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EXECUTIVE SUMMARY 

This document describes the findings of joint review of UK Planning Model (UKPM) 

by Ofcom, Arqiva and the BBC. Some of the technical work used in this review was 

commissioned from Aegis Systems
1
, who also helped compile this report.  

The UKPM was originally developed to predict DTT coverage. Its outputs have also 

been used in prediction models to calculate the effects of interference from other 

services on DTT reception. A trigger for this review was the difference between the 

large number of DTT households predicted to experience a degradation in the 

reliability of the DTT service due to LTE interference (below a planned availability 

level of 99% time) and the small number of households reporting perceived 

interference in practice, where the output of UKPM was one of a number of possible 

uncertainties in these calculations. 

The two main aims of this review of the UKPM were to: 

1. Identify its ability to accurately predict DTT coverage; 

2. Consider the appropriateness of using the outputs of the UKPM in 

interference calculations.   

Its key findings are: 

1. For predicting DTT coverage: the current planning assumptions used in the 

UKPM remain appropriate; 

2. For predicting the effects of DTT transmission changes and interference from 

other services on DTT reception: the DTT signal level predictions made by the 

UKPM should be used in conjunction with a more representative model for the gain 

of real world DTT aerial installations (which varies across the DTT coverage area). 

The UHF spectrum used by DTT services is under increasing demand by a range of 

other services including mobile broadband, PMSE and white space devices. This is 

placing an increasing importance on being able both effectively to plan the use of 

the UHF spectrum to deliver the required level of DTT coverage and to maximise its 

use by other services, without the risk of mutual harmful interference. 

This review considered the appropriateness of planning assumptions used in the 

UKPM to predict DTT coverage.  In particular it considered how the UKPM accounts 

for the localised variability of DTT signals caused by blockages for example by: 

trees, buildings, and local terrain. The UKPM assumes that DTT signals are subject 

to a location variability of 5.5dB across a 100m x 100m pixel regardless of the clutter 

type associated with the pixel (e.g. dense urban, urban rural, …). To test this 

assumption, 30,000 DTT measurements were carried out in 54 different 100m x 

100m pixels with a range of different associated clutter types. The measurements 

                                                      

1
 Now part of Plum Consulting Limited 
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showed that the average level of the measured DTT signals in these pixels was 

consistent with those predicted by the UKPM. They also showed that the signal 

variability within these pixels was less than the assumed 5.5dB figure in the UKPM 

in 93% of pixels, (Sections 3.2.2 and 3.5).  The 5.5dB figure presently adopted in 

the ITU-R was originally based on the 90th percentile of measurements submitted 

by the UK. The measurements also found only a small dependency on clutter type 

(section 3.4.1). Given this we concluded that use of a location variability of 5.5dB in 

the UKPM for all clutter classes remains a reasonable assumption.  

We also considered in the review whether the UKPM appropriately accounts for the 

performance of real world roof top aerial installations for DTT coverage and 

reception predictions. The UKPM assumes that all aerials have the same system 

gain of 7dBd. To test this assumption, measurements were made in 300 

households, indoors at the aerial wall plate, and outdoors at both 10m and at the 

aerial height. The results (section 4.2.2) show a wide spread of aerial system gains, 

with, typically, much lower aerial gains being used in high DTT field strength areas 

and vice versa. The population-weighted average of -5.2dBd for the aerial system 

gain derived from these measurements  is much lower than the UKPM 7dBd gain 

assumption (see section 4.2.3). This reflects the larger proportion of households in 

high DTT field strength areas than in low field strength areas. However, for 

predicting DTT coverage we have concluded that it remains appropriate to take into 

account the reasonable steps households can be assumed to take to achieve 

reception near the edge of coverage. Given this, the UKPM assumption that 

households will use if needed a higher 7dBd gain aerial installation to achieve 

reception at the edge of coverage remains appropriate.  

In contrast, we have concluded that when predicting the effects of DTT transmission 

changes and interference from other services on DTT reception, the variation in real 

world aerial installation gain throughout the DTT coverage area should be taken into 

account. This variation can be represented by a trendline (see section 4.2). This is 

because the susceptibility of DTT reception to changes in DTT transmissions and 

interference is dependent on the actual DTT receiver antenna gain used by different 

households.  

The measurements described above also provided an opportunity to assess the 

signal strength prediction accuracy of the UKPM (section 5). A comparison of the 

measurements and the predictions show mean errors of less than 2dB and a 

standard deviation of error of around 6dB. These results are consistent with earlier 

measurements [2] and give confidence in the reliability of the UKPM for accurately 

predicting DTT signal levels and coverage. 

Finally, the report (section 6) also briefly examines predictions to DTT aerial heights 

other than 10m above ground. 
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Also published alongside this report is the measurement data itself
2
. The aerial 

system gain data was also presented in a paper at the IBC 2015 conference [6]. 

Ofcom, Arqiva and the BBC are now considering the next steps, such as how to 

model mutual interference between DTT and other services going forward, given the 

findings of this review. Other areas where there may be room for improvement 

include: prediction of path loss using more accurate clutter data; performance of 

aerials at channels that are out of group; characterisation of receiver protection 

ratios and noise figures; use of improved clutter data; and investigation of the extent 

to which wanted and interfering signals are correlated. 

1 INTRODUCTION 

This document describes a joint technical review of the UKPM (UK planning Model) 

by Ofcom, Arqiva and the BBC.  This review includes its ability accurately to predict 

DTT coverage and the effects of interference on DTT reception from other services.  

The context for this review was that the UHF spectrum used by DTT services is 

under increasing demand by a range of other services including, mobile broadband, 

PMSE and white space devices. This is placing an increasing importance on being 

able both to effectively plan the use of the UHF spectrum to deliver the required 

level of DTT coverage and to maximise its use by other services without harmful 

interference occurring. 

The UKPM planning model was developed specifically to meet policy objectives for 

digital switchover. This included a requirement that digital coverage post switchover 

should substantially match analogue terrestrial coverage without the need for 

viewers to upgrade their roof top aerials. The UKPM has been successful in 

achieving this objective but some of the planning assumptions it used to achieve this 

may not be suitable for addressing other policy objectives such as maximising the 

use the UHF spectrum without the risk of harmful mutual interference  

Given this, this review has explored a number of different aspects of the UKPM: 

 Its ability accurately to predict the average DTT signal levels available for 

roof top reception at a height of 10m. 

 Its ability accurately to account for the variability of the standard deviation of 

the DTT signals and their potential dependency on different types of 

localised clutter.   

 Its ability to reflect the effects of the performance of real world roof top aerial 

installations on the effects of interference from other services. 

To achieve this, measurement campaigns were commissioned and carried out by 

Ofcom, Arqiva and the BBC to determine: 

                                                      

2
 http://stakeholders.ofcom.org.uk/binaries/research/technology-research/2015/UKPMReview/Data.zip  

http://stakeholders.ofcom.org.uk/binaries/research/technology-research/2015/UKPMReview/Data.zip
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 The average TV signal strengths at 10m above ground and their variability 

in different 100m by 100m locations (pixels), in different types of localised 

clutter. These results are set out in section 3; 

 The variation in gain of real world in-home TV aerial installations and their 

dependency on the average DTT signal level available. These results are 

set out in section 4.2. 

2 BACKGROUND 

As the UHF television network expanded in the 1970s, and with the advent of 

affordable computer facilities, computer algorithms for coverage planning were 

developed by the UK broadcasters [1]. Over time, and with the transition to DTT, 

these tools evolved into the ‘UK Planning Model’ (UKPM) [2]. 

While the UKPM is the agreed tool for DTT coverage, and takes into account intra-

system interference from all UK and overseas DTT transmitters, it is not used 

directly to model interference to, or from, other services using the UHF bands. 

Such other users have included services ancillary to broadcasting (e.g. radio 

microphones) for many years, but, with the release of spectrum above 790 MHz for 

mobile services, and the licensing of ‘White Space Devices’ the scenarios to be 

considered have become more complex. 

Models and parameters that may be appropriate for planning the wanted coverage 

and intra-network interference of the UK digital terrestrial TV (DTT) service may not 

be optimum for  other purposes such as sharing studies. Furthermore, the advent of 

high-resolution terrain and clutter databases, and the continuing improvement to 

computer processing power offer possibilities for improving the accuracy of 

predictions. 

The main aims of the work reported here were to undertake an accurate 

determination of the location variability of DTT signals, and to better understand the 

statistics of domestic receiving aerial system gain. The resulting information has 

been compared with the existing assumptions relating to these parameters (a 

location variability of 5.5dB and a domestic aerial system gain of 7dBd).  

3 LOCATION VARIABILITY OF UHF SIGNALS 

In planning radio services with fixed terminals, such as microwave links, one  can 

aim to make a purely deterministic prediction of path loss, even if, in practice, such 

predictions will include a statistical element.  

For planning ‘area coverage’ services such as broadcasting or cellular radio, any 

predictions must necessarily include a statistical element, as the instantaneous 

location of each individual user terminal (car radios, mobile phones, rooftop TV 

antennas) can never be known. It is therefore usual to make a prediction of the 
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median of the field strength within a limited area and to allow for the variability about 

that median.  

At the smallest scale, this variability will be due to multipath fading (constructive and 

destructive interference between rays arriving from different directions). At a larger 

scale, the signal will suffer diffraction loss due to shadowing by clutter such as trees, 

vehicles and houses. At the largest scale, terrain variations will give rise to variable 

diffraction loss and, for relatively short paths, the difference in path length across a 

‘pixel’ may be significant’.   

Location variability is defined by the ITU-R (and generally) as the standard deviation 

of the field strength variation due to local shadowing, with multipath averaged. As 

such, location variability is independent of the radio system bandwidth. 

The variation is assumed to follow a log-normal statistical distribution (i.e. the field 

strength expressed in dBμV/m is normally distributed). 

Less clearly defined is the area over which location variability is to be evaluated or 

applied; the resolution of early prediction models was restricted by the terrain data 

available, and pixels typically had sides of between 500m to 1km.    

In planning digital TV services in the UK, it is assumed that the location variability of 

UHF signals at 10m above ground within a 100m x 100m pixel is 5.5dB. It is 

important that this assumption is appropriately chosen; if the assumed variability is 

too small, a smaller population than expected will receive a reliable TV service. If 

the variability is overestimated, then the transmitter network will be more powerful or 

more dense than necessary, with implications for cost, spectrum efficiency and 

interference. 

The reliability of the assumed value for location variability becomes even more 

pressing when potential interference between different services is to be estimated 

and managed. The likelihood of such interference will depend on the joint variability 

of the wanted and interfering signals; where a high degree of protection from 

interference is required, the values assumed for location variability will be significant 

drivers of the overall link budgets.      

In view of the importance of this parameter, Ofcom instituted empirical research with 

the following objectives: 

 To determine the variability of TV signal field strengths at 10m above 

ground within a number of 100m x 100m ‘pixels’ in various types of clutter 

environment. 

 To investigate whether this data could be used to improve the estimation of 

location variability by considering it as a function of, e.g. clutter type or path 

length, rather than a fixed value of 5.5dB. 
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The measurement work was undertaken by Arqiva and Aegis Systems
3
 with support 

from Ofcom and the BBC. The results of this measurement campaign are described 

in Section 3.2 below. The project also reviewed the basis for the current ‘5.5dB’ 

assumption, and this is set out in section 3.1.  

3.1 Basis of current assumption 

3.1.1 ITU-R & CCIR documents 

The original planning of UHF analogue television services was based on empirical 

prediction curves given in CCIR
4
 Recommendation 370, which gave values for the 

median field strength over a small area.  To correct to an arbitrary percentage of 

locations, further curves giving the cumulative log-normal distribution were included 

in the Recommendation, with standard deviations appropriate for various cases  

The VHF curve assumed a standard deviation of 8 dB for all terrain types, while for 

UHF, three curves were given, for different values of terrain irregularity (Δh)—with 

standard deviations of ~9 dB, ~14 dB and ~16 dB (for Δh = 50 m, 150 m and 300 

m). 

In 1994, version 6 of the Recommendation included a second curve for VHF 

location variability, to be applied to digital systems of > 1.5 MHz bandwidth, with a 

standard deviation of 5.5 dB.  This 5.5 dB value was based on mobile  

measurements of DAB services at 1.5m height in the UK, but is implicitly applied to 

10m rooftop reception in this context.. 

The final version (7) of P.370 added the same 5.5 dB curve to the ‘UHF’ graph, 

while removing the curves for Δh = 150 m and 300 m.  In this version, a discursive 

appendix (“location variability in area-coverage prediction”) was added to the 

Recommendation.  This includes the statement: “In area coverage planning, location 

variability normally refers to the spatial statistics of local ground cover variations with 

multipath variations averaged”. This seems to contradict the apparent bandwidth-

dependence of the values given. The annex also associates the location variability 

with a specific ‘pixel’ size for the first time, referring to “any area of approximately 

200 m by 200 m”.  

In 2001, Recommendation P.370 was replaced by the similar Recommendation 

P.1546, which extended the frequency range to 3 GHz. This retained the 5.5dB 

figure for the location variability of ‘Digital Broadcasting’, still associated with an area 

of 200 x 200m. In version 2 of P.1546 the nominal pixel size was changed from 

200 x 200m to 500 x 500m, to reflect the basis on which the ‘5.5dB’ measurements 

were made. 

In summary, the ITU-R adopted the value of 5.5dB for location variability of digital 

broadcast systems in 1993, although there is some vagueness as to the area and 

                                                      

3
 Now part of Plum Consulting 

4
 Later ITU-R 
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height associated with this value and whether or not multipath effects were 

removed. As the figure was used in the planning associated with the GE-06 

Regional Radio Conference (RRC), it has since become entrenched in many other 

documents. 

3.1.2 ITC ‘Spectre’ measurements 

During the development of digital terrestrial TV, NTL
5
 trialled an experimental OFDM 

system known as ‘SPECTRE’ on behalf of the ITC. In 1993 field trials were 

undertaken with this system in rural and suburban Devon with the aim of assessing 

location variability for wideband digital systems. 

The sources were the Stockland Hill analogue transmission (Ch.23, 250kW ERP, 

234m AGL) and an experimental OFDM transmission from the same site (ch.68, 

250W ERP, 110m agl). The OFDM signal was therefore radiated at -30dB and at 

half the antenna height of the PAL transmission. 

Although the SPECTRE transmissions occupied an 8 MHz channel, the 

measurements were made with a narrowband receiver which was used to sample 

the power in twelve 15 kHz bands spread across the channel. The equivalent mean 

power in 8 MHz was then determined. Measurements were made in the eight areas 

shown below. 

Figure 3-1: Areas examined in Spectre measurements 

The variability of signals across eight pixels of with dimensions roughly 400m x 

400m was determined and found to be a reasonable fit to a log-normal distribution in  

most cases. The location variability was found to lie in the range 1.2dB to 7.8dB. 

The lowest values were found where there was a line-of-sight path to all 

                                                      

5
 Now Arqiva 
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measurement points and the highest value where one pixel lay on a transition 

between line-of-sight and obstructed conditions.  

 

Figure 3-2: Location variability of SPECTRE signals 

The average location variability was found to be 4.3 dB for the digital transmissions 

(4.6 dB for the narrowband PAL vision carrier). Given the need to ensure a high 

availability of reception in the face of the ‘digital cliff-edge’ it was tentatively 

suggested that, after excluding the anomalous ‘transitional’ pixel, the worst case 

value of 6.1 dB might be used for planning.   

3.1.3 BBC measurements 

In 1997 a contribution was made by the UK to the ITU-R (Document 3K/18, 

“Receiving location variation for broadband digital systems in bands IV and V” which 

noted: 

“Measurements of 7 MHz bandwidth digital television transmissions in Band IV and 

V have been made recently in the United Kingdom, using a method agreed within 

the EBU which specifies a directional antenna at a height of 10 metres a.g.l. These 

measurements indicate a standard deviation of 5.4 dB for mainly urban areas which 

is very close to the current value of 5.5 dB”. 

No further details of the measurements are given, though it is believed that the 

measurements were of Crystal Palace in South London and Surrey. 

3.1.4 Summary 

In 1993 the ITU-R recommended that a location variability of 5.5dB be used in the 

context of ‘digital broadcasting’ regardless of whether this was for mobile reception 

at VHF or fixed reception at UHF. Initially it was somewhat unclear whether this 

value included an allowance for multipath effects and across what area this variation 

was assumed. The definition was later tightened to explicitly exclude multipath 

variation, and to associate the value with pixels of 500m sides. 
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Post-hoc experimental justification for a value close to 5.5dB was provided by the 

ITC and BBC measurements, which suggested figures (for 400-500m pixels) of 6.1 

and 5.4dB respectively (in very different environments).      

3.2 Measurement campaign 

Prior to the present study, only a small set of data on UHF location variability at 10m 

was available, and this related to pixels significantly larger than the 100m x 100m 

areas used in the UKPM. 

The new data is intended to provide a robust basis on which to assess the validity of 

the present planning assumptions and to determine whether there is scope for 

improving the modelling of location variability.  

Secondary aims of the measurement campaign were to gather data on height gain 

and to provide further validation of the median field strength predictions made by the 

UKPM; as the latter has already been validated against thousands of individual 

measurements the additional confidence provided will be relatively small.  

3.2.1 Method 

The new series of measurements were conducted by Arqiva and Aegis Systems
6
, 

with additional fieldwork by Gtech Surveys.   

Each set of measurements was made within a 100m x 100m pixel, generally aligned 

with the Ordnance Survey grid; it was intended that a minimum of ten 

measurements would be made in each pixel, and this was achieved, although it was 

found that this was also the maximum number that could generally be achieved in 

such a small area, given constraints of parking and the limited length of road 

available. A total of 54 pixels were measured, representing some 30,000 individual 

measurements
7
. The areas in which measurements were made, and the 

transmitters used as sources, are indicated in Figure 3-3. 

                                                      

6
 Now part of Plum Consulting 

7
 on all frequencies, from all available transmitters, at three receive heights (~2m, 5m and 10m) 
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Figure 3-3: Measurement areas (■) showing transmitters (●) used in study 

In all cases measurements were made at 10m, 5m and at the lowest height possible 

(typically ~3m); for the Aegis measurements, continuous recordings of field strength 

were made as a function of height (measured using an ultrasonic transducer 

system). The procedure used was as follows: 

For each transmitter of interest: 

1/ Elevate mast to 10m agl 

2/ Align antenna for maximum signal
8
 from target TX 

3/ Start continuous automated logging of PSB and COM multiplex powers on all 

frequencies 

4/ Drop mast to van roof height, then elevate again to 10m, pausing to gather 

adequate samples at roof-height, 5m and 10m 

5/ Capture pictures from antenna camera at each height 

5/ Repeat for other TXs or move to next point 

                                                      

8
 With the proviso that this occurs within about 10° of that predicted. If not, measurements are made in 

both the ‘nominal’ and ‘maximum’ directions 
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 In each pixel, every DTT transmitter that provided field strengths reliably above the 

noise level was measured. 

The results from these measurements take the form of plots such as those shown 

below. 

 

Figure 3-4: Mast height versus time 

 

Figure 3-5 DTT signal power versus time 

Sample images from the antenna camera are shown below; these can be very 

helpful in understanding anomalous clutter effects. 
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Figure 3-6: Antenna camera images 

In processing the output, the median signal at each of the three heights of interest 

was taken, typically from between 5-10 samples. While the temporal variability of 

the local transmitter was generally very small (SD ~0.2dB), that seen on the longer 

paths was significantly greater, as seen in the plot below. 
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Figure 3-7: Time-series of measurement data (Crystal Palace, 10m, sample 
interval = 6s) 

It can be seen that slow fading is evident with a period of a few minutes and an 

amplitude of around 1dB. The disturbance around samples 29 and 50 are due to 

aircraft reflection. 

The clutter database used by the UKPM has a 50m resolution, although predictions 

are made with a 100m resolution. A prediction pixel may, therefore contain up to 

four different clutter classes. The measured pixels were chosen from pixels that had 

a uniform clutter category throughout. 

Effort was intended to be concentrated in the categories in which most of the 

population is found: ‘low-suburban’, ‘suburban’, ‘urban’ and ‘dense urban’. 

Measurements in the two latter categories were problematic, however, as the 

measurement antenna could not usually be raised above the level of the rooftops.  

As a result, any field strength measured in these pixels was generally 

unrepresentative of that which would be ‘seen’ by a typical rooftop antenna. 

Furthermore, the location variability was typically large, as the vehicle would move 

between locations where the measurement aerial was shadowed below a rooftop 

and locations where it could ‘see’ along a street or between buildings (Figure 3-8). 

   

Figure 3-8: Adjacent ‘urban’ points at 10m showing LOS/NLOS transition 

It was reluctantly concluded that characterising location variability at rooftop height 

in urban areas would require the use of a taller mast, an unmanned aerial vehicle 

(‘drone’) or theoretical modelling. These options would all require greater resources 
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than were available in the present project, although the latter approach was briefly 

investigated (see 3.3.1).  

3.2.2 Summary results 

The key output required from the measurement study is a characterisation of the 

location variability at the planning height of 10m agl. The cumulative distribution 

function (CDF) of the variability for all ‘low suburban’ and ‘suburban’ pixels is shown 

in Figure 3-9, and has a median value of 2.5dB. 

 

 

Figure 3-9: Cumulative statistics for ‘low suburban’ and ‘suburban’ pixels 

This distribution shows that the figure of 5.5dB assumed for location variability in UK 

planning is exceeded in only 7% of all pixels. This seems a broadly appropriate 

value as it ensures that the 70% pixel coverage target will be achieved in 93% of all 

pixels. Furthermore, the 5.5dB/93% figure corresponds to an inflection in the CDF – 

if a larger percentage were to be chosen, the implied location variability would 

escalate rapidly.  

The statistics above relate to the location variability of for one multiplex (i.e. for one 

8 MHz channel) across a pixel. Depending on the local environment and the 

geometry of reflecting sources, it is possible that these statistics will include a fading 

component due to residual multipath. By averaging results across all 3 or 6 (or 

more) multiplexes from an individual transmitter, such multipath effects would be 

removed, as the measurements would then cover a wide bandwidth of some 50-

80 MHz, or more.  

As the different multiplexes may be transmitted with different ERPs and will have 

different radiation patterns, it is necessary to normalise the measurements to 

express results in terms of path-loss, rather than received field strength. The 

statistics derived in this way are compared with the narrowband ‘per channel’ results 

in Figure 3-10.  
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Figure 3-10: Narrowband and wideband LV statistics (see text) 

In the majority of cases, the location variability measured in the wideband case are 

significantly greater than for the single-channel case. This is not the result that 

would be expected, and is presumably due to the errors inherent in the 

normalisation process. If there is any inaccuracy in the estimate of the radiation 

pattern differences between the channels from a given transmitter, this will increase 

the derived value of location variability; this seems likely to add greater uncertainty 

than the small amount of multipath fading that might remain when making 

measurements in a single 8 MHz channel. 

Values of location variability quoted in the remainder of this report relate to the 

narrowband ‘single channel’ case.  

  

3.3 Mechanisms  

3.3.1 Rooftop diffraction 

In urban areas, much of the variability encountered will be due to the multiplicative 

impact of diffraction losses across many rooftops. It has been noted above that 

direct measurement of location variability is difficult in urban areas for practical 

reasons.  

The effect of multiple rooftop diffraction can be modelled using the physical optics 

(PO) approach, in which the field above each ridge is determined by summing the 

contributions from a hypothetical set of sources above the preceding ridge. Such an 

approach can be combined with the use of Monte Carlo techniques to generate 

random sets of rooftops with different statistical characteristics. This is illustrated in 

the figure below; here ‘test a’ represents a one iteration of a model set up generate 
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ridges for which the height and separations are relatively uniform, while those in 

‘test b’ have a much larger standard deviation. 

 

Generating hundreds of such sets of ridges, and computing the diffraction over each 

set allows ‘location variability’ statistics to be generated for a receiving aerial  

mounted at rooftop height.. 

Figure 3-11: Diffraction across multiple rooftops 

 

Figure 3-12: Prediction results using PO and Monte Carlo modelling 

Figure 3-12 shows the results of such simulations, for the two sets of hypothetical 

building statistics. As would be expected, the less uniform environment shows 

higher values of location variability, and a greater spread of results. If such a model 

could be formally validated by careful experiment it might offer a means of obtaining 

LV statistics for different types of urban area.. 

3.3.2 Impact of foliage 

One pixel in Brighton, with many large trees, was measured both in winter and 

summer, to determine the impact of foliage on location variability. 
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Figure 3-13: Measurement in summer (L) and winter (R) 

The results were somewhat inconclusive; the two local DTT transmissions (one 

horizontally and one vertically polarised) showed a lower variability with bare trees, 

as might be expected. The more distant Rowridge transmitter, which transmits both 

polarisations, showed an increased (VP) or similar (HP) variability when the trees 

were bare. A much larger experiment would be required to produce statistically 

reliable results. 

3.4 Options for improved modelling 

3.4.1 Variability as a function of clutter category 

Perhaps the most obvious approach by which the modelling of location variability 

might be refined would seem to be linking it to the clutter category in which the 

receive antenna lies. The figures below plot the CDF of location variability for the 

different clutter categories at the three measurement heights. The ‘urban’ curves are 

included for completeness, but, as noted above, are not representative of the true 

statistics. 

It can be seen that, in the 10m case (Figure 3-14) there is a small but significant 

difference in the statistics for the ‘low suburban’ and ‘suburban’ cases. For instance, 

the 5.5dB figure is not exceeded in 93% of all pixels, but in 97% of ‘low-suburban’ 

pixels and 90% of ‘suburban’ cases. Alternatively, if the 93% probability is taken as 

an appropriate target, this would correspond to a location variability of 6.4 dB in 

suburban areas and 4.9dB in low-suburban cases. These results suggest that a 

modest improvement to modelling accuracy might be possible by making location 

variability a function of clutter category, but this would first require the derivation of a 

reliable figure for the important ‘urban’ and ‘dense urban’ categories.   

At the lower heights, for which the receiving aerials are generally below the clutter 

height, the location variability statistics have flatter distributions, with medians of 

about 4dB at both 5m and 2.7m. The 93% values are about 1dB greater at 5m and 

2dB greater at 2.7m.    



UKPM Review                                                                                                   Plum Consulting 

20  2613/DTTM/R/1/0.9 

 

 

Figure 3-14: CDF of location variability (10m) 

 

 

Figure 3-15: CDF of location variability (5m) 
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Figure 3-16: CDF of location variability (2.7m) 

3.4.2 LV as a function of terrain irregularity 

It is to be expected that field strength will vary more significantly across a pixel on 

the side of a hill than across one on flat ground.  

The present UKPM predictions, although made to 100m resolution, make use of a 

profiles extracted from a terrain database with 50m horizontal resolution. Each pixel 

can therefore be characterised by nine spot heights at the vertices of the four 

constituent 50m ‘sub-pixels’. 

Each measured pixel has been associated with a ‘terrain irregularity’ defined as the 

standard deviation of these nine height values. The figure below plots the 

dependence of measured location variability of the terrain irregularity.  
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Figure 3-17: Dependence of LV on terrain irregularity of 100m pixel (10m) 

 The clear dependence
9
 seen in Figure 3-17 suggests that, should it be wished to 

improve the prediction of location variability, it might worthwhile investigating the 

relationship with terrain variability in more detail. The risk of ‘double counting’ terrain 

effects that are already included in the semi-deterministic estimate of median pixel 

loss should be borne in mind, however.  

3.4.3 LV as a function of frequency 

It might be expected that variability would increase with frequency, as diffraction 

losses increase. 

 

Figure 3-18: Variation of location variability with frequency 

This is not borne out by the results shown in Figure 3-18. If there is any effect, it is 

lost in random noise. 

                                                      

9
 A very similar trend is seen at 5m and 2.7m height. 
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3.4.4 LV as a function of field strength and excess loss 

There seems no physical reason to expect any dependence of location variability on 

field strength, but this is plotted in the figure below. 

 

Figure 3-19: Variation of location variability with median field 

The trend for the ‘low-suburban’ and ‘suburban’ clutter classes is in different 

directions; there is no significant trend for the overall data set. 

A more plausible relationship would be with excess path loss and this is plotted in 

Figure 3-20. 

 

Figure 3-20: relationship between location variability and excess pathloss 

The dependence on excess loss is, at best, slight and the non-monotonic form of 

the polynomial fit shown in the figure may simply reflect the limited dynamic range of 

the measurement. 
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3.4.5 Impact of angular separation 

It might be expected that paths to transmitters lying in similar directions would 

exhibit similar location variability (for example, if a pixel had open ground lying to the 

north, but a row of high trees to the south).  

The figure below plots the absolute difference in the average location variability of 

services from different transmitters received in each pixel against the difference in 

azimuth of those transmitters. 

 

Figure 3-21: Impact of relative azimuth of source on location variability 

Some dependence is evident, but it is very slight, with a linear fit
10

 to the data 

showing a difference in variability of 0.5dB between the case where transmitters lie 

in the same direction and that where they are in opposite directions. 

A related metric (Figure 3-22) is the correlation between the field strengths 

measured at locations within each pixel from different transmitters.  

 

                                                      

10
 The linear fit obscures the low median difference (0.6dB) for cases where the relative azimuth is close 

to zero. 
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Figure 3-22: correlation in field strength from different transmitters 

It can be seen that, for transmitters separated in azimuth by more than 10°, there is 

no significant correlation in field strength variation across the pixel. 

3.5 Conclusions 

The UKPM currently assumes that all DTT signals are subject to a location 

variability of 5.5dB across a 100m x 100m pixel. 

The derivation of this value does not appear to have been very rigorous, but rather 

based on a combination of empirical evidence, pragmatic assumption and 

international committee work. Confidence in the 5.5dB has since been built by the 

successful roll-out and evolution of DTT services, with an anecdotally good match 

between predictions and viewer experience in most cases. 

The measurements reported here show that the 5.5dB figure is exceeded in only 7% 

of low-suburban and suburban pixels, and would seem to be an appropriate 

planning assumption. It is noted that it has not been possible to make reliable 

measurements of location variability in urban areas, although theoretical 

considerations suggest that expected values would be similar. 
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4 DOMESTIC RECEIVING SYSTEM PERFORMANCE 

4.1 Current modelling assumptions 

In planning a broadcast network it is necessary to make an assumption regarding 

the sensitivity of the receiving equipment. If this is overestimated, planning will be 

wasteful of power and spectrum, if underestimated coverage will be poor. 

For UHF planning in the UK it is assumed that the receive aerial is mounted at 10m 

above ground and that the net gain of the aerial and feeder system is 7dBd. 

It has been known for many years that aerial system gains vary greatly in practice; 

in addition to random variations due to ageing, design and build quality, there is a 

strong inverse correlation between the local signal strength and the system gain – in 

a strong signal area a low-gain antenna will be adequate and significant 

deterioration of the system can be tolerated (e.g due to weather)  while in fringe 

areas it may be necessary to install high-gain systems with amplifiers, and any 

deterioration may lead to a loss of picture.  

This relationship was first studied in the context of planning for the fifth analogue 

channel in the 1990s, and the topic was re-visited in preparation for Digital 

Switchover (DSO) in 2004 and in a study for BERR in 2009. The data from the latter 

study was analysed in a report for Ofcom by Aegis [4]. This showed that the nominal 

7dBd gain represented the median case for analogue fields of ~74dBµV/m, with 

median gain falling to 0dBd in areas with fields of 85dBµV/m. 

It was found that while 19% of analogue-only installations used an amplifier, some 

33% of households with a DTT receiver used one. This reflected the low-power of 

the interim DTT service prior to DSO. 

4.2 Measurements by Ofcom  

In the winter of 2014/15, Ofcom undertook new research to characterise household 

aerial system performance. 

4.2.1 Method 

Six areas were examined, covering a range of DTT field strengths: 

 High DTT fields: St Neots (Sandy Heath transmitter) and Wells (Mendip) 

 Medium DTT fields: Rugby (Sutton Coldfield) Chippenham (Mendip) 

 Low DTT fields: Peterborough (Sandy Heath, Waltham) and Swindon 

(Oxford, Mendip ) 

In each area, 50 homes were selected and measurements were made indoors at 

the wall plate and outdoors at both 10m and at the actual height of the aerial. Care 

was taken to position the outdoor measurement antenna in a representative position 

as close as possible to the household rooftop antenna. 
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When examining the results below, it must be borne in mind that the gain figures 

include the effect of any reduction (or increase) in field strength due to the location 

of a household aerial at a height lower (or greater) than the nominal 10m to which 

measurements and predictions are referred. 

4.2.2 Summary results 

In each area, a wide spread of aerial system gains, typically around 50dB, was 

seen, even for households receiving similar field strengths. 

  

Figure 4-1: ‘low’ DTT signal areas 

  

Figure 4-2: ‘Medium’ DTT signal areas 

   

Figure 4-3: ‘High’ DTT signal areas 

There is relatively little variation in field strength in the flat terrain of Peterborough 

and St Neots, so any systematic changes in aerial system gain are hard to discern. 

Where field strength variation is greater (Chippenham, Rugby, Swindon, Wells) the 

tendency for gain to be lower where field strength is greater is clear. This is 

particularly evident when the data for all areas is collated (see Figure 4-4). 
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Figure 4-4: Overall data set   

Using this overall data set, a trend line can be drawn and a comparison made with 

the earlier BERR survey results for analogue transmitters, and with the 7dBd 

planning value (Figure 4-5). 

 

Figure 4-5: Overall data with trend-line and comparison with BERR study 

The best-fit linear trendline for the BERR results was Y=-0.690x +54.845, while that 

for the present measurements is y= -0.6702x+52.822. The slope of the dependence 

is almost unchanged, but there is an offset in the results, with lower system gains 

expected for a given field strength.  

Thus, the assumed 7dBd gain figure would have been expected in a 75dBµV/m field 

in 2009, but  would now correspond to a 68dBµV/m field. This change can largely 

be attributed to the general decrease in transmitter powers at DSO.  
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4.2.3 Gain statistics 

In developing more sophisticated models of coverage and interference for UHF 

services, it may be necessary to take explicit account of the great variability of 

antenna performance. It would be straightforward to include the median trend line 

given above in a computer model, but it will, generally, be necessary to consider 

cases other than the median. 

The new data has been used to examine the variability of the new data about the 

median. In Figure 4-6 the data has been examined in 20dB ‘slices’ of field strength. 

Although the distribution appears roughly normal, gains for the lowest fields are 

skewed to higher values and vice versa, suggesting that the simple linear fit could 

be improved.  

 

Figure 4-6: Variability of measured system gain about assumed trendline 

The overall data set has a standard deviation of 10.86 dB with respect to the trend 

line. Figure 4-7 compares the measured distribution to a normal distribution having 

the same standard deviation.   
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Figure 4-7: Comparison of overall data set with normal distribution (σ=10.9dB) 

The use of the trend line to predict median system gain as a function of local field 

strength, together with the assumption of a normal distribution about that median, 

with a standard deviation of 10.9dB, might be an appropriate starting point for the 

statistical modelling of household aerial performance. 

4.2.4 Average aerial gain weighted by population 

Figure 4-8 shows the distribution of UK households by wanted mean DTT field 

strength, predicted using the UKPM for the three PSB multiplexes, and all six PSB 

and COM multiplexes
11

. This shows that most UK households are predicted to 

receive wanted mean DTT field strengths of 70dBµV/m or above. 

                                                      

11
 Based on the 6_019 plan 
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Figure 4-8: Distribution of households by DTT field strength 

Using this field strength distribution and the best-fit linear trendline 

(y= -0.6702x+52.822) derived from the measurements (in Figure 4-5), a weighted 

average aerial gain can be calculated. For the three PSB multiplexes, the weighted 

average aerial gain is -5.2dB. For all six PSB and COM multiplexes, the weighted 

average aerial gain is -3.5dB. 

Whilst these population-weighted average gains provide a better representation of 

the actual gain of installed aerials, they are not appropriate for planning for DTT 

coverage. This is because coverage predictions are based on the reasonable steps 

DTT households can be assumed to take to achieve reception near the edge of 

coverage. Given this, the coverage planning assumption used in the UKPM that 

households will use the readily achievable aerial system gain of 7dBd (see trendline 

in Figure 4-5) to achieve reception remains appropriate.  

The average aerial DTT gain is lower than that used to predict the boundaries of 

DTT coverage because most households within the DTT coverage area have a 

relatively high DTT signal available to them (typically above 70dBuV/m) which can 

be received using lower gain aerials, or systems that have suffered significant 

degradation from age and weather. This lower average gain aerial gain is unlikely to 

be sufficient for households to achieve reception close to the edge of the DTT 

coverage area. 

Whilst the best-fit linear trendline for the gain of actual installed aerials should not be 

used for DTT coverage planning, it can be used to derive more accurate estimates 

of: 

1. The effect of future changes to DTT transmitters on actual DTT reception.   

2. The effects of interference from other services on DTT reception. In 

particular, the use of the lower average aerial gain found in this study 
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should help provide a more accurate estimate of the number of DTT 

receivers likely to be driven into overload by interfering signals.  
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5 MEDIAN FIELD STRENGTH PREDICTION ACCURACY 

The measurements described above were intended for the specific purposes of 

investigating location variability and household aerial performance. The availability 

of this new set of reliable field strength measurements provides an opportunity, 

however, for a further, independent, assessment of the prediction accuracy of the 

UKPM.  

5.1 Development and testing of UKPM 

The present UKPM is an evolutionary development of BBC software that was 

developed in the 1970s for UHF television planning [1-3]. This original software was 

‘tuned’ to give good agreement with a substantial body of measurements. 

 

Figure 5-1: Validation of original BBC model, 1974 [1] 

The each ‘measured’ data point in the comparison of Figure 5-1 represents the 

‘mean of many measurements’ made in an area of 500m x 500m. A total of some 

500 such means were used, with most of the measurements made in Guildford or 

Staffordshire.  

The move to digital broadcasting brought with it the need improved prediction 

accuracy
12

, and the BBC software formed the basis for a collaborative development 

by the privatised transmission providers, the BBC and the regulator (then the ITC).  

                                                      

12
 The collaborative, government funded, ‘Digiplan’ project [3] examined some of the theoretical issues 

involved in increasing prediction accuracy, and assembled a measurement database for testing 

purposes.   
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The new algorithms (the UK Planning Model) were implemented separately by the 

BBC and the transmission providers, and include a number of significant 

improvements with respect to the original BBC model. 

 The terrain data horizontal resolution is increased from 500m to 50m. 

 New algorithms, based on the Deygout construction, are used for the 

modelling of clutter within 5km of the receiver, with loss use to buildings and 

vegetation determined separately. 

 A 16-category clutter database is used with 50m resolution (25m in some 

urban areas). 

The new model was tested against a new database of some 20,000 individual 

measurements, and compared with the existing BBC 500m resolution model (see 

Table 5-1). 

Table 5-1: Comparative model prediction accuracy  

 Mean error SD of error 

BBC (500m) +5 dB 9.4 dB 

UKPM (50m) - 2 dB 7.7 dB 

 

  

Figure 5-2: Validation of UKPM, 2002 [2] 

The practical experience of DTT coverage planning over the last decade has built 

considerable confidence in the accuracy of the UKPM when applied to the 
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parameter space for which it is optimised (predictions at 10m above ground, at 50%, 

95% and 1% time).  

  

5.2 Testing of UKPM against new measurement data 

Given the very large sets of measurement data already used for the tuning and 

validation of the UKPM (500 pixel median field strengths in 1974, 20,000 individual 

measurements in 2002), it is clear that the new measurements (some 1,000 ‘pixel 

median fields) are a modest addition to the total. They do represent, however, a 

valuable new source of independent data.  

In the analysis of the location variability results, the median field strength of each 

multiplex from each transmitter was determined each measured 100m x 100m pixel. 

These values are compared with the corresponding UKPM predictions in Figure 5-3. 

 

Figure 5-3: UKPM prediction accuracy (Location variability measurements) 

A comparison was also made (Figure 5-4 ) with the 10m measurements associated 

with Ofcom’s domestic aerial measurement study described above. In this case, the 

field strengths are point measurements rather than pixel medians, and the 

measurement uncertainty would be expected to be correspondingly greater.     

 



UKPM Review                                                                                                   Plum Consulting 

36  2613/DTTM/R/1/0.9 

 

Figure 5-4: UKPM prediction accuracy (Ofcom ‘household aerial’ 
measurements) 

The headline statistics are indicated in Table 5-2; the ‘location variability’ 

measurements are compared with UKPM predictions made to the individual receiver 

locations, to the relevant pixel centres and to the arbitrary point in the pixel that 

results from the use of the radial scanning technique [2] used to minimise prediction 

run times. 

The mean errors and  standard deviations are rather smaller than those given in 

Table 5-1 in all cases. 

Table 5-2: UKPM prediction accuracy 

Data set Mean error SD of error 

‘Location variability’ (point by point) 1.2 7.0 

‘Location variability’ (pixel means vs centre) 1.2 6.1 

‘Location variability’ (pixel means vs radial) 1.1 6.0 

‘Household aerial’ 0.04 6.29 
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5.3 Conclusion 

The accuracy of UKPM predictions, when compared with two new, high-quality sets 

of measurement data, is somewhat better than previous testing has suggested. 

Although the new measurement data covers largely suburban locations in mostly 

lowland areas of England, these results give further confidence in the reliability of 

the UKPM. 
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6 PREDICTION TO HEIGHTS OTHER THAN 10M  ABOVE GROUND 

The UKPM has been optimised for the purpose of making predictions of wanted and 

interfering field strengths at 10m above ground, as this is the height at which DTT 

coverage is defined in UK planning. 

The ability of the UKPM to make predictions to other height is of interest when 

considering sharing with other services operating in the same band (e.g. radio 

microphones, ‘white space’ devices) or in adjacent bands (LTE at 800 MHz or, in the 

future at 700 MHz). 

Although the UKPM can be configured make predictions for receive antenna heights 

other than 10m, the algorithms have not been optimised or validated for such use. It 

is therefore of interest to examine the statistics of ‘height gain’ for UHF signals. 

Given the existence of a large number of measurements at 10m, and of models
13

 

optimised for prediction to that height, it makes sense to evaluate these statistics in 

terms of ‘gain relative to 10m’, which will generally be a negative figure. 

6.1 Mechanisms 

Two main mechanisms give rise to variations in field strength with height.  

The most intuitively obvious is simply that diffraction losses will tend to fall as an 

antenna is raised above the level of surrounding clutter.  In practical measurements 

this is often seen as the field strength increases sharply when a measuring antenna 

is raised above the ridge of a rooftop in line with the transmitter being measured. 

Diffraction theory indicates that a loss of 6dB will be expected when the antenna is 

level with the ridge, obscuring half of the Fresnel zones. Moving above this point an 

oscillatory regime will be observed as successive zones are cleared, as seen
14

 in 

Figure 6-1. 

                                                      

13
 Not just the UKPM, but ITU-R models such as P.370 and P.1546 

14
 Where ‘ν’ is a geometrical parameter, positive when the path is obscured by the knife-edge 
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Figure 6-1: Knife-edge diffraction loss (ITU-R P.526 [ref]) 

The other effect leading to variation of field strength with height is that due to 

interference between direct and ground-reflected waves. This is seen most clearly at 

low frequencies where the phase relationships, and the smoothness of the ground in 

terms of wavelength lead to a systematic increase in field strength up to a first 

maximum value that is generally greater than 10m. As the frequency is increased, 

the height of this first maximum falls and antennas at typical heights may find 

themselves in signal maxima or minima. This is illustrated in Figure 6-2 for  a 

hypothetical path and for frequencies (left to right) of 6 GHz, 2 GHz, 700 MHz, 200 

MHz and 90 MHz.  
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Figure 6-2: Variation of field strength with height due to ground reflection  

These interference effects, which are also dependent on polarisation and overall 

path geometry, become obscured at UHF frequencies and above, by the relative 

roughness of the ground, and will be supressed altogether by foreground clutter.   

6.2 ITU-R models & the UKPM 

The ITU-R publish a number of propagation models which include corrections for 

height gain relative to 10m (or ‘representative clutter height’), The height gain 

expression (in P.1812 and P.1546) allows the user to select whether the receiver is 

in an ‘open/rural’ environment or ‘suburban/urban/forest’ environment. In the former 

case an expression intended to capture the statistics of height gain due to ground 

reflection is applied, and in the latter an expression for knife-edge diffraction is used. 

Although well established, these expressions offer showed only modest agreement 

with set of detailed Ofcom measurements made in 2004 [4]. In particular, there 

appears to be little basis for the log(h) expression used to represent height gain in 

the ‘open/rural’ case.   

While the ITU-R models make predictions to the ‘representative clutter height’ or to 

10m, and then apply a height gain correction, the UKPM simply constructs the 

Deygout geometry on the basis of the supplied antenna heights, with the 10m value 

having no special status; that said, all the tuning and optimisation of the UHF model 

has been on the basis of measurements made at 10m. 

6.3 Observed height-gain statistics 

All the measurements made of location variability included point measurements at 

10m, 5m and at the ‘lowest height possible’, generally ~3m above ground. The 

subset of measurements made by Aegis additionally included continuous records of 

field strength vs height between 3m and 10m. made using laser or ultrasonic 

distance transducers. 
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Additionally, the ‘Household Aerial’ measurements made by Ofcom included outdoor 

measurements at both 10m and at whatever antenna height was actually used at 

each premises. 

 

Figure 6-3: Height gain observed in Ofcom measurements 

As it reflects the location of actual domestic aerials, this data set is very sparse 

below about 6m; The data does not, however, seem to support the form of the 

ITU-R ‘urban’ model which would be expected to apply in the measured 

environments. The measurements show a negative curvature more similar to the 

‘rural’ case.  

The data gathered, in the course of the present work, on the variation of field 

strength with height may prove valuable in the context of improving the prediction of 

interference to or from terminals not located at rooftop height, such as white space 

devices, radio microphones or user equipment (UE) in cellular systems. 

7 SUMMARY AND  CONCLUSIONS 

The measurements of DTT location variability reported here show that the 5.5dB 

figure assumed in the UKPM is exceed in only 7% of pixels, and thus would seem to 

be an appropriate planning assumption. The measurements also showed a small 

dependency on clutter type which varied with height, but it was not possible to 

measure sufficient urban and dense urban pixels to be statistically representative. 

The review has examined whether the UKPM reflect the effects of the performance 

of real world roof top aerial installations. The UKPM assumes that all aerials have a 

net system gain of 7dBd and the review has examined whether this is a realistic 

assumption. Measurements made both indoors, and outside at 10m, at 300 

households show a wide spread of aerial system gains, with a strong inverse 

dependence of gain on local field strength. The derived population-weighted 
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average of -5.4dBd for the aerial system gain derived from these measurements is 

much lower than the UKPM 7dBd assumption.  

A comparison of the new measurements and UKPM predictions showed mean 

errors of less than 2dB and a standard deviation of error of around 6dB.  

These results give confidence in the reliability of the UKPM for predicting DTT 

coverage. When predicting interference to DTT from other services, it may be 

necessary to make an explicit allowance for the inverse relationship of local DTT 

field strength and aerial system gain. 

The results from the present review will inform work on the modelling of  mutual 

interference between DTT and other services. Other topics that will be relevant to 

such a work programme will include the performance of aerials at channels that are 

out of group, the characterisation of receiver protection ratios and noise figures, the 

use of improved and more accurate clutter data; and investigation of the extent to 

which wanted and interfering signals are correlated. 
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