Engineering for the
fourth u.h.f TV channel
in the United Kingdom

Summary The shape of the plan to
provide a fourth United Kingdom
whi TV channel is outlined in this
article, and topics discussed include
timing, coverage density and the
composition of the new equipment
being provided.

The transmitters w0 be  used
introduce a new type of klystron
which results in savings both in
equipment cost and building space
required, Cost benefits also arisc
from extensive standardization of
equipment layout, A new super-
Visory includes  micro-
processors and software-based 1ech-
migues.
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A stringent  vestigial sideband
specification has been laid down for
Channel 21, used here for the first
time in the UK, and the aricle
describes how this has been met by
the use of Rotamode filters

Many  additional  channel-
combiners  are  required  and
Rotamode filters are 1o be supplied
tor this requirement also.

Emphasis has been placed on
stability of performance in the
design, and the importance of
environmental conditions in achiev-
ing this has received special auen-
tion.
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Introduction

At the Stockholm Conference of Euro-
pean Broadeasters in 1961 the United
Kingdom was allocated groups of four
wh.t channels [or wse at
transmitter locations in order 1w pro-
vide national coverage for four prog-
ramme services, Filty-one medium and
high power main siations {20- ] 000EW
e.r.pl, plus several hundred relay sia-
tions are required to provide this
COVEragic.

Prior 1o 1964 when the second Brit-
ish Broadeasting Corparation channel
(BBC2) opened as a 623-line colour
service on whi, both BBCI and the
Independent  Television programme
(I'TV1) were broadeast in black and
white on 405 lines only. To enable this
absolescent standard to be phased out,
duplicated 625 line BRBCI and [TV
services in colour were opencd on w.h.f
in the lave 1960s. These three whf
programmes are now available w
approximately 98% of the population.

Both broadcasters arc  presently
involved in extending this coverage o
as much of the rest of the community as
practicable by the insiallation of a
further 200-300 small relay stations.
U'se of the fourth, unallocated, o h.f
channel remained uncertain
Spring 1979 when the Independent
Broadeasting Authority was author-
ized to install the necessary transmis-
sion facilities. This article desenbes
some of the planning and engincering
aspects of this major project.

OO
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Planning

Lt is estimated that two to three vears
will be required o set up the pro-
gramming arrangements and admin-
istration for the new channel, and to
provide the necessary programme dis-
tribution circuits throughout the coun-
try. Unlike the present ITVI service,
distribution for the new channel is
envisaged as being via a fixed network
emanating From a studio centre in
London with separatc contribution
circuits, some of which may be shared
with I'TV L This network is expected
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Fig. 1. Dastrobuiion network and coniribution corcuits for the fourth channef

to he as shown in figure | and the
majority of circuits are planned to be in
aperation by mid-1 982

Construction of the transmitter net-
work has been planned on the assump-
ricm that the first group of statiens will
vpen simultancously. The target s 1o
provide at least 70% coverage of cach
ol the existing VTV regions throughout
England, Scotland and Northern Lre-
land, but with 90% coverage in Wales,
This requires a total of 31 main sta-
tioms and 81 relay stations to be ready
for service in Movember 1982,

The most important factors consi-
dered have been:
a} the engmeering resources availahle;
by the capacity ol manulacturers o
supply, install and commission trans-
mitters;
¢} the desirability of standardization of
equipment types within geographical
maintcnance arcas wherever practic-
ahle;
d) the interdependence of certain sta-
tions where the programme [eed 15 w0
he provided by off-air recepiion;
e) the need o delay and phase-in the

construction of those stations operat-
mg on Channel 21, at the lower edge of
Band IV, to permit maximum time for
the design, development and manufae-
tare of the special filters and group
delay correctors required;
I the involvement of the BBC, who are
responsible for  providing  buildings
and other common Gacilities at 50% of
the sites which they own under the
terms ol the existing  site-sharing
agreement between the two broadeast-
ing authorities;
g} the necd to minimize the number of
couipment types and power levels,
The plan finally evolved required
the mstallation of transmiters w star
in March 191 and w continue ata rate
ol two per month, Thus, by Seprember
1982, 31 main stations should be com-
pleted. There is then a three-month
period allowed for contingencies and
commissioning and testing of the com-
plete stations via the programme dis-
iribution circuits which should then be
available, Transmitter
start again in December 1982 ata rate
of 12 main stations and 35 major relay

installations

stalions per year, [t 15 expected that,
towards the end of the decade, the
fourth channel coverage will approach
that of the three existing services.
This construction
clearly & major undertaking, and two
major UK transmitter manufacturers

progranmyime is

wiere awarded contracts 1o Ootober
1979 Onc of these was Marcon
Communication Systems Limated.

Inastallations by the two manufac-
turers have been carefully interleaved
throwghout  the construction  prog-
ramme. In certain geographic areas,
such as Northern lreland and the
north-cast of Scotland, groups of sta-
tions will be equipped with transmit-
ters from a single manulacturer, In ths
wity, optimum wse can be made of the
manufacturer’s resources and of the
Authority’s stafl who will be over-
secing and participating in installation
work and subsequently maintaining
the equipment in service.

Main station design
philosophy

All the original sites were initially
designed  and  developed  lor
channel operation with primary power
capability (ar cither [1kY or 415V
three=phase) sullicient for four ser-

lesnar-

vices, Inoall but three cases, the exist-
ing antenna systems were designed 1o
accept  the fourth channel. the
magority of cases, building cxtensions
are necessary o accommodate the new
althomgh — this  was
allowed for in the original bBuilding
design,

I[I

LEAMSITI e rs,

Figure 2 15 a simplificd schematic
diagram of a typical four-channel main
station. The new equipment comprises
transmitters, combining units, prog-
raimime input egupment and a onew
supervisory system. As with the exist-
ing ITVI network, the new transmit-
ters will be unattended and fully awto-
matic in operation. Also, at cach sta-
tion, microprocessors and  soliware-
based wechnigques are being introduced
o the supervisory system.,

The existing 1TV network uses
only twio transmittey configurations,
Parallel transmitters are used a2t the
maore important stations and passive
reserve systems are cmployed at Jess
important stations, [n the laer case, a
three-klystron arrangement is used, i.c
a normal vision and sound transmier
with a common visionfsound klystron
amplifier as reserve, The disadvantage
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of this arrangement has heen  the
five-minuie warme-up time required for
the reserve  klvstron,  although  the
reliability of the transmitters has been
such that loss of programme from this
cause has been minimal. For the Fourth
channel, it has heen decided w0 con-
tinue with these same lwo transmitter
comfigurations but to employ a new
type of klysiron which docs not require
A witrm-up period,

Considerable  emphasis has  been
placed on mimmizing building cosrs
and achieving the highest possible
degree of standardization of equip-
ment layout. It has also been possible
o reduce drastically the floor arcas
required by adoption of the new klys-
tron which is physically much smaller
than earlier types,

Technical aspects
Choice of klystron

For the ITVI network, integral five-
cavity klystrons were used at stations
equipped  with  25kW  and  #0kW
transmitters in parallel. The higlwr
gain of these devices was essential

because of the low power output
(1-2W1 available from  solid-state
drives in the late 1960s. Conventional,
external four-cavity klystrons with a
power capability of [10-11kW peak
sync were used at lower-power main
stations. The technical performance
and Upt:mliug lifetimes of both these
types of klystron have proved wvery
satisfactory, and clearly it would have
bheen advantageous for the [BA o
cquip the new fourth channel network
with these well-established devices,
adequate spares holdings of which
already  exist. However, alternative
designs of transmitters basoed on a new
range of Valvo external cavity klys-
! were also offered, and, afier
careful economic and technical evalua-
tion, the later were selected for the
following main reasons:

a) lower capital and operating costs
resulting in an overall lower "cost of
ownership’;

b smaller size which permits compact
and highly standardized transmitter
layouis;

o) only two types of klystron with stan-
dardized accessories are required for
the complete transmitter network;

Lrons

o) air cooling of the body and magner
assembly eliminates water pumps;

e} elimination of the reserve kiystron
warm-up time by use of the *hlack heat”
technique. A reduced heater voltage of
4-5V permits simultaneous applica-
tiom of the beam voltage and full heater
voltage of 5+ 3V when required for ser-
vice, Black heat operation does not
allect the “running hours” warranty;
{1 the power capahility of 15kW peak
syne, lor the smaller klystron, is more
convenient LO=11kW for the
range of power outputs required,

The London main station, Crysial
Palace, alone requires parallel 40kW
transmitters, and the cxsting tvpe of
integral  five-cavity  klystron  (EMI
Varian VAS5S0HA] will be used there.

than

Channel 21

In the LUnited kKingdom, the Horme
Office has laid down a stringent
specilication lor radiation on the lower
vestigial sideband of Channel 21, This
is ty minimize possible interference
fixed and mobile radio services operat-
ing in the portion ol the spectrum
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immediately below Channel 21, ie
465468 M He,

The klysiron is a far-from-perfect
linear amplifier and generates non-
linear products when operated close
its saturated output capability, as is
necessary [or high efficiency. Meas-
urements have shown a maximum
level of regenerated signals on the
lower sideband of —38dB below peak
syne, These add to the normal system |
v.s.b levels as shown in figure 3. Addi-
tional attenuation must be p:'-:«vid.m:‘: by
special filters in the output of cach
transmitter and it can be seen that the
requirernent is for —64dB at a fre-
guency of 3+ T3MHz below vision car-
ricr. With a maximuim passband loss of
0-53dB, a very rapid transition from
‘pass’ o ‘stop’ is necessary, and this
introduces considerable group delay
vartations at low frequencies. Experi-
ments and computer predictions show
that these can be satisfactorly cor-
rected within the if drive. An overall
group performance  within
+30ns is therehy achieved.

A contract was awarded o Marconi
Communication Sysicms Limited [or
the supply of nine-section Rotamod®#
filter nevworks and the appropriate i
group delay correctors w meet these
stringent  requirements.  The proto-
types of these have already been built
and shown e meet the specilication al
low poswer.

delay

Channel combining
equipment

Rotamode filters are also being sup-
plied as part of the channel combining
equipment. As may be seen from figure
2 additional combining equipment is
required to enable the fourth channel

transmiissions to be radiated from the
existing antenna systems, In the case of
a four-channel antenna, two additional
two-channel combiners are required,
and the Rotamode solution is cheaper
and more compact than the classical
Lorenz ring arrangemdent.
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Transmitter and station

controllers

Az already  mentioned,
processor-based transmitter and sta-
tion controllers? are to be used at cach
main station. The general arrange-
ment is shown in figure 4. The trans-
miteer controllers are being supplied as
part of the transmitter contracts and
will be programmable w deal with
either paralle]l or passive reserve sys-
tems. The interface to the station con-
troller is by means of optical fibres and
ASCIL code. By means of a highflow-
spred data switch the ransmitter svs-
tem can be constructed and tested
independently, using a standard tele-
typewriter or v.d.u.

Sub-svstems supervised by the sia-
tion controller alse include: automatic
performance measurements on the
mterval test signal (I'T5); programme
input switching, telemetery; diversity
switching (where installed}; data log-
ging [as required ),

The use of programmable transmir-
ofters a

micra-

ter and station controllers
numhber of advantages, It provides a
readily definable interlace between the
transmitter systems being supplied by
the manufacturers and the station
supervisory system designed by the
IBA; it also effects cost savings. The
arrangement is much more flexible
than the present hard-wired systems.
Future equipment or system changes,
such as provision of local programme
‘ppr-outs’, will be simplified.

Stability of performance

The TBA, i common with other
broadcasters operating large networks
of unattended transmitting stations, 1s
constantly striving o achieve the high-
¢5t possible stabality of performance,
The of  automatic
equipment, with preset alarm limits
which are signalled back o the Reg-
ional Operations Centres,® has added
cmphasts to the need for a very high
degree of stability in order e avoid
unnecessary alarms, especially in tan-
dem chains of stations, Accordingly,
the specification for fourth channel
transimiters reguires that they remain
within “acceptance limits' for a period
af three months, without adjustment.

TEIS rmoniloring

Lxperience has shown that one con-
tributory factor to performance stabil-
'lE:r' ig that of the environmental condi-
tions in which the equipment aperates,

The designs and  specifications  of
fourth channel equipment and build-
ing layouts take account of earlier
problems. The transmitter cooling sys-
tems incorporate motorized louvres
and sensing thermostats o anlize
transmitter waste heat during winter
perieds and provide increased ventila-
tiom in summer, The specification
reguires that, with an external ambient
temperature  range of 0-18%C, the
ambient temperature range within the
rransmitier hall and plant room shall
he limited to [8-24%. Above 18°C {i.e
in summer conditions) the tempera-
ture rise m the transmitter hall and
plant room shall be limited to 6%C
above the outside ambicnt tempera-
Lire,

Other factors

Fire protection

Alter detailed consideration, it has
been concluded that complex fire pro-
tection iiTrHI’.IE'(‘I]'lf‘n‘l:‘. arc not M'DI"[I'I.-
while, because they are ualikely w give
sulliciently carly warning at an unat-
tended ransmitting station and may
impair station reliability because of
false alarms.

Howewver, heat sensing cable, which
is used to initiate transmitter shut-
down at 68°C, has been incorporated
in existing transmitters and is specified
for the new fourth channel wansmit-
ters, Experience to date has indicated
that this simple arrangement is highly
veliable and one case of over-heating
has already been detected by this
Tk [hs.

Safety Considerations

Substantal revisions have been made
to many IBA specifications with the
olyect of :slrl'ss'mg the salety aspects
and, i particular, the transmitter
spm"tliraliut] has been brought mto line
with the latest Imternational Elec-
trotechnical Commission (IEC) Stan-
dard as defined in Publication 215,
1978 edinion.

Teletext performance

The new transmitters must, of course,
be capahle of radiating teletext signals
with  minimum  degradation. The
specification is defined in terms of
eve-height” and requires that, with an
input data signal having an eve-height
of 95% or better, the eye-height on the
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demodulated ourpit signal shall be not
less than B2%. Experience with exist-
ing transmitters has shown that degra-
dation of teletexe eye-height is primar-
“.'!." dll{" Lk i.]'l-ﬂ.l:lt“{lLI.El.E:]l.L'El Uf lh!‘ RT(JUP
delay corrections,

Conclusions

This article has highlighted various
aspects of the enginecring of new
transmission facilities for the fburth
channel in the United Kingdom. With
the construction of 31 main stations
and 80 relay stations in three vears, the
project represents an extremely heavy
workload for the Engincering Division
of the IBA and is probably ene of the
most ambiatious broadeast transmitter
construction Programmes cver
attempeed. Planning for a co-ordinated
opening of all stations simultancously,
rather than sequentially, affords an
added degree of [reedom and fexihil-
ity. This enables optimum use of the
resouroes ol the two main United
Kingdom transmitter manulacturers,
as well as those of the IBA. A number
of wechnical challenges, such as the
problems of operating on Channel 21
and the intreduction of microproces-
sors lor transmitter and station con-
tral, must also be met within this very
strict timescale,
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