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ROYAL TELEVISION SOCIETY – SOUTHERN CENTRE 
REGIONAL AWARDS 2001 

 
Entry from the Joint Frequency Planning Project (BBC, ITC, ntl, Crown Castle) for 

CATEGORY 7: BEST ENGINEERING INNOVATION 
 

MULTIPLEX COVERAGE EQUALISATION 
 

Introduction 
Digital television in the United Kingdom is an established and renowned success. Even now, after only 
two-and-a-half years, at least a third of the population live in digital multi-channel homes, whether 
receiving their services though satellite, cable or terrestrial means. This level of take-up, and the speed 
with which it has been achieved, is unique in the British broadcasting industry and, indeed, unique 
across the world. As other broadcasters, infrastructure providers and regulatory authorities around the 
world are making their first steps on the road to an all-digital future, the United Kingdom is 
successfully leading the way. 
 
Of the platforms, the successful deployment of digital terrestrial television (DTT) is perhaps the most 
ground-breaking. The UK was the first country in the world to bring a DTT network on-air, in 
November 1998, and is  one of the few  countries to have a full service in day-to-day operation. That 
this could happen in the first place was thanks to British innovations in every part of the transmission 
chain: from the planning of the network, to receiver designs and demodulator chips, via infrastructure 
development, international agreement and much else besides. 
 
The Broadcasting Act 1996 placed the possibility of DTT on the statute book but the work into its 
development and the establishment of it as a technical possibility had been going on for much time 
before this date. Indeed, the BBC and ITC – the two bodies who would oversee the frequency planning 
of the network – signed a memorandum of understanding on frequency planning issues in mid-1995. 
By the time the invitation to tender was issued to potential commercial multiplex licensees in October 
1996, a full plan, involving eighty-one stations, had been drawn up and extensively evaluated. 
 
Without effective and accurate frequency planning, the network could never have come on-air, 
regardless of the experimental or economic value of the service. The network as it was planned, and as 
it came into service in the year following November 1998, had to fit within tight constraints as regards 
frequency usage and the damage that was permissible to the existing analogue network. That there was 
little actual damage to analogue viewers’ reception, and that seldom were serious problems found, was 
in no way a fluke nor a trick of the light: the network had been carefully planned to ensure that this 
would be the case. 
 
By the early months of 2000, it was clear that even the modest damage the spectrum planners had 
expected to cause to the analogue network had not materialised. Emboldened by this, and by a desire to 
gain as much coverage as possible out of the initial eighty stations, the Joint Frequency Planning 
Project – constituted under a memorandum of understanding between the BBC, the ITC and the 
transmission providers, Crown Castle and ntl – took the opportunity to re-examine the initial planning. 
The intention was to equalise the coverage of the multiplexes – that is, to bring the nation-wide 
coverage of the lowest two ITV Digital (then, ONdigital) multiplexes closer to that of the BBC’s 
multiplex. This would ensure that the population able to receive the whole of DTT’s channel 
proposition (what is termed ‘core coverage’) would increase, from 56% at launch to somewhere around 
73%. 
 
This, the Joint Frequency Planning Project’s submission for the Royal Television Society Southern 
Centre’s Regional Award for Best Engineering Innovation, attempts to tell this story and to show how 
the process of multiplex equalisation is an innovative technique which will bring over four-and-a-
quarter million more households into the core service area of the UK’s DTT network. First, we shall 
see how the network came into operation in November 1998, before considering the initial equalisation 
work undertaken in and around London. We shall then see how this was scaled up to produce packages 
of changes for stations in the south and west, the midlands, and the north and south-east of England. 
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We shall see how the work of the Project’s four planning organisations has produced such a significant 
gain in coverage whilst successfully managing and containing any impact on the reception of analogue 
television. In short, we shall see how multiplex equalisation is set to dramatically alter, and is already 
changing, the state of the UK’s digital television landscape. 
 
 

The Legacy of Analogue and the Potential of DTT 
It is indubitable that terrestrial television is a necessary and respected part of the UK’s broadcasting 
ecology. Over the course of fifty years, the BBC and successive independent television regulators (first 
the ITA, then the IBA, now the ITC) built more than eleven hundred television transmitting stations, 
bringing the population served to just a fraction under 100%. This universality of coverage is matched 
by an ease of use, an ease of reception, and a universal availability (regardless of ability or willingness 
to pay to watch the services) that is unrivalled amongst transmission systems. At the end of the 
analogue station building programme, in 1997, almost every citizen of the UK expected, and was 
expected, to be a viewer of terrestrial television services unless he or she had opted otherwise, either by 
not owning a receiving set or by taking pay television services from another operator. This point cannot 
be over-stated: the ease of reception, that is, without contract, without major installation work, 
anywhere, is unique to terrestrial television.  
Notwithstanding this nation-wide availability, another principal advantage of terrestrial television is the 
ease with which it can be divided into regions, for the targeting of either content or advertising. The 
UK’s television network has grown into a many splintered thing, allowing for both national, regional 
and sub-regional content. Regional and national programming has always been an important part of 
British broadcasting, from the earliest days of the BBC, and terrestrial television has given a cost-
efficient and spectrum-efficient way of maintaining this tradition to the current day. 
 
Finally, terrestrial television is, partly through the accident of history, partly by the design of successive 
governments, free from gatekeepers. Prompted by its use of a scarce national, natural resource (in this 
case, electromagnetic spectrum), and by a belief in the economic value of public-service broadcasting, 
the UK’s government has always placed a priority on the free availability of terrestrial television and 
radio services. This allows the main public-service broadcasters, principally the BBC and the ITV 
companies, to control their own distribution, without the interference or commercially-motivated 
interests of platform owners. This ensures that the vitality of public life and debate built upon public-
service broadcasting can never be put in a position of compromise. 
 
This is not to say that analogue terrestrial television is a perfect system. Far from it, though its merits – 
universality of coverage, ease of use, regionality and independence – are deeply significant, and are 
inherited, to a greater or lesser extent, by its successor, DTT. Nevertheless, when compared with the 
benefit to satellite and cable, it is perhaps fair to say that terrestrial television had the most to gain from 
the adoption of digital broadcasting techniques. 
 
In the analogue world, there is a direct and exact relationship between the number of programme 
services and the number of 8 MHz bandwidth UHF channels required to broadcast them from a given 
station: it is exactly one-to-one. As the plan was devised in 1961, and as it was implemented over the 
following thirty-five years, the UK would have four national programme services, two each for the 
BBC and the independent broadcasters. That Channel 5 was planned late in the day, into spectrum 
which had been traditionally avoided, and that its network only serves about 80% of households, is 
evidence of the difficulty presented to planners of providing even just four analogue services at every 
site. 
 
Digital broadcasting smashes this relationship. Using data-rate reduction techniques formulated by the 
Motion Pictures Expert Group (MPEG) and adapted for use in video broadcasting by the Digital Video 
Broadcasting (DVB) consortium, a single 8 MHz UHF channel can hold between four and six 
programme services (including stereo audio) without a noticeable reduction in picture quality. 
Suddenly, the aspirations of the public-service broadcasters were no longer confined by having to work 
within the traditional framework of four general entertainment channels. DTT in the UK can deliver 
around fifty programme services (and additional data, or ‘interactive’ services), offering a true multi-
channel proposition to a large proportion of the public. 
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Moreover, DTT performs far better than its analogue predecessor in the presence of three key types of 
interference: delayed image, co- and adjacent-channel. Delayed image interference is more commonly 
known by its effect, ‘ghosting’, where it gives rise to multiple copies of the picture, all slightly 
horizontally shifted from each other. With DTT, ghosting is never seen and, in the DVB-T 
specification, the reflected signals which cause the delayed images in the analogue world can 
sometimes be used as contributors to improve the strength of the main signal. 
 
Analogue television also suffers from co-channel interference, which appears as a series of horizontal 
bars, which scroll vertically down the screen. DTT is far less susceptible to this type of interference, as 
the difference in power between the wanted and interfering signal can be much smaller than in the 
analogue domain. 
 
But by far the most limiting of factors for analogue television, and one which, as we shall see, 
expedited the introduction of DTT, is the damage caused by adjacent channel interference. This 
interference, which appears as a herring-bone effect, occurs if either the channel below, or the channel 
above, a wanted signal is occupied by another analogue transmission. This presents a severe limitation 
on channel usage at a station and at its neighbours, and creates a major headache for spectrum planners. 
The inability to use channels adjacent to each other meant that, throughout the service area of a main 
station, up to twelve (of the 44 available) UHF channels might be unavailable for use at relay stations. 
DTT is far more tolerant of adjacent channel working, even allowing the use of adjacent channels at the 
same site. This immediately presented opportunities for the initial planning of the network, as the 
channels adjacent to main station analogue channels (which were little used within the station’s service 
area) could be utilised without causing widespread damage to the existing analogue network, although 
the power of the DTT multiplexes had to be kept lower than that of the analogue services. 
 
So, as we have seen, the move to DTT offered, and continues to offer, many advantages over analogue 
broadcasting, not least the ability to overcome some of the more serious types of interference which 
had beset the analogue service. Yet, within this, it allowed the retention of much that was good about 
the existing network: principally, its ease of access and its regionality. 
 
 

The State of the Network: 2000 
With this in mind, we should now consider how the network came into service in November 1998. It is 
not unreasonable to say that the UHF spectrum, at this point at the end of the extensive analogue station 
building programme, was heavily used and re-used across the country. The challenge facing the 
spectrum planners from the BBC, ntl and Crown Castle was to interleave a digital network into the 
existing plan, whilst keeping the damage to analogue television reception to an absolute minimum. 
 
It was recognised that a result of planning an interleaved DTT network with six multiplexes would be 
that the coverage of the multiplexes might not be the same, both at individual stations and across the 
country as a whole. Analogue television works – though not exclusively – in standard channel groups, 
where the four channels are deployed as a set. This makes the exercise of planning new stations 
somewhat easier, as the interference from surrounding stations is (or, at least, should be) constant 
across the four channels. With the need to plan six channels at each of eighty-one stations, it was 
inevitable that at least one-and-a-half standard groups would have to be used at each location; thus, the 
interference to two of the multiplexes might well be vastly different from that to the remaining four. 
(Indeed, the fact that planning in standard groups only works so far, and that many analogue stations, 
especially those where continental interference is a problem, used non-standard groups, exacerbates 
this.) 
 
The invitation to tender for the ITC’s multiplexes acknowledged this point, and elaborated an algorithm 
that would be used to determine which UHF channel went to which multiplex. Part of this had been 
laid down by the Broadcasting Act 1996, principally that the multiplex with the best coverage should 
be gifted to the BBC as of right. The multiplex with the next best coverage was to be opened to the 
existing ITV Channel 3 companies and Channel 4, and, although they would have to bid for it, they 
would be the only bidder. The third best performing multiplex had reserved capacity for Channel 5 and 
S4C, but was opened for allocation through an auction. The final three would have progressively lower 
coverage, and would be auctioned off separately. 
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So it was that in November 1998, the BBC, Digital 3 & 4 (a consortium of the ITV Network, Channel 4 
and Teletext Ltd), S4C Digital Networks and ONdigital (now ITV Digital) took to the air, with 
ONdigital holding the licences to the three multiplexes with the lowest coverage. Figure 1 below shows 
the predicted coverage of the multiplexes once the full network was on-air; ‘core coverage’ is defined 
as being where all six multiplexes are receivable at a single location, assuming an appropriate receiving 
antenna. 
 
As the figure indicates, the expected disparity in coverage between the multiplexes was apparent in 
practice. While 81% of the UK population could receive the BBC multiplex (‘Mux 1’), only around 
64% could receive the final ITV Digital multiplex, Mux-D. The proportion of the population which 

could receive all six multiplexes, 
assuming an appropriate receiving 
antenna, was just a bit over a half, at 
56%. 
 
The coverage may have been lower 
than some anticipated, but one of the 
key aims of the initial planning work, 
to bring a network on-air without 
widespread and unmanageable 
damage to the analogue network, had 
been achieved. Much work had been 
undertaken in revising and replacing 
some viewers’ analogue services, 
either by changing the transmission 

parameters of the analogue station or by re-tuning them to alternative services available from another 
station. That this was possible was entirely due to the careful and considered planning of the 
organisations involved in the Joint Planning Project and that DTT could even launch at all was largely 
due to their efforts. 
 
This notwithstanding, by the early months of 2000, it was clear that two issues were now going to 
influence the development of the network. First was the intense competition under which the DTT 
broadcasters found themselves. DTT will always be capacity limited and is unlikely to have the bit-rate 
available to the other digital platforms in the short term, principally satellite and cable. But the 
broadcasters found in the first year of the network’s operation that the majority of viewers (and, 
therefore, for ITV Digital, subscribers) were motivated by the desire for more channels; it was very 
difficult to persuade them to take up a diminished channel proposition. In short, areas outside core 
coverage – where fewer than all six multiplexes were receivable – had by far the least number of DTT 
viewers. This led to a perceived need to improve the coverage of the multiplexes, so that they would be 
approximately the same as that achieved by the BBC’s multiplex. 
 
Second, the worst fears of the planners about the impact on analogue reception had failed to 
materialise. As they had expected, the interference to analogue services was there in some areas, but, 
by and large, viewers were not watching the affected station in these areas or were less aware of it than 
they might have been in laboratory conditions. The planners’ educated guess – that many stations were 
not used outside their primary service areas – had been vindicated. This emboldened the members of 
the Project – perhaps they could try the same trick elsewhere in the analogue network, safe in the 
knowledge that the  maximum possible number of re-tunes was rarely matched by the number of 
viewers reporting interference in reality. 
 
Thus, in May 2000, it was clear that the initial plan had worked well in getting DTT on-air with the 
minimum of difficulty and the least problems, but that it was not optimal. The planners were mandated 
to look at the possibility of increasing the coverage of the worst performing multiplexes, bringing more 
people into the core service-area of the DTT network. To do this, they would need to take more risks 
with the analogue network, re-considering their initial design proposals and the constraints first placed 
on stations. To both them, and the households they would bring into coverage, this would be a highly 
innovative process. 
 
 

Figure 1. Coverage of multiplexes at May 2000 

Coverage of UK DTT Multiplexes (May 2000)
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The Start of Equalisation: Crystal Palace and the ‘CP5’ 
Crystal Palace is the main transmitting station serving London and the south-east, having been built and 
brought into service as a VHF 405-line station in 1956. In the analogue domain, it serves around eleven 
million people (in around 4.6 million households). It is, as such, the corner-stone of the network in the 
south-east and, thus, any attempt to improve and equalise the coverage in the area has to start here. 
 
In May 2000, Crystal Palace ran four of its six multiplexes from a specially constructed, beam tilting 
DTT antenna. This had been designed to minimise the interference potential of the station to our 
continental neighbours, while maximising the coverage in the south of London and the sprawling 
commuter-belt in Surrey, Sussex and Kent. The remaining two multiplexes were radiated from the 
existing analogue antenna at a power six times less than the other four. It is clear that equalising the 
powers of the multiplexes would have the effect of improving and equalising coverage, and in an area 
as densely populated as Greater London, this would bring almost half-a-million additional households 
into the core coverage area of the network. The decision was simple. 
 
Almost so. Increasing the power at Crystal Palace, and altering the transmission characteristics, may 
provide a vast and beneficial gain in coverage for that station, but it will also have a significant impact 
on any neighbouring stations using the same channels, be they analogue or digital. And here was one of 
the innovative aspects of multiplex equalisation: it has always been built upon the idea of equalising 
geographical areas, making changes at other neighbouring stations to allow changes at the first, but 
always with the intention of increasing the core coverage of the area as a whole. Moreover, here is a 
second innovative aspect of equalisation: it is a working assumption that the analogue network can 
withstand a substantial amount of interference to the edges of service-areas. Of course, it remains as 
necessary as it always has been to protect the  primary service areas of analogue transmitting stations 
but outside these areas, interference is seldom as much of a problem as it could be. 
 
In order that the multiplexes at Crystal Palace might be equalised, changes had to occur at a group of 
surrounding stations, particularly Sandy Heath, a station serving from the north of London, through 
Bedfordshire, to Cambridgeshire. Here, the two stations were already co-channel, with channel 29 
being used at both, for Mux-D at Crystal Palace and Mux-BBC at Sandy Heath. Increasing the power at 
Crystal Palace on this channel would have had a hugely detrimental effect on Sandy Heath’s coverage; 
changing channel there was the only solution. 
 
Furthermore, channel 29 was used again to the west of London at Hannington, a station serving 
Reading and Berkshire and, again, a power increase at Crystal Palace would cause intolerable damage. 
Another channel change was required. 
 
In addition to this work, it was realised that the coverage of Oxford, which serves right down to the 

edge of Crystal Palace’s coverage, was also 
weak. If Sandy Heath released channel 29 – 
which it had to, in order that Crystal Palace 
might be equalised – the channel could be 
used instead at Oxford. As Oxford was 
already performing well despite being co-
channel with Crystal Palace on channel 34, 
another co-channel relationship between the 
stations seemed possible. But Oxford was 
also co-channel with Hannington, and the 
coverage suffered as a result; making 
another channel change at Hannington 
would significantly improve the coverage of 
both stations. 
 

So, to re-cap, for Crystal Palace to be equalised, Sandy Heath and Hannington had to change channel. 
Oxford was able to pick up the released channel from Sandy Heath, and Hannington could be modified 
to improve the coverage of the station still further. 
 
But the suggested new channel at Sandy Heath required one further change: to the station at Hemel 
Hempstead, which fills in large parts of the area between the service-areas of Crystal Palace and Sandy 

Figure 2. Coverage of Crystal Palace before 
(blue) and after (purple) equalisation. 
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Heath. Here, three new channels – all from the same standard, analogue group – would significantly 
improve the coverage, whilst removing the co-channel relationship between the stations. 
 
As a consequence of these changes, the core coverage of DTT would improve across the Greater 
London area, and out towards Oxford, Berkshire and the northern Home Counties. Not all of this 
improvement came from the equalisation of Crystal Palace, but the work required to make that happen 
could be done advantageously, improving the core coverage at each station. So the Crystal Palace Five 
– CP5 – was born. 
 
Figure 2 shows the improvement in the coverage of the multiplexes for Crystal Palace alone. 
 
The improvement looked astounding. For Crystal Palace alone, another half-a-million households 
would be added into core coverage. But coupled with the changes at the other stations, over a million 
more households would be able to receive all of the multiplexes available on DTT. 
 
The risk that had been taken, and which underpinned the entire exercise, was to hit the analogue 
network harder. In the first instance, it had to be assumed that any viewer who could receive a 
satisfactory service from a transmitting station would be using it, in case odd viewers which had 
escaped the attention of the planners lost their service. This predicted number of re-tunes, that is, where 
analogue viewers had to be given services from an alternative station, was never as large as the number 
of re-tunes in practice; a fact which did not surprise the spectrum planners all that much. 
 
Why should this be the case? The main reason is that a viewer’s choice of transmitting station is rarely 
that simple in reality, with many factors beyond simple engineering judgement (regional content, the 
whims of local aerial installers, the availability of a 405-line service previously and many more) 
influencing which station is watched.  Second, it seemed many households – but nothing like all – were 
using receiving antennas which performed better in some aspects, and worse in others, than the model 
assumes. In particular, these households would be better protected from interference 180° round from 
their main signal than could be expected. Finally, it appears that the average viewer is less annoyed by 
digital interference (which appears as noise on a picture) in their own home than they might be in 
laboratory conditions. 
 
So, we have seen that for a low re-tuning bill, and the implementation of new transmission 
arrangements at five stations around Greater London, over a million households were added to the core 
service-area of the UK DTT network. CP5 proved that there was much to be gained by planning the 
network in geographical areas, allowing one station to impact on another, using released channels at 
different sites and attempting to minimise the holes between the coverage of neighbouring stations. 
This encouraged the Joint Planning Project to investigate what else might be achieved by applying the 
same techniques to other parts of the country.  
 
 

The Next Steps: Mendip+ and Winter Hill+ 
Mendip is the main station serving the West Country, although its digital service-area does not extend 
as far north as Bristol. As originally planned, the station had two multiplexes co-channel with analogue 
from Bristol King’s Weston Hill, which limited its core coverage. The equalisation proposal re-
channelled these two multiplexes, a process which required further changes at Oxford and Hannington. 
(These changes were in addition to those made in the CP5 proposals, and, thanks to the implementation 
schedule, could be made at the same time.) 
 
The figures below show the coverage before and after equalisation at Mendip. 
 
On these maps, yellow denotes core coverage – that is, where all six multiplexes can be received – 
while other colours denote that fewer than six multiplexes can be received. As is clear, before 
equalisation, much of the coverage is purple, indicating that only four multiplexes can be received. 
After equalisation, almost the entire service-area is within core coverage, with the useful coverage of 
the station extending beyond Bristol. 
 
Further work was required at Malvern, Sutton Coldfield, Wenvoe, and Rowridge to allow these 
changes to proceed. They too were optimised to increase and equalise coverage, and became part of the 
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Mendip+ package. Again, the planners had found utility in equalising an entire geographical area, 
deciding to increase the possibility of affecting the analogue network, sure in the knowledge that 
analogue problems could be rectified. 
 

 

 

 
Figure 3. Coverage of Mendip before equalisation  Figure 4. Coverage of Mendip after equalisation 

 
Maps drawn by Crown Castle. Map images © Automobile Association, 1999. 

 
It is worth adding this: all spectrum planning in the UK is necessarily an iterative process. The channels 
and powers used depend largely on the station at which we start our planning; the innovation in the 
work for equalisation was to begin in a different place, making Mendip the pivot of the plan. By 
starting at Mendip, we chose a different set of channels than we might have done had we started 
elsewhere, for then Mendip would have had to have fitted in around the proposals for other stations. It 
is a case of what gives way; the major innovation with Mendip+ is that other stations give way to 
Mendip, not, as had happened in the initial plan, the other way around. 
 
Mendip+ gave a substantial gain in core coverage in the west country and facilitated improvements in 
south Wales and on the south coast. There was a prize bigger than this, however, and bigger even than 
equalising Crystal Palace. The prize was unlocking the potential of Winter Hill. 
 
Winter Hill, a station to the north of Wigan, is arguably the country’s second largest station in terms of 
population served in the analogue domain, serving, as it does, Manchester, Liverpool and much of the 
north-west. Its digital coverage, however, was limited by two principal factors: the restrictions required 
to protect a station in Douglas, Isle of Man, and the co-channel relationship for one multiplex between 
it and Emley Moor. A great deal of effort, in each of the planning organisations, was expended in an 
attempt to untie the knot, even though, on the face of it, the final solution seems fairly straightforward. 
 
The co-channel relationship with Emley Moor could be solved by releasing the channel from Winter 
Hill and swapping in a channel taken from Llanddona, the station which serves Anglesey on the 
western fringe of Winter Hill’s service-area. The restriction in power required to protect Douglas could 
be removed if Douglas had a sympathetic power increase. Figures 5 and 6 below show graphically the 
benefits of these changes, using the same colour scheme as before. 
 
The changes made at Winter Hill alone added a further one million households into the core coverage 
area of DTT. Together with the changes in Mendip+, and the resulting increase of coverage at Emley 
Moor, these two equalisation packages promised six-multiplex coverage to an additional two million 
households. 

Future work: Central, North and South East 
The changes proposed in the Mendip+ package came on-air in March 2001, while those at Winter Hill 
came into service on 11 July 2001. The main part of the planning, however, had been completed by the 
middle of 2000, and the innovative techniques employed had more than shown their worth. Each of the 
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planning organisations took another area of the country and was charged with preparing an equalisation 
plan: Crown Castle took the midlands (referred to in the project as Central, and centred on 
Birmingham), ntl the north (concentrating on Winter Hill’s equivalent in Yorkshire, Emley Moor), 
while the BBC undertook the work for the south-east of England. For the remaining parts of the 
country, the gains to be had were either small enough not to be a priority or the coverage was largely 
 

 

 

 

Figure 5. Winter Hill coverage before 
equalisation. 

 Figure 6. Winter Hill coverage after 
equalisation. 

 
Maps drawn by ntl. Map images © Automobile Association. 

 
uniform across the multiplexes already. Without doubt, there are some gains to be had at some other 
stations, and there are still some principal towns and parts of the country which are entirely missed by 
the DTT plan but the priority, at this stage in the life-cycle of the platform, was perceived to be the 
need to squeeze as much core coverage out of the existing plan as possible. 
 
The planning for the Central, North and South East packages followed the same principles as had been 
developed and practised in equalising the CP5, Mendip+ and Winter Hill+ packages. The intention was 

to improve and equalise the coverage of all the 
multiplexes by re-considering the transmission 
parameters at each station, while being sensible but 
brave about the possible damage to the analogue 
network. New techniques for analysing the possibility of 
analogue re-tunes, as well as extensive measuring 
campaigns to identify more accurately those who 
actually might be affected were both employed in the 
planning work for these equalisation packages. 
 
Space does not permit a detailed explanation of the 
decisions made in each of the equalisation packages, 
although a particular example of the technique in 
practice may be illustrative. 
 
As we saw earlier, Hannington is the main station to the 
west of London, and, in the analogue world, provides 
service to Basingstoke and Reading, as well as most of 
Berkshire and parts of Oxfordshire, Hampshire and 
Bedfordshire. Four of the multiplexes at the station are 

co-channel with Guildford, a relay station built early on in the analogue station building programme, 
and, at present, protection of this means that these channels can only fire to the west. 
 
The analogue antenna has a fairly omni-directional radiation pattern, meaning that it directs power 
roughly equally to all angles of azimuth. Radiating all of the multiplexes from this antenna would 
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reduce the cost and complexity of transmitting DTT from the station, and would vastly improve its 
coverage, as Basingstoke (to the east of the station) would come into the service-area. This would, 
however, have a serious impact on the service-area of Guildford. Figure 7 shows the difference 
between the current digital radiation pattern and the analogue pattern (here referred to as the ‘proposed’ 
pattern).  
 
Figure 8, below, shows the areas where the service from Guildford would be hit by an equalised 
Hannington – predictions indicate that there are a little under 410,000 households in the area coloured 
red. 
 
Although it is known that many viewers 
outside the net service-area of Guildford (that 
is, the area where only Guildford provides an 
acceptable service) use the station, it is 
believed that the vast majority of them could 
receive suitable alternative services from other 
transmitting stations. Figure 9 shows the loss 
of net coverage at Guildford. This sort of 
analysis demonstrates that the damage to the 
station where it is needed most – that is, its net 
service area – is minimal. 
 
Of course, the only way to find out what is 
happening in reality is to undertake a large 
scale measuring campaign, measuring both the 
wanted and interfering field-strengths as well 
as looking at the suitability of alternative 
services and the actual location of viewers. 
This measuring campaign was undertaken in 
the final few months of 2000, and revealed that 
three thousand households would require re-
tuning, the vast majority outside the service-
area, and all would have a suitable alternative 
service. The gain in coverage at Hannington, 
however, is tremendous – nearly a quarter-of-
a-million – as the whole of Basingstoke comes 
into the service-area. And this is the key 
innovative aspect of equalisation at work 
again: a complete and sober re-assessment of 
the actual impact DTT will have on the 
analogue network, coupled with extensive 
measurements and analysis to refine and 
exactly quantify the effect. When this is 
undertaken, the core coverage of DTT can be improved by paring back the coverage of some analogue 
stations, where appropriate, such that they serve only those areas they were built to serve. 
 
The Central, North and South East packages seek to amend the transmission arrangements at around 
twenty-five of the eighty DTT sites in total, and will deliver gains in the order of a quarter-of-a-million 
households for Central to half-a-million each for North and South East. The planning work is complete; 
the planning organisations now wait for the comments, feedback and approval of the digital 
broadcasters before implementation work can proceed. Should this be forthcoming, the work would be 
staggered through the next eighteen months and could be implemented by the end of 2002. Figure 10 
below shows the predicted increase in coverage for each of the packages. 
 
As can be seen, by the end of the equalisation packages, after the implementation of the south-east 
package, around four-and-a-quarter million households will have been added into the core coverage 
area of the UK DTT Plan, without the need to build any more transmitting stations. The figure also 
shows quite clearly the impact, and success, of equalisation, as the coverages of the various multiplexes 
become much closer to each other. Muxes C and D – the final two ITV Digital multiplexes – are no 
longer far adrift from the others as they were at launch. Now, they are lower admittedly, but not much 

Figure 8.  Loss of gross coverage at Guildford. 
 
Map drawn by BBC R&D. Map images © Bartholomew’s 1999

Figure 9. Loss of net coverage at Guildford. 
 
Map drawn by BBC R&D. Map images © Bartholomew’s, 1999. 
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lower than the other four multiplexes. Meanwhile, the coverage of the top multiplex – allocated, as we 
saw earlier, to the BBC  – has barely 
changed, increasing by only a couple of 
percent. Core coverage, meanwhile, has 
leapt up: from just a bit over half of the 
population to almost three-quarters. 
Multiplex equalisation, judged by its 
improvement of coverage is a remarkable 
success. 
 

Conclusion 
At the end of the main thrust of multiplex 
coverage equalisation, the success of the 
frequency planners is clear to see. For the 
cost of a few more re-tunes, another sixth of 
the population will be able to watch all of 
the available programme services on digital 
terrestrial television. Thirty-two months after the launch of DTT in the UK and in the world, the 
continued work of the Joint Frequency Planning Project is ensuring that the platform is able to mature 
and evolve, meeting a key objective of the Government to bring the benefits of digital television to the 
entire country, regardless of location or willingness to pay. 
 
None of this improvement, however, would have been possible without the leap of faith required by 
multiplex equalisation and the innovative techniques and methods of thinking that the work demanded. 
For those brought into the core coverage area of the UK DTT network, multiplex equalisation is deeply 
innovative in its purest sense – it is providing them with a service which they previously did not have. 
For the frequency planners, though, the innovation has come in two ways: the detailed planning of 
geographical areas, beginning at stations which previously performed badly in the digital domain; and 
the acceptance of an increased hit on the analogue network. Combined, these two allow a radical re-
thinking of the network and, as a consequence, a greater core coverage. It is surely multiplex coverage 
equalisation, beyond any other innovation, which stands to drive the take-up of DTT and its success as 
a platform in the UK. Where the UK led the world in bringing DTT on-air, now it leads the world in 
ensuring its continuing and increasing success. 
 

The Team 
Multiplex coverage equalisation was the work of the Joint Frequency Planning Project, which has four 
planning organisations: BBC Research & Development, the Independent Television Commission, ntl 
and Crown Castle.  
 
The individuals involved in the project were (in alphabetical order):  
 
BBC R&D – Paul Bate, Nigel Brown, Dave Darlington, Tom Everest, Steve Longhurst, Phil Marsden, 
Duncan Parsons; Graham Plumb; 
 
ITC – Gregory Bensberg, Andrew Chong;  
 
ntl – Neal Ackroyd, Phillippe Briend, Glenn Doel, Michael Kennett, Marcus Simmons, Brian Tait;  
 
Crown Castle – Andrew Barker, Andrew Broomfield, Simon Eley, Guy Gunton, Mark Jordan, Peter 
Millard, Keith Orchard, Sara Tappenden. 

Figure 10. Coverage of the UK DTT Plan after 
implementation of equalisation packages. 
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