was not subsidized, it
met with great enthusiasm; indeed. to the extent that another
visit had to be arranged subsequently to complete the event.

Because of its obvious success, a repeat of this gliding evening
will most certainly be organized during 1980-81; the com-
mittee also feels that a ballooning trip might well mcet with a
similar response.

However, of all the events organized for the Derby centre,
the visit to GFEC at Coventry was the most successful. As well
as the excellent hospitality they received, our 20 members
enjoyed being shown the work which the GEC is doing for
the British Post Office (BPO).

The centre’s winter programme proved to be as extensive
as that arranged for the previous summer. It began in October
with a visit to the Shuttleworth collection of veteran aircraft
and vehicles and, in November, continued with a day trip to
the Science Museum in London. In December the centre held
its annual social evening at the Kings Head, Duffield; it was
very successful, and attracted a large number of members and
their friends.

The year’s programme finished with outings to the Derby
Fvening Telegraph offices in Dccember and. in March, to
British Rail’s Technical Centre, where members were shown
the more advanced techniques in signalling, safety and
braking. and allowed to practice-drive a locomotive that had
been placed on a fixed bed.

Besides the visits and outings that were arranged, the
Derby centre has set up a library from which books about
electronics, electrical engineering and many other technical
subjects can be borrowed.

Having maintained its members’ enthusiasm and interest
during the past year, the centre’s committee is now arranging
the 1980-81 prograrnme. Among the events envisaged for the
coming session are visits to the BPO Computer Centre. to
Humberside to see the centre of communication for the cast
coast coastguards and to a Derbyshire college of agriculture
to look at the technology which is employed on many of
Britain’s farms.

K. W. JOHNSON

DUNDEE CENTRE

The 1979-80 programmie started in October with a lecture on
Promotion Boards, How They Work. which was given by
Mr. 1. Tait. Deputy Controller of Personnel, Scottish Tele-
communications Board Headquarters.

In November over 120 members from various centres
attended the Scottish Regional Lecture, given by Mr, D. Gaunt
of the BPO Research Centre, on An Introduction to Micro-
processors. The centre would like to express its thanks to Mr.
D. B. McMillan, the Scottish Region Liaison Officer, for his
help in arranging this lecture.

The year ended with a talk given by two of the centre’s
members, Mr. A. Bell, and Mr. G. Stewart, who gave the
audience an excellent insight into the workings of the new
repair service control centre at Dundee GMO.

In January there was a day visit to Walter Alexander and
Sons, coachbuilders, of Falkirk, and in March the year's
programme finished with a visit to the Scottish Horticultural
Research Institute at Invergowrie. The centre held its annual
general meeting in April.

W. T. LINDSAY

Notes and Comments

Price of the Journal

The Board of Editors regrets that, because of increases in
production costs and postal charges, it will be necessary to
increase the price of the Journal to non-members to 80p plus

206

50p postage and packaging with effect from i January 1981,
The corresponding annual subscription rates will be £5.20
tincluding postage and packaging); Canada and USA, $12.
The price to British Post Office staff will remain at 48p percopy.
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Instant
Portable Power
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Electromechanical ranges

lta e Widest stabiliser choice in Europe, and still growing! Ratings from
250VA to 1300kVA three phase, with high and low voltage options

and no less than 8 swing ranges.

New filter option
Transient voltage attenuation can be added
to a// our stabilisers.

Solid state ac
voltage stabilisers

Our latest solid state technology brings

even lower distortion and higher ® -
accuracy. Ratings from 22VA to Unln Tefrup tfble
75kVA, single or three phase, with =
new wide swing and low-cost open power supplies

OEM options.

. the Wor Id Low-cost voltage

ta Iks to compensators
3step AVC auto transformers with

Watford Control N

to 10kVA Hold output voltages to
Watford Contral Instruments Ltd

within 6% or *10% of nominal.
Riverside Rd Watford WD1 4HZ England
Telephone Watford (0923) 41313
Telex 261739

New rectifier/ charger,
battery pack and inverter
sets that keep vital ac power
supplies stabilised to
specification, even if the
mains fails! Three models,

. from 500V A to 2kVA rating.

Daylight conditions at
the press of

abutton. €70 WY
Stem-Lite 9§ s R0-235

The high intensity floodlighting obstructions to give
system needed by the emergency increased, advance :
services to provide high intensity j warning. : -
illumination, even at night, at the ® Extendable mast onnec or
scenes of fires, road accidents and rises automatically to
other major incidents. amgl 2.5 metres above the

Stem-Lite is the world’s most vehicle. ‘
advanced, high perfermance vehicle- ® Two levels of Designed specifically Features include:-
mountedfloodlightthat gives near f'oqfliglht;ng intensity  for TEP 1 (E) equipment Single Contact Rating 15A
daylightconditions at the press of a g availablel thej2000 practice. The 235 is Connector Rating 10A
button,improving the safety and watts from the i : 1 .
efficiency of emergency personnel. halogen lamps compatible in appearance antact Resistance <<5m @2
The complete system retractsintog provides near- with 1.D.C.’s and is Wire Range 0.1 to 1.5sq.mm
380mmx 450mm housnng “daylightillumination ideally suited as a low Crimp/Soider Poke Home Contacts
- “pe‘tf;’a'ad'“5°’33 cost high spec. 3 pole Polarised shells
m €S.
@ Optional power connector Double lock retention
illumination
_identification signs. For Data and Samples
Contact

H&T COVIPONENTS LTD

Crowdy’'s Hill Estate, Kembrey Street, Swindon, Wiltshire
SN2 6BN Tel: Swindon (0793) 693681-7 Telex: 444166

H & T also manufacture the following P.Q. approved connectors

‘ th‘?é,ﬁhire YO11 2YH, U.K. Telephone:0723713?1ITelex:52163‘ U' Link 324, Co-Axial Links 10C. 10D & Mounting D79552. For
i your special requirements contact H & T Special Products Division



“uiLicOuUnT ™

“DIGICOUNT” is a compact, hand held,
self powered, robust, simple to use unit for
counting LOOP DISCONNECT PULSES to
POST OFFICE LINES, where the number
dialled is displayed on a sixteen digit LED
display driven from internal CMOS
devices.

Applicationsinclude confirming outputs from:

* Pre-Programmed Diallers

* Automatic Call Makers

* Viewdata/Prestel Terminals
* Exchange Equipment

*x Domestic Telephones

% Short Code Dialling Systems
* Modems

* Delivered Complete with Test Leads and
in P.O. Approved “Texon” Case

* Price: Only £150 excl VAT P. & P.
x Local Purchase Orders Accepted

For Further Information Ptease Contact

01023X56188

area interirade himited

34 LOWNDES STREET, LONDON SW1X 3HX
TELEPHONE: 01-245 9477/9, TELEX: 914142 CLTRAD G

\.

v,

reading from left to right.

"DIGICOUNT/MFQ

"DIGICOUNT"/MF4is a hand held, battery operated tester supplied in the same
package as “DIGICOUNT" (See above).

"DIGIC@®UNT"/MF4 is uniquely designed so that the unit decodes and displays all the
16 DTFM codes as dialled, with full LED Alpha-Numeric display as illustrated below

1234561890 %+RBCD

Actual display size

“DIGICOUNT"/MF4 has selectable AUTO/NON-AUTO/MANUAL RESET. Guard times,

input sensitivity and other operating parameters will be agreed to meet customers
requirements prior to delivery.

r—\ For further information please contact:

area intertrade limited qdlL

34 LOWNDES STREET. LONDON, SW1X 3HX
TELEPHONE: 01.245 9477/9. TELEX: 914142 CLTRAD G.




SIEMENS

Compact, reliable connectors.
Approved for use on TEPIE.®

according to DIN 41612 and IEC 130-14 standards,
with VG95324 military approval, and, therefore

links upon which th ’ meet the demanding environmental requirements
sophisticatsd electronic systems depends. of military and avionic systems. These two-part

- In the continuing development and improvement of  connectors have also been approved by the major
our connector ranges, reliability, cost reduction, UK Govemment contractors.
and space saving are major considerations. Siemens Limited, Siemens Housa, Windmill Road,
Siemens connectors comply with standards Sunbury-on-Thames, Middlesex TW16 7HS.
'specific to communications, electronicsand data -~ Telephone: Sunbury (09327) 85691
processmg Two-part connectors are made Telex: 8951091

Inthe world of electromc oomponents
Snemens has the answer o

" Registered trade-mack of the Post Office
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