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Method for the processing and reproduction of received digitally
coded audio data and a radio broadcast receiver for the
reception of digitally coded sound broadcasting data (DAB)

.

With digital transmission media e.g. digital sound broadcasting
(DAB, "DAB" is a trade mark of the TELEFUNKEN Fernseh und
Rundfunk GmbH), there occurs an abrupt interruption of the
reception at the edge of a coverage area i.e. when the
transmission channel is at the limit of its capability. This
also happens, in particular, when a high performance code 1is
used for error correction. A transition from very good reception
to no reception at all can thereby occur within a 1 dB reduction
of the received voltage. <

This behaviour is not desired since the user is not warfied in
good time to switch to another transmitter. On the contrary,
upon the cessation of the reproduction, he will actually falsely
assume that his receiving device has a fault or is defective
such as having e.g. a destroyed IC, loose contacts, a broken
loud speaker or the like.

The problem of not switching over to another transmitter in good
time can of course generally be resolved with the aid of RDS for
example but not in the case of a short term failure of reception
such as can happen when driving under bridges or suchlike
things.

The reception quality of VHF-FM is of course poorer at the edge
of a coverage area of a transmitter but, from the peint of view
of reception behaviour, it is appreciably betfer since the
transition from very good reception to impossible reception
takes place over a range of the received voltzage of up to 30 dB
i.e. smoothly from good to bad owver much greafer distances.

For digital transmission systems, the suggestion is repeatedly
~made of inducing a so-called sliding worsening of reproduction -
also known as "graceful degradation". From the Forum Report
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problem is known, of smoothly switching over from stereo tdﬂgggo
- in the same way as for VHF~-FM - rather than having an abrupt
interruption of the DAB reception in the event of reception
field strengths becoming weaker and of worsening reception
conditions. In adverse circumstances, one can assume that,
during the switch-over from stereo to mono, the listener will
not even notice the switch-over since the listening conditions
are not always appropriate therefor or because the currently
received transmission is in any case being transmitted in mono
(e.g. a2 news broadcaster). ’

Moreover, the concept of the "graceful degradation" of a digital
audio transmission system is known from J. Audio Engineering
Reports Soc., Vol 36, No 1/2, 1988 January/February. There, the
advantage of the "graceful degradation” is described for an
audio reproduction where the audio signal is transmitted over
channels having a large range of bandwidth. However, the
measures indicated there are not suitable for providing a
simple, cost effective and, for the listener, a permanently
satisfactory solution of the problem described since, amongst
other things, the outlay is quite considerable for a plurality
of differently effective error correcting methods. It has also
been shown that although a broadening of the cross-cver region
can indeed be achieved, this only amounts to little more than a
few dB.

Since, in addition, the quality of the transmission path or of
the reception frequently changes by large amounts on digital
paths and especially for mobile reception, there arises a
greatly fluctuating "graceful degradation" which does not
correspond to the average behaviour of the transmission channel.

The object of the invention is to avoid, using simple means, an
abrupt interruption of the reception or of the audio
reproduction in the event of reception field strengths becoming
weaker and of worsening reception conditions.
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Furthermore, the object of the invention is to construct a radio

broadcast receiver such that the aforesaid disadvantages do not
occur upon reception of a digitally coded audio signal.

In accordance with the invention, the object is achieved by a
method for the processing and reproduction of digitally coded
audio data which has the features in accordance with claim 1.
Advantageous developments of the method are specified in the
appendant claims 2 to 6 and can also be gathered from the
following description. ’

The further object of the invention is achieved, in accordance
with the invention, by a radio broadcast receiver having the
features in accordance with claim 7.

The invention is based upon the following consideration: One
measures the reception quality e.g. the bit error rate, of the
received audio data using suitable means e.g. a bit error rate
measuring device. The measured error rate or bit error rate or
reception quality is a criterion for the transmission quality
factor of the transmission channel or of the received audio data
e.g. the quality factor is the reciprocal of the error rate.
Furthermore, one defines a threshold value for the error

rate (or transmission quality factor) which lies below (above)
the error rate (or quality factor) at which the abrupt
interruption of the reproduction or of the reception or of the
transmission occurs.

Upon exceeding (falling below) the predetermined threshold value
of the error rate (transmission quality factor}, there occurs an
alteration, which is readily perceptible for the user, of at
least one reproduction parameter or of the quality of
reproduction. This can happen during the reprcduction in the
form, for example, of an addition of noise or of a
characteristic tone to the audio reproduction signal or else can
be achieved by a reduction of the volume level of the reproduced
signal or by a displacement of the transmission limiting
frequency to low audible frequencies. The latter is achieved in
that a digital low pass filter is arranged in the signal path of
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whereby the limiting frequency or the limiting of the low pass
filter is reduced, preferably, variably or sSmoothly, upon the
previously set threshold value of the.error rate being exceeded
and thus alters the reproduction frequency spectrum in a
perceptible manner. If the measured error rate lies below the
threshold value, the low pass filter does not have a varying
effect upon the reproduction.

Thus, there is carried out an artifitial "graceful degradation"
whereby the reproduction signal is artificially altered in
dependence on the quality of transmission or reception when
there is a drop below a preset threshold value for the quality
or quality factor of transmission or reception.

By means of the previously described simple measures, the user
is made aware of an expected abrupt interruption of the
reception in good time. For example, if a noise signal is added
to the reproduction signal, the intended worsening of
reproduction corresponds to what a listener of the VHF-EM
reception is already used to, such as, for example, the
increased noise when driving under bridges, when travelling
through tunnels or at the edge of a signal propagation area,
etc.

It is useful, to be able to variably set the threshold value.
This is especially advantageous for mobile radio broadcast
reception if the threshold value is altered in dependence on the
speed of travel since even an average error rate can still mean
a good reception or reproduction quality at high speed.

Preferably, the error rate or the quality faczor critericn
derived therefrom is subjected to a low pass filtering so that
the artificial alteration in the reproducticn device can occur
more on the basis of the average channel quality. The low pass
filter may then alsoc have different time conszants for its rise
and/or fall.

Y
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The invention will be explained more fully herelnafterrby means
of one possible embodiment which is illustrated in the drawing.

The Figure shows a DAB mobile receiver 1 having a receiving
antenna 2, a HF-IF section 3 connected therewith, an IF signal
processor 4a, an A/D converter 4b integrated therein, a DAB
source decoder 5, an audio signal processor 6, an AF amplifying
stage 7a having a D/A converter -7b contained therein, a loud
speaker 8 and a micro-processor 9 which contains a measuring
device 9a (BER - Bit-ERROR-Rate) for the determination of the
bit error rate of a digital signal.

In correspondence with the Figure, the digital signal processing
specific to DAB is accomplished by the IF signal processor 4a,
DAB source decoder 5 and audio signal processor 6 whereby these
circuit sections are normally constructed as highly integrated
circuits. The audio signal processor 6 takes over the audio
functions such as tone control, wvolume control, mixing, balance
etc., which are realised in present day receivers in analogue
circuit technique. The IF signal processor 4a serves for
extracting, from the signal which is delivered by the HF/IF
section 3 that is conventionally constructed, the data stream

contained therein.

For the control of the receiver, there serves the micro-
processor 9, to which a value for the speéd of travel 1is
supplied via an input 10, to which the whole data stream or a
part therecf is supplied via an input 11, tc which data from the
source decoder is supplied via an input 12, and to which input
values from a (not illustrated) control device are supplied via
further inputs 13 and 14. The micro-processor is connected to a
control input 17 of the audio signal processcr 6 via an output
15 and a control lead 16. Moreover, the micro-processor contains
a bit error rate measuring device 9a which decermines the error
rate of the received signals from the data stream supplied via
the input 11. A threshold value for the error rate, which is
altered in dependence on the speed of travel, is stored in the
micro-processor. The current error rate or cthe threshold walue
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or a difference of the two values may be constantly indicated on
a display.

In dependence upon whether the measured error rate exceeds the
threshold value of the error rate, the audio signal processor is
controlled in such a way that a noise, which is easily
perceptible by the listener, is added to the AF signal that is
to be amplified. If the reception is abruptly interrupted, then
only a noise or a characteristic signal which is generated by
the audio signal processor {(either constantly or occasionally)
is to be heard from the loud speaker 8. The perceptible,

rtificial alteration of the audio signal increases smocthly or
in steps, each time, in dependence upon how much the threshold
value of the error rate is exceeded. To this end, the measured
value of the error rate is subjected to a low pass filtering in
the micro-processor so that the artificial alteration occurs
more on the basis of the average channel qﬁality. The low pass
filter has different and/or variable time constants for the
rises and falls. The threshold value is altered, preferably
raised, with increasing speed of travel.

Moreover, in dependence upon the rise of the measured error
'rate, various switch-overs of the HF/IF section 3 are effected
via a control lead 18 by the micro-processor 9. If the error
rate increases in a jumplike manner from a value below the set
error rate threshold value (i.e. good reception) to a value far
above the threshold wvalue (abrupt interruption of the
reception), merely a noise or characteristic signal is given at
the outputs of the signal processor as previously described.

If, however, the increase in the error rate proceeds slowly and
smoothly up to the complete interruption of the reception, then,
upon exceeding the error rate threshold value, a reception
frequency from an acceptably receivable transmitter having the
same or another programme, to which the HF/IF section 3 is newly
tuned after the abrupt interruption of recertion, is searched
for in the micro-processor. Thereby, it is ensured that, even
after the interruption of the reception, when no data regarding
another transmitter can be received any longer, the radio ———
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broadcast receiver switches automatically to an acceptably
receivable transmitter preferably having the same programme. A
slow and smooth increase of the error rate is an indication that
the coverage area of a transmitter is.being left e.g. while
drivinq, a jumplike increase of the error rate means that one is
driving below or through a bridge or tunnel etc, whereby the
HF/IF section 3 remains tuned to the same transmitter.

———
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1. Method for the processing and/or reproduction of received
digitally coded audio data e.g. digital sound broadcasting data
(DAB) , wherein the reception or transmission quality e.g. the
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Claims

bit error rate, of the audio data is measured by suitable means,
wherein a threshold value for the quality factor of the
reception or transmission quality quality is determined and,
upon falling below the threshold value, there occurs an
alteration, which is perceptible by the user, of. a reproduction

quality parameter and/or a noticeable display.

2. Method in accordance with Claim 1, characterised in that,
upon falling below the determined reception quality, a noise
signal and/or a characterising signal e.g. a characteristic tone
is added to the reproduction signal.

3. Method in accordance with Claim 1, characterised in that,
upon falling below the determined reception quality, the
reproduction signal is low pass filtered and/or the volume level
of the reproduction signal is reduced.

4. Method in accordance with any of the Claims 1 to 3,
characterised in that, the measured error rate is low pass
filtered.

5. Method in accordance with any of the Claims 1 to 3,
characterised in that, for mobile reception, the threshold value
for the reception or transmission quality is altered in
dependence on the speed of travel.

6. Method in accordance with any one of the preceding Claims,
characterised in that, the quality factor of the reception or
transmission quality corresponds to the reciprocal of the error

rate.

7. Radio broadcast receiver for the reception of digitally coded
sound broadcasting data (DAB) including a measuring device for
measuring the reception quality e.g. a bit error rate measuring
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device, a control device for controlling the teproduction of the
sound broadcasting data, wherein a reception quality threshold
value is defined in the control device and, upon the measured
reception quality falling below the threshold value, the control
device alters the reception quality and/or the reproduction
signals in a perceptible manner.
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