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The advent of digital formats such as
CD has created demand for uniformly
mmm 1. [ntroduction high audio quality from radio, even in
vehicles and for portable reception.
FM sound broadcasting in Band Il was designed a The Eureka—147 DAB system has
a high—quality system and can provide excellen been designed specifically to meet
sound quality. The advent of digital formats such these demands and the BBC is
as CD has created a demand for uniformly hlgh au undertaking a major experiment to test

dio quality from radio. Also, listeners’ require- tha system and to gather data which
ments of aadio system have changed. People nov \.in aliow efficient planning of its

demand high—quality and rugged audio receptiot transmitter network. As a basis for

O b el 20,0 Porabie rclos X these tests,  network of four 1 KW
P gh—quality b e.r.p., VHF transmitters has been

receivers, a Digital Audio Broadcasting (DAB) - .
system capable of reliable reception in vehicles installed to cover the London area in

and on portable receivers has been developed t England.
the Eureka 147 Project. The results show wide—area coverage
from the transmitter network which is

Conscious ofhe need to design a system that coulc /11 reasonable agreement with
be used in many different countries and situations COMputer predictions. The results also
the Eureka DAB system was designed to work foi Provide quantitative values which can
bothterrestrial and satellite broadcasting at a rang b€ used for coverage prediction and
of frequencies. This is ensured by providing three for international coordination of
modes: services. Finally, the performance of
B _ the system demonstrates a number of
Original language: English .
Manuscrint recenved 71101994.  Mode 1 designed for wide—area, terrestrial broad- the benef/ts of the Eureka DAB_ system
The DAB logo has been registered caisting at VHF frequencies. Such networks ar¢ fOF mobile and portable reception.

by a member of the

Eureka 147 - DAB consortum.  likely to be extensively used in Europe.
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Mode 2 designed for local-area, terrestrial broad- discriminationagainst multipath from other ob-
casting at frequencies up to 1.5 GHz. Such net- jects.

works may be used in both Europe and countries
in other geographical regions, such as Canada,
where the new 1.5 GHz (L-band) allocation is
available.

Portable receivers are usually used in buildings;
this meanshat the additional loss and variabili-
ty in signal level within buildings must be quan-
tified.

Mode 3 designed for satellite broadcasting at fre-
quencies up to @Hz. This may be particularly at- mmm 3. Eureka DAB coding and
tractive in largecountries, and for continental cov- modulation system
erage.
EurekaDAB is based upon a coded orthogonal fre-

In the United Kingdom, a VHF implementation for duency—division multiplex (COFDM) modulation

terrestriabroadcasting of DAB is preferred for the System [1]. COFDM modulation uses a large num-
following reasons: ber of RF carriers each of which is QPSK modu-

lated at a relatively slow symbol rate. The carriers

— A national single frequency network (SFN) canare spaced in frequency such that, as each carrier

be economically implemented at VHF with IS demodula.ted, there _is no.interference from data
large transmitter spacings and using existing-arried oredjacent carriers, ie they are orthogonal-
broadcasting transmitter sites. y spaced. The digital audio signals are protected
with convolutional coding and the resulting data is

— The propagation of signals, over terrain typical-distributed across all the carriers in the RF band.

ly found in the UK and into buildings, is gener- Consecutive data samples are also separated in

ally better at VHF than L-band. time. As a result, the audio data can still be recov-
ered athe receiver even if some of the carriers can
not be demodulated owing to anomalous propaga-

tion effects (such as multipath).

— L—band iaunlikely to be allocated in the UK un-
til 2007. Even then it may be difficult to make
efficient use of the limited spectrum for both
satellite and terrestrial DAB in the same cover-

age area. In the Eureka DAB system the problem of the swift

failure characteristic of digital systems is ad-

The BBC is undertaking a major experiment to tesffessed by the introduction of unequal error
the Eureka DAB system and to generate data to apro_tectlc_)n of the aud_lo_ signal. This process is de-
low efficient planning of its transmitter network. scribed in more detail in [2].

The article describes this experimental pro-

gramme and the rationale behind it. However, two additional features are needed to

improve the performance of the system in multi-
path environments:

mmm 2. Planning for digital
systems, mobile and
portable receivers

A wide bandwidth (significantly greater than
the few hundred kilohertz currentiged for FM
broadcasting) is needed to reduce the effects of
the short—delay multipath that cause flat fading
EurekaDAB is explicitly designed to provide are-  problems. Effectivelyhis introduces frequency
liable service to mobile and portable receivers. diversity into the system; and a wide enough
This introduces a number of issues which must be bandwidth imeeded to ensure sufficient decor-
addressed ithe system design and coverage plan- relation between the different components for
ning. the diversity to be effective. To retain spectral
efficiency with this bandwidth, a number of
— Generally, digital modulation systems have programmes are bundled together.
abrupt failure characteristics. This means that
the received audio signal can change from high’
guality to total failure with only a small change
in input signal level to the receiver.

At the transmitter, each QPSK symbol is trans-
mitted for longer than necessary to fulfil the re-
quirementdor orthogonal frequency spacing of

the carriers. The extra time is known as the

Mobile and portable receivers use omni—direc-
tional antennas at a low height. Consequently
the path from the transmitter to the antenna is
rarely unobstructed and the receiver obtains no
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guard interval. At the receiver, an appropriate
portion of this extended symbol (chosen to re-
store the orthogonal frequency relationship) is
demodulated. The result is that echoes with a
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Figure 1
Locations of the
London DAB
transmitters.
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delay ofless than the guard interval do not pro-provides a suitable test-bed for the system. The
duce inter—symbol interference. The power inpurpose of the experiment is ttensively test the
this multipath signal can then be used construcDAB system in a realistic environment and gather
tively to aid demodulation. coverage data to allow more accurate planning of
) ) ) the BBC's proposed transmitter network. It also
An extra advantage of this system is that S'mU“aprovides a platform for experiments on compo-

neous reception of the same information frompents of DAB transmitter network and on receiv-
morethan one transmitter is possible. The delayeg jmplementation.

signalsfrom the more distant transmitters will sim-

ply look like multipath. This can be used to provideField—strength predictions and measurements are
more reliable coverage of an area as it introducegsormally made for 50% (median) location values.
spatial diversity. It also allows all the transmitters|f the median field—strength in a particular area is
in a network to use the same frequency — thus preequal to the minimum value for an acceptable ser-
viding excellent spectrum &€iency. This mode of  vice, the area is deemed to be served (assuming no
operation is known as the single frequency netinterference or other effects need to be consid-
work (SFN). ered). In the case of an analogue system there will
still be aservice to considerably more than 50% of
locations, but with reduced quality. For a digital

mmm 4. Experimental work

A new system with these additional features posig‘

new challenges for efficient frequency and servic
area planning. For example, the SFN concept a

lows a choice to be made between serving an ard§

(be it a city or a country) with a small number of
high—power transmitters or a larger number o
low—power transmitters. Or, the rugged digital

system allows much lower transmitter powers to;
be used — but reliable coverage now depends on b
ing able to quantify and predict the amount of sig-

service such as DAB, however, this would not be
e case. The transition from perfect quality to au-
io muting will occur over a field—strength range
of relatively few decibels, depending on the sys-
m characteristics. In view of the rapid degrada-
tion in digital systems near the failure point, it is

fecessary to provide an adequate field—strength in

a high percentage of locations. A figure of 99% has
been suggested for mobile reception. To achieve
lis, the median field—strength must be increased
y a suitabldocation correction facto(50—-99%
correction factor in this case).

nal variation which would be encountered by mo-

bile or portable receivers. The value of the correction factor is important in

Planning a DAB service. In general, a small value
Is desirable since it implies a lower median field—
strength, and thus lower transmitter power. Since
DAB uses a signal of much wider bandwidth than
FM, there is expected to be a degree of frequency
diversity. This has the effect of reducing the varia-
tions in the field—strength due to terrain effects,
multipath, etc. Consequently the location correc-
tion factor is reduced. The extent of this reduction
was the first object of the BBC study.

For this reason the BBC has installed a network o
four 1 kW, VHF, Band lll, DAB transmitters
around London. With a population of around 10
million people (18% of the UK population) this

If an area is simultaneously served by several
transmitters in a SFN, there is expected to be a
degree of spatial diversity, resulting in a further

reduction in signal variation. The second purpose
of this work has therefore been to quantify the

improvement.

Finally, the amount of reduction in signal level for
reception in buildings has been examined.

B 4.1. Transmitting system

For this experiment, four DAB transmitting sta-
tions were installed. Sites already used for broad-
casting conventional television and radio pro-
grammes were selectdzbcause these allowed the

EBU Technical Review Autumn 1994
Maddocks et al.



__ A\

experimentasignal to be radiated from an antennaThe system was designed to allow measurements
mounted at a representative height above th&o be made of position, received signal strength
ground. The locations of the sites selected arand DAB system performance, up to ten times a
shown inFig. 1 and were: second wailst the vehicle is on the move. This data
is analysed later. The approach allows the large

CrystalPalaceThe main transmitter for UHF tele- @mounts oflata gathered to be processditieit-
vision transmissions to London, located in soutdy @nd effectively.

London. B 421 Hardware

The vehicle is fitted with a third generation DAB
geceiver and a Rhode & Schwarz ESVB test
receiver to measure the field—strength. Audio
material from the DAB receiver is played through

the car radio system to allow subjective assessment

ReigateA transmitter situated on a ridge of hills to ¢ the audio quality to be made by the engineers.
the south of London and used to transmit televisiofrhe following additional information is recorded

programmes ayHF to towns to the south of Lon- op 3 portable PC:
don.

WrothamThe main transmitter for VHF/FM Radio
transmissions to London, located to the east o
London.

— Violations of the audio scale factor cyclic re-
dundancy checksum (CRC) and occurrences of
muting are recorded as an objective measure of
audio performance. This is important for two
reasons; firstly, it takes into account the com-
bination of degradations due to low signal

Provision was made to transmit an e.r.p. of 1 kW strength, long—delay (and hence interfering)

from each transmitting site. In addition, the Crystal DAB signals, and non-DAB interference such

Palace transmitter was specified to transmit an as man—made noise. Secondly, it allows the per-

e.r.p. of 10 kW, if required. The radiation pattern  formance of the signal to be measured without

of the Crystal Palace DAB transmission was ar- the need to transmit specific test data — thus the

ranged to be approximately omni—directional. The audio progamme can continue to be broadcast.
other three transmitters have patterns which direct ..o 12fM and GPs positioning systems are
most of the power towards London. This allows fitted which give positional information to

the SFN concept to be tested. around 50 m accuracy. However, experimental

experience has shown that the positional in- Figure 2
For the first stage in the experiment the DAB sig-  formationbecomes unreliable when the vehicle Interior of the DAB
nal was generated at the Crystal Palace transmitter is in dense forests and some dense urban areas. Survey vehicle.
and distributed at UHF to the three surrounding
sites. This allowed simple transmitters consisting
only of frequency translation and amplifying
equipment to be installed at the other sites. As t
network moves towards a pilot DAB service for
London, more sophisticated distribution method:
are being installed.

Alexandra PalaceA transmitter situated to the
north of London and originally used to transmit
television programmes at VHF to London.

B 42 Measuring system

For both mobile and portable measurements
DAB receiver, signal level measuring equipmen
and a computer were installed in an estate car. T
survey vehicle Kig. 2), which was specially
equipped for DAB measurement, had a low roo
line so as to beepresentative of normal car recep
tion, i.e. approximately 1.5 m. A Band lll receiv-
ing antenna was fitted in the centre of the roof t
give aresponse as close as possible to omni—dire
tional. Additional antennas were fitted to providg
signals to the positioning system and mobile tele®
phone.
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Figure 3
Mobile measuring
equipment.

Figure 4 ¥
Field—strength
measurement in a
house.

Figure 5 »

Mock portable DAB
receiver used to
establish subjective
requirements for
coverage.
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In addition, an oscilloscope and spectrum analysdin cases where measurements of portable recep-
are provided to assist the engineer making the me#&on quality were to be made in houses, the antenna
surements. The former allows the impulse rewas taken inside, but the rest of the equipment was
sponse (derived from the DAB receiver) to be disdeft in the vehicle. For measurements in buildings
played, thus showing the number and relativewo types of receiving antenna were used. The first
magnitude of theignals being received. The latter consisted of folded—dipole antenna and was cho-
allows continuous—wave (CW) interferers andsen to provide a well-matched antenna for reliable
man—made noise to be identified. The resultingneasurement aiignal strengttig. 4. The second
block diagram for mobile measurements is showrwas a whip antenna installed on a box of approxi-
in Fig. 3. mately the same size as a conventional radio re-
ceiver.This was used for making measurements of

Considerableare has been taken to screen the exexpected signal quality in buildingsig. 5.
perimentahardware as it has been found that radi-

ation from this equipment (particularly the DAB

receiver) can significantly limit the performance In both cases a large number of measurements in
of the system. It is anticipated that this problemeach area were made so that valid signal statistics
will be reduced in later versions of DAB receiverscould becalculated — even for relatively small per-
which incorporate customised ICs. centages of locations.

EBU Technical Review Autumn 1994
Maddocks et al.



B 422 Logging and analysis software

In order to meet the survey data—acquisitio
requirements of the high—power DAB field trials,
a logging program has been developed. The pr
gram runs under Windows 3.1 on an IBM 386 (o

higher) computer and presents an easy to us Rt Ll Pavier AT
graphical interface to the operator. At the heart b T el

the program is a fully configurable system for de [Hmiance 15

fining the devices and interfaces used to gather t| b b e

data. A number of interface cards are supporte
includingRS232, GP—IB and DMA (parallel inter-
face) cards. So long as it has an interface that
supported by the data logging software, a suitab
communication link between computer and mee
surement instrument can be configured. There
no need to write specific software to communicat
with aparticular type of measurement device. Thigl ®& | [
enables the software to bsed for a large number Taps  Tiweilei Fpee

. i . Costmply — Tapecid  laganl
of different data gathering functions.

Once a configuration has been established, it may

be saved together with the default information that

is to be stored in the data file. This information in- )
cludes the parameters of the system for which thety of options so that individual programs may be Figure 6
datawas gathered, the date and time, and the ider@asily tailored to do a specific task in the analysis PAB data_l?ggmg
tity of the operators. procedure. software.

In addition to the measured data calibration inmm 4.3, Experimental methodology
formation, survey and project-related details are

recorded. Théformation is stored in a file format
which is directly compatible with the suite of anal-
ysis programmes.

4.3.1 Survey areas

The first priority in the experimental work was to
measure the signal level and system performance
During data acquisition, the data is displayed to th&yith individual transmitters (each at 1 kW e.r.p.).
user as it is gathered, giving a reliable indication ofonly then couldhe efects of multiple transmitters
the on—going performance of the systéfig(6).  pe examined. This would simultaneously provide
The same display format is available to displayinformation about the performance of the system
previously—logged data files for comparison  and allow comparisons between the measured and
predicted signal levels in an area.
Softwarehas also been written to perform analysis

of survey data gathered during field trials. The datarne area expected to be covered by the transmitter
files are processed by a suite of programs whichetwork is lage. To obtain reliable statistics for the
have been developed in “C" and written so thakjgnga| level and audio quality available at 99 % of
each program performs a sepaeration in the  |gcations in @mall area requires a large number of
analysis procedure. A full audit trail is maintained neasurements iach area. It is clearly impractical
of the processes performed on the data. (andunnecessary) to survey every area in such de-
tail. Therefore predictions of the expected cover-
A series of programs may be run on a survey datage were obtained and used to target “interesting”
file to produce the desired analysis. Each individu-areas. In general, these were areas which were ex-
al program performs a simple function on the datgected to be most marginal. However, in the early
such as sorting it, finding various statistics, dis-stages othe experimental work, an exception was
playing it, etc. The required analysis is performedmade and relatively wide areas were surveyed in
by assembling these routines in the required ordelesser density. This was required to identify any
This provides a very flexible analysis tool. The re-system problems which might occur in areas
sults can be output to wordprocessor or spreadwvhich were expected to be served — and hence
sheet applications. Each program has a wide variwould not otherwise be surveyed.
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A version of the BBC field—strength prediction
method which was developed for planning con-
ventional, analogue television and FM radio cov-
erage was used [3]. However, modifications have
beenmade to allow for the dérent characteristics

of the digital signal, and the low gain and height of
the receiving antenna installation [4]. The pre-
dictedcoverage for two of the individual transmit-
ters and the total network is showrFig. 7. These
predictions are presented in terms of the expected
percentage dbcations served in each area. To the
west ofLondon, relatively flat ground results in an
even reduction in signal level with distance from
the transmitter. However to the south of London
there is a region with many small hills and valleys
where very localised changes of coverage are ex-
pected. Awide range of types of ground clutter are
also encountered, as the centre of London is a
dense urban area, whereas further out there are
suburban and rural areas.

Measurementwaere also made in domestic houses.

The purpose of this work was to assess the building
penetration loss in domestic houses and to obtain
a first estimate of the coverage level required by
listeners. In this study, the distribution of houses

was limited to a selection of those which BBC staff

were prepared to make available within the pre-

dicted service area .

B 4.3.2 Measurementand analysis
techniques

a) Mobile work

Having targeted areas of particular interest, they
weresurveyed in detail. For this work, the area was
divided into 500 m by 500 m squares and measure-

b) Reigate transmitter only.

B -9 tocations sered
B 50%6-09% Incations saned
[ ] =809 lecations served

Figure 7
Predicted coverage. c) Complete network.
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ments were made in a number of these squares generation DAB signal, and the centre frequency
an area. The use of these squares allowed easyas set to 226.25 MHz, the centre frequency of the
comparison of measured and predicted results, axperimental transmissions.
the prediction algorithms currently have a maxi-
mum resolution of 500 m. After some initial experiments, the arrangement
was re—configured to trigger each 96 ms COFDM
A number of forms of analysis were performed: frame. Measurements were then made more fre-
qguently, allowing greater detail of the fast—fading
— The mean and standard deviation of the meastatistics to be recorded. The integration time of
sured field—strengths measured in each squat@e ESVB was correspondingly reduced. Synchro-
were found. The predicted field—strength wasnisation of the measurement time to the COFDM
also calculated. frame meant that measurements of signal strength

— The measured field—strength and the receivefuring the null symbol could be avoided.
status were compared to find the minimum )
field—strength for correct operation of the re-™  4.4.  Future improvements

cever. A number of improvements to the experimental

— The objective measure of audio quality derivedechniquesnd equipment can be suggested as a re-
from the DAB receiver was compared with thesult of our recent experiences. The simplest
subjectiveresult recorded by the engineer in thechanges relate to a reduction or the elimination of

vehicle. the amount of measuring equipment requiring
mainspower. A move to an entirely 12—V powered
b)  Portable work arrangement is envisaged in the near future. How-

) ) everthere are two somewhat longer—term changes
In this work measurements of signal level werewhich are being considered.

made in the 500 m by 500 m square in which the

house was located, immediately outside the housRleasurements difietotal received signal strength
and in various ground-floor rooms inside thecan be made satisfactorily using a conventional
house. The results could then be analysed to fincheasuring receiver or a specialist DAB receiver.
the average building penetration loss and the variarhe only detailed requirement for DAB is that

tion in signal level within a house. field—strength measurements should not be made
during the null symbol. However, measurements
B 4.3.3. Equipment set-up of the signal strength from amdividual transmit-
ter will be required to assess the effect of modify-
The logging system was set to record: ing an SFN. That is, it is highly desirable to mea-
surethe field—strength of one transmitter in an SFN
Time from its internal clock  on its own. This would be used in an operational
environment when the benefit of adding a fill-in
National Grid from the positioning system transmitter was being considered.

Reference (NGR)

This measurement can be achieved in a number of
Received power from the ESVB receiver ways; one such method would involve using the

DAB transmitter identification information (TII).
Audio scale factor from the DAB receiver The power in the comb of carriers radiated in the
CRC errors(a coarse null symbol could be calculated. The delay of the
measure of audio quality). signal can be found from the difference in phase

between adjacent carriers in the comb and the
Readings were initially triggered by elapsed timetransmitter can also be uniquely identified. The
at the rate of one per second. The ESVB receivesnly problem with this method is that measure-
was set for an integration time of 10 ms. Thismentscould only be made about 5 times per second
meant that each reading would be averaged ovéfor a Mode 1 signal). However, for most pur-
about 1(DAB symbols so that variations in signal poses, this may be satisfactory when used in con-
level within a symbol period (and across a nulljunction with a measure of total signal strength,
symbol) was averaged out. The receiver filter wasnade more frequently.
set to 1.5 MHz in line with the bandwidth of a 3rd—

The second change being considered is a computer
1. The National Grid Reference serves to define any display showing DAB performance overlaid on a
position in the United Kingdom in relation to a system of mMap. This would greatly improve the targeting of
linear coordinates in a “flat-Earth” projection. operational survey work.
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Figure 8
Comparison of
subjective and
objective
measurements of
mobile coverage.

mmm 5 Results events within each 500 m by 500 m square. The
squares were classified into one of three categories:

= 51 Calibration Unimpaired: Less than 1% of samples with

Two calibration issues were considered. Firstly, CRC errors and no mutes within square
confidence was needed that the calibration faCtoMarginal:
arising from the antenna and amplifier gain, feeder
loss and voltage—to—power conversion had been
correctly measured and calculated. To do this, medmpaired: One or more muting events in square
surements at a test point with a line—of—sight path

n cases where fewer than 200 samples were re-

to a transmitter were made and compared with pre!— P :
dictions. corded, a small modification was made. A single

isolated error may not be audible; for this reason a
Saquare is only deemed to be marginal if two or more
errors were logged. Mutes, on the other hand, al-

purpose, three sets of measurements were ma ys last for at least one second. Thus the minimum

over a short test route with the vehicle travelling af rr']t:?r‘;"ug ﬁ zﬂgi{g E)%%%Seze?;?trl:igﬁ:l;e\?ewas r{gft
different speeds and in a different direction around < cr'ter'-a as a sinale mute can be caused brya small
the route. The results for each run were compare us criter ing'e mu u y

and showed differences of significantly less thal unnel or _bridge, o_ra_thigh level of man-made noise
1 dB. 9 y r]from a single buildingFig. 8 shows that good

agreement is obtained between the subjective and

In each case the results provided confidence that rg_bjecnve measurements.

liable and repeatable results could be obtained. The results of the objective measurement of audio
quality for two of the individual transmitters are

More than 1% of samples with
CRC errors, but no mutes

Secondly, confidence was needed about the repe
ability of field—strength measurements. For this

m 52 Coverage area of transmitters shown inFigs. 9and10. Whilst the whole area has
not been surveyed, comparisons with predictions in

B 521 Coverage of individual Figs. 7aand7b show results which are similar to
transmitters those predicted. Some trends can be identified in the

differences. Coverage in rural areas was generally
The coverage of each transmitter was measured fiound to be better than predicted, and coverage in
two ways. First, the subjective quality of the dense urban areas slightly worse. This is probably
received audio signal was noted. Three categoridsecause the BBC prediction programme has been
were used to record this data; areas where the audiptimised for predictions in suburban areas. The
signal was unimpaired, areas where the signal wasy/stem performance in some urban areas was also
unintelligible and the areas in between. Second, thisund to be affected by man—-made noise. At a
objective results of the receiver status were anasmallpercentage of locations, high levels were ob-
lysed as the number of CRC errors and mutingerved.

a) Subjective coverage b) Objective coverage
o e | W o
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Figure 9

Measured coverage
of the Crystal
Palace transmitter.
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Figure 12

Terrain in the region
of Woking and
Leatherhead
(vertical scale
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Predicted field—strength (dBuV/m)

Space in this article does not permit a detailed® 5.2.2. Coverage of the full network
comparison between the predicted and measured_ | h das in which
results.However, the general conclusion is that theInltla measurements have targetgdas in whic

DAB signal covers a somewhat larger area thar.tlhe coverage was expected to be marginal. Find-

dictedFig. 11 th di | flngs so far have shown the large expected benefit
predicted.~1g. compar'es e_ median values o in system performance arising from the simulta-
the measured and predicted field-strengths. Thigeqys reception of several signals.

shows a trend at low field—strengths of the predic-

tion programme under—estimating the field—An example of the effect is shownHigs. 12 13
strength.The diference probably explains the dif- and14. Fig. 12shows an area in the south west of
ference in coverage areas. the Greatektondon area which is on the edge of the

e exagerabedy, i

Esher

Leatherhead

e

Weybridge
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service area from both the Crystal Palace and Rehat which was predicted. They also show that the
igate transmitters. The area is also interesting as @éxpected benefit of anticipated network gain is

contains a relatively flat area to the north and aealised irpractice. As a result, the only area which

more hilly ridge of land in the south of the area.was not found to be covered was a small valley in
The predicted coverage of the area from the indithe hilly area. This is actually a well documented

vidual transmitters and for the whole network isdeficiency for analogue signals and is served by a
shown inFig. 13 These show that a significant transmitter to the south. Detailed coverage results
benefit from “network gain” can be expected infor the whole network have been made and similar-
this area but, even so, the area is only expected tp show that the predicted coverage is being ob-
be marginally served. tained.

) B 523 Network gain
The area was also measured in each of the three

conditions. Theesults are shown ig. 14 These The transmitter and logging arrangement has al-
show a somewhat better measured coverage thdowed the fast—fading statistics and the correlation

a) Not averaged.
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Figure 15

Field—strength

VS

. distance

(Epsom Downs
test route).
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Figure 16

Cumulative distribution for the
test route shown in Fig.

(Moving average data).
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Table 1

Standard deviation of
the signal variation in
local areas.

50

Percentage of locations for which field—strength is exceeded
between signals from different transmitters to beslow—fading variation can be seen. As it is the
explored in more detail. The correlation is, of slow—fading component of the signal variation in
course, an important quantitative measure of tha local area which is particularly important in the
network gain that can be expected. consideration of network gain, the fast—fading
component was removed by calculating a moving

To enable this the transmitters were put in a stat8Verage across a number of measurements. The
where they were switched on and off eachSlOW-fading component is shown fig. 15h It

COFDM frame. The correlation between signalsca" be seen that there is significant decorrelation
received quasi-simultaneously from different Petweerthe signals from the two transmitters. The

transmittersould be measured. This effect is dem-€ffeéct onthe network gain at the 99% locations lev-
onstrated ifFigs. 15and16. Fig. 15ashows the re- €l can be found by calculating the cumulative dis-
ceived signal level from the Crystal Palace and Rellibution; this is shown irfrig. 16 At the 99% loca-
igate transmitteralone and the case when both ardions pointFig. 16shows that the performance of
switched on. These measurements were made dfi€ System with both transmitters operating is
around 100 m of road. The superposition of theround 6 dBetter than the performance with only

fast-fading (local multipath) variation on the the Crystal Palace transmitter. This result is partic-
ularly important as the Reigate transmitter is pro-

ducing a median field—strength in the area which

Amount of Number of | Weighted aver- is considerably lower than that from Crystal Pal-
building cover areas in the age standard ace.
(%) category deviation
(@®) B 53 Local-area variations in signal
100 151 4.3 strength
% 215 41 The measured results were analysed to find the lo-
80 -l 41 cal-area variation in the slow—fading component
70 144 4.0 of the signal. For this purpose, measurements gath-
60 126 3.7 ered in each 500 m by 500 m square over the area
50 148 4.2 were analysed to find the medisignal levels and
40 141 41 the standard deviation of the variation. Sample
30 105 38 areas were checked to ensure that the signal dis-
20 150 4.0 tribution was a reasonable approximation to log
10 181 4.0 normal.
occasional 509 4.2 The standard deviation of the local area variations
0 170 3.9 in signal level were averaged for different terrain
ol 217 il types.The information about terrain types was ob—
' tained from a clutter database of the area which
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categorises each square by the percentage of theork. In that experiment, measurements were
area covered by buildings. This percentage promade in the same area, from the same transmitter,
vides an approximate indication of rural, subur-of the signal variation using a wideband and nar-
ban, urbarand dense urban areas. In averaging theowbandsignal. The result$;ig. 18 showed stan-
standard deviations, the results were weighted bgard deviations of signal variation of 9 dB and
the number of samples recorded in each area. THedB for the narrowband and wideband signals re-
results are summarisedTable 1 spectively.

The results for over 2200 areas showed an averagdie second point to note from these results is that

standardleviation of 4.1 dB. The spread in the val- the standard deviation is slightly lower than has

ues of standard deviation is showrFig. 17. been measured before [6]. The reasons for this are
still being studied in detail, but the most likely are:

The results show (as expected) significantly less
signal variation than occurs with narrowband sys-
tems, for which a value of 9 dB is implicitly as-
sumed in ITU-R Recommendation PN.370 [5].
This confirms a result which has been measured
using low—power transmitters in an earlier net— a wider variety of terrain has been surveyed.

that the current measurements concentrate
more on the slw—fading component of the sig-
nal and consequently a longer power integra-
tion period is used than before;
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Difference in amount of
signal variation for
wideband and narrowband

systems.
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The second point is important, in that earlier ex-around 40 dBV/m. This result is slightly higher
perimentsvere confined to a relatively small area, than the value sometimes assumed for DAB plan-
much of which was located in relatively undulat- ning; however, the current measurement arrange-
ing terrain. The effect of this is to increase thement isknown to sufer from higher levels of man—
amount ofsignal variation in a small area. The cur- made noise than would be expected in a domestic
rent work explores a wider range of terrain typesarrangement. Considerable care has been taken in
the measuring vehicle to screen the relevant equip-
The third point to note from the resultsTiable 1 ment; however, even so, a significant cause of the
is that the amount of ground clutter appears to havman—made noise is the 3rd—generation DAB
relativelylittle effect on the amount of signal vari- receiver itself.
ation. This is perhaps an unexpected result. Once

again this area is still being studied, butitis posss 55 Measurements in buildings
sible that any variations due to differences in

ground clutter are being swamped by differences 551, Opjective measurements
in the amount of terrain undulation.
An important value for planning the coverage to
B 54 System performance results portable receivers inside buildings is the building
penetration loss. That is, the difference between
The purpose of this work was to determine the failthe signal level inside the building and the level
ure field—strength for the DAB receiver. To do that would have beaeceived in the same place if
this, the mobile measurements were analysed tthe building were not there. This is found by mea-
determine: suring the signal statistics outside the building, on
the side nearest the transmitter, and the signal sta-

— the maximum signal strength in an area whergistics inside. The difference in median values can
the audio was not badly degraded; then be found.

— the minimum signal strength in an area where o .
the audio was degraded. 39 building penetration losses have been mea-

sured. The first 26 were measured using low—
The results showed a wide variation in field—power transmitters and the results have been
strength with a mean failure field—strength ofreported in [7]. Most of these were typical domes-
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Mean value: 8 dB

tic houses located in suburban areas. During the
high—power experiments a further 13 buildings
havebeen measured. These concentrated on build-

ings in urban and dense urban areas. 6 No. of measurements: 39
Number 5

The first set of measurements found an average of

building penetration loss to ground floor locations occurences 4+

of 7.9 dB. As expected, it was found that signal lev- 3

els on upper floors in houses were higher. The mea-

surements concentrating on houses and basement

flats in bult—up areas were expected to find a high- 14

er building loss; however an average value of 8.3

dB was measured. This was not significantly dif- 0 1 2 3 456 7 8 9 1011 12 13 14 15 16 17

ferent from the earlier measurements. On reflec-

tion, the absence of change with degree of ground

clutter is believable as the clutter loss will usually _

affect both the signal level outside and inside therhe results suggest that around 80% of locations Figure 19

house. The spread of building penetration losseshould beserved within a room before it is deemed Serr)]reet?gtigl;]tigggglsg

measured is shown Fig. 19 to be served. However, this percentage varied" '
greatly from house to house or person to person.

The average standard deviation of the signal varigPrimarily, it appears that this is because there are

tion, considering only the measurements taken orelatively few places where people aregared to

the ground floors of houses, was found to beyut receivers. If it works there — fine; if it does not,

around 4 dB. then it is less than acceptable.

Loss (dB)

The second important point was that, once a satis-
factorylocation had been found, it was very impor-
tant that it should stay satisfactory as people

. - . . . moved around the room and other channel distur-
One of the tasks identified earlier was to mvestl—bances ocecurred.

gatethe subjective coverage requirements for por-
table reception in buildings. That is, to make some
measurement dhe percentage of locations within mm® 6, Dijscussion

a building which must be covered before, on aver- i )
age, a listener will find the service acceptable.The first results from the network of transmitters

Such a figure could then be incorporated irae- aroundLondon have demonstrated a number of in-
erage criteria. teresting propgrties of the Eureka DAB system.
Theyhave confirmed, over a large number of mea-

Investigating this subject is fraught with difficul- surements made in many different areas, that the
ties. As with all subjective testing, the problem offrequencydwersny which is inherent in the system

S . -_provides a significant reduction in the amount of

justifying terms such as what constitutes a service. e L :

A . Signal variation. This is an important property of

is difficult. The problem is exacerbated by the fact - . .
. any digital system designed to serve mobile and

that not only are a number of different people

sampled, but also the opinion of each of them isﬁorf?rb,:ﬁ;egels\’/te;ﬁ’ iisr: V&%g'gh level of availabil-
sought in a different house. Finally, their listening y y q '

habits expectations and uses of radio receivers ar¢,q results have also provided an important val-

often different. idation of the performance of the system. Good
audio reception has been found over the area ex-
As a first step in investigating this issue, the opinpectedrom predictions and simulations of the sys-
ion of the owner of the house was sought as to the&em. This indicates that the system and the first
minimum acceptable coverage in their house; thigquipmenbuilt to the system specification is oper-
was done when making the penetration loss meaiting as expected.
surements. An attenuator was added in the signal
pathbetween the receiving antenna and the receivBetailed analysis of the measurements obtained
er. This was adjusted until the house was justvhen several transmitters are received simulta-
deemed to be served. The percentage of locatiomeeously is still in progress, but the results so far
in the room for which the audio did not have scaleshow significant improvements in coverage even
factor CRC errors was then measured. when there are relatively large differences in the

B 552 Subjective requirements for
reliability of coverage
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median signal levels from the different transmit-experimental predictions. This indicates that the
ters.This supports earlier experiments which havecurrentequipment, built to the Eureka DAB speci-
shown areduction in the amount of signal variation fication, is operating in the way that would be ex-
when multiple signals are received and a consepected from theoretical studies and simulation.
quent reduction in errors in the received data

stream [8]. The results also provide quantitative values which

can be used for coverage prediction and for in-
An interesting consequence of this work is that satternational coordination of services. These values
isfactory reception has been found in most of theare similar to those measured in earlier work.
London area using relatively—low transmitter

e.rp.s. Finally, the performance of the system demon-
strates aumber of the benefits of the Eureka DAB
The results have provided data which is being usegystem for mobile and portable reception. In par-
to refine the algorithms and methods used for covticular, itshows the reliability that can be achieved
erage prediction. This is an important input at awithout needing very high—power transmitters;
time when the BBC is planning the locations anchis results from the frequency diversity which is
e.r.p.s othe network of transmitters which may be jnherent in the system and the spatial diversity
used to serve the whole of the United Kingdomyhich can be obtained if more than one transmitter
with DAB services. Experience in the develop-radiateshe same signal at the same frequency. Al
ment ofthese techniques is showing that the experthis has given the BBC the confidence to proceed
imental meas@ments can have a major impact onwith plans towards implementing a UK national

the accuracy of the coverage prediction algosingle—frequency DAB network for its national
rithms. Significant modifications to the techniques programme services.

normally used for analogue broadcast signals are
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The IAB welcomes its first students

Located in Montreux, Switzerland, the International Academy of Broadcasting  has been created
with the aim of offering interdisciplinary postgraduate studies in the art and science of radio and televi-
sion broadcasting. Now, after one year of intense preparations, the Academy has opened its doors to
the first generation of students.

Arriving from different parts of the world (Algeria, Ghana, Hungary, Iceland, Romania, Sweden, Switzer-
land, Ukraine and ex—Yugoslavia), and with different university backgrounds, the IAB students gath-
ered on 23 September 1994 to celebrate the official opening of their school. Also present at the Opening
Ceremony were IAB Council members, professors and patrons of the IAB, representatives of other
schools, numerous guests from the EBU Member organizations, the EBU Headquarters and the Mon-
treux and Vevey municipalities, along with distinguished members of the local community.

The President of the IAB Council, Dr. George T. Waters, welcomed the students and guests, and ex-
pressed his happiness to see “history in the making” ... “a dream becoming true”. Monsieur Ernest
Guibert, representing the Montreux municipality, stressed the im-
portance of establishing such a prominent academic institution in
Montreux. Commenting that the city is already well known for its me-
dia events and its high—quality educational institutions, he ex-
pressed his personal belief that the IAB would successfully grow on
that fertile ground.

The highlight of the Opening Ceremony was the appearance of the
President of the EBU, and Patron of the IAB, Professor Albert
Scharf. He wished the Academy and its students every success,
and stressed the importance of this new educational institution to
the future of the broadcasting industry. Professor Scharf closed his
inspiring address by declaring the International Academy of Broad-
casting open.

Another IAB Patron, Sir Peter Ustinov, was unfortunately unable to
attend the Opening Ceremony. However, he was nevertheless
present in a way which is most appropriate for a broadcasting school
— through a video tape recording.

Substantial support for the IAB has been forthcoming from the
broadcast industry and the Academy has been especially fortunate
to be given a fully—equipped earth station by Scientific Atlanta. Tak-
ing advantage of the presence of representatives of the industry at
the IAB Seminar on Digital Video Broadcasting, a reception was or-
ganized to mark the official hand—over of this facility by Mr. D. Ozley
(Scientific Atlanta).

Presentation of the IAB earth station
(I-r: Prof. A. Todorovic, Mr. D. Ozley, Dr. G.T. Waters)
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