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A ter 20 years service the existing British Telecom speaking clocks are to be reglaced. The new
c ocks usemicroprocessor control anda digital speech recording. This article descri esthe operation
of the new clocks and briefly outlines the national distribution arrangments for the service.

INTRODUCTION
The original speaking clock service, known asTIM, started
in 1936 with the installation of a pair of clocks at Holborn,
in London. The service was then extended in 1942 with the
installation of a second pair of clocks at Liverpool, and a
secure distribution to the whole country was set up byusing
a duplicated ring circuit. It was considered uneconomical to
retain the original clocks beyond 1963 and a replacement
was therefore designed and installed*. These clocks are still
providing British Telecom’s (BT’s) Speaking Clock Service,
recently renamed Timeline, which is distributed nationally
from London and Liverpool.
The existing clocks consist of an electric motor driving a

magnetic drum, which holds phrases and tone recordings,
and a precision set of gears and earns that position playing
heads to select the appropriate phrases. The mechanical
nature of this equipment means that regular maintenance
is required and an extensive overhaul would benecessary in
1984. With the advent of the microprocessor and
relatively-cheap storage for speech samples, a digital equiv‑
alent to the existing clock is now a viable alternative. It is
therefore more economic to replace the existing clocks with
amodern-technology system rather than to proceedwith the
costly overhaul. As no suitable electronic clocks were avail‑
able, a design based upon the established automatic call
recording equipment (ACRE) microprocessor system has
been developed by BT. The new clock is a low-cost
physically-compactequipment (seeFig. l) with ahighdegree
of flexibility, including the ability to cater for different
languages, which not only satisfies BT’s requirements, but
also gives excellent potential for use outside the UK.

BASIC DESCRIPTION
The new clocks retain the format of the existing equipment
with a time announcement every 103, specifying hours,
minutes and seconds, followed by three 100ms bursts of
1kHz tone at 1s intervals.The exact time is denoted by the
beginning of the third pulse.
Each clock is microprocessor controlled and has its own

high-accuracy temperature-controlled crystal oscillator for
time keeping, but to ensure a higher level of precision, it can
becompared and corrected to a remote referencesource (see
Fig. 2). This could be a radio time standard astransmitted
from the Rugby radio station, but for greater security BT
will continue to use a signal derived from the National
Physical Laboratory’s atomic resonance standard fed via a
land line from Rugby. At 09.55 hours each day the clock
compares itself to the standard and applies correcting factors

TLocal Exchange Services, British Telecom Inland
* WALKER, R.R. The New Post Office Speaking Clocks. Post

Ofl. Electr. Eng. J., Apr. 1963, 56, p l .
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(a) The new speaking clock.

(12) Comparison of the existing and the new speaking clocks
FIG. l iEx is t ing speaking clock and its digital replacement
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for both time deviation and oscillator drift. The accuracy of
the clock is expected to be within 1 5msper day.
The speech and tone are encoded by using pulse-code

modulation (PCM) techniques and then stored digitally in
electrically-programmable read-only memory (EPROM).
Provision is made for high-quality analogue and PCM out‑
puts, the speechquality beingsuperior to existingsynthesised
systems. Although the clocks can operate independently in
the BT network, they are operated in pairs to give a very
high degree of security. Pairs of clocks are being installed
at both London and Liverpool to replace the existing equip‑
ment. Each clock in a pair monitors the other and retains
information to restart it without impairing its accuracy.
Normally, one clock in a pair provides the output for dis‑
tribution, but change-over is efi'ected automatically under
fault conditions, or manually for maintenancepurposes. The
use of solid-state technology means that unlike the existing
mechanical clocks, the new speaking clocks require no rou‑
tine maintenance. If however, maintenance is required asa
result of a fault, diagnosis is simplified by the provision of
a visual alarm and a display identifying the type of fault.
To enhance its flexibility, the clock can be run from a

single +5 V supply, and space is provided for mounting a
suitable commercial power unit which may have any desir‑
able AC or DC input.

NATIONAL DISTRIBUTION
As the Timeline service is extensively used and is considered
to be a national reference, every effort is taken not only to
ensure its accuracy but also to ensure its availability.‘The
new clocks will use the existing secure distribution system
(see Fig. 3), which consists of 2 rings: one supplied from the
clocks in Kelvin House, London and the other supplied from
the clocks in Lancaster House, Liverpool. Each ring termi‑
nates at 15distribution centres which, in turn, supply appro‑
priate exchanges via local rings or spurs. Under normal
circumstances the distribution centres in theNorthof Britain
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FIG. 3‐Speaking clock distribution
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use the Liverpool source and those in the South the London
source.
The network is secured in 2 ways, the first being the

automatic switching from one ring to the other at the
distribution centres should reception on the primary link
fail. The second option is a manual connection of both rings
to one clock installation should the other installation fail.
Plans are in hand for an additional clock installation to be
provided asa back-up facility should either the London or
Liverpool clocks need to be withdrawn from service for a
period of time.

HARDWARE
Each clock is approximately 480 mm wide, 420 mm deep,
by 220 mm high and comprises a shelf containing printed‑
wiring boards (PWBs) and a plug-in power unit (see Fig.
4). The plug-in power unit incorporates acontrol panel fitted
with a hexadecimal keypad, control switches, an indicator
display and a 6‐digit display, which normally shows hours,
minutes and seconds. The compleme it of PWBs is normally
composed of 4 memory boards, each containing 64 Kbyteof
EPROM, one processor board and one codec board. A
further board can be provided with a PCM output for the
digital network, and a radio-receiver board may befitted if
comparison with a radio time source is required.
At the rear of the rack, provision is made for external

connections. These include sockets for 2 data links (one for
future expansion and one for inter-clock communication),
analogueoutput,PCMoutput andwrapping pins for external
connection of power and alarms.

Processor Board
The processor board, known asthe CP85 unit,was originally
developed for the ACRE system and uses an 8085 micro‑
processor. In this application it has been slightly modified
to permit off‐board control of two interrupts plus control of
one interrupt by an on-board timer-counter. This counter is
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FIG. 4‐Physical layout of the clock

193



under control of the high-stability temperature-controlled ’
crystal oscillator and is used by the processor to generate
the basic time unit. The timer is repeatedly initialised and
decremented to zero producing an interrupt to the processor
every 1 ms. The board has capacity for up to 2 Kbyte of
random-access memory (RAM) and up to 12Kbyte of
EPROM,which are used by the clock operating system. An
8-bit port is used to control an extended address bus for
bank switching of the speech memory.

Codec Board
The codec board contains circuit elements to fulfil the
following functions:
(a) clock timing signals from the temperature-controlled

6- 144MHz crystal oscillator,
(b) digital-to-analogue speech conversion,
(c) audio amplification,
(d) audio output switching for change-over between

clocks,
(e) prompt and deferred alarms,
(f) detection of the reference timing signals received via

a landline, and
(g) bus timing signals required by the processor.
Fig. 5 illustrates how the speech output is generated. The

processor fetches the selected bytes of stored PCM data
from memory and puts them in a first-in‐first-out (FIFO)
memory device. A serial data stream is then output from
the FIFO using a 64 kHz clock. When working in an ana‑
logue environment, this clock is derived internally, but if a
digital output is required, a synchronised clock is obtained
from the PCM interface board. This data stream is then fed
into a standard A-law PCM codec, to give an analogue
signal which is filtered and amplified for output. The result‑
ing signal is then monitored for alarm and change-over
purposes. To reduce demands made on the processor fOr the
time-consuming transfer of digitised speech to the FIFO, a
circuit is used to generate the PCM code for silence, and
this is ENABLED when the FIFO is empty.

Memory Boards
The memory board used is a standard ACRE memory unit
designed to take both EPROM and RAM, but in this
application it is only equipped with 64 Kbyte of EPROM,
which is used to hold the digitised speech. Up to 7 memory
boards can beprovidedand these are selected byanextended
address bus generated on the processor board.
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Power/Display Unit
The clock operates from a +5 V supply and this is derived
from astandard ‐ 4 8 V input from any suitable commercial
power pack. Space is provided for mounting this power pack
on an aluminium panel forming the right-hand side of the
unit, thus giving flexibility and eliminating dependence on
a single design. Internal ‐ 1 2 V and +12V supplies are
derived from the +5 V supply by using a resin-encapsulated
circuit, and a low current ‐5 V supply is derived directly
from the ‐12 V supplyby using a regulator. Circuitry for
the +12 V, .‐12V and ‐5 V supplies is mounted on asingle
PWB together with interface circuitry, and a second PWB
is provided for an audio monitor amplifier. Al l voltage
supplies are monitored and failure of any one will cause an
alarm and change-over to the other clock in a pair. A
separate external ‐48 V isused to power the alarmcircuitry,
but this can be switched to the internal +5 V if required,
although this does affect the overall security of alarms.
A third PWB is located behind the control panel for the

display and keyboard components. The 6-digit display on
the front panel is normally used to show time, but it can also
be used under control of the keypad to display other items
of information necessary for management of the clock. The
remaining items on the control panel are 2 switches (one for
power and the other for the audio monitor output), and 7
light-emitting diodes indicating the following functions:
(a) power on,
(b) power alarm,
(13) one second pulse from the reference time source,
(d) in service,
(e) prompt alarm,
(f) deferred alarm, and
(g) alarm receiving attention.

PCM Board
A PCM output is required from the clock for distribution
on the digital network. Space has therefore been provided
in the rack for a PWB containing a suitable interfacewhich
will conform to the CCITTT standards for 30‐channel PCM.
The design of this PCM board has been left until the later
stages of the development in order to take advantage of new
large-scale integratedcircuits which are becoming available.

Radio Board
Provisionhas beenmade on each clock for aPWB onwhich
is mounted a commercial radio receiver. This can be used,
in conjunction with an active aerial, to provide a reference
l-second pulse derived from one of the international radio
standard time transmissions. The British radiotime standard
is transmitted from Rugby, but because this does not olTer
the same security as the existing land line transmissions, it
is intended to use the established reference source for the
BT installations.

AUTOMATIC CHANGE‐OVER
Change-over from one clock to another is effected either
under manual control from the keypad or automatically
under fault conditions. Manual change-over is controlled by
software and automatic change‐over is either hardware or
software controlled. Automatic change-over will occur for
the following reasons:
(a) power failure,
(b) unit removed,
(c) fault conditions detected by software, and
(d) audio output failure.

1‘CCITT‐International Telegraph and Telephone Consultative
Committee
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FIG. 6‐Change-over circuitry

On failure of one clock it is important that the 2 analogue
outputs are not connected together otherwise speech distor‑
tion may occur. This is prevented by connecting each clock‑
output relay in a bistable circuit sothat only one clock ouput
can be distributed at any one time (see Fig. 6). Under
normal conditions gate G2A has all ones on its inputs and
thus relay RLA is operated, connecting the clock A audio
output to line. The opto-couplers OPlA, OP2A and OP3A
hold transistor TRIA ON, which in turn holds gate 623
output HIGH. Thus relay RLB can be operated only when
allowed to by the A system. Either under software control
or an audio output failure, gate G2A output will go HIGH
and release relay RLA. Transistor TR lA is turned OFF via
opto-coupler OP3A and all the inputs to gate GZB become
HIGH resulting in an output to operate relay RLB, which
connects the B audio output to line. The resulting condition
on connector CON OB ensures relay RLA cannot re‑
operate. If clock A is in service and either the power fails
or a unit is removed, then transistor T R l A is switched OFF
from either opto-coupler OPlA or OPlB and change-over is
effected in a similar manner, but the condition on connector '
CON OB is used to ensure relay RLA is released. Change‑
over from system B to A follows the equivalent procedure.

SOFTWARE
The software is organised in 6 parts (see Fig. 7) comprising
3interrupt routines:RST5.5,RST6.5,RST7.5;andaround‑
robin control routine to select the running order of 2 pro‑
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cesses known asPI and P2. RST5.5 is an interrupt routine
which is activated every 10s to compare time between the
clocks in a pair. RST6.5 is a routine run once a day to
compare the internal time with the reference source, and
RST7.5 is a routine activated every millisecond to provide
the basic timing element. Process P1 selects the appropriate
speech phrases to be transmitted and transfers the PCM
encoded speech from memory to the FIFO for output.
Process P2 deals with information input from the keyboard
and output to the displays.

RST5.5
The RST5.5 interrupt is used at 105intervals to cross check
the relative drift between clock shelves, and if this has
become excessive an alarm is given. Normally the interrupt
is enabled 1s before a 10-second boundary until the same
interrupt is received from the other clock; on receipt, the
difference from a lO-second boundary is calculated. During
the start-up of a clock shelf, RST5.5 is ineffective until the
time and date have been received either from the other shelf
or via akeyboard entry; then, when the interrupt next occurs,
the clock is allowed to run.

RST6.5
The RST6.5 interrupt is used for the daily update from the
primary reference standard between 09.55 hours to 10.00
hours each day, and also during the initialisation of a clock.
The difference between the l-second pulses received from
the reference and the time in the clock shelf is calculated in
0- 1msunits, and compensation made for any known signal
distribution delays. Three such differences are calculated
for successive pulses, checked for consistency, averaged and
used to adjust the clock to the correct time. For regular
updates this difference is divided by the number of days
since the last update, added into the previous value of drift
and used in the calculation of the automatic clock correction.
Thevalue of difference forms part of the data passedbetween
clock shelves every 10s so that if one shelf loses power its
drift information is not lost. After reception of 3 consistent
pulses this interrupt is masked until the next update.

RST7.5
The RST7.5 interrupt is derived from the 6- 144 MHz tem‑
perature-controlled crystal and is used to generate the basic
timing unit. A timer chip on the processor board is pro‑
grammed as a rate generator to divide by 1536, and results
in an interrupt to the processor every millisecond. This basic
timing interval is then counted in registers to provide both
time and date. At the l-second, 4-second, 10-second, 1‑
minuteand 1-day boundaries, flags are set to enable routines
within processes P1 and P2 to be executed, process P2 using
the 1-second flag and the remaining flags being used by
process P1. Output of the 100 ms 1kHz tone bursts is also
controlled by this interrupt, and care has been taken to keep
the amount of processing to a minimum in order to minimise
jitter caused by variations in processing delays.
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Special conditions apply for the start-up of a clock when
flags cause process P1 to reset the seconds count to zero after
it reaches 3 seconds. This is necessary because time-outs are
required up to 3 seconds, but the system must otherwise
remain frozen, awaiting a trigger from the keyboard or the
other shelf on RST5.5 or RST6.6.

Various other functions may also be performed under
RST7.5; for example, the division factor for the 1ms rate
generator may be changed to add or subtract steps for
correcting any time inaccuracies.

Round Robin
This is a very simple control routine called as a procedure
by processes P1 and P2. It is the responsibility of each
process to call round robin and allow the other processes to
run.N0 provision is made for passingmessages or suspending
processes in this simple application, and round robin is fully
interruptable.

Data controlling selection of each process is stored in a
memory block consisting of 3 words, NEXT, STACK and
ENTRY. NEXT holds the address of the ENTRY word of
the block for the next process to run. STACK holds the
stack pointer of the terminated process and ENTRY holds
the address of the process initialisation routine, which isonly
used on start-up.

When a process is terminated, the stack pointer is saved
in STACK and the address for the next block is given in
NEXT. When a new process is run, ENTRY is interrogated
to see if the process had been run before; if it has, a return
is made to the address at the top of the stack. If it has not
run before, the ENTRY word iscleared and the initialisation
routine is executed.

Process P1
ProcessP1is responsible for topping-up the FIFO with bytes
of PCM encoded speech from memory; it also contains
routines performed when appropriate boundary flags are set.

Flags are set on start-up and on the 4-secbnd, lO-second,
l-minute and l-day time boundaries. The 4-second routine
is used to apply 0-1 ms time corrections, if required. The
minute routine is used to apply hour and second corrections
for changes between normal and summer time, and leap
second adjustments; both are executed at a time set from
the keypad. The day routineclears accumulated error counts
used for alarm purposes. The 10-second routine is the most
complex and controls the transmission and reception of data
between clock pairs and the selection of the appropriate
speech phrases. Data transmitted between clocks includes
the time, date, crystal-drift information and an indication
of whether an update has been entered. After reception of
the data, a test is made to see if this data agrees with the
data already held in the clock. If it is outside set limits,
either a manual correction has been applied to one clock, in
which case the other clock will beautomatically updated,or
an alarm is given. Selection of the appropriate text for the
next announcement is determined from the time in conjunc‑
tion with control tables and phrase tables. The control table
defines the structure of the output, for example, phrase,
pause, hours, minutes, seconds, while the phrase tables
specify the start address and the length in bytes of the
appropriate text in memory.

A separate routine is used to transfer data to the FIFO.
A test is made to check if the FIFO is full; if it is not, then
a byte is transferred to it. The phrase start address is then
incremented and the number of bytes in the phrase to be
transmitted decremented.The extendedaddress busarrange‑
ment results in speech memory being divided into 4 Kbyte
blocks and 64 Kbyte pages, so after each byte is ouput a
check is made to see if the next byte location crosses a
4 Kbyte or a 64 Kbyte boundary so that switching can be
executed, if appropriate. The process is repeated until either
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the FIFO is full or the last byte in the phrase is reached;
then processing of other tasks continues. The FIFO needs
a byte of information every 125 us in ‘order to keep up with
.the output speed, but because the processor has many other
tasks, the data is input at a much faster rate.

Process P2
Process P2 deals with inputs from the keypad and controls
the display of information. Inputs are subject to a validity
check before being accepted; for example, a date of 29
February would not be accepted outside a leap year. The
main facilities available from the keypad are:

(a) input time,
(b) display time,
(c) input data,
(d) display date (year, month, day),
(e) display fault number,
(f) alarm receiving attention,
(g) clear alarm,
(h) change-over to other shelf,
( i) display propagation delay for standard time reference

signal,
(1') amend propagation delay for standard time reference

signal,
(k) display clock drift,
(1) amend clock drift, and
(m) miscellaneous test facilities.
The 6-digit display mormally shows the time in hours,

minutes and seconds; other information is displayed under
control of the keypad. Use is made of the l-second flag set
in the RST7.5 routine to flash 3 display character as a
prompt asking for data to be input (see Fig. 8).

DIGITISED SPEECH
Copies taken from the original voice recordings for the
existing Mark 3 Speaking Clock were used as the analogue
speech source for digitisation. Digitised copies were made
and edited using techniques developed for the SystemX
voice guidance announcements. The analogue recording was
passed through a codec to convert it to digital (PCM) form,
and the output stored in a microcomputer system. Speech
editing was then elfected by trimming unwanted periods
from the beginning and end of each speech element while
listening to the reconstituted speech and analysing a graph‑
ical speech representation produced by the editor. This
process enabled the speech memory requirement to beshrunk
to 256 Kbyte of EPROM by forming numbers in the range
21‐59 from 2 concatenated speech elements; for example,
twenty followed byfivegives twenty‐five. Onebyteof memory
represents 125 us of analogue sound,sothe complete 12-hour

FIG. 8‐Information being entered manually via the keypad
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announcement cycle for the clock had been contained within
a digital recording representing approximately 33s of
speech. _

Compacting speech into a small digital recording is, how‑
ever, very time consuming, and asmemory costs are decreas‑
ing it has become more economical to use more memory and
minimise speech editing. A high-capacity memory board
containing 0-5 Mbyte of EPROM has therefore been devel‑
oped for future use.

ACCURACY
The datum point of the existing clock is at the beginning of
the third tone burst and is guaranteed‘to within i 50 ms of
the atomic clock at the National Physical Laboratory. In
practice, however, the accuracy is considerably better and
it is expected that the new clock will be at least as accurate
as the existing one, which is normally within i5 ms.

Accuracy of the new clock is dependent primarily upon
the high-stability crystal oscillator, which controls the timing
process. Its accuracy is dependent upon 3features: the initial
setting, drift with age, and temperature stabilty (see Table
l ) .

The most significant factor affecting clock accuracy is the
variation due to temperature in oscillator stability. This is,
however, most prevalent at the ends of its specified temper‑
ature range and as temperatures are generally restricted to
normal room conditions, the stability should be far higher
than the figure given in Table 1.

TABLE 1
Crystal Oscillator Specification

Parameter Accuracy

:1 in 107 ( ‐10°C to+60°C)
11 0 i n 106
:2 in 106 per annum

Temperature stability
Initial accuracy
Aging

To minimise the effect of oscillator inaccuracies, the clock
compares itself to a reference source once a day and then
applies a correcting factor of 1 0 - 1ms every 4 5 until the
correct time has been achieved. In addition to this, the mean
historical deviation from the standard is used to predict drift
in the next 24 hours and this correction is applied in 0- lms
steps at regular intervals throughout the day. The drift
compensation is, in effect, a fine tuning of the oscillator
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applied every day according to its historical behaviour.
Additional factors affecting the accuracy are processing

delays in outputting the tone, which have been minimised,
and the resolution of reference signal propagation delays. In
theory, the clock could drift by 11 5 ms 3 day, but its
operational accuracy is likely to besignificantly better than
this.

ALARMS
Four different alarm outputs are provided on the back of
each clock; these are unit removed, power failure, prompt
and deferred.

The unit‘ removed and power failure alarms are hardware
functions only, independent of the internal power supplies,
and indicate if any PWB has been removed or any internal
power supply has failed respectively. Power for these is
derived from an independent external ‐4 8 V'source, but the
internal + 5 V could be used with a slight reduction in
security. Prompt and deferred alarms, except output-speech
failure, are initiated in software; the nature of the alarm
beingshown by the display of a fault number. Prompt alarms
are defined as failures requiring immediate attention; for
example, the time difference between clocks is too great.
Deferred alarms are defined asconditions that do not affect
service, for example, dates are difierent between clocks.

Any alarm condition indicating a service-af’fecting fault
will result in the clock output being disconnected and an
attempt being made to switch the other clock into service.
If a deferred alarm is given and the second clock fails to
respond because it has its own alarm condition, then the
alarm will be changed to a prompt alarm.

CONCLUSION
Development of a new speaking clock has led to production
of low-cost equipment of high accuracy and reliability which
does not require any regular maintenance. The first pair of
production clocks have been installed in Kelvin House,
London, and are now undergoing final testing before taking
over the Timeline service. The announcement will be the
same as that of the existing clocks, but it can be readily
changed asdemonstrated by the clocks speaking in English,
French and Swedish in the British Pavilion at the Telecom
83 Exhibition in Geneva.
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