
Annex 1 

A1.1 Coverage levels in trial areas compared to coverage levels throughout UK 

To determine how representative the coverage in the trial areas is of UK coverage as a 
whole, a dataset containing the predicted coverages of all UK households for the BBC 
multiplex was created. The histogram of this dataset appears as Figure 1. 
 

 
Figure 1: Coverage Distribution of all UK households 

 
As a sanity check of the source data, the percentage of all UK households, in pixels with 90% 
or greater coverage, was evaluated.  The resulting answer of 92% agrees exactly with 
published DAB coverage figures. 
 
For Phase 1, in order to fully test the UKPM, we selected the trial locations and the 
multiplexes that we measured, to exhibit a range of coverages.  For this reason we would 
expect the coverage distribution for the households in Phase 1, to be lower than that for all 
UK coverages.  The histogram of the Phase 1 dataset appears as Figure 2 and confirms that 
this is the case. 

 
Figure 2: Coverage Distribution for Phase 1 



 
For Phase 2, where we were mainly concerned with DAB/FM equivalence in areas of ‘robust’ 
coverage, we needed a location where the coverage distribution better matched the ‘robust’ 
coverages in all of the UK.  The histogram of the Phase 2 dataset appears as Figure 3.  Note 
that for Phase 2, tests were made first with the DAB radio antenna fully extended and then 
with only one section of the antenna raised.  The difference between these two conditions 
(measured in the DTG G-TEM cell) is a very repeatable 8 dB for all the radios used in the trial, 
so with the antenna retracted there is effectively a reduction in noise limited signal margin 
of 8 dB. 
 
Figure 3 contains all the predicted coverages for both antenna conditions. 
 

 
Figure 3: Coverage Distribution for Phase 2  

 
Clearly, even with the 8 dB reduction, there is no household in a pixel with less than 100%1 
coverage – and this of course is better than UK coverage as a whole; nevertheless, as a 
further analysis confirms that 75% of all UK households are in pixels with 100% coverage, 
Phase 2 locations appear to be representative of the vast majority of UK households. 
 
A possible counter to this argument is that a coverage of 100% (see foot-note) covers a wide 
range of signal margins, so the results of Phase 2 could have been biased due to 
unrepresentative high signal margins throughout the area.  However, as we also performed 
tests with a short aerial, so reducing the signal margin by 8 dB, this would tend to remove 
any such bias.  This is broadly confirmed by the analysis outlined in Annex 6.  

1 With a log-normal distribution of coverages in a pixel, 100% coverage in a pixel is of course not achievable as 
this would require an infinite signal margin.  Coverages of ‘100%’ actually mean coverages greater than 99.5% 
which round up to 100%. 

                                                           



Annex 2 

A2.1 Phase 1 interviewer report form 

 
 

  



Annex 3 
 
A3.1 Areas, stations and multiplexes used in Phase 1 

 
Easington 

A large village/small town environment with one mostly robust multiplex, one robust/good 
multiplex and two/three variable 

• BBC Radio 2 (BBC National DAB- 12B) 
• Classic FM (D1 National- 11D) 
• BBC Radio Newcastle (Bauer Tyne & Wear- 11C) 
• BBC Radio Teesside (Bauer Teesside- 11B) 
• Smooth Radio (MXR Ltd- 12C) 

 
Kingston-Upon-Hull 

A suburban city location with one robust multiplex, one good/variable multiplex and two 
variable multiplexes 

• BBC Radio 2 (BBC National DAB-12B) 
• Classic FM (D1 National- 11D) 
• Yorkshire Radio (MXR Ltd- 12A) 
• BBC Radio Humberside (Bauer Humberside- 11B) 

 
Nottingham 

A dense urban area with two robust multiplexes and one robust/good multiplex 

• BBC Radio 2  (BBC National DAB- 12B) 
• Classic FM (D1 National- 11D) 
• BBC Radio Nottingham (Now Digital- 12C) 

 
Kidderminster 

Suburban town areas with one robust multiplex, one robust/good multiplex and one 
multiplex with variable coverage 

• BBC Radio 2 (BBC National DAB- 12B) 
• Classic FM (D1 National- 11D) 
• Radio XL (MCR Limited- 12A) 
• BBC Radio Shropshire (Now Digital- 11B) 
• Heat Radio (CE Digital- 11C) 

  



Maidenhead 

In the suburbs of a large town with two robust multiplexes and three/four multiplexes with 
variable 

• BBC Radio 2 (BBC National DAB- 12B) 
• Classic FM (D1 National- 11D) 
• Magic (London 1- 12C) 
• BBC Radio Berkshire (Now- 12D) 
• BBC Radio London (London 2- 12A) 

 
 
 
 
 

 
  



Annex 4 
 
A4.1 Interpretation of scatter plots 
 

 
Predictions versus measurements for Phase 1 

 
• if UKPM predictions and measurements are in complete agreement, the scatter plot 

would show all points on the ‘predicted = measured’ line 
 

• if the measurements were generally lower or generally higher than predictions, the 
plot would show a systematic shift to one or other side of the line 

 
• if there was some variance between predictions and measurements but on average 

the predictions were correct, there would be an equal number of points more or less 
equally distributed either side of the line 

 
• as the variance between predicted and measured increases the points would fall 

further away from the line  
 
At first sight, the scatter plot above appears to show a shift to the right hand side of the line, 
apparently indicating that measurements are systematically worse than UKPM predictions, 
which if true would be of some concern.  In fact this is an illusion caused by the expression 
of coverage in terms of probability.   
 

For digital broadcasting systems, the UKPM describes coverage as the probability of 
reception in a pixel.  This is the method accepted by UK and other European Broadcasters 
and whilst it gives a good indication of coverage levels, the change in reception margin is 
non-linear with increasing coverage.  For example, with a standard deviation of 5.5 dB, an 



increase in probability of 10% from 70 – 80% represents an increase in carrier to noise 
(including interference) of 1.7 dB, whereas an increase from 89.5 % to 99.5% represents 7.3 
dB – the scale becomes compressed towards the high end.  Furthermore, quite obviously 
the coverage cannot become greater than 100%.   With reference to the figure above, as the 
predicted coverage is high (99 – 100% probability) the resulting plot for measurements in 
full agreement would be a cluster of points in the top right hand corner. 

Say now that there is some uncertainty in the modelling and some of the measurements are 
worse than predictions and some are better. 

On the plot, this could only appear as a line of points ‘falling down’ the right hand y-axis - 
representing the measurements which are worse than predictions; the points where 
measurements are better than predictions are lost either in the non-linearity with 
increasing % locations or in the hard limit of 100%.   Consequently the apparent asymmetry, 
with points clustered to the right hand side of the plot, is not necessarily due to a systematic 
error, the model may still be correct on average but exhibiting a variance about the mean 
sufficient to produce the effect. 

  



Annex 5 
  
A5.1 Analysis of results 
 
For these tests it was not possible to take calibrated measuring receivers into homes.  This 
was due to a number of reasons including the requirement to provide a large number of 
results in a relatively short time, the availability of sufficient quantities of professional 
measuring receivers and the ability of market research interviewers to make such technical 
measurements. The test was simply to note whether unimpaired reception was possible, 
and the result for each household and for each multiplex tested was the number of working 
locations as a percentage of the total number of locations tested.  The measured percentage 
of ‘working’ locations was then compared with the UKPM predictions of percentage of 
locations covered. 

The validity of this comparison has been the subject of much deliberation throughout the 
trial – the UKPM calculates the percentage of a 100m x 100m pixel which receives a 
satisfactory DAB signal (or put another way the probability that any point in the pixel will 
receive a satisfactory signal), whereas the measured value is the percentage of working 
locations within a household.  Nevertheless in the absence of anything better, this 
comparison was used as the metric for testing UKPM predictions with in-home 
measurements. 

Using the percentage of locations is certainly not the best way to describe coverage if we 
would like to use the results to provide any fine tuning to the UKPM.  It makes the 
derivation of modelling uncertainty, in terms of mean and standard deviation of the error, 
nearly impossible to achieve analytically.  Nevertheless, for the reasons described above, 
our measurements were limited to percentage of locations and we needed to use these to 
judge the performance of the UKPM, so an empirical method was devised.  

Using the predicted values of coverage for all of the households in Phase 1 (as % locations), 
a simulation was produced in MATLAB to add uncertainty, as a range of Standard Deviations, 
to these coverages and then produce a scatter plot in the same format as has been used to 
display the predicted and measures values for the trial.  Visual inspection of the distribution 
of points on the simulated scatter plot, in comparison with the actual scatter plot, can allow 
a judgement of the overall uncertainty of the in-home measurements.  However, this 
approach may not be perfect as a visual match tends to be made in areas where the density 
of points is lower.  Resulting plots are shown below. 

  



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

It appears as though a value of standard deviation of approximately 9 dB provides the best 
fit to the scatter plot of predictions against measurements. 

9 dB is the total standard deviation of the uncertainty between measurements and 
predictions and is made up of the following variables, 

• UKPM  error 
• Location variation in a pixel 
• Height loss variation 
• Building penetration variation 

It is helpful to attempt to understand how the individual components combine to the final 
value.  The UK planners are familiar with the values of standard deviation for UKPM error, 
location variation and height loss variation, but these have been derived for all of the UK 
and may not be representative of the areas used for Phase 1.  To investigate this more 
rigorously, all the areas of Phase 1 were measured with a survey vehicle by driving through 
the areas and continuously logging the signal level of the relevant multiplexes.  Comparison 
of the variance of these road based measurements (made at a height of 1.5 m) against 



UKPM predictions, provides a standard deviation of the combination of three of the terms 
above (the UKPM error, the location variation and the height loss), albeit along the roads 
along which the survey vehicle travelled rather than in the local vicinity of the households.  

A5.2 Standard Deviation between outdoor predictions and road based measurements 
for Trial 1 

 

 

 

 

 

 

 

 

 

Scatter plot of measured signal margin against predicted signal margin 

Unlike previous scatter plots which have used % locations and have consequential 
limitations in the derivation of standard deviations, the scatter plot above compares signal 
margin (in dB), so can be used directly to evaluate the mean and standard deviation of the 
uncertainty.  Resulting values are that the mean is in error by -0.4 dB and the standard 
deviation of the error is 5.1 dB, a result which shows that the UKPM is apparently 
performing extremely well, better here than we would expect for predictions over the 
whole of the UK.  However it is helpful to consider which of the previously listed variables 
are contained in these values.  The processing of the road measurements data involves 
taking the average of all the measurements in a 100m x 100m pixel.  This avoids a situation 
where undue weight is given to a large set of identical measurements, taken whilst the 
vehicle is stationary and whilst this procedure has become fairly standard in dealing with 
such measurements, it will also tend to ‘average out’ some of the location variation. 

We need the road measurements to be a combined variation of 

• UKPM  error 
• Location variation in a pixel 
• Height loss variation 

and so any removal of location variation is undesirable. 



To compensate for this, the standard deviations of the road measurements in each of the 
measured pixels, for all of the measured multiplexes, were evaluated.  The average of these, 
which was calculated to be 3.1 dB, can then be treated as the standard deviation of the 
location variation that was removed from the road measurements by the averaging process.  
It should be noted that this value is lower than the 4 dB value assumed in planning, that was 
based on similar road-based measurements, but over a wider area of the UK. 

This can be added as 

 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆(𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝑟𝑟𝑚𝑚𝑚𝑚𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚) = √5.12 + 3.12 = 6.0 𝐶𝐶𝑑𝑑 

The value for the SD of the building penetration loss used in the UKPM is generally 4.4 dB.  
Urban clutter classes are assumed to have a very slightly increased SD of the building 
penetration loss, 5 dB.   

We can use this SD of the building penetration loss (4.4 dB as most of the areas were 
suburban) together with the combined SD of the road measurements to calculate the total 
standard deviation of the uncertainty between measurements and predictions that would 
have been expected in the home. 

𝑆𝑆𝑆𝑆(𝑚𝑚𝐶𝐶𝑚𝑚𝑟𝑟𝑡𝑡 𝐶𝐶𝐶𝐶 ℎ𝐶𝐶𝐶𝐶𝐶𝐶)2 =  𝑆𝑆𝑆𝑆(𝐶𝐶𝑚𝑚𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶𝑏𝑏 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚𝑟𝑟𝑟𝑟𝑚𝑚𝐶𝐶𝐶𝐶𝐶𝐶)2 + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑆𝑆𝑆𝑆(𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝑟𝑟𝑚𝑚𝑚𝑚𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚𝑚𝑚)2 

𝑆𝑆𝑆𝑆(𝑚𝑚𝐶𝐶𝑚𝑚𝑟𝑟𝑡𝑡 𝐶𝐶𝐶𝐶 ℎ𝐶𝐶𝐶𝐶𝐶𝐶) = �4.42 + 6.02 

𝑆𝑆𝑆𝑆(𝑚𝑚𝐶𝐶𝑚𝑚𝑟𝑟𝑡𝑡 𝐶𝐶𝐶𝐶 ℎ𝐶𝐶𝐶𝐶𝐶𝐶) = 7.4 𝐶𝐶𝑑𝑑 

This value is lower than the 9 dB figure derived for the total standard deviation of the 
uncertainty between measurements and predictions indoors previously estimated by 
comparing the measured and predicted percentage locations served indoors and adding a 
random error.  There are a number of possible reasons for this (small) discrepancy:- 

1. The method used to determine the 9 dB figure is somewhat subjective and subject to 
error 

2. The calculated combined SD (road measurements) could be a little lower than in 
reality if :- 

a. the standard deviation of the road measurements was actually higher than 
the 3.1 dB figure – as might have happened for example if much time was 
spent stationery in traffic 

b. the prediction error of the road measurements was actually higher than the 
5.1 dB figure – again this could have arisen for example if much time was 
spent stationery in traffic 

3. The SD of the building penetration loss in this area was higher than that used for 
planning, or if there were some other factor that appeared to make it worse e.g. a 
greater location variation in the vicinity of the homes under test rather than on the 
roads followed for the mobile coverage survey. 



It has not been possible to conclude which of these reasons might have caused the small 
discrepancy, and indeed a combination of them is possible.  Therefore we do not propose to 
make any changes to the parameters used in the UKPM to predict indoor coverage. 



Annex 6 

A6.1 Analysis of all UK coverage data 

Using the dataset of predicted coverages (Predicted Coverage) for all UK households 
described in Annex 5, a statistical analysis was undertaken to determine what ‘failure-rate’ 
we should be expecting for households in specific coverage categories.  ‘Failure-rate’ in this 
context means the percentage of households in pixels predicted to be in coverage 
categories ‘95% - 100%’ or ‘99.5% - 100%’ which end up with a coverage of less than 80%.  
This will of course be dependent on the error associated with the predictions and for this we 
assumed the standard deviation of the error to be approximately 9 dB as indicated above. 

The simulation described in Section 5 was used add a log-normal error, with a standard 
deviation of 9 dB, to the predicted coverages.  This creates a second dataset (Predicted 
Coverage + Error).   

From these two sets of data, the ‘failure-rate’ is evaluated as the percentage of households 
where, 

i. 95% ≤ Predicted Coverage ≤ 100% and Predicted Coverage + Error ≤ 80% 
ii. 99.5% ≤ Predicted Coverage ≤ 100% and Predicted Coverage + Error ≤ 80% 

These same tests were then applied to the predicted and measured data from Phase 1 and 
Phase 2 where, 

i. 95% ≤ Predicted Coverage ≤ 100% and Measured Coverage ≤ 80% 
ii. 99.5% ≤ Predicted Coverage ≤ 100% and Measured Coverage ≤ 80% 

 

Results are shown below. 

 
 ‘Failure-rate’ (і) ‘Failure-rate’ (іі) 

All UK Simulation 6.5% 3.5% 
Phase 1 14.7% 4.6% 

Phase 2(long-aerial) 1.3% 1.3% 
Phase 2(short-aerial) 1.9% 1.9% 

Table 2: ‘Failure-rate’ 
 



Annex 7 

Suggested Consumer Advice 

 

1. Any prediction of coverage (whether on a map or in a post code database) will be liable 
to prediction errors so coverage cannot always be guaranteed, even though the model 
is typically a very good indicator of reception. 

2. It is very important to purchase a DAB radio that meets the minimum RF performance 
targets set out in the receiver specification associated with the digital radio ‘tick mark’. 
Telescopic aerials should be fully extended and vertical for best reception. 

3. Modern building materials such as foil backed plasterboard or insulation, or modern 
double/triple glazing may reduce signal levels in homes, potentially affecting reception 
(of both FM and DAB). 

4. Radio reception can be better near a window, upstairs (rather than downstairs) and on 
the side of the house closer to the local transmitter.  If the radio displays signal level, 
this can be used to optimise the position of the radio. 

5. In the few areas of the country that suffer from weaker coverage, an external rooftop 
aerial will improve the chances of reliable reception.  The CAI or RDI installers are best 
placed to advise on the best aerial solution.  Remember that the DAB radio would need 
an aerial input socket to enable a connection to such a rooftop aerial. 

6. If reception is proving difficult, local sources of interference can be checked for by 
switching off the suspect device and checking for improved reception.  If interference is 
observed, reception can be improved by moving the radio and interfering device further 
apart. 

7. DAB coverage will improve over time as networks are rolled out.  The post code checker 
gives a good indication of coverage in your local area (although individual household 
reception cannot be guaranteed either way for the reasons previously mentioned). 

8. If reliable DAB reception cannot be obtained having taken account of the above advice, 
there are other means of receiving digital radio services, such as via digital television, 
online or modern mobile phones. 
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