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BBC Engineering: Final Edition

Foreword

I am sorry to have to say that this edition of BBC Engineering must be the last to
be published for some time. Financial constraints have forced the BBC to cut back
on many things which, although desirable and worthwhile, are not immediately
essential in our prime business of making Radio and Television programmes.

I have certainly regarded BBC Engineering as a worthwhile effort and so, I
believe, has its readership. We must look forward to the time when current austerity
can be eased and some of our curtailed activities restored. In the meantime, [ should
like to thank our regular subscribers for their past support and, of course, the
contributors and editors who made BBC Engineering worth supporting.
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Director of Engineering
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Summary: After giving details of the 1977 ITU Plan for direct broadcasting by satellite as it affects European
countries, this article descnbes some of the technical requirements of satellites and receiving systems.
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1 Introduction

We are in the decade of a new method of transmitting
broadcast programmes — television and sound - into the
home. The transmitter is placed in an orbit above the
equator at a height of 36,000 km so that it moves round at
the same rate as the Earth spins on its axis and thus remains

at a fixed point in the sky. Doubts on the one hand and
over-optimism on the other hand existed in the early
seventies, Now, however, three points seem to be estab-
lished: experiments have proved it works as expected; costs
can be assessed and appear acceptable and, finally, it is
increasingly appreciated that (whatever other methods of
distribution, such as optical-fibre cable, may become avail-
able in the nineties or beyond) it is a method of distribution
that comes closer to the ideal concept of broadcasting than
any other method. There is surely an elegant simplicity in a
transmitter of about 100 watts being able to provide a
television programme to any home within a moderately-
sized country provided there is access to a simple receiving
system in line-of-sight from the satellite.

The cost of a broadcasting satellite is falling and by
comparison the cost of terrestrial broadcasting is increasing,
so if there is a need for a new national service, it should be
pravided by satellite. Unfortunately, the lead time necessary
before a satellite broadcasting service can be launched is
very long. Thus to make a decision today means that we
must predict future trends and extrapolate existing evi-
dence.

We see growing evidence of new opportunties and an
awakening of public demand for new broadcasting services
and it is clear that the more advanced nations of this world
have already recognized this and made firm plans to provide
anumber of new broadcasting services.

It is the view of the British Broadcasting Corporation that
plans should now be made to provide a national broadcast-
ing service using a Direct Broadcasting Satellite (DBS)Yin the
12 GHz band and that the BBC has a vital role to play in
such a service.

The BBC considers that there is both the opportunity and
the potential demand for two new UK services. Satellite
broadcasting has the inherent ability to provide national
coverage, and it seems appropriate to take the first steps
towards a consistent overall plan for television broadcasting
by providing a new BBC national public broadcasting
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service using this medium. We believe there is a case for a
second service, different in character, which we describe as
Subscription Television. When established this would make
a small but not insignificant profit which would help to
support public service broadcasting.

We also believe that the possibility of new Radio services
should not be neglected.

The opportunity to provide new services, the public
demand, the potential to provide these services and the cost
to the broadcaster and the public are all factors in the
decision to provide a Direct Satellite Broadcasting Service.

There are already overseas plans for direct satellite
broadeasting in France, Germany', ltaly and the Scandina-
vian countries’ (Norway, Sweden, Denmark, Finland and
Iceland). Plans are also well advanced in Japun, Canada and
the USA. The precise form of this broadcasting differs from
nation to nation. In some it takes the form of public service
broadcasting; in others there are plans for commercial
television, Pay-TV or educational services. The possibility
of new sound services is not ignored and both Germany and
Scandinavia have made outline proposals.

There is also positive interest in satellite broadcasting in
Luxembourg and there is awakening interest in Spain,
Portugal and a number of other countries,

This article outlines the framework set by the 1977 ITU
Plan for broadcasting in the 12 GHz microwave band and
reviews, in a general way, the technology available and
under development to implement satellite broadcasting
systems. 1t concludes with the BBC’s proposals for estab-
lishing satellite broadcasting services in the United
Kingdom.

2 ITU Plan for the 12 GHzband

The Broadcasting Satellite Conference, held in Geneva
1977, agreed a Plan for ITU Region 1 (Europe/USSR/
Africa) and Region 3 (Asia/Australasia), in which orbit
positions and frequencies were uassigned to prescribed
beams covering each country (or sub-division of a large
country). This Plan will not only ensure the orderly develop-
ment of satellite broadcasting itself, but will aiso help to
avoid mutual interference problems with other services
using the same frequency band, notably terrestrial micro-
wave links. With a few exceptions, every country in Europe
and Africa was assigned five frequency channels within the
11-7 to 12-3 GHz range. Polarisation (circular, clockwise or
anticiockwise) was also specified. Each channel is suitable
for a frequency-modulated television signal within a
27 MHz bandwidth; the actual channel spacing was about
19-2 MHz, giving 40 channels in all, but possible adjacent-
channel as well as co-channel interference was allowed for
in the Plan. A Regional Conference to conduct a similar
assignment Plan for Region 2 (Americas) is scheduled to
take place in 1983.

In the 1977 Plan, a power was also specified for each
transmission derived on the basis of providing a flux of at
least —103dB (W/m?), sufficient for good reception with an
individual 0-9 m diameter antenna, for 99% of time in the
worst month. Figure 1(a) gives the areas of coverage to this
standard for the UK and Treland. Figure 1(b} gives some
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Fig. 1{a}Coverage areas for individual reception in the United
Kingdom and Ireland.

examples of coverage on the same basis for other cases:
France, Germany, Luxembourg, Monaco and the large
beam that was allowed on certain channels to cover the four
Nordic countries as a group. These figures assume ideal
pointing of the satellite antenna; it is seen the coverage
areas allow some latitude for pointing error (0-1° maximum
is assumed). Considerable overlaps occur: for example, the
French beam covers southern England, Switzerland and
northern Italy.

It may also be of interest to indicate over whar area it is
possible to receive a satisfactory signal with a somewhat
larger receiving antenna. For convenience we can take the
—111dB {W/m?) limit corresponding to the level indicated
at the 1977 Conference for reasonably noise-free commun-
ity reception; this is illustrated in figures 2{a} and (b) for the
same countries. In some areas this coverage may not extend
to the limits shown because interference from other satel-
lites, while planned to be negligible for individual reception
within the country to which the transmissions are aimed,
may be slightly disturbing near the limit shown for commun-
ity reception.

A summary of the nature of the allocations for all
countries in Western Europe is given in Table 1. Where
possible, a definite request by a country o have the same
orbit position as another country was met in the Plan; this
facilitates individual reception of transmissions of two or
more neighbouring countries in border areas, where there
may be common interests, cultures or language.
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Fig. 1{bICoverage areas for individual reception in France, Germany, Luxembourg, Manaco and the Nordic group

TABLE 1
Channel assignments and orbit positions for countries of Western and Southern Europe

Orbit position 37° West 31° West 19° West 5° East
Lower half San Marino Ireland France Turkey
{11.7-12.1 GHa) 1,59, 13,17 2,6,10, 14,18 1,5,9,13,17 1,6,9,13,17
Right-hand Lichtenstein United Kingdorn Luxembourg Greece
polarisation 3,7.11,15,18 4,8,12,16, 20 3,7,11,15,18 3,7,11,15,19
Upper half Monaco Belgium Cyprus
{12.1-12.5 GHz} 21, 25,29, 33,37 21,25,29,33,37 21,25,29, 33,37
Right-hand Vatican! Netherlands Iceland?
polarisation 23,27,31,35,39 23,27,31,35,39 23,27,31,35.39
Lower half Andorra Portugal™ West Germany Finland 2, 6, 10
{11.7-12.1 GHz} 4,8,12,16. 20 3,7.11,15,19 2,6,10,14,18 Norway 14, 18
Left-hand Austria Sweden 4,8
polarisation 4,8,12,16, 20 Denmark 12, 186, 20
Upper half Iceland Switzerland Nordic"' 22, 24, 26
{12.1-12.5 GHz} 21. 25,29, 33,37 22,28,30,34,38 28,30,32,36,40
Left-hand Spain®® [taly Sweden 34
polarisation 23,27,31,35,39 24, 28,32, 36,40 Norway 28

Notes:

{1} 0.6 degree beam except channel 23 which covers mainland Italy.

{2) Covers Iceland, Azores and part of Greenland. Channeis 27 and 35 registered under Denmark.

{3) Same transmission channels also beamed to Azores {common programmae).
{4) Eight channels in a2 wide beam covering Nordic countries; assigned to Finland (22, 26}, Sweden (30, 40), Denmark (24, 36) and

Norway (28, 32).

{5} Same transmission channels also beamed to Canary Islands {common programme).
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Fig. 2{a)Coverage for community reception in the United Kingdorn and Ireland.

In order to bring out the factors which affect the ease of
reception in any country of transmissions other than those
intended for that country, the table distinguishes groups of
channels according to polarisation and whether they are in
the upper or lower half of the 11-7 to 125 GHz band.

3 Satellites

Transmitters in the sky are no new thing. We have em-
ployed geo-stationary satellites for more than a decade to
relay telephone traffic and television signals between conti-
nents. The powers of the transmitters on satellites for this
purpose are generally below 20 watts; they also beam their
signals over large areas. As a result a very large receiving
antenna is required on the ground (e.g. a 30 m diameter
reflector to receive 4 GHz signals) in such point-to-point
links.

For broadcasting, the available transmitter power is con-

centrated by beaming over the limited coverage areas,
typically with a beamwidth of one degree for many Euro-
pean countries. A power of the order of 100-200 W is then
sufficient for individual reception with an antenna diameter

. of 0-9 m. The experiments in Canada and USA since 1976,

with the CTS (Hermes satellite)’, have come closest to this
concept and successfully demonstrated television reception
with small terminals. The satellite employs a 200 W repea-
ter at 12 GHz and the beam is about 2-5 degrees wide.

Two important points govern the costs of satellite sys-
tems. Firstly the reliability should be as high as that from
current terrestrial services and secondly, the satellite should
remain accurately in its allocated position so that individual
receiving antennae set up in fixed positions, pointing to the
satellite, will remain effective. Because of orbit-perturbing
forces, station-keeping requires fairly frequent correction
by gas jets on the satellite, and the quantity of fuel to
operate these is the critical factor which governs its life. A
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Fig. 2(b)Coverage for community reception in the same countries as in Fig. 1{b}.

seven-year life is typical if a reasonable allocation of
payload between the fuel and other essential items is made.
Thus a service fully guaranteed at all times requires a spare
satellite in orbit and a third ready to be launched at any time
and it is evident that the cost of making and launching a
single satellite is not sufficient investment to provide a
service for 10 or 20 years. For example, for 10 years’ reliable
service, allowance must be made for the provision and
launching of 5 satellites. However, at the opening of a new
service it could be regarded as a secondary service where the
occasional temporary break in transmission could be accept-
able. This service could be provided using many less satel-
lites. ’

Nevertheless the cost is actually [ess than total engineer-
ing cost to the broadcasters of providing a national service at
UHF by terrestrial transmitters. Of course, an overall
national picture, taking into account the receiver cost,
would show a somewhat greater total cost for a satellite

system. National decisions to implement satellite broadeast-
ing will have to take into account total cost but, if broadcas-
ters’ costs are not prohibitive, it is reasonable to expect that
steady development in receiver technology will provide
receivers at a price acceptable o a steadily increasing
proportion of the public.

4 Thereceiving system
4.1 Antenna position and size

For terrestrial television we are used to aerials which range
from little more than the proverbial ‘wet string’ near
transmitters to large Yagis at the fringe which usualily need
mounting high up to get good signals.

Receiving antennae for domestic reception of satellite
broadcasting signals, however, are uniformly sized because
everyone will get a flux within the narrow limits of —100 to
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Fig.3 Angle of elevation of UK satellite at 31°W (Geneva 1977
Plan).

—103dB{W/m®} according to the standard mentioned
alreadv. Also, the 12 GHz signals are such that a clear
line-of-sight is usually essential, but with the angles of
arrival of satellite signals for the UK as shown in figure 3,
almost everyone can find somewhere on his premises that
meets the requirement. This has in fact atready been
confirmed' by asking the occupiers of several hundred
houses to observe shadows when the sun was shining at
3 pm British Summer Time in mid-October — this being a
time when the sun has the same position in the sky $or the
UK as the assigned satellite position. The limited sample
suggested that suitable sites for antennae could be found in
99-5%% of cases. Furthermore, in many, but not all, cases the
most suitable site is low on the side of the house or on the
ground rather than at roof level,

The requirements of a 0-9 m diameter antenna is not a
precise one. [t depends on receiver noise performance, the
available signal flux and the importance attached to a
low-noise signal. As a guide, with the suggested antenna
size, 8dB noise figure gives 14dB carrier-to-noise and a
slightly noisy picture when the flux is just —103dB (W/m?).
Manufacturers’ developments now suggest that noise figures
of 5dB with a mixer first stage, or 4dB with a FET amplifier,
will be obtainable at modest cost. Some allowance for
pointing error and reduced antenna efficiency should be
borne in mind when considering the likely performance of
domestic equipment over a period of several years.

4.2 Antenna beamwidth and satellite position

In order to exploit extensive frequency re-use in the 1977
Plan, advantage was taken of the directivity of receiving
antennae, corresponding to a 2 degree beamwidth (at
—3dB) for a 0-9 m dish. Antennae lined up on one satellite
position have a poor response to signals from neighbouring
positions. The Plan uses 6 degree spacing between adjacent
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allocated orbit positions, and at 6, 12 and 18 degrees
respectively the antenna responses are assumed to be 20, 28
and 33 dB below the maximum. Furthermore it is assumed
that in the direction of maximum response (i.e. for the same
orbit position) the response to a signal with a polarisation
opposite to that of the wanted signal is 20dB down, Tt is thus
clear that an antenna, when set up for one orbit position,
cannot be used by the viewer to receive from another.
Receiver requirements are considered next, but clearly
where a viewer in the UK wishes to receive transmissions
planned for France or vice-versa, a first essential is either to
have two antennae, or one that can be rocked between two
carefully set-up aiming positions. Possibly, if there is a
demand. some neater arrangement such as a single reflector
with two feeds will be designed.

4.3 Thereceiver

It is a reasonable assumption that not many people will
accept two television receivers in their living room. Equallv,
it appears to be a reasonable assumption that whatever the
attraction of satellite broadcasting, people will wish to
continue to receive terrestrial broadcasting. Thus, at the
very least, the set will contain equipment which permits the
reception of the 625-line PAL signal on the UK standard,
System I. To save money many people will initially pur-
chase converters for existing 625-line television receivers. In
its most elementary form this converter will consist of an
aerial unit with a frequency changer which feeds a signal
down to the receiver in the conventional Band [V or V UHF
form. This means that this signal must have the same radio
frequency spectrum with the sound signal at the same point
as that which occurs in our normal terrestrial broadcasting.
If the assumptions made so far are correct, this basic form of
converter will not permit ‘off-air’ domestic reception of
sound and vision signals from any other station in Europe
{regardless of the orbital position or the frequency or
polarization assigned to the transmitting satellite) because
the vision-to-sound carrier separation is different. Cable
operators will, of course, have no such limitations and it is
technicaily easy to have appropriate receivers which will
provide audiences with compatible signals.

However, there are many proposals to introduce new
television sound and radio services. Most of them describe a
converter which has a scparate sound output (either as a
Band I1 or a baseband signal). If this type of converter is
manufactured it will open the door to domestic reception of
all PAL-system signals.

Alternatively, if we have multi-standard receivers similar
to those available in Belgium today, reception of all over-
seas programmes will also be possible.

The Plan, as seen from Table 1, calls for a tuning range of
400 MHz to receive all channels of any one country,
although it can be foreseen that, when several countries
have begun using most of their channels, there wil] be some
demand for means of receiving over the full 800 MHz band.
Considering the basic 400 MHz receiving system first, it
might well be as outlined in Fig. 4. A down-converter to
900-1300 MHz is placed on, or adjacent to, the aerial and
employs a fixed-tuned oscillator, and avoids a microwave
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Fig. 4 Simple receiving system with an am/tm television receiv-
Ing unit.

down-lead {which would be either lossy or expensive) but
leaves the actual tuning in the room set. Secondly, terres-
trial television must continue to be catered for since, in the
toreseeable future, this would continve as the most practical
system for television networks giving regional or local
programme variations. Thirdly an fm/am converter is not
featured. Rather, the early appearance of sets with dual
tuners, (i.e. am/fm television receivers), is to be encouraged
if the benefit from the picture quality with direct fm
demodulation is to be obtained. (An fm/am unit demodulat-
ing and remodulating for feeding a conventional television
receiver, would have three intermediate frequencies with a
change to base-band, i.e. a quadruple superhet; this could
be prone to interference and suffer am system distortion).

The basic set-up in the home of the future could well
expund somewhat on this modest start as Fig 5 shows. The
system now extends the distribution of the 900-1300 MHz
signals to more than one room. The one containing audio
hi-fi/radio equipment now uses an am television receiver
with a video input facility, and a separate fm-to-video tuner
so that interplay with the video cassette and television set is
possible. The possibility of a digital sound multiplex in place
of television on one of the satellite channels has also been
anticipated. The assumption in this example is that the
digital sound signal wauld be approximately within the
normal video bandwidth and would frequency-modulate the
transmission in the same way as for television.

A receiver for the international viewer can be considered
with reference to Table 1. Here the situation may vary.
Certain pairs of countries (UK and Ireland, France and
Belgium, West Germany and Austria, for example) need no
more than the basic receiver to see each other’s program-
mes. In other cases the neighbour might have the other half
of the B00 MHz band, different polarisation, or both. A
recerver o tune over 800 MHz would be verv convenient
but could be difficult to design on the basis of a fixed
oscillator and extending the range of the first intermediate
frequency to 900-1700 MHz. A simple alternative is sug-
gested. If the basic 400 MHz units have a wide market and
therefore reasonable cost, two such units could be attached
to the antenna with two down-leads, each carrying 900-
1300 MHz, one for each half of the band. The receiver
would have two input sockets and a two-way selector switch.

BBC Engineering September 1980

09-1-3GHz from ”h‘ﬁ'i"
¥ satellite unit +Bands sound o
I¥ and YV (+v.hf) y de-multiplexer >
A4
v
£.m video
am/dm TV |—@ D
am. TV
O O {with video input)

video cassette

Fig.5 Possible developments for upit video and unit audic in the
home

To change polarisation, a remotely-controlled, switched-
polarisation feed could be fitted at the antenna. However,
with more than one television set in the home, this solution
could frustrate independent choice of viewing. An alterna-
tive would be an ‘orthogonal feed’ from which the left- and
right-handed polarisations could be simultaneously con-
nected to two busic first frequency-changers, again using
two down-leads. Elaborating further, some 19°W satellite
viewers in favourable locations might want to receive most
or all of the eight European national services. They would
require four 400 MHz units and four down-leads in order to
cover both polarisations over an 800 MHz bandwidth.

To complete the picture on the receiver design the UHF
tuner must be considered. This will select channels within
the first i.f. range and the conventional approach would be
1o have a second, tunable, frequency-changer and a final i.f.
in the region of 125 MHz. Image rejection would be neces-
sary in this tuner. A surface-acoustic-wave filter could be a
good choice for the i.f. filter in front of the fm discriminator
which requires to operate over a 27 MHz bandwidth with
low group-delay distortion. A less conventional approach,
under study in France, is a phase-locked-loop fm demodula-
tor which can operate directly on the required signal in the
S00-1300 MHz band and provide a video output directly.

The method of transmitting the television sound compo-
nent in satellite broadcasting is under active study by the
European Broadeasting Union. Although the starting point
in 1977 was to consider an Im subcarrier compatible with the
terrestrial system (e.g. a 6 MHz subcarrier in the case of
television Standard I, as used in the UK) serious considera-
tion is being given to alternatives for enhancing the system
to provide a pair of channels for stereo or second language.
Digital modulation for the sound signal, which could give
better quality and higher signal-to-noise ratio than is possi-
ble with analogue systems, is also being considered.

5 Feederlinks (Up-links)

The system envisaged for a broadcasting satellite system is
that a signal modulated to exactly the same standard as the
downcoming transmission should be sent up to the satellite,
This allows the satellite to be designed as a frequency-
translating relay. The detailed assignments, or even the

9
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choice of the frequency band, for the up-links or feeder
links were not dealt with at the 1977 Conference because
priority was given to attaining an agreed down-link plan.
Studies having established that a bandwidth at least as great
as the down-link broadcasting band would be essential, the
1979 World Administrative Radio Conference was able to
allocate for world-wide use the band 17-3 to 18-1 GHz for
feeder links to broadcasting satellites transmitting in the
12 GHz band. In limited geograpbical areas, alternative
frequencies have also been allocated for feeder link use, if
required, including the 10-7 to 11-7 GHz band in the
European area.

Although interim arrangements can easily be made at
early stages when the band is relatively uncrowded, it is
agreed that a detailed assignment plan for feeder links
should be made and the expectation in the case of Regions 1
and 3 is that the frequency channelling and assignments
could, as a starting point. be a carbon copy of the down-link
plan translated from 11-7-12-5 GHz to 17-3-18-1 GHz. One
advantage would be a constant frequency change of
5-6 GHz for all transponders, which would lead to some
economies in design. 1f changes or adjustments had to be
made to the assigned frequencies, they could be made
without enormous tepercussions (as would be the case in
attempting to change the closely interwoven down-link
plan). This is because up-link antennae at Earth stations are
expected to be so directional that the choice of frequencies
for transmissions aimed at one satellite would have little
effect on the choice for transmissions aimed at other orbital
positions. The main task is to agree on a series of mini-
plans, each acceptable to a group of countries assigned to
one orbit position, but with an overall check on the effect on
other orbit positions. The TTU Conference to be held in
1983 for planning down-links in Region 2 will also be asked
to consider detailed feeder link planning for the same
region. It is not yet decided whether the conference needed
for feeder link assignments in Regions 1 and 3 will take
place at the same time or later.

6 Developments in Europe and elsewhere on
satellite broadcasting

There are a number of satellite broadcasting projects under
discussion in Europe. An outline of present proposals is
given but details may, of course, be modified in the course
of finalization.

6.1 European Space Agency ‘L-SAT

This project is for a large satellite, to be launched by
Ariane-3 in the [irst quarter of 1984, to carry transponders
for a number of different applications including two for
pre-operational use in satellite broadcasting.” Other trans-
ponders will permit trials on business-system communica-
tions {up-link in 14 to 14.5 GHz band, down-link in 12-5 to
12-75 GHz Band) as well as propagation and wide-band
data-link studies in the 30 GHz {up-link) and 20 GHz
{down-link) bands. The precise details for the two 12 GHz
broadcasting beams are still to be finalised but one beam is
likely to be elliptical (approximately 1 by 2-4 deprees),
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carrying channel 24 with left-hand polarisation to corres-
pond with one of the Italian assignments, and the other a
circular beam (1-6 degrees wide) which may carry channel
20 or 28, probably with the opposite polarisation. The
intention, for the first three years at least, is to take
advantage of the fact that either beam can be independently
steered to cover any European country, so that satellite
broadcasting demonstrations and pre-operational experi-
ence can be obtained on a time-sharing basis. Most of the
experiments are likely to take place with the satellite at the
19° West orbit position. Consideration is being given,
however, to operation for extended periods at 31° West and
5° East as may be required to provide pre-operational test
transmissions to match plans in the UK, Spain and Scandi-
navia for operating their own broadcasting satellites in the
second half of the decade. The use of the satellite towards
the end of ifs seven-year life is uncertain but [taly has made
a strong bid to use it as a starting satellite for its service on
two channels until replaced by a purpose-built operational
satellite.

The UK has made the largest single contribution so far to
the L-SAT project in terms of money and corresponding
contracts. At least seven other countries are giving support,
netably Ttaly and the Netherlands. British Aerospace has
been selected as principal contractor. The decision in im-
plementing L-SAT will be taken at the end of 1980 following
completion of the definition/design stages now in progress.

6.2 French and German satellites

France and Germany withdrew their support for L-SAT in
1979 and agreed that they would co-operate in building two
satellites, one for each country, each capable of transmitting
on three channels. The satellites themselves would be built
by Messerschmitt-Bolkow-Bichm in Germany in co-
operation with Aerospatiale in France; they are intended to
be launched by the Ariane launcher, which is largely a
French development, though carried out within the
framework of the ESA. Present plans are working towards a
launch of the German satellite in December 1983 and the
French one in June 1984. The German satellite will operate
on channels 6, 10 and 14, and the intention is that two
channels will carry television and the third a multiplex of
sound programmes using digital modulation. The details for
France are not finalised,

6.3 NORDSAT Project

As indicated earlier, the four Nordic countries are in the
privileged position of having secured eight channels in the
1977 Plan within a beam whose coverage embraces Norway,
Sweden, Denmark and Finland. NORDSAT ts the joint
body set up both to expleit this beam and to include
transmissions for [celand, Faroes and Greenland, the pro-
ject being based on the use of a satellite at 5° East. The
intention is to relay the various national television program-
mes throughout the whoie group of countries. For the four
major countries eight programmes could be relayed and for
the [eelandic beam the assignments permit five. The partici-
pants wish to include sound programmes but are reluctant to



forgo one television channel by dedicating one channel to a
sound multiplex (as proposed in Germany). They wish to
develop suitable means for adding several sound channels to
the television channel to cater for a stereo pair for televi-
sion, extra language channels connected with the television
programme, and additional channels for sound programmes
not associated with the television programme. While this is
considered feasible, considerable experimentation and in-
ternational discussion will be needed before the most prac-
tical and economic selution can be achieved, preferably with
a common standard with other European countries, at least
for the method of sending the main sound component of the
television programme. Experiments with OTS (Orbital Test
Satellite} have already shown that a digital subcarrier for 2,
4 or 6 audio channels may be one way of contributing to the
needs and, as already mentioned in Section 4, there is
interest in Europe generally in improving and extending
television sound transmission methods. Another avenue to
be explored is a digital sound signal in the video waveform
within the line-blanking period (a development of the
principle used in the Sound-in-Syncs system developed by
the BBC for video links in the UK and for Eurovision) but
the system would be dependent upoen a practical decoder for
domestic receivers.

6.4 Other countries

The only other European country that has been reported as
actively investigating satellite broadcasting is Luxembourg
which would clearly have a sizeable audience for commer-
cial French, Dutch and German programmes in the area of
good individual (domestic) reception extending some 200 to
300 km aronnd Luxembourg. Transmissions from French
and German satellites from the same assigned orbit position
of 19° West would ensure the installation of suitable receiv-
ers; in particular, Table 1 shows that those equipped for the
French satellite would already have the correct polarisation
and half-band for Luxembourg’s channels. The limited size
of the Luxembourg beam makes direct broadcasting to any
part of the UK impractical in terms of individual reception;
even in the extreme scuth-east of England a 2 to 3 m
diameter aerial would be required for reception, so a
commercial audience is unlikely, unless re-distribution of
programmes by cable becomes legally and economically
acceptable.

Finally, in addition to the US/Canadian CTS experiments
mentioned in Section 3, a demonstration of satellite broad-
casting outside Evrope has also been successfully accom-
plished in Japan with & 100 W transponder in the 12 GHz
band®.

7 Current investigations and future possibilities

Here we should perhaps air some of the uncertainties and
some of the future developments on the subject of satellite
broadcasting. One of the concerns has been possible in-
terference. For example the image frequency or i.f. may
correspond to radar or air radionavigation systems of signifi-
cant power, and second thoughts may be needed on the
preferred i.f. and whether to have the local oscillator
frequency above ot below the signal frequency. A more
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difficult problem may be harmonic radiation from micro-
wave ovens since, by the end of the decade, both these and
satellite receivers are likely to be in close proximity in
residential areas. The fifth harmonic of ovens nominally on
2:45 GHz may be the main concern, and could affect
reception in the upper half of the 11-7 to 12-5 GHz band. Of
course, all the interference mechanisms mentioned have
been studied theoretically but, as in many interference
problems, practical experience will be necessary to see
whether the assumptions are valid. First examination sug-
gests that careful design of the rteceiving system will be
needed to avoid problems with the known levels of signals
from potennal interfering sources.

Another topic not mentioned so far is that satellite
television signals are required to have added to their video
waveform, an ‘energy dispersal’ signal such as a 25 Hz
triangular (symmetrical) sawtooth, corresponding to
600 kHz peak-to-peak deviation. The dispersal waveform
assists in controlling interference to terrestrial systems
carrying multichannel telephony and operating in the same
band. Its removal from television signals will require addi-
tional clamp circuits to avoid picture flicker. The current
satellite broadcasting standard for 625-line signals calls for
CCIR pre-emphasis, a.c. coupling and the polarity conven-
tion used in terrestrial microwave links and satellite point-
to-point vision links, but the fm deviation is about 14 MHz -
a value higher than terrestrial link practice but below
present satellite link video-deviation standards. It is possible
that some aspects of these standards (e.g. the video pre-
emphasis curve) may be revised to meet any difficulty in
applying them for receivers in the home, although present
opinion is that they are already close to the optimum.

For sound transmission it has been proposed for the
French and German satellites that, besides an analogue
subcarrier at 5-5 MHz for the main sound signal, a second
analogue subcarrier at 5-746 MHz should be used, either for
a second language or 1o provide a stereo difference signal.
To ensure adequate sound quality there are proposals that
each subcarrier should deviate the main carrier as much as
56 Mhz peak-to-peak and that the fm sound deviation
should be increased above the present +50 kHz value to
+65 kHz or even vitimately to £100 kHz. Some engineers
are concerned about the requirements for i.f. group delay
accuracy, video linearity and the careful filtering of the
video band that are called for in the domestic receiver to
prevent any noticeable degradation (by patterning etc.) of
the picture by the presence of the two analogue subcarriers
at the proposed level. As a result there is a case for
considering a digital sound system of some kind {(a single
digital subcarrier carrying two audio channels for example)
1o provide the sound for television from the start of satellste
broadeasting. Those preferring this solution feel that, with a
lower level of subcarrier, problems of sound or picture
quality are more easily resolved and that large-scale-
integration (LSI) circuits should ensure that digital demod-
ulation will be cheap and wil! avoid analogue-circuit align-
ment problems.

Last, and by no means least in this part of the discussion a
few comments should be made on expectations from satel-
lite broadcasting. Some journalists and enthusiasts have
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pictured satellites as a means for anyone to ‘drop in’ and
receive television programmes from other countries at will,
so that when the 1977 Plan did not appear to provide for
this, scorn or indignation was expressed at the apparent
narrowmindedness of the planners”. What must be under-
stood, however, is that there is nowhere near enough
frequency spectrum to plan for interference-free direct
reception of the 50 or 100 programmes implied. Further-
more there would be political, legal, copyright and advertis-
ing problems in widespread international coverage. Within
the scope of the 1977 Plan there is nothing to stop shared
programmes or joint productions, and pressure from the
public shbuld ensure that the broadcasting authorities pro-
vide them with what they want. The Plan is perhaps open to
criticism because it is a compromise which allows a consider-
able degree of ingvitable overspill between adjoining coun-
tries. Perhaps in the next band, at 40-5 to 42-5 GHz (apart
from thinking of higher definition, digital video and maybe
stereoscopy), we should use large aerial apertures and make
sure that beams are tailored to fit each country or part of a
country more precisely. This in turn would reduce interfer-
ence to others, lead to more efficient use of the spectrum,
and give more channels for each country.

8 Programme services

Having looked at the technical aspects of direct broadcast-
ing by satellite, we can now consider what types of service
could be intreduced for the UK.

8.1 BBC and IBA services

Ultimately the total number of new broadcasting services
would be limited by the number of broadcast frequencies
which have been allotted to the UK. The recent WARC
agreement allocated 5 channels to the UK for DBS pur-
poses.

Satellite broadcasting has the inherent ability to provide a
national coverage, and it seems appropeiate to take the first
steps towards a consistent overall plan for broadcasting by
providing twoe BBC national broadcasting services using this
medium, It would be a misuse of these resources to dupli-
cate all the existing terrestrial national broadcasting ser-
vices. On the other hand if satellite broadcasting is to fulfil
its potential for national broadcasting there has to be a
transition period.

The BBC would wish to devise new services to enrich the
cultural life of the country by providing a wider choice of
broadcast television, and would be looking for new styles of
programming which give a reasonable speed of growth in
the satellite receiver market but which also safeguard the
existing viewer.

In support of these concepts the following two services
are proposed.

A channel for subscription refevision, to include feature

films, first runs of special BBC productions, opera,

drama, music, and extensions of sporting events, offering

a diet sufficiently attractive to promote growth of the

service,

A national programme, UK I, which would
— provide a service, to shift workers in particular but in
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fact to us all, by retransmitting the best of BBC-1 and
BBC-2 in a new form. Television is a transient enough
medium, particularly for people too busy to fit their
viewing pattern into existing transmission schedules,
and the option of alternative times for viewing the
stronger programmes would have a very real appeal at
relatively low cost.

— provide an alternative service to British Forces in
Europe, and indeed to other expatriates, in overspill
areas. It would also serve oil rigs and other remote
sites.

- in addition it would provide a service to those people
who, because of shortage of UHF frequencies, or
because of unfortunate geographical location find
themselves without a television service.

This service could then evolve into one of the channels

relaying main network coverage when it becomes possible

to consider deploying the terrestrial network on a more
local and regional basis.

In the slightly longer term the IBA would probably wish
1o have its equivalent to UK 1 on which it would transmit a
selection of the two channels under its control.

Regarding radio programme service, the position would
clearly be altered significantly were portable and car radio
reception ever to become practical. Meanwhile, assuming
fixed receiver reception only, possible sound programme
services might include high-quality music (utilising the most
modern digital recording and transmission techniques),
education, and specialised information services.

8.2 Other possibilities for satellite broadcasting

The proposals made so far only account for two of the five
possible channels. Given four or five transponders. there
are a number of further applications to explore. They
include the continuation of prime-time broadcast education,
both from the Open University and from the existing

- Schools and Continuing Education areas, as well as the

possibility of more extensive coverage from Eurovision of
events and programmes, which either have a limited-
language requirement or can be adapted to a UK audience.
It is worth noting that the existence of ‘spillover’ channels
from Europe and of deliberate retransmission of European
programmes, will promote a greater knowledge of foreign
languages.

8.3 Responsibility for any additional programme
services and sources from which they could be
provided

This country already has two well respected and experi-
enced bodies set up to regulate broadcasting — the BBC and
the IBA. To introduce a third would quite possibly weaken
the existence of these two and therefore the BBC strongly
supports the Home Office view that programme services
should be provided by, or under the supervision of, the
existing broadcasting authorities. The opportunities of DBS
do call for substantial co-operation between all the expert
bodies involved and the BBC and the IBA have already
been in close contact to establish such co-operation.



It does not follow that the final source of all programme
material would necessarily come from these two bodies. We
have already referred to Eurovision and to the Open
University, and we would expect to draw increasingly on
outside sources, freelance producers and other groupings,
s0 that the widest range of talent is available to contribute to
the growth of a new system.

Provided that the BBC and [BA operate any new ser-
vices, then the effect will be largely one of national growth,
which will be warmly welcomed. There are sufficient re-
sources to ensure that the new programmes can be produced
without impairing the quality of existing programmes.

It is inconceivable that this country will not ultumately
fully utilize the frequency rescurce that is available to it
Past experience has shown that the pressure to entertain,
inform and educate will force us to make good use of these
new frequencies,

Equally, it is desirable that the BBC fully wutilizes its
production resources. It has the capacity to produce prog-
rammes of appeal to large audiences or small specialist
groups. These programmes are sometimes inexpensive but,
on other occasions, necessarily of high cost. It is clear that
the full range of these programmes cannot be used in a
public broadcasting service as currently financed. In-
creasingly occasions will arise in which a programme is too
expensive to be reasonably provided for as part of our
normal public service broadcasting or, alternatively, may
attract too small an aupdience to justify inclusion in our
programmes. The proposal to provide a subscription televi-
sion service gives an opportunity to fully use our resources
without depriving existing audiences.

National broadcasting is an essential role of the BBC who
would not, however, wish to deprive minorities and small
groups. Regional or area broadcasting is also an essential
part of our output. In the long term, one would see the
terrestrial services gradually reprogrammed to give more
and more local coverage, and satellite broadcasting taking
over the role of the national services. It should, however, be
stressed that this process must be extremely slow, and the
cessation of national coverage by terrestrial means must
await the day when everyone can receive satellite broadcast-
ing, either by their own aenal and receiver or, alternatively,
as part of the output from a cable system.

9 Some alternatives for an introductory UK DBS

A UK direct broadcasting satellite service seems practicable
by 1985-1987. No new opportunities will appear in 1990 and
some of the financial, industrial and broadcasting opportun-
ties will be lost at this later date. However, it may be that for
financial reasons we have to introduce only a limited service
in 1985-7 and wait until the early 1990s before the full
services can be developed.

A direct breadcasting satellite service involves consider-
able investment by all concerned. At the start of such a
service the income will be very small and it will run at a loss.
The BBC would not wish this loss to be a charge on the
general licence payer and in order to minimise this it is
recommended that some of the undermentioned low-cost
options should be pursued with vigour.

BBC Engineering September 1980

9.1 OTS

OTS, which was launched in 1978, has been provided
essentially to serve as a vehicle for PTT tests preceding the
ECS (European Communications Satellite), which is due to
come into service as a working system at the beginning of
1983.

OTS, like ECS, is a communication satellite, and has,
therefore, not been designed to provide a power flux density
sufficient for good reception with an individual 0-9 m
diameter antenna. It would probably be satisfactory in this
respect, though, for community reception, including opera-
tion with cable systems. This could make it of some interest
but other limitations are foreseen. It has not so far been
possible to investigate all these fully, but they are discussed
further below.

If OTS served a pre-operational role for, say, one year
before the start of full service, this implies that it would be
required some time i the period of, say, 1984-86. It would
then be 6-8 years old, and doubt must be expressed about its
reliability. However, it would appear to be economic in gas
fuel (its limiting resource).

OTS and ECS use up- and down-link frequencies in the
same bands. [t would not be possible to continue to use OTS
when ECS came into full service without moving it suffi-
ciently from its present orbital location of 10°E (also
planned for ECS) to obtain the necessary spatial discrimina-
tion to permit simultaneous operation.

Even with the spot-beam, OTS provides extensive Euro-
pean coverage and the extent of this ‘footprint’ would
therefore make difficult its use for a service aimed specifi-
cally at the UK without international recognition.

9.2 L-SAT1

L-SAT 1, due for launch in 1984, will carry (among other
pavioads) two broadcast channels, both of which are being
funded by Italy. It is proposed to use one of these channels
in conformity with the characteristics (Channel 24, left-hand
circular polarisation) agreed for Italy in the 1977 Plan to
provide a pre-operational service, The other, which will be
used with a re-pointable antenna, would be available to
EBU Members for general experimentation. At present,
this transponder would also operate on a frequency and with
a polarisation assigned to Italy {Channel 28, left-hand
circular polarisation). The satellite would be located at the
Italian position of 19°W,

The BBC has proposed to the Home Office that after two
years of operation at 19°W (i.e. in 1986}, the satellite should
be moved to the UK-assigned orbital position of 31°W, and
made available to the BBC for a Subscription-TV DBS
experiment.

Other possibilities have been pursued with the Home
Office on the assumption that L-SAT 1 may have to remain
at 19°W. One is to change the second transponder to a
frequency and polarisation suitable for the UK; and the
other is to fund an additional broadcast transponder for UK
use. But this could be provided only with changes to the
existing payload. It would appear that the prospect of
changing the payload should not be dismissed.
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The Home Office is well aware of the problems which
these proposals may bring but is doing all that it can to help
to overcome them.

9.3 L-SAT2

As part of the L-SAT programme, it is planned to provide a
complete set of spare parts for a second satellite. If the first
L-SAT is lost on launch, or fails relatively soon afterwards,
then the spare satellite would be used as a substitute. If
launch and use of the first satellite proceeds satisfactorily, a
second satellite could be made available for further pur-
poses. (80% probability of success has been quoted for
insurance purposes). These uses might include a UHF
sound broadcast experiment and maritime and aeronautical
mobile uses. The latter would argue for the satellite’s being
located over the Atlantic at an orbital position possibly in
the range 20°-30°W. All this is very provisional, but it offers
the possibility of using the satellite at the correct orbital
position for 2 UK pre-operational service. Launch could be
in 1985 or 1986. The BBC has already recommended to the
Home Office that the UK should declare an interest in using
1.-SAT 2 for this purpose. This could be done in a way
which did not, as yet, commit us and leaves options open as
to the precise form of DBS to be adopted.

Incidentally, the European Space Agency is currently
investigating the possibility of including in the payload of
L-SAT 2 two transponders operating at 1500 MHz which
might be used for full-scale experimentation in sound
broadcasting from satellites, and also for mobile and marine
applications.

94 Conclusions

None of the options described in this Section would provide
a full multi-channel DBS service. Nevertheless the economy
offered during the early, difficult, years would be attractive.
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10 Main conclusions

We have concentrated in this article on the engineering
aspects of introducing satellite broadcasting services into the
United Kingdom, as befits this journal, touching on the
‘political’ implications only where necessary, althoogh these
are, of course, under active consideration by the broadcas-
ters and the Home Office. It is obvious that there are many
problems yet to be solved but the BBC considers that it is
vital to its viewers and listeners, the broadcasters, the
industry, indeed to the country as a whole, that the various
options be pursued vigorously towards an early solution.
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1 Thetrend

in these days when electronics is making such a major
impact on our lives, and mostly by means of devices based
on digital circuits using signals in binary form, it may seem
surprising that a large sector of electronics, namely the
broadcast industry, is still based essentially on analogue
equipment. However, one’s surprise may evapoerate when
one realises thar the whole of electronics had its roots in
broadcasting based on thermionic valves; that semiconduc-
tor technology has only relatively recent!y become available
in a form compatible with the requirements of television
signal processing: that analogue electronics are producing
very good results both at the transmission and receiving
ends of the chain; and, above all, that, in broadcasting,
change is inhibited by the need to be compatible with what
has gone before and what is likely to happen next. Indeed,
under these circumstances, it is remarkable thar digital
techniques are already being used quite extensively in

broadcasting. This is because they are often the only
practical and cost-effective way of providing some of the
new processing which enhance the production of program-
mes. Awareness of an increasing trend to introduce digital
techniques inte broadcasting, though in a somewhat
piecemeal manner, has encouraged the broadcasters to get
together with each other and with the equipment manufac-
turing industry to try to establish an internationally co-
ordinated transition to this new technology.

In Europe the EBU is working towards the recommenda-
tion of an interface standard for television which will allow
the direct interconnection of digital studio equipment and
the interchange of digitally recorded videotapes, for the
625-line system. In the USA the SMPTE is doing likewise
for the 525-line system and both organisations are working
together to get as close to an international standard as
possible, bearing in mind the difference in the number of
lines per picture and the difference in the field repetition
rate. Although there are currently no plans for direct digital
broadcasting of television signals, and the digital standards
are concerned predominantly with eguipment intended to
be used within the confines of the broadeasting organisa-
tion, it is clearly in the interests of the broadcasters and the
industry to have as much commonality as possible through-
out the world.

2 Digital techniques in current use by the BBC

It is interesting to note that at present the entire BBC
television programme output passes through digital noise
reduction equipments at the network outputs of bath BBC-1
and BBC-2. Further, most programmes will have been
through at least one additional equipment involving A-D
and D-A processes. [n order to give an impression of the
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Fig. 1{a)Protctype noise reducer produced by BBC Research
Department. This equipment has been in use at the
network output of BBC-2 since September 1979. It uses
composite coding sampled at a frequency of 3f...

Fig.2 Digital standards converter produced by BBC Designs
Department in collaboration with BBC Research Depart-
ment for conversion of signals between the European
PAL and SECAM 625-line, 50-field systems and the NTSC
525-line, 60-field system. It can also be used as a SECAM
to PAL transcoder and as a multi-standard synchroniser. It
uses YUV component coding sampled at frequencies of
9:6:3-2:3:2 MHz for standards conversion and 16:4:4
MHz for synchronisation.

nature and extent of the application of digital techniques,
some equipments in current use by the BBC are briefly
reviewed.

2.1 The noise reducer

Noise reduction is effected by averaging successive pictures
by recirculation in a picture store'. In the case of still

Fig. 1(b)Production version of noise reducer manufactured by Pye
TVT. This equipment has recently been brought into
service at the network output of BBC-1. pictures, the picture information is completely correlated
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from picture to picture, while noise is very much less
correlated. Recirculation in a picture store results in the
noise averaging to a low level, while the picture information
is retained. In the case of moving pictures, this process
would cause severe lag effects but these are avoided by
examining successive pictures element by element with a
movement detector which is used to inhibit the action of the
recirculating filter.

This equipment is a good example of one whose success
depends on the use of digital techniques and the improve-
ments which have been made in semiconductor technology,
notably the relative ease with which it is possible to store the
information contained in one TV picture. The composite
PAL signal is digitised using a sampling frequency which is
approximately three times the colour subcarrier frequency
(f,) giving 851 samples per line. Two field stores and ten
line stores are used to hold the picture information on
digital form.

At the time of writing the BBC Research Department’s
prototype equipment has been used almost continuously at
the network output of BBC-2 for about one year, and one of
the first production equipments (produced under licence by
Pye TVT Ltd.) has recently come into operation at the
network output of BBC-1.

2.2 Digital standards conversion

The new digital standards converter’, produced by the
BBC’s Designs Department in collaboration with Research
Department, has recently entered service. It converts televi-
sion signals between the European PAL and SECAM
625-line, 50-field systems and the NTSC 525-line, 60-field
system. Besides converting signals in both directions be-
tween these standards, the equipment can operate as a
high-quality SECAM to PAL transcoder or as a multi-
standard synchroniser for locking non-synchronous con-
tributions to the reference signal.

The converter operates by interpolating between the lines
and fields of the input standard to produce lines of signal at
the times and positions needed for the output standard.
Four field periods of the input signal are stored in random
access memories. The memories allow simultaneous access
to sixteen lines of picture, consisting of four consecutive
lines from each of four fields. These are multiplied by
interpolation coefficients and the resulting products added
together to form the output-standard signal.

In the conversion mode, the input-standard colour signals
are decoded from the composite form to component form
but as luminance (Y) and colour difference (U and V)
chrominance signals, rather than RGB. A sampling fre-
quency of 9:6 MHz is used for Y (the luminance having
been limited to 4-2 MHz bandwidth) and 3-2 MHz for each
chrominance signal with 8 bits per sample. The three signals
are multiplexed together into a 16 MHz YUYVY package
for interpolation.

For PAL synchroniser operation, the full 5-5 MHz lumi-
nance bandwidth is required. So, after decoding, the YUV
signals are digitised using the 16 Mhz sampling rate for
luminance and 4 MHz for each chrominance signal. To
accommodate these higher data rates, the random access
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Fig. 3

Two examples of digital time-base correctors in current
use by the BBC. The Ampex TBC-2B uses 16 lines of
storage and the Sony Broadcast BVT-2000P has 24 lines
of storage. The sampling frequencies are 3fs. and 41,
respectively.

memories are reconfigured in this mode to form two
high-capacity field stores. The digital Y, U and V signals are
read out in parallel from different parts of the store and
converted to analogue signals for PAL coding.

2.3 Time-base correctors?®

The majority of our programme material will have been
through at least one cycle of digital conversion for the
purpose of time-base correction in association with video
tape recording. Two equipments in current use by the BBC
are the Ampex TBC-2B and the Sony Broadcast BVT-
2000P. They correct timing instabilities ranging from coarse
errors associated with ENG recorders to the slight velocity
errors that are found in even the highest quality recorders.
They also provide improved tape dropout compensation
and make it possible to view the replayed picture over a
wide range of tape-shuttle speeds, including slow, stop, and
reverse motion. The digital video processing of the compo-
site signal is carried out at a sampling frequency of 3f.. in the
Ampex equipment and 4f, in the Sony, both using 8 bits per
sample. Digital storage of 16 and 24 lines respectively are
used in these particular equipments.
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Fig.4 The Quantel 5001 special-effects eguipment produces changes in the size and shape of the picture by digital signal processing. It

uses YUV component coding with sampling frequencies of 14:3V2:3%2 MHz. Inset: The shrinking head of ‘Dr. Who' is cne of the

effects available.

2.4 Signal processing for special effects

The use of digital techniques has enabled the equivalent of
optical processes such as changes in the size and shape of the
picture to be produced by electronic means. An equipment
currently in use by BBC producers to enhance the impact of
their programmes is the Quantel DPE 5001°. This is based
around a picture store and, like the standards converter,
due to the complex nature of the algorithms used to change
the size and shape of the picture, the digital processes are
carried out with the signals in component form. A sampling
frequency of 14 MHz is used for luminance and 3% MHz
for each of the colour difference signals.

DPE 3001 is an equipment capable of quarter-size picture
compression, full-frame repositioning and freeze facilities as
well as time-base correction. It is based essentially around a
PAL picture store synchroniser. Since, in this case, no
complex changes in picture geometry are involved, Quantel
have used composite sampling at 3 times f,. rather than

18

ig.5 The Quantel synchroniser which can also be used for
guarter-size picture compression, full-frame repositioning
and freeze facilities, It uses composite coding at a sam-
pling frequency of 3f...

component coding, with a corresponding economy in the
required storage capacity.



composite coding at a sampling frequency of 3f...

2.5 Teletrack

Teletrack is a special effect system which periodically
identifies and records the image of a moving object against a
stationary background, creating a series of frozen images
which display the object’s trajectory®.

The system detects the position of a moving object in any

television field by comparing the signal from that field with -

a signal from a stored reference field. If the background
remains stationary, any differences between the two signals
correspond to the position of the object in each of the two
fields. As the positions of the moving object are established,
the corresponding images are written into a field store. The
accumulated set of images can be displayed superimposed
on the background.

This equipment, produced by BBC Research Department
and recently commissioned for service, uses composite
coding at a sampling frequency of 851 x line frequency like
the noise reducer mentioned in section 2.1, i.e. approx-
imately 3f,.. It uses 2% field stores, and 18 line stores.

3 Further moves towards digital studio
operations

It will be clear from the foregoing that the absence of a
digital studio standard has not deterred the introduction of
this technology into studio operations. However, even at
this early stage, there is already concern that the various
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Fig.6 The Teletrack special effects equipment produced by BBC Research Department which displays an object’s trajectory. It uses

sampling structures which have in each case been chosen to
be the best match between the available device technology
and the requirements of the particular equipment, might
interact to give undesirable aliasing effects, etc. if the
introduction of digital techniques were to continue along
these lines. Furthermore, perhaps the most important con-
stituent of any broadcast studio complex, namely the VIR,
is missing from the list of equipments described so far. The
digital VTR is an equipment whose viability is critically
dependent upon the establishment of a widely-accepted
standard. Paradoxically, because of the current status of
video tape recording technology. the digital standard itself is
very sensitive to the predicted capability of this recording
medium. It is this chicken and egg situation which is
complicating the issues which need to be resolved in order
to pave the way for a co-ordinated transition from analogue
to digital studio operations. There are of course many other
factors and constraints which complicate the establishment
of a standard which will see us through at least to the start of
the 21st century.

3.1 Composite coding

It will be seen from the review of equipments discussed in
Section 2 that there is no common policy regarding the
choice of digital sampling structure used by different manu-
facturers, or even by designers within one organisation like
the BBC. If any common ground is to be found, it is that
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several equipments use composite PAL signals sampled at a
frequency of 3f,.. For processes which did not need access to
the components. composite coding was attractive because of
the lower storage requirements. Early designs of codec
produced beat patterns if the sampling frequency was not
locked to that of the colour subcarrier, and 3f, was the
towest sampling frequency which met this requirement and
comfortably exceeded the Nyquist sampling rate for a
5% MHz PAL signal®. Thus is may seem that a studio
standard based on composite PAL signals sampled at 3£,
might have emerged. However, in the relatively short time
which has elapsed since the equipments described in
Section 2-were designed, rapid changes have been taking
place in the technology and consequent application of
digital techniques to broadcasting.

As processitg became more sophisticated the fact that 3f,,
was not an exact multiple of the line frequency produced
difficulties where line delays were involved (3f;, is approx-
imately equal to 851% times the line frequency). At the
same time semiconductor device speeds increased and the
cost of the storage decreased. This led to the proposal of a
digital standard based on composite signals sampled at a
frequency of 4f;, which was to all intents and purposes a
multiple of the line frequency’. Tt is in fact 1135 times line
frequency with a discrepancy of 2 samples per field which,
with simple resynchronisation, enables a repetitive sampling
structure to be achieved for consecutive pictures.

In 1979 a digital standard based on composite PAL
signals, with samples 1aken at 4f,., was comfortably within
the state of the art of the semiconductor devices available
for critical functions such as A-D conversion, and early
models of digital tape recorders demonstrated that they
were capable of handling the corresponding bit rates®*.
Thus everything seemed set fair for the establishment of a
studio interface standard based on 4f,, PAL in Europe. It
had everything going for it including the feeling that since
any digital equipment would have to co-exist with analogue
equipment for a very long time, a standard based on
composite PAL with the sampling frequency locked to the
colour subcarrier would given the least problems at the
analogue-digital interfaces. (Incidentally in the USA the
SMPTE were putting the finishing touches on a studio
interface based on the composite NTSC signal sampled at
4f,...) Perhaps it was the very imminence of a standard in the
middle of 1979 that made people at the BBC and other
broadcasting organisations stand back and take a hard look
at the possible growth of digital techniques in the studio.
This exercise showed clearly that the main reasons why
broadcasters would wish to change to digital signals are
associated with an increased use of picture processing and
the ability to survive many generations of recording with
intermediate processing withont the deterioration which
would be found in multiple generations of analogue record-
ings. An examination of the nature of these processes
showed that in many cases the digital signal in composite
form would not allow the full benefits of digital processing
to be realised e.g. the increasingly important technique of
colour separation overlay, precision tape editing (hampered
by the 8-field sequence), and changes in picture geometry.
To some extent this trend can be seen from the discussion in

20

Section 2 but as the use of digital processing in the studio
becomes more extensive, side effects associated with the
very efficiency of composite coding cause problems not
present with component coding. Thus it became clear that
whilst a composite digital standard might be useful it would
not add all that much to the existing composite standard in
analogue form. What was really required was a studio
interface based on components.

3.2 Componentcoding

In addition to the advantages mentioned above the attrac-
tion of a component standard is that the degree of interna-
tional commonality that can be achieved for equipment is of
course much greater,

A compenent standard also has much more future growth
potential since, almost by definition, it allows for the
recovery of the original RGB signals much more cleanly
than any composite signal. By the same token however,
since one does not take advantage of the efficient manner in
which a composite system like PAL enables the combined
luminance and chrominance information to be conveyed
with economical use of bandwidth the search for a standard
had moved from a position well within the technological
state of the art 1o a position hard up against the present
limits of technology. To make decisions more difficult, the
state of the art in the relevant technologies is a rapidly
changing fonction of time, and although everyone agrees
that the slope of the curve is positive, there are widely
differing views about its magnitude.

Thus it was that the EBU sub-committee, chaired by
Howard Jones of the BBC’s Research Department and
charged with recommending a standard, was faced with a
seemingly impossible task. Because of the pressure to
establish a standard quickly, and in phase with the CCIR
timetable, it was asked to make its recommendation by the
spring of this year. Yet a basic RGB signal, super-Nyquist-
sampled to preserve the quality of the output of a present-
day 625-line system camera would, for example, require a
recorder capacity of over 300 Mbit/s. This was well beyond
what manufacturers of digital tape recorders were predict-
ing for tape consumgptions comparable with analogue recor-
ders. It was incidentally also thought beyond the capabilities
of planned digital trunk networks which in Europe are likely
to be limited to 140 Mbit/s. Although trunk transmission
was not a primary consideration in the establishment of a
studio interface, the transparency of such links to the
digitised component signal would be a considerable advan-
tage.

YUV component coding, as discussed in Section 2, en-
ables most of the benefits of RGB to be retained for digital
signal processing. Whilst more extravagant in the demands
for storage and device speed, these demands can be substan-
tially reduced from those required for the RGB signals by
limiting the bandwidth of the chrominance signals U and V.
The extent to which this can be done affects the gap
between the requirements of the code and the available
technology. However, before deciding on a studio interface
based on YUV, two further questions have to be answered.
Firstly, could all foreseeable studio functions be carried out



in component coding? It would appear that whilst compo-
nent coding is more or less essential for many processes,
only the synchroniser is more readily instrumented in
composite form and, as mentioned in Section 2.2, even this
can be inplemented in component form.

The second question concerns the protracted period
during which analogue PAL signals and YUV signals will
have to co-exist in the studio. Will it be possible to
adequately decode PAL so that the benefits of YUV signal
processing are retained? If the future YUV studio standard
is to be superior to the present analogue interface (and there
would be no point in changing to it if it were not) it is of
course inevitable that a YUV signal derived from PAL may
demonstrate certain deficiencies not shown by a signal
which has remained in YUV throughout the production
processes. What would not be acceptable, would be that by
intermingling PAL and YUV processes, significant defects
were introduced which would not be present in an all-
analogue operation. This would be too high a price to pay
for whatever benefits digital techniques may bring, and its
introduction would have to be deferred, or limited, to
applications where all-digital operation could be guaran-
teed. For the BBC this would mean delaying the transition
to digital techniques for a long time. Although the answers
to this question have not yet been fully resolved, it scems
likely that application of digital techniques to the PAL
decoding process itself will ease the problems of the tran-
sitional period.

Digital decoding provides high stability and accurately
defined characteristics. This is particularly important when
complicated comb filters are used to obtain improved
separation of luminance and chrominance. Also, by using a
digital demodulator designed to operate with line-locked
sampled PAL signals, decoders can be made to produce
line-locked YUV directly, in the form suitable for signal
processing.

Preliminary experiments with digital PAL decoders car-
ried out by BBC Research Department using picture-delay
comb filters have produced encouraging results ' Perform-
ance benefits including complete freedom on still pictures
from the cross-colour cross-luminance effects normally
associated with the PAL system. In addition these decoders
can retain full horizontal and vertical luminance and
chrominance resolution. This approach to decoding offers
the prospect of obtaining line-locked sampled YUV from
PAL with quality similar to that of direct YUV signals.

In November 1979 the EBU sub-committee recom-
mended that a YUV standard based on the sampling
frequency of 12 MHz for luminance and 4 MHz for each of
the chrominance signals be examined experimentally and if
deemed satisfactory, be submitted to CCIR as a standard'’.
The sampling structure was of course line-locked with an
orthogonal patrern for luminance and chrominance, there
being 768 samples per line for Y and 256 samples per line for
U and V. With all the various constraints placed on the
choice of sampling structure, it was inevitable that some
compromises were made. The attraction of 12:4:4 is that it
does not make excessive demands on recorder bandwidth
and that the multiplexed Y, U and V¥ signals could be
accommodated within the 140 Mbit/s digital trunk transmis-
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sion standard adopted by the European PTTs without too
much difficuity. The reservations about the standard lay
with concern that the sampling rates may be a little too low
to allow all the digital signal processing envisaged to be
carried out with sufficient ‘headroom’. Extensive tests were
carried out and although many of these produced extremely
good results, they did not completely allay the reservations
about the adequacy of the bandwidth, particularly that
allocated to the chrominance signals. Nevertheless, the
EBU Technical Conunittee at its meeting in April 1980
following the demonstrations of equipment using the 12:4:4
sampling structure, accepted the key principles recom-
mended by its. sub-committee that the digital studio inter-
face standard should be based on components, and use an
orthogonal sampling structure (such as line-locked). This
decision was communicated to CCIR with the comment that
the precise sampling frequencies to be recommended for Y,
U and ¥V would be confirmed after some further study. The
SMPTE also accepted these principles and experiments are
currently being carried out on both sides of the Atlantic
examining mainly luminance sampling frequencies between
12 and 14 MHz and chrominance sampling frequencies
between 4 and 7 MHz in ratios producing orthogonal sam-
pling structures. e.g. 12:6:6 and 14:.7:7. etc. Although
agreement has still to be reached on the precise sampling
frequencies, it can be regarded as a considerable achieve-
ment that the essentials of a new digital standard have been
accepted on a world-wide basis in a form very different from
those which were under widespread discussion less than a
year before. ‘

4 Some ground rules for setting a standard

To sharpen the debate within the BBC on the choice of the
sampling frequencies for luminance and chrominance, cer-
tain ground rules were established. It is envisaged that
consistent with the requirements of the transitional period,
al! vision signals up to the network ountput will eventually be
in YUV throughout. The choice of sampling frequencies
should be the best for this operation, and should not be
inhibited by possible bandwidth limitation of the links
available for distribution to the transmitters. Tt is better to
relv on bit-rate reduoction techniques in the distribution
network rather than choose a fundamentally imadequate
standard for the studio.

It must be remembered that the signals will eventually be
transmitted as an analogue composite signal, specifically in
the UK a 55 MHz PAL signal. Thus if in the interests of
providing adequate ‘headroom’ a standard is chosen which
provides qualities which would be cut off by the ‘window’
defined by the transmission standard, then one runs the risk
of incurring unjustified capital and running costs in prog-
ramme production. In considering the ‘window’ one must
take into account anticipated improvements in encoding for
transmission, and future developments in receivers such as
picture-store-based decoders which could be introduced in a
manner compatible with existing practice,

Unfortunately, not even the discipline of a ‘window’
removes some of the dilemmas between adequacy and
extravagance. Take, for example, the question of electronic
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(c)

Fig. 7

d)

These photographs of a monitor displaying the spatial frequencies generated by the electronic zone plate demonstrate the

improvements which can be obtained when using picture-store-based digital techniques to decade an analogue PAL signal. The
zone plate signal displayed directly on a monitor is shown in (a). In (b) are shown patterns generated due to cross-colour effects
when the picture has been passed through a good-quality analogue PAL decoder. {(c} shows the image obtained using
picture-based digital decoding. It can be seen that unlike (b) the digitally-decoded image is very similar to the criginal signal in (a)
except for the loss of the highest frequency due to sampling at 12 MHz. The effect of 12 MHz sampling alone is shown in (d)
confirming the fact that for a stationary image digital decoding enables the recovery of most of the original RGB signal. (The
cross-colour components show up as moving coloured patterns on the menitor, but to increase the contrast for the photograph

only the green signal has been displayed in these illustrations.)

zoom. Programme makers might consider it very desirable
to expand certain areas of the picture during post-processing
by a factor of, say, 2 times. If a standard were chosen to
ensure that there were no loss of resolution after such a
process compared to the unexpanded original when viewed
through the ‘window’, then a considerably higher sampling
frequency would be required than for studio operations not
requiring this particular process. The cost in additional tape
consumption and studio equipment incurred if the standard
made provision for this facility would have to be borne by all
programmes not requiring a 2:1 expansion without loss of
resolution. Similarly, in the case of colour separation over-
lay where the chrominance signal from one source is used to
switch the complete image including the higher resolution

22

luminance signal from another source, it may be necessary
to use a greater chrominance bandwidth than that derived
from the ‘window’ in order to finish up with sharp transi-
tions during CSO.

These two examples show that, in formulating a policy, it
is necessary to envisage the organisation and functions of
the all-digital studio of the future and make a judgement
about the relative importance of any processes which might
affect the choice of standard. In the two particular cases
discussed above, the view of the BBC is that it would be
better to tolerate some degradation of resolution on the
occasions when electronic zoom is required rather than load
all productions with the cost of accommodating this facility
in the choice of standard. On the other hand, the ability to



Fig.8 One of the critical tests carried out at the comparative
demonstrations organised by the EBU in the Spring of
1980, was colour separation overlay. Impairments
observed when the image of the pen being rotated in the
hand was overlaid on the test card stimulated some
reservations about the adequacy of 4 MHz as a sampling
frequency for the chrominance signal.

carry out colour separation overlay at any stage in program-
me production is considered so important that if, for
example, additional chrominance bandwidth is required to
accommodate this facility, then the BBC would wish the
standard to reflect this requirement.

One of the concepts which may ease the accommodation
of special, or future, requirements is the establishment of a
‘hierarchy’ of sampling structures related to the basic stan-
dard. Thus, if the choice of sampling structure were, say,
12:6:6 the establishment of a ‘hierarchy’ would ensure that,
for example, anyone departing from the standard to pro-
duce an equipment using RGB. would use 12:12:12. Any-
one deciding to use a low-bandwidth system, perhaps for
ENG, might use, for example, 6:3:3 and so on. A disci-
plined application of such a ‘hierarchy’ in association with a
basic standard could allow some growth potential and
flexibility without losing the benefits of interoperability.

The broadcasting industry now seems very close to
settling on an internationally accepted digital interface
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standard for television studios. It seems highly probable that
within a year most new studio-quality digital equipment will
be designed around a line-locked YUV structure with
sampling frequencies somewhere between 14:7:7 and
12:4:4.
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Digital Coding of the Composite PAL Colour Television
Signal for Transmission at 34 Mbit/s

P. A. Ratliff, 8 sc. Ph.D

Research Department

Summary: With the coming introduction of national and internaticnal digital telecommuncation networks,
there are challenging incentives for compressing the digital television signal so that, compared with
straightforward PCM coding, a reduced bit rate can be used for transmission between studio centres, and to
broadcast transmitters. This article looks briefly at the history of television bandwidth compression, the
incentives and constraints, and discusses the techniques required to achieve high-quality broadcast television
transmission for composite PAL colour signals, at about 34 Mbit/s.
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1 Introduction

Digital communication circuits offer the flexibility to com-
bine, for example, data, telephone, and broadcast sound
and vision signals on one digital multiplex highway. Tn
Europe, the basic agreed building block for the data high-
way is a 2-048 Mbit/s unit (which can carry 30 PCM
telephone signals), and a hierarchy of multiplex levels for
access to and from the highway has been established at such
levels as 8-448 Mbit/s, 34-368 Mbit/s and 139-264 Mbit/s
(see figure 1). Additionally the British Post Office proposes
to provide access at 68-736 Mbit/s specifically for television.

For the broadcaster, it is a prime concern that his signals
should be tailored to make economic use of the data
highway for contribution to, and distribution from, studio
centres. In particular, this poses a most interesting challenge
for television signals. A similar interest also applies in
digital video recording, where economy of the recording
medium can be a significant factor.

A digitally-coded colour television signal requires in
excess of 100 Mbit/s channel capacity using conventional
PCM. This is the major part of the fourth-order multiplex
level (140 Mbit/s) and as such would make very inefficient
use of the digital channe!l. However, if sufficient compres-
ston could be applied to squeeze the television signal in at
the third-order multiplex level (34 Mbit/s}, a considerable
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economy of channei utilisation would be effected (figure 1).

Additionally, digital modulation could provide improved
performance on satellite communications links, where fre-
quently only half the transpender bandwidth is available for
analogue FM television transmission. This presently results
in a degraded signal-to-noise performance, but the channel
would alternatively support some 30 Mbit/s digital transmis-
sion capacity.

2 Nature of the problem

Compression of television signals is by no means a recent
art, having a history dating back nearly thirty years. This is
largely because, since its conception as a means of visual
communication, television has been an embarrassment in its
bandwidth requirements, especially when compared with
other forms of communication.

Even so, as we know it todav, the television image is
somewhat akin to the image seen when peering through a
small window onto the world outside, and rarely subtends
more than 15° at the eyve. Moreover, a three-dimensional
scene is portrayed in a two-dimensional plane, wherein the
incident light angles, the intensity, hue, and saturation have
all been distorted. In no wav does the television image
attempt to reproduce the scene in every conceptual detail.
Its purpose is merely to suggest the uppearance of the
original scene in a way that is psychologically satistying to
the viewer.

Yet even with these stringent limitations, the television
signal uses many tens of Mbit/s channel capacity for so-
calted ‘high-quality” image reproduction. On the other
hand, it is known that the human visual system (i.e. the
eye-brain combination) cannot ahsorb information at a rate
greater than a few tens of bit/s (in terms of Shannon’s theory
of communication'). Thus, there appears to be an enormous
lack of efficiency to be exploited. However, much is lost by
the difficulty of defining what the human visual system is,
and the fact that what information it chooses to absorb, and
when, is not externally controllable (see for example the
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Fig. 1  Multiplex hierarchy in & digital communications network

eyve-trace patterns for different viewers and at different
times when studving the same picture, as given in Kolers®).
Thus, a model for all human observers has a much greater
information-absorbing capacity than for just one, and most
modelling has therefore been carried out more on an
empirical basis, to determine physiological properties of the
eve, rather than the psychological properties of the com-
plete visual system.

3 History of television bandwidth compression

Television bandwidth compression began with an examina-
tion of the statistical redundancy in the signal (see for
example Kretzmer’). It was quickly appreciated that in
order to reduce the bandwidth, the information rate had to
be smoothed, otherwise all that resulted from removing
redundancy was a saving in power. Digital techniques held
the key to such manipulation of the television signal and
early investigations concentrated primarily on devising
digital methods, in a predominantly analogue world, to
remove statistical redundancy’*¢, However, difficulty of
digital implementation at video-signal frequencies restricted
the rate of achievement.

At the end of the 1950s, Teer’ and Seyler® reviewed the

state of the art and considered systems which started to
exploit the physiological aspects of the eve, in addition to
statistical redundancy in the signal itself. During the 1960s a
marked growth in the development of video bandwidth
compression took place. This was largely precipitated by the
advancement of device technology and the introduction of
digital integrated circuits. Also the requirement for visual
communications via satellite and from space probes was a
great incentive to improve efficiency. In this field, band-
width and signal power were at a premium right from the
start. However, non real-time transmission was acceptable
for space-probe pictures and complex slow-speed image
processing was possible, creating & boom in the application
of redundancy-reduction techniques.

Many interesting papers appeared in special issues on
picture bandwidth compression and digital picture
processing™'"""?_ presenting diverse approaches to the re-
moval of statistical redundancy, and exploiting psycho-
visual properties of the eye. A useful bibliography is given
by Wilkins and Wintz”. The intreduction of techniques such
as differential pulse-code modulation (DPCM)" and trans-
form coding” have spanned the literature ever since, and
although much has been done towards applying Shannon’s
rate-distortion theory' in a more encompassing manner',

25



BBC Engineering September 1980

the difficulty of modelling the human visual system suffi-
ciently accurately remains the major limitation. What is
clear is that a reasonable representation of an image is
achievable by many different techniques giving high band-
width-compression ratios, but that the high-quality require-
ments of broadcast signals not only defeat visual-system
models but alse require many times greater bandwidths.

Most of the early work on bandwidth compression discus-
sed above was concerned with the monochrome television
image, although in the field of broadcast television, much
work was also done to establish methods of transmitting
colour pictures in the same bandwidth as the monochrome
signal. The well-known composite colour systems emerged,
namely NTSC, PAL and SECAM, as efficient band-sharing
systems with not too severe quality compromises, even
though the division of the spectrum between luminance and
chrominance components was not tightly controlied.

Work on digital coding of colour television signals did not
blossom until the early 1970s, and much has been done in
the last decade towards applying the basic techmques
previously evolved for monochrome image-compression to
colour signals. A good review of this work was given by
Limb et al'" and there are also other interesting papersin the
same special issue on image bandwidth compression™. As
device technology improves, particularly in terms of re-
latively cheap picture-storage elements, more complex pro-
cessing is developed, making use of the large amount of
temporal redundancy in the television image. However, this
has also led to the growth of movement-adaptive techniques
in order to overcorne the lack of temporal redundancy in
moving areas of the picture.

Papers presented at a recent Picture Coding Symposium "
underline these modern trends and also that the pulf
between intelligible images and high-quality broadcast tele-
vision images remains wide. A creditable sitmulation of a
moving head-and-shoulders picture, saitable for visual tele-
phone applications, was demonstrated, theoretically requir-
ing a transmission channel capacity of enly 64 kbit/s, i.e.
that of a sound telephone channel™ On the other hand

there were no proposals for broadcast-guality colour televi-

sion transmission in less than about 20 Mbit/s, and many of
those described exhibited perceptible impairments under
some conditions. Nevertheless, an increasing number of
proposals for high-quality digital television transmission at
around 30 Mbit/s have been made in recent vears, and some
of these are described in References 21 to 31.

4 Choice of technigues for efficient compression

There are two basic approaches to digital coding of colour
television signals: either to code the composite colour signal
directly or to code the individual separate components,
usually the luminance and two colour-difference signals. For
maintenance of the highest quality during production of the
television programme. separate component coding is now
favoured because of the flexibility that it affords, and the
European Broadcasting Union (EBU) is currently working
to establish a common digital-coding standard for Europe.
However, bit-rate is not an overriding factor in the televi-
sion studio and no attempt has been made to compress these
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signals. For distribution, on the other hand, efficient use of
bandwidth is much more significant and importance must be
placed on bit-rate reduction.

The choice of whether to code composite or separate
component signals for efficient compression is not clear cut.
PAL and NTSC composite colour signals are suited to direct
digital processing because it is possible to take account of
the modulated chrominance, but this is not the case for
SECAM signals. Only limited attempts have been made to
compress the digitised SECAM signat (see Devereux®, for
example).

Many workers have opted for separate component coding
methods since it ostensibly permits compression technigues
to be better matched to the physiological properties of the
eve. However, the digital PAL signal is particularly amen-
able to bit-rate reduction, and, pgiven that the television
signal has to be transmitted in PAL form to the general
public in the United Kingdom, the best compromise be-
tween high quality and low bit rate may be obtained by
processing the PAL signal directly. The chrominance in-
formation may be carried within the same bit rate required
for the luminance information alone, and only one proces-
sing chain is required. In the separate component approach,
three separate processes are required, and some workers
have had to develop complex interactive techniques to
minimise the combined effects of the distortion products of
separate bit-rate reduction processes operating in parallel.

Over the last decade a considerable amount of work has
been conducted at BBC Research Department into various
techniques for bit-rate reduction of the composite PAL
signal. Studies of the statistical redundancy in the signal”*®
have shown that a significant saving in bit rate could be
made using varable-length coding, of perhaps 50% or
more, for many pictures. However, some picture sequences
contain relatively little redundancy. and it would require 4n
enormous buffer store to smooth out the transmission rate
sufficiently to take advantage of the possible gains. Also.
efficient variable-length codes have very poor immunity to
transmission errors. On the other hand, removal of the
highly-redundant television blanking intervals does not re-
quire vatiable-length coding. Moreover, this effects a signi-
ficant bit-rate saving with good error immunity and does not
impair the picture quality™,

DPCM* and Hadamard Transform coding® methods have
also been studied at length. and Clarke demonstrated that,
for a given bit rate and using relatively simple implementa-
tion of each technique, DPCM was consistently better for
high-quality pictures”. He concluded that, for a similar
degree of equipment complexity, improved DPCM was
likely to remain better than improved transform coding, and
this has been subsequently confirmed by other workers®.
More recently the development of the Cosine Transform®
looks more promising”, but workers in this field tend to
favour it, in comparison with DPCM, at very low bit rates
where the distortions of each approach have different
subjective significance.

Additionally, it was found that the composite PAL signal
could be sub-sampled, below the Nyquist rate, without
serious problems arising from the mixing of the baseband
and the sampling spectra”.
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It became clear that a combination of three substantially
independent techniques held the best chance of providing
the substantial bit-rate savings necessary for efficient use of
future digital communications networks. These are:

{a) Sub-Nyquist sampling,
(b) Blanking-interval suppression,
and {c) DPCM.

These techniques will be discussed in some detail, with an
indication of the performance that can be expected of a
transmission system using them, and operating at a bit rate
in the region of 34 Mbit/s.

5 Sub-Nyquist sampling

Conventionally, the composite PAL colour signal is sam-
pled at three times the colour subcarrier frequency, at about
13-3 MHz, which is slightly above the theoretically-required
Nyquist rate of 11 MHz. The difference provides a margin
for the finite roll-off of practical baseband filters, and the
choice of a harmonic of subcarrier frequency minimises the
visibility of any intermodulation products introduced in the
analogue-to-digital converter (although with improvements
in converter design the latter is becoming less of a problem).

A total of 256 quantising levels, linearly disposed, is gener-
ally considered to be necessary to convey sufficient accura-
cv, and this gives rise to a bit-rate of about 106 Mbit/s.
Similar methods applied te component coding require an
gven greater bit-rate; the coding systems presently being
considered by the EBU require at least 160 Mbit/s.
However, it has been shown that with the composite PAL
signal, the sampling rate can be substantially reduced, to the
sub-Nyquist rate of only twice the colour subcarrier fre-
quency (2f..), about 8-86 MHz, with minimal loss of picture
quality”. The analogue signal is first sampled at the super-
Nyquist rate of four times the colour subcarrier frequency
{4f.). This is then halved by the action of an appropriate
digital comb filter in the high-frequency part of the spec-
trum, to take account of the unwanted or alias components
thus introduced (figure 2a). The filtering process consists of
reducing the 4f, sampling structure to a 2f structure by
taking alternate {4f,.) samples and averaging them with the
alternate, but interleaved, samples from the previous televi-
sion line. This has the effect of confining the high-frequency
luminance to its predominant frequencies about multiples of
line frequency, nfy. such that its alias components inter-
leave about odd multiples of half line frequency, (n+Y2)fy
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(see figure 3). In addition, the phase of the initial 4f,,
sampling is chosen such that the chrominance alias compo-
nents reinforce the modulated chrominance components
(i,v) in the filter (figure 3). The chrominance is thus
transformed into sum and difference modulation compo-
nents (u-+v, u—v) with unified phase on alternate television
lines (as shown in figure 8).

At the decoder (figure 2b), a similar filter is employed
prior to the digital-to-analogue converter to re-establish the
conventional PAL signal. This filter separates the high-
frequency luminance from its alias and combines the uni-
fied-phase chrominance components to reform the conven-
tional (x, v) modulated PAL chrominance signal.

The main effects of sub-Nyquist sampling are to reduce
luminance resolution on diagonal transitions and chromi-
nance resolution on horizontal transitions. However, the
latter is not normally significant, since the chrominance
bandwidth of the normal PAL system restricts the resolu-
tion on vertical transitions to a greater extent.

These effects are best illustrated in the ‘coding loss’
picture of figure 4. The output of the sub-Nyquist sampling
decoder has been subtracted from the input to the coder (for
Test Card F signal} and the difference displayed on a
television monitor, with mid-grey representing zero loss.
However, it is interesting to note that some of the so-called
‘loss’ is, in fact, a reduction in the unwanted ‘cross-colour’
components present in the normal PAL signat!

Tt is seen that the loss is quite small, but nevertheless, it is
possible to reduce it still further. Instead of averaging the
4f,. samples across a line period, the delay, D in figure 2,
can alternatively be a field period (313 lines)”, or even a
picture period (625 lines)'. In the latter case, no loss of
resolution occurs on stationary pictures, but severe blurring
occurs on moving transitions. The use of field delays halves
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Fig. 4

‘Coding loss” introduced by sub-Nyquist sampling. {Some
of the "less' is the unwanted cross-colour in the ariginal
PAL signal and hence provides an improvement in picture
quality, e.g. the patterns in the diagonal bars of the
test-card picture).

the static resolution losses of the line-delays system and the
movement blur of the picture-delays system. This gives
perhaps the best match to the psycho-visual properties of
the eye, unless a movement-adaptive system is employed.
However, subjective assessments to date indicate that the
simple line-delays system is adequate for high-quality
broadcast use.

6 Blanking-interval suppression

The inclusion of considerable periods of waiting time in-
between transmitting useful picture information seems a
flagrant misuse of channel capacity, yet was largely deter-
mined by the requirement for cheap scanning circuits in
domestic receivers and the inability to store a whole televi-
sion field economically. Given the existence of such large
overheads it is obvious that these blanking intervals should
be suppressed as far as possible in point-to-point digital
transmission, but be reinserted before broadeasting to the
general public.

Figure 5a shows the essential elements of a blanking
interval remover. After making measurements on the in-
coming video signal, the central controller reads the video
signal into a buffer store only during active-picture periods.
However it reads the video signal out of the buffer store at a
continuous, but appropriatelv reduced rate. At the blanking
reinserter (figure 5b), the reverse process occurs with the
controller also operating the blanking waveform generaror
to fill in the gaps in the output picture signal, thus recon-
structing a standard video signal.

The technique is, of course, applicable to all television
coding systems with more or less equal effect, giving some
18% saving in bit rate if line-blanking intervals are suppres-
sed, and about 24% saving if both line- and field-blanking
intervals are suppressed. Figure 6a shows the blanking
intervals in a normal video signal and figures 6b and 6¢ show
the blanking-suppressed signal on a conventional monitor
(6b) and on a specially-adapted monitor (6c), which shows
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that only the active-picture information remains.

The blanking waveform regenerated at the digital receiv-
ing terminal is synchronised to the picture signal by the
transmission of vestigial synchronising data. In the ideal
digital world, with precisely-defined blanking intervals, a
code transmitted only once per field or picture would be
sufficient to maintain synchronisation. However, at present,
the variation of analogue television-waveform generation
and prior analogue signal processing make it necessary to
ensure that the digital blanking-waveform regenerator re-
produces a close replica of the blanking waveform removed
at the digital transmitting terminal. Measurements of the
input synchronising pulse and burst amplitudes, and their
relative timings, are made and transmitted in a rugged
manner, this occupying about 1% of the transmitted bit-
rate. Hopefully, as digital technology spreads, the complex-
ities of faithfully reproducing blanking waveforms distorted
by previous analogue processes will disappear.

7 Differential pulse-code modulation (DPCM)

The number of quantising levels required for the video
signal may be reduced by differential encoding. This is a
very popular bit-rate reduction technique and relies on the
considerable degree of redundancy within the television
picture signal, A fairly good prediction of the signal can be
made from previously transmitted information, and the

Fig. 6
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{a)

(b)

(c)

Test-card pictures artificially displaced to show blanking
intervals.

a) Normal picture signal
b} Picture signal with blanking suppressed (‘short’ video).

c) Picture signal with blanking suppressed and viewed on
a specially-adapted television monitor.
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transmitted signal compnses the error between the pre-
dicted and the true signal. Figure 7 shows a block diagram
of a DPCM codec. Statistically, the prediction error is small
and can be substantially conveyed using a reduced number
of quantising levels. Only when the picture is highly detailed
does it become difficult to predict and give rise to large
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Fig.9 Equipment for the study of video bit-rate reduction using
sub-Nyquist sampling and complex DPCM. (The video
menitor is displaying a 22-level, non-linear quantising law
corresponding to the 4% bits/sample available for
34 Mbit/s transmission).

prediction errors. However, these large errors may be
conveyed with reduced accuracy, since the eye is more
tolerant to quantising inaccuracy in high-amplitude, fine-
detail picture areas. The prediction-error signal is therefore
subjected to non-linear quantisation before transmission,
small differences being conveyed with full accuracy and
larger differences with progressively reduced accuracy.
Thereby, the total number of quantising levels required may
be significantly reduced without introducing large subjective
impairments.

With the composite PAL signal, the problem is how to
apply the DPCM technique such that no loss of accuracy
occurs in plain coloured areas. This is where the eye is most
sensitive to contouring effects produced by insufficient
quantising accuracy. The solution is to make a predictor
which is good for steady-state chrominance modulation as
well as DC. Figure 8 shows the 2f,. sampling structure in a
plain coloured area for one television picture. It can be seen
that a simple prediction which satisfies this criterion is the
second-previous sample value, S,". However its luminance
frequency response is somewhat limited, and only a modest
bit-rate saving can be made without generating perceptible
impairments on critical pictures. A 6-bit non-linear quantis-
ing law has been used successfully in experimental digital-
television transmission equipment operating at 60 Mbit/s*.

For greater compression, a more highly-tapered guantis-
ing characteristic must be used. Television transmission at
34 Mbit/s requires that the video signal be reduced to about
31 Mbit/s to allow sufficient capacity for sound, ancillary
signals and error-protection coding. Assuming sub-Nyquist
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sample to be
predicted

Fig. 10 isometric diagram showing the sample weights of a complex prediction.

sampling and full blanking-interval suppression, this permits
a mean of 4}2-bits/sample to be transmitted (in practice, one
G-bit word represents two sample values). Thus the DPCM
quantiser can have only 22 states, and such a characteristic
may be seen displayed on the television monitor in figure 9,
which also shows the experimental equipment.

It therefore follows that the prediction must be improved
to provide a more highly-peaked distribution of the predic-
tion error. An appropriately-weighted sum of the sample
values back along the television line gives some improve-
ment, but a prediction gain (the ratio of the mean-square
prediction error for the predictor to that for the simple
second-previous sample predictor) of only about 2 dB may
be realised. Grealer gains can be achieved by spreading the
prediction into two dimensions, but normally the action of
the v-axis switch, present in the PAL signal, complicates the
use of samples in the previous line, necessitating the use of
an adaptive predictor®. However, the sub-Nyquist sampling
technique unifies the phase of colour subcarrier (in a plain
coloured area, see figure 8) so that samples in the previous
line can be used in a static predictor, although they do not
contribute usefully to the chrominance prediction. Predic-
tion gains of about 4 dB have been measured, but this is still
not enough to provide broadcast-quality pictures with a 414
bits/sample quantiser. However, if the previous-field sam-
ples are also stored, access to the interlace lines on both
sides of the sample to be predicted is obtained. For station-
ary pictures a prediction gain of about 8 dB over the simple
second-previous sample predictor may be achieved, by
using the temporal dimension to improve the spatial resolu-
tion. Picture movement, however, may be expected to
reduce this gain.

Initially, the sample weights were computed using a
simple statistical model of the television signal®, assuming it
to be a first-order Markov source. However, because of the
modulated chrominance of the PAL signal, an additional
constraint was added in the computation of the sample
weights of ‘optimum’ predictors, requiring steady-state col-
our to be predicted correctly. Thus the conditions which
must be satisfied are:

(a) the sum of the predictor coefficients (sample
weights, S} equals unity
(b) the sum of the even coefficients minus the sum of
the odd coefficients on even lines equals unity
and (c) the sum of the even coefficients minus the sum of
the odd coefficients on odd lines equals zero
where the sample to be predicted is considered to be even
on an even-numbered line, 2n.

A fixed temporal aperture was also assumed when com-
puting complex predictors using both present- and previous-
field sample values, and a previous-field correlation factor
was determined empirically to be in the range of 0-8 10 0.9
for normal moving pictures. A typical complex-prediction
algorithm is illustrated in figure 10.

The model gave quite good results on typical test pictures
but was optimistic in its calculated prediction gains for
pictures with large amounts of luminance detail and little
chrominance.

Subsequently it became possible to transfer digital video
signals to a computer for statistical analysis. ‘Optimum’
predictors were computed by minimising the mean-square
prediction error, subject to the constraints listed above, for
a range of standard test slides chosen to represent normal
broadcast pictures. Subjectively these predictors give the
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Fig. 11 Prediction error for complex, 14-coefficient, mixed-field
prediction.

Fig. 12 Coding loss for 4'4-bit, complex-prediction DPCM*.

conventional coding, 3/, sampling, 8bit PCM

I N % IR, :I
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R \ ] 709 Mbit/s
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soves further 23 %
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+ 415 bit DPCM
soves further 44%
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Total bit-rate saving 71%

N 546 Mbit/s

Fig. 13 Video bit-rate savings.

*Some loss is just apparent in the original photograph!
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best results for the number of coefficients employed, and a
14-sample predictor, comprising samples from three lines in
each field, gives remarkably good results. Figure 11 shows
that the amplitude of the prediction error is small for the
whole of the test card picture.

The non-linear quantising characteristics are initially de-
rived by minimising the mean-square quantising error, but
this gives a somewhat too-tapered shape. and final optimisa-
tion is achieved subjectively.

It has been found that a complex mixed-field predictor is
admirably well suited to the characteristics of the human
visual system. On stationary pictures and for slow move-
ment, the prediction error remains small, such that the loss
introduced by the non-linear quantiser is virtually imper-
ceptible. In fact. it is only by subtracting the system output
from its input and displaying the difference on a television
monitor, as shown in figure 12, that we know where to look
for any loss! As movement speed is increased, significant
quantising errors appear on the loss pictures, but on the
actual decoded pictures the movement is such that the eye is
not able to resolve the loss of resolution of the moving
transitions.

Many workers have used a spatially-coincident, previous-
picture sample as a prediction for low bit-rate video sys-
tems, but, in contrast, we have found that use of previous-
picture samples, either alone or in a mixed-picture predic-
tor, gives rise to severe movement blurring and would
require movement-adaptive techniques to be useful for
high-quality broadcast pictures.

The necessity of using rather spread predictors, and in
using previous-field samples rather than previous-picture
samples, has proved a considerable advantage in designing a
static three-dimensional predictor for the PAL signal. Tt
provides sufficient gain to be able to reduce the number of
quantising levels to 22 in the DPCM system. with negligible
subjective loss in quality.

8 Transmission at 34 Mbit/s

Figure 13 shows that use of the three bit-rate reduction
techniques described, namely sub-Nyquist sampling, line-
and field-blanking interval suppression, and DPCM, make a
total bit-rate saving of 71% possible when compared with
conventional PCM coding of the composite PAL colour
television signal. More importantly, such a system causes
negligible subjective impairment to high-quality broadcast
pictures, as can be seen in figure 14.

A complete television transmission system additionally
requires to convey the associated sound signal(s) and the
field-interval signals (e.g. CEEFAX, ICE), and figure 15
illustrates the composition of a system for transmission at
the third-order multiplex rate of 34-368 Mbit/s.

About 7% of the total bit rate is reserved for error
protection of the television signals, to overcome the delete-
rious effects of errors which can occur on the transmission
path; this is discussed in the next section. A small margin
also exists for ancillary signalling (for engineering purposes)
and for multiplexing the various signals together asynchro-
nously. This includes framing and justification data required
by the receiving terminal to demultiplex the various signals



(a)

Fig. 14 34 Mbit/s system performance. The photographs are
two-field exposures taken from a colour monitor and this
‘freezes’ the moving cross-colour patterns present in the
PAL signal; this creates the patterns seen in the frequen-
cy bars and gives a jagged appearance to the vertical
transitions in the picture photographs, but the reduction of
cross-colour given by the 34 Mbit/s system can be dis-
cerned.

a) Original picture.
b) 34 Mbit/s system picture.

c) 34 Mbit/s system total coding loss.

into their separate bit streams again.

Thus a complete digital broadcast television signal can be
conveyed with a transmission capacity equivalent to only
480 digital telephone channels. In contrast, a system using
conventional coding would occupy a capacity equivalent to
about 1650 telephone channels.

9 Transmission performance

In any proposed transmission system the effects of transmis-
sion errors must be carefully considered. A problem often
encountered when redundancy-reduction techniques are
employed is that the removal of signal redundancy also
removes the ruggedness to transmission errors which may
occur in a practical system. The deliberate addition of a
little redundant information in the form of error-correction
coding can be arranged to better match the channel charac-
teristics to those required by the signal, but this is only a
partial solution. There is a danger of removing redundancy
to achieve maximum bit-rate reduction on the one hand,
only to have to put it all back again in order to provide
sufficient ruggedness to transmission errors.

In the system described here, the choice of DPCM
predictor coefficients has been carefully controlled to mini-
mise the subjective effects of transmission errors, whilst
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Fig. 15 Division of the bit rate in the 34 Mbit/s digital television
transmission system.

maintaining high prediction gain. A rapid decay of the
impulse introduced by an error is required, rather than its
integration at the decoder, as with simple DPCM systems.
One solution is to introduce a ‘leak’ into the predictor by
deliberately ensuring that its frequency response is less than
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(b}

{c)

Fig. 16 Effect of transmission errors at a bit error ratio of about
107 (a split screen shows the errars in isolation on the left
and in the decoded picture on the right. Note that the
two-field exposure of the photographs has the effect of
making the PCM errors (c) appear relatively less annoying
than in reality).

al System using simple DPCM.
b) 34 Mbit/s system using complex DPCM.
c) PCM system.
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unity at all frequencies. With simple predictors the predic-
tion gain falls rapidly if the leak is sufficient to make the
error decay short. However, with the complex mixed-field
predictor described, greater control of its frequency re-
sponse is possible and a very small leak may be introduced,
having little effect on the prediction gain, but a dramatic
effect on error-decay rate. Quantitatively, a good measure
of the error performance of a DPCM system is gained from
its stability margin, determined from a Nyquist plot of the
open-loop frequency response of the decoder, i.e. that of
the predictor. This is included in the computer optimisation
procedure.

Figure 16 (view picture-side of photographs) shows that,
in contrast to a simple DPCM system having second-
previous sample prediction (figure 16a), the complex
DPCM system with mixed-field prediction (figure 16b), is
almost as tolerant to transmission errors as PCM (figure
16¢). The bit-error ratio in the photographs is abnormally
high, in excess of 107*, whereas the random bit-error ratio at
which errors are just perceptible is about 107 for the
34 Mbit/s system.

In practice, it is expected that most terrestrial digital
circuits (radio, line, and optical fibre) will be virtually error
free most of the time, although some satellite circuits may
exhibit a continuous bit-error ratio of the region of 1075,
However, with suitable error-correction coding, requiring
an additional 6-7% of the video bit rate, protection to
bit-error ratios up to about 107* is quite feasible, even when
the errors occur in short bursts, as is common with the
digital modulation and scrambling techniques commonly
used in digital transmission systems.

10 Conclusions

Television remains one of the most bandwidth-greedy forms
of communication even in these modern times. It is not for
the lack of effort over the last thirty years that the actual
bit-rate requirements are still a million times greater than a
single human observer can absorb. Nevertheless, consider-
able strides have been made with wide-spread use of digital
techniques over the last twenty years, and for broadcast-
quality colour television in particular, the last decade has
seen some notable achievements and realisable systems.
Many different compression techniques have been applied
and there is no obvious universal solution. There will no
doubt continue to be as many diverse systems as there are
differing quality, bandwidth and cost factors to be met.

However, three complementary bit-rate reduction techni-
ques have been presented here which are particularly
tailored to take advantage of the attributes of the composite
PAL colour television signal. It is thought that they offer the
best picture quality yet obtained in the region of 30 Mbit/s
for PAL colour television signals, and this is likely to be
adequate for mormal broadcast-signal distribution. at the
European third-order multiplex level of 34-368 Mbit/s.
There is also a possible application in transmitting high-
quality television pictures over a half-bandwidth satellite
transponder.

Nevertheless, bandwidth compression, however elegant
or satisfying in engineering terms, is not inexpensive, and




how much compression is viable will inevitably be a complex
econontic question, no doubt favouring greater bandwidth
compression with time, as channel capacity becomes ever
more precious, and complex instrumentation more cheaply
available.
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The Electronic Zone Plate and Related Test Patterns

M. Weston, sa

Research Department

Summary: Many television processes, such as noise reduction, improved colour coding and standards
conversion, depend on combining nearby lines and fields of the source picture. Until recently, there has been
no way of examining the fundamental properties of these systems. This article presents a new family of test
patterns which enable the research engineer to investigate and optimise these systems methodically. They
contain periodic {e.g. sine wave) gratings of all possible pitches, slopes and rates of movement. The patterns
can be generated electronically and an indication of the method is given.
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4.2 Waveform synthesis

L2y —

5 Conclusions
6 References
1 Introduction

In evaluating the characteristics of television systems, the
familiar range of test signals used consists of stationary
vertical gratings such as line sweep, multiburst, or test-card
resolution bars. Although these can be used 10 reveal a
great deal about simple one-dimensional television systems
such as filters, cables and amplifiers, they cannot be used to
determine the properties of more sophisticated systems
which combine signals from different scan lines or pictures
(e.g. vertical-aperture correctors, comb-filter coders, sub-
Nyquist sampling systems, noise reducers and standards
converters). These systemns must be investigated using pat-
terns which change from line to line and/or from picture to
picture.

BBC Research Department first investigated such sys-
tems using electronically generated gratings, which could be
adjusted to any pitch, slope and speed of motion. However,
since only one pattern could be produced at a time, a
thorough investigation of a complex system such as a
standards converter was an extremely time-consuming pro-
cess. This situation was eased for stationary patterns by the
use of a two-dimensional frequency sweep called the circu-
lar zone plate’. This contains all possible spatial frequencies
at all possible slopes but, until recently, it was only available
as an optical test card from which inevitably imperfect
signals were obtained by means of a television camera or
slide scanner.
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In order to provide more consistent test signals than those
obtainable from a slide, an alternative two-dimensional
frequency sweep pattern called the hyperbolic zone plate!
(or Girard Grille)* was generated electronically (digitally).
This pattern, although relatively easy to generate, is slightly
less easy to interpret than the circular zone plate, and the
lack of movement limits the usetulness of both patterns.

A new electronic (digital) pattern generator has now been
developed®, which can produce not only stationary patterns
such as hyperbolic and circular zone plates, but also moving
patterns; it thus enables the user to examine the temporal as
well as the two spatial frequency characteristics of a system.
This article illustrates some of the patterns which can be
produced and describes briefly how they are generated.

2 Principles

It is convenient to describe periodic (e.g. sine-wave) prat-
ings by specifying the phase of the signal waveform at each
point in the picture. This article describes the set of patterns
corresponding to a phase @ varying from point to point and
from picture to picture according to the general second-
degree equation in x, vy and t (respectively, horizontal
position, vertical position and time):

=K, *+k..x +k,.y +k,.t
+kyy.t +k, . x.t +kyy X0y
+¥k, . x° + kg y? +aket? (1)

Any spatio-lemporal frequency can be resolved into three
frequency components, i.e. the horizontal, vertical and
temporal. The horizontal component is the rate of change of
phase in the horizontal direction:

08k kXK y+ Ky t (2)
ox ;

Thus k, controls the horizontal frequency component at the
origin and k,:, k., and k,, control the rates at which this
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component of the frequency varies with horizontal position,
vertical position and time.

Similarly, the vertical frequency component is;

0Bk, xHkyry+ky ot (3)

oy

and the temporal frequency component is:

g—ﬂ=k,+kx,.x+ky,.y+klz.t (4)
1

So vertical and temporal frequency components can also be
made to vary with position and time.

3 Useful patterns

Full use of the ten coefficients in Equation (1) would
produce an almost limitless range of possible patterns. In
the prototype generator each of the coefficients is controlled

by a sixteen position switch, which gives a total of more than

10" possible combinations. Fortunately, the most useful
patterns have most of the coefficients equal to zero, so that
each of the three frequency components is either zero,
fixed, or a function of only one of the three variables (x, y or
t). Figure 1 illustrates 16 of these restricted patterns, They
are arranged in a matrix in which the horizontal frequency
components is zero for the left hand column of photographs,
fixed for the next column, proportional to x for the third
column and proportional to t for the right hand column.
Similarly, the vertical frequency component is zero in the
top row, fixed in the next row, proportional to v in the third
row and proportional to t in the bottom row. Two very
important patterns which do not fit'into this matrix are
illustrated in figure 2.

The patterns in the right hand column and in the bottom
row are inherently moving since their properties are func-
tions of t. The other nine patterns can be made to move by
adding the time terms k..t or ¥:k,.t’. The direction and
speed of movement is indicated by the arrows. For clarity,
figures 1 and 2 are two-tone photographs of low-frequency
patterns.

3.1 Spatial frequency sweeps

One of the most important patterns is the circular (or
elliptical) zone plate (figure 1, third row, third column) in
which the horizontal frequency component is proportional
to horizontal displacement from the centre of the circles and
the vertical frequency component is proportional to the
vertical displacement. This pattern contains all possible
slopes of pattern — horizontal, vertical and diagonal - with a
range of pitches depending on the sweep rates of k: and k.
If k.2 and k,: are not equal, an elliptical pattern is obtained.
The term V2k...t? makes the temporal frequency pro-
portional to time. Adding this to the circular zone plate
gives a truly three-dimensional frequency sweep which has
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been named the ‘spherical zone plate’ (although the third
dimension is time and not space).

Figure 2(a) shows a very closely related pattern produced
by changing the sign of the k,..y* term. This changes the
circles into hyperbolas, but horizontal frequency is still
proportional o horizontal displacement and vertical fre-
quency to vertical displacement.

Rotating figure 2(a) by 45° gives figure 2(b) whichis also a
two-dimensicnal frequency sweep. In this case, the horizon-
tal frequency component is proportional to vertical displace-

‘ment and the vertical frequency component is proportional

to horizontal displacement. Because of its very simple
phase-function (@=Kk,,.xy) this hyperbolic zone plate was
the first two-dimensional frequency sweep to be generated
electronically at BBC Research Departmentl. However,
because of its more obvious symmetry the circular zone
plate is much easier to interpret and tends to be preferred
now that it too has been generated electronically,

3.2 Temporal frequency sweeps

Although patterns containing the term ko.t* presents all
possible temporal frequencies, they do so sequentially. In
many applications in which temporal frequency is of interest
it would be more useful to plot temporal frequencies along
the x or y axis so that all temporal frequencies are simul-
taneously availahle for comparison. This may be achieved
by using the terms k,,.xt or k..t as illustrated in figure 1 by
the moving patterns in the right hand column and bottom
row respectively.

In particular, the third pattern in the right hand column
combines a horizontal sweep of temporal frequency with a
vertical sweep of the vertical frequency component. It thus
plots vertical and temporal frequency components along the
vertical and horizontal axes respectively. This is particularly
useful for studying the vertical and temporal interpolation
of field store standards converters.

4 Instrumentation
4.1 Phase computation

In order to generate the required patterns, the generator
must calcolate the phase @ according to Equation (1) for
each sampling point in the picture. If the sampling frequen-
¢y is line locked so that the sampling points are vertically
aligned, then x can be defined as the number of samples
from the left-hand side of the picture, y can be defined as
the number of lines from the top of the picture and t as the
number of fields since last reset by the operator, Because of
interlace, y increases each line in steps of two so that for one
of the two interlaced fields y is even and for the other field y
is odd.

The number k,.t increases each field during field blanking
by the amount k;. It can thus be generated by an accumula-
tion circuit (figure 3) which stores the present value of k.t
and adds k, to it during each field blanking period.

Similarly, k,.y can be generated by an accumulator which
stores the present value and adds 2.k, to it during each line
blanking period, the accumulator being reset at the top of



each picture to values differing by k, on odd and even fields.
Similarly, k.x is generated by an accumulator which adds k,
once per sample and is reset at the beginning of each line.

Generating the three ‘cross-product’ terms (kg.x.y,
ky.y-t and ky.x.t) is a two stage process. For example,
kyy.x.y is a number which increases each sample by ky.y
which itself is a number which increases by 2k,, for each line
of the field. The term k,,.x.y can thus be generated by a
sample rate accumulator which is reset at the beginning of
each line and then, for each sample, adds the output of a
line rate accumulator which is reset at the beginning of each
field.

The ‘squared’ terms are also generated by a two stage
process. For example '2k,.x? increases cach sample by
(ky2.x - Y2k,2) which itself increases each sample by k.. It is
thus generated by two element-rate accumulators in
tandem.

As the accumulations continue the phase will go through
many complete cycles, but since only the fractional part is
required, the accumulators need only count fractions of a
cvcle and can be allowed to over-flow after each complete
cycle.

4.2 Waveform synthesis

Having calculated the phase of each point it is then neces-
sary to convert this to an output signal of the required
waveshape. If the phase number were used directly as the
video output (either as a digital signal or through a digital to
analogue converter) then a sawtooth waveform would be
produced. This waveform contains a large number of har-
monics and is thus not suitable for measuring response/
frequency characteristics. A better (although still not per-
fect) waveform is the triangular wave, This can be obtained
from the sawtooth phase signal by doubling the gain and
inverting the top half of the signal.

The only way to produce an output free of harmonics is to
generate a sine wave. This can be achieved by a read only
memory (ROM) programmed with the values of sin ¢ for
each value of ¢ that the generator can produce. In practice,
only half a cycle of sine wave is stored in the ROM and its
input is addressed by the triangular wave.

A sine wave may eventually be distorted by the non-
linearity of the display tube. So for some applications, it is
useful to generate pre-corrected sine waves using another
ROM. Other ROMs can be programmed to generate any
other useful waveshapes.

5 Conclusions

The set of test patterns corresponding to phase varying
according to the general second degree equation in x, y and
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Fig. 2 Two other useful patterns (hyberbolic zone plates).
(a) x%, y? and time terms (x* and y* coefficients of
opposite polarity).

(b} x.y and time terms.
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Fig.3 Abasic accumulator circuit.

t contains some extremely useful patterns for rapidly dis-
playing the response/frequency characteristics of television
systems in up to three dimensions. This paper has illustrated
the most useful patterns and described how they may be
generated digitally. It is now the subject of a licensing
arrangement with a manufacturer.
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