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Section 1 

0.1 Introduction 

Following the 2009 Digital Britain report, the Government published a Digital Radio Action 
Plan for a potential switchover of key services from analogue to digital radio. The plan 
stated that digital radio switchover should only begin once the market is ready.  It concluded 
that a decision could only be made once certain criteria had been fulfilled, including when 
national DAB coverage is comparable to FM, and local DAB reaches 90% of the population.  
The process to determine coverage levels makes use of a software-based coverage 
prediction model that predicts the likely DAB coverage by individual area (down to 
individual areas that are 100m square). 
 
In 2013, the BBC and Ofcom agreed to jointly manage a research project which would 
measure DAB reception in households across a variety of different coverage areas so that 
the coverage model could be validated, or if necessary, refined.   The objective of this 
research project was to test reception within a large number of different locations (within 
residential homes) and compare results of these tests with what the model predicts for the 
indoor locations tested. The results would help validate whether the DAB coverage in the 
home was as predicted. 
 
Specifically, the project obtained a number of DAB reception measurements within 
households located in a number of pre-selected coverage areas in order to determine how 
well the model’s predicted level of coverage matched measured levels of coverage. The 
exact location and number of areas, which were selected to have a wide range of multiplex 
signal levels, were mutually agreed by Ofcom/BBC. 
 
It should be noted that the trial initially consisted of a single set of measurements but it was 
agreed that should the findings raise any issues, both parties would agree to run a second 
phase if necessary.  As the initial set of measurements did raise some issues, the trial 
therefore consisted of two separate phases (Phase 1 and Phase 2).  
 

0.2 Background 

A coverage prediction model (the UK Planning Model/UKPM) has been developed that 
predicts DAB coverage in areas of 100m x 100m, known as pixels.  The UKPM provides a 
figure for the percentage of random locations in the pixel where reception should be 
possible. 

The study aimed to test actual levels of reception within residential homes across a number 
of geographical areas and locations and to compare these test results with the values from 
the planning model.  The research sought to examine the accuracy of the predictions for 
those indoor locations and test whether the DAB signal was available in as many locations in 
the home as predicted.  The BBC and Ofcom also agreed that, should the research findings 
identify any significant discrepancies between predicted and actual coverage 
measurements, the Planning Model could be corrected by modifying the input parameters.  
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Before the trial started, the outdoor coverage was tested in the selected areas.  An analysis 
of this data (see Annex 6) showed that the UKPM was predicting DAB signal strengths 
throughout these areas with a good level of accuracy for typical terrain-based prediction 
models.  

The trials for Phase 1 were carried out in carefully selected areas, defined as full postcode 
units.  The majority of households fell into postcode units with expected good1 or robust2 
coverage although to test the full range of the UKPM, a number of households were also 
selected with expected variable3 coverage. 

The coverages from individual multiplexes were substantially different from each other, 
with some multiplexes offering either robust or poor4 coverage. This helped quantify the 
difference in coverage experience for different levels of predicted coverage. 

For Phase 1, the areas selected were Kingston-upon-Hull; Maidenhead; Kidderminster and 
Stourport-on-Severn; Nottingham and Easington.  All areas offered multiplexes with good 
and variable coverage.    

In Phase 2, the area of Bedford was selected due to it having only robust coverage  

1 ‘good’ coverage predicts DAB to be available in at least 80% of locations 
2 ‘robust’ coverage predicts DAB to be available in 95% of locations 
3 ‘variable’ coverage predicts DAB to be available in 50% to 80% of locations 
4 ‘poor’ coverage predicts DAB to be available in less than 50% of locations 
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Section 2 

1 Phase 1: Indoor location tests 

1.1 Objectives 

The specific aim of Phase 1 was to gather a number of DAB measurements from 1200 
households within the selected coverage areas to determine how well the Prediction 
Model’s level of coverage matched the actual levels of coverage. 

1.2 Methodology 

An independent market research agency, BDRC Continental, was appointed to manage the 
research project.  The agency recruited 1200 households from the selected areas to 
participate, allowing for a representative selection of homes.   Market research interviewers 
sought permission to access the households in order to conduct DAB signal testing at 
various locations.   

For the purposes of the trial, five areas were selected where signals from different 
multiplexes were predicted to be receivable within a range from 50% to over 95% of indoor 
locations. For coverage calculation purposes only homes in pixels with 80% or greater 
coverage are counted. Areas of lower predicted coverage were included to enable 
identification of any under-prediction. 

The areas selected were: 

Easington 
Kingston-Upon-Hull 
Nottingham 
Kidderminster 
Maidenhead 
 

See Annex 1 for details of predicted coverage in the trial areas compared to predicted 
coverage throughout the UK. 

Random location sampling was used to select the properties recruited for testing.  Where 
respondents in the selected property were unwilling to participate, a replacement of a 
similar house type in the same postcode area was used.    

The tests were conducted in 1200 respondents’ homes across the five areas. The 1200 
comprised: 

1,000 ground floor tests5 
100 ground floor and upper floor tests6 
100 dwellings of second floor or above 
 

5 twenty tests were completed on the ground floor 
6 twenty tests were completed on the ground floor, and ten on the upper floor 
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At each of the 20 different test locations in the home, reception was checked for up to five 
different radio stations, one from each of the DAB multiplexes chosen for measurement. 
Details of areas, services and associated multiplexes are shown in Annex 3.  

Additional information was collected about each property such as the main building 
construction material, details of adjoining properties, age, type of glazing at the property 
and the weather conditions at the time of interview. These factors may have a potential 
effect on indoor signal levels. Collecting this additional information would also enable 
further data investigations, if necessary. The data collection form is detailed in Annex 2. 

At each individual location in a household, the test allowed for the station’s reception to be 
scored as: 

i) good 
ii) degraded – burbles audible 
iii) bad 
 
The ‘degraded’ level was incorporated into the scale because some degradation is audible 
when signals are close to the point of failure. 

Test equipment 

It was decided that domestic DAB radios would be the most appropriate reception 
equipment to use for the study.  

Although conventional test equipment would have been more accurate (and is entirely 
appropriate for making field strength measurements), it would have been necessary to use 
trained engineers to do the measurements and the testing would have been more intrusive 
for the householders, significantly reducing the number of homes that could be tested and 
increasing the likely refusal rate. The radio selected for the tests was a battery-operated 
brand-name portable DAB/FM radio. 

One potential disadvantage of consumer equipment is that the performance may be 
variable. We were fortunate in identifying a radio that proved to have remarkably consistent 
performance across different units. All of the radios were purchased from the same batch 
and were tested for sensitivity in the DTG (Digital Television Group) G-TEM cell.  They 
proved to have very little spread in performance either between DAB frequency blocks or 
between one another.  

The radio performance was found to be better by an average of 5dB than that assumed for 
planning purposes, but this over-performance was compensated for when making coverage 
predictions for the test areas. 

Quality management 

The in-home tests were undertaken by the market research interviewer (as opposed to the 
home owner) in order to ensure a level of consistency across the project as a whole.  
Interviewers were briefed beforehand and this included demonstrations of what a poor 
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signal sounds like. The operation of the DAB radios and station tuning were also included in 
the briefing to minimise any errors. 

Data collection and processing 

The data was collected by BDRC Continental and delivered in the industry-standard SPSS 
format. An additional MS-Excel-readable file of reception results was provided in a format 
that would enable automatic inclusion of coverage prediction data and comparison with the 
measurement results. 

Subsequent processing and analysis of the data was undertaken by the BBC and Ofcom. 

1.3 Results of Phase 1 

The final analysis of the Phase 1 results is presented below. 
 
Table 1 shows, the match between predicted coverage and measured coverage and it can 
be seen that he number of homes where coverage was higher than predicted was similar to 
the number of homes where coverage was worse than predicted.    
 
Table 1 

Total number of 
measurements 

Coverage as 
predicted 

Coverage lower than 
predicted 

Coverage higher than 
predicted 

5,050 1581 1,655 1,814 
 
This tells us that the model is neither over predicting nor under predicting, on average the 
answer is correct.  This is a good result, but before the model can be fully validated, further 
analysis needed to be performed to evaluate the spread of the results.    It is important to 
minimise the spread in errors. 
 
The data used to produce Table 1 is also presented in the figure below as a scatter plot of 
the predicted percentage of locations served against the measured percentage of locations 
served.  Whilst such plots provide an immediate visualisation of the results, the display of a 
very large number of points, using the unit ‘% locations’, can introduce certain limitations 
and so need to be subject to interpretation.  These caveats are discussed in Annex 4. 
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The solid block of points in the top right-hand corner indicates that for most tests we predict 
100% coverage and measure 100% coverage.  This may not be a situation that challenges 
our model too much, but it is reassuring to confirm that this is the case.  In fact this 
condition occurs far more often than the scatter plot might suggest – there are a huge 
number of points ‘hiding’ in that area of the plot (a further plot will show just this). 
 
The diagonal line plots equality between predicted and measured results and from Table 1 
we know that there are about the same number of points above the line as there are below 
the line.  It is the distance of points from this line that represents the spread of results – the 
value that we are now attempting to quantify. 
 
To better understand the numbers of points that may be hidden in the scatter plot a further 
plot is shown with a third axis ‘number of points’.  In fact the z-axis is the logarithm of the 
number of points so a value 1 is 10 points a value 2 is 100 points, 3 is 1000 and so on.  
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Most evident on this plot is that the majority of the points are to the far right of the box.  
These occur from predictions of around 100% but with associated measurements between 
100% and 0%.   
 
Some variance was to be expected due to a combination of measurement error, prediction 
error, the variation of signal levels throughout a pixel, the variation in the signal between 
outside and indoors and a small variation in radio performance. 
 
Bearing in mind that the UKPM fairly accurately predicts outside signal strengths in these 
areas (as shown in Annex 5), the results of Phase 1 gave concerns that there might be a 
somewhat larger-than-expected variation in the difference between the coverage outdoors 
and the coverage indoors.   
 
In the UK Planning Model, the uncertainties are quantified as the standard deviation of a 
normal distribution, and the model contains one parameter ‘building penetration’ which 
accounts for the additional variability produced by the signal entering a building and 
another parameter that accounts for the location variability throughout a pixel.  In the real 
world, the differences between indoor and outdoor coverage are more complex and may be 
due to not just variability in the building penetration loss but also close-to-building effects 
such as variations in height loss, enhanced location variation and local clutter.  The single 
value of ‘building penetration’ may be considered to be a proxy for the overall contribution 
of all these terms on top of the variation that would be expected within a pixel.  The 
standard deviation (SD) of the building penetration in our model is typically 4.4 dB.   
 
A further possible contributory factor to a somewhat larger-than-expected variation in the 
difference between the coverage outdoors and the coverage indoors is that in some cases 
coverage may be adversely affected by interference from in-home electrical appliances.  We 
would hope that other variations such as variability in the performance of the radios or 
differing interviewer techniques would have been removed by the control measures (pre-
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testing of the receivers and training the interviewers) although the removal of all such 
effects is not beyond doubt. 
 
The total standard deviation (SD) of the measurements from the trial (see Annex 5) 
appeared to be rather higher than initially anticipated.  At the time of analysis, the area of 
most interest was the number of households that were predicted to be in good coverage 
but appeared to be unable to receive DAB at an acceptable number of locations indoors.  
Further analysis of the percentage of households predicted to be in the coverage band 95% - 
100% and also in the band > 99.5%, yet actually having observed coverage 80% or less, is 
described in Annex 7.   
 
The cause of this larger-than-expected variation in the difference between the coverage 
outdoors and the coverage indoors was unclear and suggested a need for a second phase of 
measurements.   
 
Despite this anomaly in the uncertainty in the prediction, the results of the Phase 1 trial 
demonstrate that the Planning Model is performing ‘broadly’ correctly i.e. the model is 
correct on average. 
 
 
1.4 Conclusions from Phase 1 

In the areas tested, the prediction model was shown to be correct on average with 
similar numbers of homes over-predicted and under-predicted in terms of the DAB 
coverage they receive in practice.  However, the results of Phase 1 raised some 
questions on the accuracy of the prediction model in some signal ranges. 
 
To gain more insight into this issue, the BBC and Ofcom agreed that a further phase of 
the in-home testing trial was required to try to investigate the impact of the various 
factors that might cause inaccurate predictions. This additional research focussed on 
investigating the accuracy of the model as the coverage tends towards 100% in relation 
to how it compares to consumers’ current reception and use of FM radio. 
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Section 3 

2 Phase 2: FM location test 

2.1 Objectives 

The core objective of Phase 2 was to test whether the quality of indoor DAB reception 
replicates that of existing indoor FM reception i.e. can DAB reception be achieved at the 
locations in radio listeners’ homes downstairs where the listener is currently using a 
portable FM radio. 
 
The secondary objectives of Phase 2 included: 
 

1. testing the impact of receiver sensitivity on DAB reception in the home 
2. re-testing the variability of predictions vs. measurements in areas of good 

coverage (as an extension to Phase 1) 
3. identifying any sources of interference to DAB reception 

 
It was agreed to run Phase 2 in the Bedford area where predicted levels of coverage are 
already high and consequently there is no planned further DAB expansion.  The area was 
therefore representative of a well-served area where DAB coverage was not expected to 
improve any further. 
 
A tender/procurement process was put in place and BDRC Continental was appointed to run 
the research.  The company was thoroughly familiar with the logistics of conducting the 
tests, collecting the results and processing the subsequent data and providing it in a format 
usable by the BBC and Ofcom.  
 
2.2 Methodology 

As in Phase 1, random location sampling was used to select properties to be recruited for 
testing within the Bedford test area. Where respondents in the selected property were 
unwilling to participate, a replacement of a similar house type in the same postcode area 
was used instead.  

The tests were conducted in 504 respondents’ homes with 20 different individual receiver 
test locations used in each home. The selection criteria used to select the homes was 
different from that used for Phase 1. The market researcher specifically selected 
householders who reported satisfactory FM reception (i.e. the householder was content 
with their FM listening experience) and who listened to their FM radio at least twice a week 
for a period of 15 minutes or more.  The market researcher then swapped the householder’s 
FM receiver for the test DAB receiver, ensuring that it was placed in exactly the same 
position.  

All interviewers received a pack containing a DAB radio, briefing notes, quotas and locations 
where the research should take place, data collection forms and test sheets for each home 
with helpline contact details.  A BBC engineer also accompanied the interviewers on some of 
the earlier visits to check on the method being used and offer advice. 
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A broad selection of housing type and location was ensured.  All recruitment was carried out 
face-to-face (not via telephone).   

The DAB tests were carried out with two different configurations of the telescopic aerial on 
the radio; one with the aerial vertical and fully extended and one with the aerial vertical but 
not extended.  Three distinct levels of reception quality were recorded: ‘excellent’; 
‘reception degraded (burbles)’ and ‘no reception/poor’. 

The quality of FM reception was assessed in the exact location where the radio was 
normally used/situated on the ground floor.  The following reception levels were recorded: 
 

• good 
• satisfactory 
• poor 

 
Once this test was completed, the researcher replaced the householder’s FM radio with the 
portable test DAB/FM radio in EXACTLY the same place.  The DAB reception was then 
determined:  
 

• once with the aerial vertical and fully extended  
• once with the aerial vertical and not extended 

 
The same three levels of DAB reception quality were recorded as in Phase 1: 
       

• good 
• degraded – burbles audible  
• bad 
 

If the DAB reception was judged to be of poor quality at that location (i.e. burbles or no 
reception), the researcher asked the householder for another preferred radio location on 
the ground floor and then tested the DAB radio in that second position. 

In addition to FM substitution testing, reception of three pre-set DAB stations was also 
tested in up to 20 locations on the ground floor of the property, firstly with the aerial 
vertical and fully extended. The interviewer was also asked to record if there were any 
reception/interference issues (likely to be caused by LED lighting or computers/other 
broadband equipment but could potentially be caused by other electrical equipment).  The 
three pre-set DAB stations tested in each location (i.e. 60 measurements in total) were:- 

BBC Radio 2 (BBC R2) 
BBC Three Counties (BBC 3CR) 
Classic FM (Classic) 

 
Following the 20 tests with the fully extended aerial, a further set of 20 tests were made 
across the 3 stations at the same locations with the aerial vertical but not extended. 
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Quality management 

As in Phase 1, the in-home tests were undertaken by the market research interviewer (as 
opposed to the home-owner) in order to ensure a level of consistency across the project as 
a whole.  Interviewers were briefed beforehand and this included a demonstration of what a 
poor signal sounds like. In the case of Phase 2, all interviewers assigned to the project were 
briefed by a BBC engineer, who also accompanied some of the interviewers on some of the 
earlier tests to check on measurement technique and offer advice. 

In all household tests, a portable, battery-powered, DAB/FM radio was used.  All radio 
models were purchased from the same batch and were tested in the DTG G-TEM cell (with 
an un-extended and fully extended aerial).   

Data collection and processing 

The data was collected by BDRC Continental and delivered in industry-standard SPSS format. 
An additional MS-Excel-readable file of reception results was provided in a format that 
would enable automatic insertion of coverage prediction data and comparison with the 
measurement results. 

Subsequent processing and analysis of the data was undertaken by the BBC and Ofcom. 

2.3 Results of Phase 2 

Results from Phase 2 indicated that, in an area selected for good DAB coverage, there is 
good FM equivalence i.e. there is DAB reception at the location in a household where FM 
radios are used and FM reception is judged to be acceptable, particularly if in the event of 
failure the householder is prepared to try the radio in other locations. 
 
The table below shows the predicted and measured DAB reception at the FM radio location. 
The final column shows the effect of trying a single alternate location if the DAB radio does 
not work in the precise location of the FM radio. 
 

Mux Predicted % Measured % Measured % incl 
alternate location 

BBC 100 99 99.6 
D1 100 98.6 99.2 
Local 100 98 98.4 
  
 

The failure rate for Phase 2 was largely in line with that derived for all UK households. 
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3 Section 4 Overall conclusions 

The findings of the two phases of this study confirm both that on average, the Prediction 
Model gives a good indication of the level of DAB coverage and that for chosen locations in 
a household, measured DAB reception is equivalent to good FM reception in ‘good’ DAB 
coverage areas. 

Nevertheless there remains some uncertainty in the Planning Model which results in some 
households predicted to have good indoor coverage of a multiplex actually having little to 
no coverage. It is not known whether the FM prediction model suffers from the same level 
of uncertainties in predicting coverage.  In addition, it is not certain whether the coverage 
thresholds used to determine whether a home is deemed covered for DAB or FM are 
optimal.  There is currently insufficient information to suggest that any changes need to be 
made to the Planning Model although we will consider whether it is possible to better 
account for the prediction errors in the model.  Ofcom is undertaking further studies into 
building penetration losses and other factors that might affect reception to determine 
whether any further improvements can be made to the prediction model. 

It is in the radio industry’s interest to ensure that, in the event of a switchover, radio 
listeners are able to experience good DAB reception in all areas predicted by the UK 
planning model to be covered by DAB. Nevertheless it must be remembered that all 
computer-based prediction models have inaccuracies. Also variations between propagation 
characteristics and transmitter locations for FM and DAB can always cause occasional 
localised variation between FM and DAB coverage and suggested consumer advice is 
available at Annexe 7. 
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