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Description

[0001] The invention relates to a device for determin-
ing the quality of an output signal to be generated by a
signal processing circuit with respect to a reference sig-
nal, which device is provided with a first series circuit
having a first input for receiving the output signal and is
provided with a second series circuit having a second
input for receiving the reference signal and is provided
with a combining circuit, coupled to a first output of the
first series circuit and to a second output of the second
series circuit, for generating a quality signal, which first
series circuit is provided with

- a first signal processing arrangement, coupled to
the firstinput of the first series circuit, for generating
a first signal parameter as a function of time and
frequency, and

- a first compressing arrangement, coupled to the
first signal processing arrangement, for compress-
ing a first signal parameter and for generating a first
compressed signal parameter, which second series
circuit is provided with

- asecond compressing arrangement, coupled to the
second input, for generating a second compressed
signal parameter, which combining circuit is provid-
ed with

- adifferential arrangement, coupled to the two com-
pressing arrangements, for determining a differen-
tial signal on the basis of the compressed signal pa-
rameters,

- anintegrating arrangement, coupled to the differen-
tial arrangement, for integrating the differential sig-
nal with respect to frequency, and

- atime-averaging arrangement, coupled to the inte-
grating arrangement, for generating the quality sig-
nal by integrating the integrated differential signal
with respect to time.

[0002] Such a device is disclosed in the first refer-
ence: J. Audio Eng. Soc., Vol. 40, No. 12, December
1992, in particular "A Perceptual Audio Quality Measure
Based on a Psychoacoustic Sound Representation" by
John G. Beerends and Jan A. Stemerdink, pages 963 -
978, more particularly Figure 7. The device described
therein determines the quality of an output signal to be
generated by a signal processing circuit, such as, for
example, a coder/decoder, or codec, with respect to a
reference signal. Said reference signal is, for example,
an input signal to be presented to the signal processing
circuit, although the possibilities also include using as
reference signal a pre-calculated ideal version of the
output signal. The first signal parameter is generated as
a function of time and frequency by means of the first
signal processing arrangement, associated with the first
series circuit, in response to the output signal, after
which the first signal parameter is compressed by
means of the first compressing arrangement associated
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with the first series circuit. In this connection, interme-
diate operational processing of said first signal param-
eter should not be ruled out at all. The second signal
parameter is compressed by means of the second com-
pressing arrangement associated with the second se-
ries circuit in response to the reference signal. In this
connection, too, further operational processing of said
second signal parameter should not be ruled out at all.
Of both compressed signal parameters the differential
signal is determined by means of the differential ar-
rangement associated with the combining circuit, after
which the quality signal is generated by integrating the
differential signal with respect to frequency by means of
the integrating arrangement associated with the com-
bining circuit and by then integrating the integrated dif-
ferential signal with respect to time by means of the time-
averaging arrangement associated with the combining
circuit.

[0003] Such adevice has, inter alia, the disadvantage
that the objective quality signal to be assessed by
means of said device and a subjective quality signal to
be assessed by human observers have a poor correla-
tion.

B Summary of the invention

[0004] The object of the invention is, inter alia, to pro-
vide a device of the type mentioned in the preamble, the
objective quality signal to be assessed by means of said
device and a subjective quality signal to be assessed by
human observers having a better correlation.

[0005] For this purpose, the device according to the
invention has the characteristic that the combining cir-
cuit comprises

- a comparing arrangement for comparing at least
one of said signals with an other signal, and

- a selecting arrangement for, in dependence of the
comparison result, making a selection.

[0006] As a result of providing the device with the
comparing arrangement and the selecting arrangement,
more relevant signals can be distinguished from less rel-
evant signals. Due to said comparing and selecting, a
good correlation is obtained between the objective qual-
ity signal to be assessed by means of said device and
a subjective quality signal to be assessed by human ob-
servers.

[0007] Theinventionis based, inter alia, on the insight
that the poor correlation between objective quality sig-
nals to be assessed by means of known devices and
subjective quality signals to be assessed by human ob-
servers is the consequence, inter alia, of the fact that
certain distortions are found to be more objectionable
by human observers than other distortions, and is fur-
ther based, inter alia, on the insight that, inside the com-
bining circuit, some (time-intervals of) signals are more
relevant than other (time-intervals of) signals.
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[0008] The problem of the poor correlation is thus
solved by distinguishing more relevant signals from less
relevant signals.

[0009] A first embodiment of the device according to
the invention has the characteristic that the comparing
arrangement and the selecting arrangement are situat-
ed between the integrating arrangement and the time-
averaging arrangement for comparing, per time-inter-
val, the integrated differential signal with the other signal
having a predefined value and for in case the integrated
differential signal being larger than the other signal sup-
plying the integrated differential signal to the time-aver-
aging arrangement and for in case the integrated differ-
ential signal being smaller than the other signal not sup-
plying the integrated differential signal to the time-aver-
aging arrangement.

[0010] As a result of placing the comparing arrange-
ment and the selecting arrangement between the inte-
grating arrangement and the time-averaging arrange-
ment, per time-interval, the integrated differential signal
can be compared with the other signal having a prede-
fined value. By supplying the integrated differential sig-
nal to the time-averaging arrangement in case the inte-
grated differential signal is larger than the other signal
and not supplying the integrated differential signal to the
time-averaging arrangement in case the integrated dif-
ferential signalis smaller than the other signal, the great-
er relevance of integrated differential signals having a
relative high value is stressed.

[0011] Instead of supplying or not supplying, respec-
tively, an integrated differential signal to the time-aver-
aging arrangement, it would also be possible to, for ex-
ample, multiply an integrated differential signal with a
large number or a small number, respectively, etc., to
stress the greater relevance of certain signals.

[0012] A second embodiment of the device according
to the invention has the characteristic that the compar-
ing arrangement and the selecting arrangement are
coupled to an output of the time-averaging arrangement
for comparing a quality signal associated with a left
channel of the signal processing circuit with a quality
signal associated with a right channel of the signal
processing circuit and for selecting the quality signal
having the largest value.

[0013] By placing the comparing arrangement and the
selecting arrangement in series with an output of the
time-averaging arrangement, a quality signal associat-
ed with a left channel of the signal processing circuit can
be compared with a quality signal associated with a right
channel of the signal processing circuit and the quality
signal having the largest value can be selected. Due to
the fact that according to this embodiment the signal
processing circuit has got a left and a right channel, two
quality signals will have to be determined: one for the
left channel, and one for the right channel. This can be
done by either letting the device according to the inven-
tion determine the quality of an entire left output signal
and then letting said device determine the quality of an
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entire right output signal, or by, per time-interval, letting
said device determine the quality of the left and right
output signals.

[0014] A third embodiment of the device according to
the invention has the characteristic that in case the qual-
ity signal associated with the right channel being larger
than a sum of the quality signal associated with the left
channel and a signal having a further predefined value
the quality signal associated with the right channel is
selected and in case the quality signal associated with
the right channel being smaller than a sum of the quality
signal associated with the left channel and the signal
having the further predefined value the quality signal as-
sociated with the left channel is selected.

[0015] Due to the fact that in case the quality signal
associated with the right channel being larger than a
sum of the quality signal associated with the left channel
and a signal having a further predefined value the quality
signal associated with the right channel is selected and
in case the quality signal associated with the right chan-
nel being smaller than a sum of the quality signal asso-
ciated with the left channel and the signal having the
further predefined value the quality signal associated
with the left channel is selected, the greater relevance
of the left output signal of the signal processing circuit
with respect to the right output signal is stressed.
[0016] A fourth embodiment of the device according
to the invention has the characteristic that the selecting
arrangement is provided with a multiplying arrangement
for multiplying the selected quality signal with a signal
having a value which depends upon at least a correla-
tion between integrated differential signals associated
with the left channel and integrated differential signals
associated with the right channel.

[0017] By providing the selecting arrangement with a
multiplying arrangement for multiplying the selected
quality signal with a signal having a value which de-
pends upon at least a correlation between integrated dif-
ferential signals associated with the left channel and in-
tegrated differential signals associated with the right
channel, a very good correlation is obtained between
the objective quality signal to be assessed by means of
said device and a subjective quality signal to be as-
sessed by human observers.

[0018] Although the firstembodiment on the one hand
and the second, third and fourth embodiment on the oth-
er hand can be regarded to be independent embodi-
ments, the best correlation will be obtained in case the
first, second, third and fourth embodiments are used to-
gether.

[0019] A fifth embodiment of the device according to
the invention has the characteristic that the second se-
ries circuit is furthermore provided with

- asecond signal processing arrangement, coupled
to the second input, for generating a second signal
parameter as a function of both time and frequency,
the second compressing arrangement being cou-
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pled to the second signal processing arrangement
in order to compress the second signal parameter.

[0020] If the second series circuit is furthermore pro-
vided with the second signal processing arrangement,
the second signal parameter is generated as a function
of both time and frequency. In this case, the input signal
to be presented to the signal processing circuit, such as,
for example, a coder/decoder, or codec, whose quality
is to be determined, is used as reference signal, in con-
trast to when a second signal processing arrangement
is not used, in which case a pre-calculated ideal version
of the output signal should be used as reference signal.
[0021] A sixth embodiment of the device according to
the invention has the characteristic that a signal
processing arrangement is provided with

- amultiplying arrangement for multiplying in the time
domain a signal to be fed to an input of the signal
processing arrangement by a window function, and

- a transforming arrangement, coupled to the multi-
plying arrangement, for transforming a signal origi-
nating from the multiplying arrangement to the fre-
quency domain, which transforming arrangement
generates, after determining an absolute value, a
signal parameter as a function of time and frequen-

cy.

[0022] In this connection, the signal parameter is gen-
erated as a function of time and frequency by the first
and/or second signal processing arrangement as a re-
sult of using the multiplying arrangement and the trans-
forming arrangement, which transforming arrangement
also performs, for example, the absolute-value determi-
nation.

[0023] A seventh embodiment of the device according
to the invention has the characteristic that a signal
processing arrangement is provided with

- asubband filtering arrangement for filtering a signal
to be fed to an input of the signal processing ar-
rangement, which subband filtering arrangement
generates, after determining an absolute value, a
signal parameter as a function of time and frequen-

cy.

[0024] In this connection, the signal parameter is gen-
erated as a function of time and frequency by the first
and/or second signal processing arrangement as a re-
sult of using the subband filtering arrangement which
also performs, for example, the absolute-value determi-
nation.

[0025] An eighth embodiment of the device according
to the invention has the characteristic that the signal
processing arrangement is furthermore provided with

- a converting arrangement for converting a signal
parameter represented by means of a time spec-
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trum and a frequency spectrum into a signal param-
eter represented by means of a time spectrum and
a Bark spectrum.

[0026] In this connection, the signal parameter gen-
erated by the first and/or second signal processing ar-
rangement and represented by means of a time spec-
trum and a frequency spectrum is converted into a signal
parameter represented by means of a time spectrum
and a Bark spectrum by using the converting arrange-
ment.

[0027] The invention furthermore relates to a method
for determining the quality of an output signal to be gen-
erated by a signal processing circuit with respect to a
reference signal, which method comprises the following
steps of

- generating a first signal parameter as a function of
time and frequency in response to the output signal,

- compressing a first signal parameter and generat-
ing a second compressed signal parameter,

- generating a second compressed signal parameter
in response to the reference signal,

- determining a differential signal on the basis of the
compressed signal parameters, and

- generating a quality signal by integrating the differ-
ential signal with respect to frequency and time.

[0028] The method according to the invention has the
characteristic that the method furthermore comprises
the following step of

- comparing at least one of said signals with an other
signal, and making a selection in dependence of the
comparison result.

[0029] A first embodiment of the method according to
the invention has the characteristic that the step of com-
paring comprises the step of

- comparing, per time-interval, the differential signal
which has been integrated with respect to frequen-
cy with the other signal having a predefined value
and in case the integrated differential signal being
larger than the other signal integrating said integrat-
ed differential signal with respect to time and in case
the differential signal which has been integrated
with respect to frequency being smaller than the
other signal not integrating said integrated differen-
tial signal with respect to time.

[0030] A second embodiment of the method accord-
ing to the invention has the characteristic that the step
of comparing comprises the steps of

- comparing a quality signal associated with a left
channel of the signal processing circuit with a qual-
ity signal associated with a right channel of the sig-
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nal processing circuit, and
- selecting the quality signal having the largest value.

[0031] A third embodiment of the method according
to the invention has the characteristic that in case the
quality signal associated with the right channel being
larger than a sum of the quality signal associated with
the left channel and a signal having a further predefined
value the quality signal associated with the right channel
is selected and in case the quality signal associated with
the right channel being smaller than a sum of the quality
signal associated with the left channel and the signal
having the further predefined value the quality signal as-
sociated with the left channel is selected.

[0032] A fourth embodiment of the method according
to the invention has the characteristic that the selected
quality signal is multiplied with a signal having a value
which depends upon at least a correlation between dif-
ferential signals which have been integrated with re-
spect to frequency and associated with the left channel
and differential signals which have been integrated with
respect to frequency and associated with the right chan-
nel.

[0033] A fifth embodiment of the method according to
the invention has the characteristic that the step of gen-
erating a second compressed signal parameter in re-
sponse to the reference signal comprises the following
two steps of

- generating a second signal parameter in response
to the reference signal as a function of both time
and frequency, and

- compressing a second signal parameter.

C References
[0034]

B J. Audio Eng. Soc., Vol. 40, No. 12, December
1992, in particular, "A Perceptual Audio Quality
Measure Based on a Psychoacoustic Sound Rep-
resentation" by John G. Beerends and Jan A. Ste-
merdink, pages 963 - 978

B "Modelling a Cognitive Aspect in the Measurement
of the Quality of Music Codecs", by John G. Beer-
ends and Jan A. Stemerdink, presented at the 96th
Convention 26 February - 1 March 1994, Amster-
dam
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B WO EP96/01102
H WO EP96 /01143
B WO EP96 /00849
D Exemplary embodiment

[0035] The invention will be explained in greater detail
by reference to an exemplary embodiment shown in the
figures. In the figures:

Figure 1 shows a device according to the invention,
comprising known signal processing arrangements,
known compressing arrangements, a scaling cir-
cuit, and a combining circuit according to the inven-
tion,

Figure 2 shows a known signal processing arrange-
ment for use in the device according to the inven-
tion,

Figure 3 shows a known compressing arrangement
for use in the device according to the invention,
Figure 4 shows a scaling circuit for use in the device
according to the invention,

Figure 5 shows a first embodiment of a combining
circuit according to the invention for use in the de-
vice according to the invention, and

Figure 6 shows a second embodiment of a combin-
ing circuit according to the invention for use in the
device according to the invention.

[0036] The device according to the invention shown
in Figure 1 comprises a first signal processing arrange-
ment 1 having afirstinput 7 for receiving an output signal
originating from a signal processing circuit such as, for
example, a coder/decoder, or codec. A first output of first
signal processing arrangement 1 is connected via a cou-
pling 9 to a first input of a scaling circuit 3. The device
according to the invention furthermore comprises a sec-
ond signal processing arrangement 2 having a second
input 8 for receiving an input signal to be fed to the signal
processing circuit such as, for example, the coder/de-
coder, or codec. A second output of second signal
processing arrangement 2 is connected via a coupling
10 to a second input of scaling circuit 3. A first output of
scaling circuit 3 is connected via a coupling 11 to a first
input of a first compressing arrangement 4, and a sec-
ond output of scaling circuit 3 is connected via a coupling
12 to a second input of a second compressing arrange-
ment 5. A first output of first compressing arrangement
4 is connected via a coupling 13 to a first input of a com-
bining circuit 6, and a second output of second com-
pressing arrangement 5 is connected via a coupling 16
to a second input of combining circuit 6. A third output
of scaling circuit 3 is connected via a coupling 14 to a
third input of combining circuit 6, and the second output
of second compressing arrangement 5, or coupling 16,
is connected via a coupling 15 to a fourth input of com-
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bining circuit 6 which has an output 17 for generating a
quality signal. First signal processing arrangement 1
and first compressing arrangement 4 jointly correspond
to a first series circuit, and second signal processing ar-
rangement 2 and second compressing arrangement 5
jointly correspond to a second series circuit.

[0037] The known first (or second) signal processing
arrangement 1 (or 2) shown in Figure 2 comprises a first
(or second) multiplying arrangement 20 for multiplying
in the time domain the output signal (or input signal) to
be fed to the first input 7 (or second input 8) of the first
(or second) signal processing arrangement 1 (or 2) and
originating from the signal processing circuit such as,
for example, the coder/decoder, or codec, by a window
function, a first (or second) transforming arrangement
21, coupled to the first (or second) multiplying arrange-
ment 20, for transforming the signal originating from the
first (or second) multiplying arrangement 20 to the fre-
quency domain, a first (or second) absolute-value ar-
rangement 22 for determining the absolute value of the
signal originating from the first (or second) transforming
arrangement 21 for generating a first (or second) posi-
tive signal parameter as a function of time and frequen-
cy, a first (or second) converting arrangement 23 for
converting the first (or second) positive signal parameter
originating from the first (or second) absolute-value ar-
rangement 22 and represented by means of a time
spectrum and a frequency spectrum into a first (or sec-
ond) signal parameter represented by means of a time
spectrum and a Bark spectrum, and a first (or second)
discounting arrangement 24 for discounting a hearing
function in the case of the first (or second) signal param-
eter originating from the first (or second) converting ar-
rangement and represented by means of a time spec-
trum and a Bark spectrum, which signal parameter is
then transmitted via the coupling 9 (or 10).

[0038] The known first (or second) compressing ar-
rangement 4 (or 5) shown in Figure 3 receives via cou-
pling 11 (or 12) a signal parameter which is fed to a first
(or second) input of a first (or second) adder 30, a first
(or second) output of which is connected via a coupling
31, on the one hand, to a first (or second) input of a first
(or second) multiplier 32 and, on the other hand, to a
first (or second) nonlinear convoluting arrangement 36
which is furthermore connected to a first (or second)
compressing unit 37 for generating via coupling 13 (or
16) a first (or second) compressed signal parameter.
First (or second) multiplier 32 has a further first (or sec-
ond) input for receiving a feed signal and has a first (or
second) output which is connected to a first (or second)
input of a first (or second) delay arrangement 34, a first
(or second) output of which is coupled to a further first
(or second) input of the first (or second) adder 30.
[0039] The scaling circuit 3 shown in Figure 4 com-
prises a further integrating arrangement 40, a first input
of which is connected to the first input of scaling circuit
3 and consequently to coupling 9 for receiving a first se-
ries circuit signal (the first signal parameter represented
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by means of a time spectrum and a Bark spectrum) and
a second input of which is connected to the second input
of scaling circuit 3 and consequently to coupling 10 for
receiving a second series circuit signal (the second sig-
nal parameter represented by means of a time spectrum
and a Bark spectrum). A first output of further integrating
arrangement 40 for generating the integrated first series
circuit signal is connected to a firstinput of a further com-
paring arrangement 41 and a second output of further
integrating arrangement 40 for generating the integrat-
ed second series circuit signal is connected to a second
input of further comparing arrangement 41. The first in-
put of scaling circuit 3 is connected to the first output
and, via scaling circuit 3, coupling 9 is consequently con-
nected through to coupling 11. The second input of scal-
ing circuit 3 is connected to a first input of a further scal-
ing unit 42 and a second output is connected to an out-
put of further scaling unit 42 and, via scaling circuit 3,
coupling 10 is consequently connected through to cou-
pling 12 via further scaling unit 42. An output of further
comparing arrangement 41 for generating a control sig-
nal is connected to a control input of further scaling unit
42. The first input of scaling circuit 3, or coupling 9 or
coupling 11, is connected to a first input of a ratio-deter-
mining arrangement 43 and the output of further scaling
unit 42, or coupling 12, is connected to a second input
of ratio-determining arrangement 43, an output of which
is connected to the third output of scaling circuit 3 and
consequently to coupling 14 for generating a further
scaling signal.

[0040] The combining circuit 6 shown in Figures 5 and
6 comprises a still further comparing arrangement 50, a
first input of which is connected to the first input of com-
bining circuit 6 for receiving the first compressed signal
parameter via coupling 13 and a second input of which
is connected to the second input of combining circuit 6
for receiving the second compressed signal parameter
via coupling 16. The first input of combining circuit 6 is
furthermore connected to a first input of a differential ar-
rangement 54,56. An output of still further comparing ar-
rangement 50 for generating a scaling signal is connect-
ed via a coupling 51 to a control input of scaling arrange-
ment 52, an input of which is connected to the second
input of combining circuit 6 for receiving the second
compressed signal parameter via coupling 16 and an
output of which is connected via a coupling 53 to a sec-
ond input of differential arrangement 54,56 for determin-
ing a differential signal on the basis of the mutually
scaled compressed signal parameters. A third input of
the differential arrangement 54,56 is connected to the
fourth input of the combining circuit 6 for receiving, via
coupling 15, the second compressed signal parameter
to be received via coupling 16. Differential arrangement
54,56 comprises a differentiator 54 for generating a dif-
ferential signal and a further absolute-value arrange-
ment 56 for determining the absolute value of the differ-
ential signal, an output of which is connected to an input
of scaling unit 57, a control input of which is connected
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to the third input of combining circuit 6 for receiving the
further scaling signal via coupling 14. An output of scal-
ing unit 57 is connected to an input of an integrating ar-
rangement 58 for integrating the scaled absolute value
of the differential signal with respect to frequency.
[0041] According to a first embodiment of combining
circuit 6 (Figure 5), an output of integrating arrangement
58 is coupled to an input of selecting arrangement 61
and to a first input of comparing arrangement 60. A sec-
ond input of comparing arrangement 60 is coupled to a
connection 62 for receiving an other signal having a pre-
defined value. An output of comparing arrangement 60
is coupled, via a connection 63, to a control input of se-
lecting arrangement 61. An output of selecting arrange-
ment 61 is coupled to an input of a time-averaging ar-
rangement 59, an output of which is connected to the
output 17 of combining circuit 6 for generating the quality
signal.

[0042] Accordingto a second embodiment of combin-
ing circuit 6 (Figure 6), an output of integrating arrange-
ment 58 is coupled to an input of a time-averaging ar-
rangement 59, of which a first output is connected via a
connection 72 to a first input of selecting arrangement
71 and a second output is connected via a connection
73 to a second input of selecting arrangement 71. The
output of integrating arrangement 58 is also coupled to
a third input of selecting arrangement 71 via a connec-
tion 75. The respective first and second outputs of time-
averaging arrangement 59 are further coupled via the
respective connections 72 and 73 to respective first and
second inputs of comparing arrangement 70, of which
an output is coupled via a connection 74 to a control
input of selecting arrangement 71, of which an output is
connected to the output 17 of combining circuit 6 for gen-
erating the quality signal.

[0043] The operation of a standard device for deter-
mining the quality of the output signal to be generated
by the signal processing circuit such as, for example,
the coder/decoder, or codec, which standard device is
formed without the scaling circuit 3 shown in greater de-
tail in Figure 4, the couplings 10 and 12 consequently
being mutually connected through, and which known
device is formed using a standard combining circuit 6,
the third input of differential arrangement 54,56 and
scaling unit 57 and the comparing arrangement 60 and/
or 70 and selecting arrangement 61 and/or 71, shown
in greater detail in Figures 5 and 6, consequently being
missing, is as follows and, indeed, as also described in
the first reference.

[0044] The output signal of the signal processing cir-
cuit such as, for example, the coder/decoder, or codec,
is fed to input 7, after which the first signal processing
circuit 1 converts said output signal into a first signal pa-
rameter represented by means of a time spectrum and
a Bark spectrum. This takes place by means of the first
multiplying arrangement 20 which multiplies the output
signal represented by means of a time spectrum by a
window function represented by means of a time spec-
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trum, after which the signal thus obtained and represent-
ed by means of a time spectrum is transformed by
means of first transforming arrangement 21 to the fre-
quency domain, for example by means of an FFT, or fast
Fourier transform, after which the absolute value of the
signal thus obtained and represented by means of a
time spectrum and a frequency spectrum is determined
by means of the first absolute-value arrangement 22, for
example by squaring, after which the signal parameter
thus obtained and represented by means of a time spec-
trum and a frequency spectrum is converted by means
of first converting arrangement 23 into a signal param-
eter represented by means of a time spectrum and a
Bark spectrum, for example by resampling on the basis
of a nonlinear frequency scale, also referred to as Bark
scale, which signal parameter is then adjusted by
means of first discounting arrangement 24 to a hearing
function, or is filtered, for example by multiplying by a
characteristic represented by means of a Bark spec-
trum.

[0045] The first signal parameter thus obtained and
represented by means of a time spectrum and a Bark
spectrum is then converted by means of the first com-
pressing arrangement 4 into a first compressed signal
parameter represented by means of a time spectrum
and a Bark spectrum. This takes place by means of first
adder 30, first multiplier 32 and first delay arrangement
34, the signal parameter represented by means of atime
spectrum and a Bark spectrum being multiplied by a
feed signal represented by means of a Bark spectrum
such as, for example, an exponentially decreasing sig-
nal, after which the signal parameter thus obtained and
represented by means of a time spectrum and a Bark
spectrum is added, with a delay in time, to the signal
parameter represented by means of a time spectrum
and a Bark spectrum, after which the signal parameter
thus obtained and represented by means of a time spec-
trum and a Bark spectrum is convoluted by means of
first nonlinear convoluting arrangement 36 with a
spreading function represented by means of a Bark
spectrum, after which the signal parameter thus ob-
tained and represented by means of a time spectrum
and a Bark spectrum is compressed by means of first
compressing unit 37.

[0046] In a corresponding manner, the input signal of
the signal processing circuit such as, for example, the
coder/decoder, or codec, is fed to input 8, after which
the second signal processing circuit 2 converts said in-
put signal into a second signal parameter represented
by means of a time spectrum and a Bark spectrum, and
the latter is converted by means of the second com-
pressing arrangement 5 into a second compressed sig-
nal parameter represented by means of a time spectrum
and a Bark spectrum.

[0047] The first and second compressed signal pa-
rameters, respectively, are then fed via the respective
couplings 13 and 16 to combining circuit 6, it being as-
sumed for the time being that this is a standard combin-
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ing circuit which lacks the third input of differential ar-
rangement 54,56 and scaling unit 57 shown in greater
detail in Figure 5. The two compressed signal parame-
ters are integrated by still further comparing arrange-
ment 50 and mutually compared, after which still further
comparing arrangement 50 generates the scaling signal
which represents, for example, the average ratio be-
tween the two compressed signal parameters. Said
scaling signal is fed to scaling arrangement 52 which,
in response thereto, scales the second compressed sig-
nal parameter (that is to say, increases or reduces it as
a function of the scaling signal). Obviously, scaling ar-
rangement 52 could also be used, in a manner known
to the person skilled in the art, for scaling the first com-
pressed signal parameter instead of for scaling the sec-
ond compressed signal parameter and use could fur-
thermore be made, in a manner known to the person
skilled in the art, of two scaling arrangements for mutu-
ally scaling the two compressed signal parameters at
the same time. The differential signal is derived by
means of differentiator 54 from the mutually scaled com-
pressed signal parameters, the absolute value of which
differential signal is then determined by means of further
absolute-value arrangement 56. The signal thus ob-
tained is integrated by means of integrator 58 with re-
spect to a Bark spectrum and is integrated by means of
time-averaging arrangement 59 with respect to a time
spectrum and generated by means of output 17 as qual-
ity signal which indicates in an objective manner the
quality of the signal processing circuit such as, for ex-
ample, the coder/decoder or codec.

[0048] The operation of an improved device for deter-
mining the quality of the output signal to be generated
by the signal processing circuit such as, for example,
the coder/decoder, or codec, which device according to
the invention is consequently formed with the scaling cir-
cuit 3 shown in greater detail in Figure 4, the couplings
10 and 12 consequently being coupled through mutually
via further scaling unit, and which improved device is
formed with an expanded combining circuit 6 according
to the invention to which the third input of differential ar-
rangement 54,56 shown in greater detail in Figures 5,6
and scaling unit 57 have consequently been added is
as described above, supplemented by what follows.
[0049] The firstseries circuit signal (the first signal pa-
rameter represented by means of a time spectrum and
a Bark spectrum) to be received via coupling 9 and the
first input of scaling circuit 3 is fed to the first input of
further integrating arrangement 40 and the second se-
ries circuit signal (the second signal parameter repre-
sented by means of a time spectrum and a Bark spec-
trum) to be received via the coupling 10 and the second
input of scaling circuit 3 is fed to the second input of
further integrating arrangement 40, which integrates the
two series circuit signals with respect to frequency, after
which the integrated first series circuit signal is fed via
the first output of further integrating arrangement 40 to
the first input of further comparing arrangement 41 and

10

15

20

25

30

35

40

45

50

55

the integrated second series circuit signal is fed via the
second output of further integrating arrangement 40 to
the second input of further comparing arrangement 41.
The latter compares the two integrated series circuit sig-
nals and generates, in response thereto, the control sig-
nal which is fed to the control input of further scaling unit
42.The latter scales the second series circuit signal (the
second signal parameter represented by means of a
time spectrum and a Bark spectrum) to be received via
coupling 10 and the second input of scaling circuit 3 as
a function of said control signal (that is to say increases
or reduces the amplitude of said second series circuit
signal) and generates [sic] the thus scaled second se-
ries circuit signal via the output of further scaling unit 42
to the second output of scaling circuit 3, while the first
input of scaling arrangement 3 is connected through in
this example in a direct manner to the first output of scal-
ing circuit 3. In this example, the first series circuit signal
and the scaled second series circuit signal, respectively
are passed via scaling circuit 3 to first compressing ar-
rangement 4 and second compressing arrangement 5,
respectively.

[0050] As a result of this further scaling, a good cor-
relation is obtained between the objective quality signal
to be assessed by means of the device according to the
invention and a subjective quality signal to be assessed
by human observers. This invention is based, inter alia,
on the insight that the poor correlation between objec-
tive quality signals to be assessed by means of known
devices and subjective quality signals to be assessed
by human observers is the consequence, inter alia, of
the fact that certain distortions are found to be more ob-
jectionable by human observers than other distortions,
which poor correlation is improved by using the two
compressing arrangements, and is furthermore based,
inter alia, on the insight that, as a result of using scaling
circuit 3, the two compressing arrangements 4 and 5
function better with respect to one another, which im-
proves the correlation further. The problem of the poor
correlation is consequently solved by an improved func-
tioning of the two compressing arrangements 4 and 5
with respect to one another as a result of using scaling
circuit 3.

[0051] As aresult of the fact that the first input of scal-
ing circuit 3, or coupling 9 or coupling 11, is connected
to the firstinput of ratio-determining arrangement 43 and
the output of further scaling unit 42, or coupling 12, is
connected to the second input of ratio-determining ar-
rangement 43, ratio-determining arrangement 43 is ca-
pable of assessing the mutual ratio of the first series cir-
cuit signal and the scaled second series circuit signal
and of generating a further scaling signal as a function
thereof by means of the output of ratio-determining ar-
rangement 43, which further scaling signal is fed via the
third output of scaling circuit 3 and consequently via cou-
pling 14 to the third input of combining circuit 6. Said
further scaling signal is fed in combining circuit 6 to scal-
ing unit 57 which scales, as a function of said further
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scaling signal, the absolute value of the differential sig-
nal originating from the differential arrangement 54,56
(thatis to say increases or reduces the amplitude of said
absolute value). As a consequence thereof, the already
improved correlation is improved further as a result of
the fact an (amplitude) difference still present between
the first series circuit signal and the scaled second se-
ries circuit signal in the combining circuit is discounted
and integrating arrangement 58 and time-averaging ar-
rangement 59 function better as a result.

[0052] A further improvement of the correlation is ob-
tained if differentiator 54 (or further absolute-value ar-
rangement 56) is provided with a further adjusting ar-
rangement, not shown in the figures, for example in the
form of a subtracting circuit which somewhat reduces
the amplitude of the differential signal. Preferably, the
amplitude of the differential signal is reduced as a func-
tion of a series circuit signal, just as in this example it is
reduced as a function of the scaled and compressed
second signal parameter originating from second com-
pressing arrangement 5, as a result of which integrating
arrangement 58 and time-averaging arrangement 59
function still better. As a result, the already very good
correlation is improved still further.

[0053] It is observed that ratio-determining arrange-
ment 43 could also be placed between couplings 13 and
16 (in other words between compressing arrangements
4 and 5, on the one hand, and combining circuit 6 on the
other hand). In this case, the correlation is improved by
using the results of both compressing arrangements 4
and 5 in a better way.

[0054] The operation of a device according to the in-
vention for determining the quality of the output signal
to be generated by the signal processing circuit such as,
for example, the coder/decoder, or codec, which device
according to the invention is consequently formed with
either at least the first embodiment of the combining cir-
cuit 6 shown in greater detail in Figure 5 and comprising
comparing arrangement 60 and selecting arrangement
70, or at least the second embodiment of the combining
circuit 6 shown in greater detail in Figure 6 and compris-
ing comparing arrangement 61 and selecting arrange-
ment 71, is as described above, supplemented by what
follows.

[0055] In case of the first embodiment (Figure 5), the
differential signal which has been integrated with re-
spect to frequency by integrating arrangement 58, is
supplied to comparing arrangement 60 and selecting ar-
rangement 61. Comparing arrangement 60 compares,
for each time-interval of for example 40 msec., a value
of said signal with an other signal having a predefined
value. In case the integrated differential signal is larger
(much distortion) than the other signal, comparing ar-
rangement 60 controls selecting arrangement 61 such
that the integrated differential signal is supplied (or mul-
tiplied by a large number) to time-averaging arrange-
ment 59. In case the integrated differential signal is
smaller (little distortion) than the other signal, comparing
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arrangement 60 controls selecting arrangement 61 such
that the integrated differential signal is not supplied (or
multiplied by a small number) to time-averaging ar-
rangement 59. Due to this, the greater relevance of
(time-intervals of) signals indicating much distortion is
stressed with respect to (time-intervals of) signals indi-
cating little distortion, which results in better correlation.
[0056] In case of the second embodiment (Figure 6),
the differential signal which has been integrated with re-
spect to frequency by integrating arrangement 58, is
supplied to time-averaging arrangement 59 and to the
third input of selecting arrangement 71. Time-averaging
arrangement generates two quality signals, a first qual-
ity signal associated with a left channel of the signal
processing circuit, and a second quality signal associ-
ated with a right channel of the signal processing circuit.
This can be done by either letting the device according
to the invention determine the quality of an entire left
output signal and then letting said device determine the
quality of an entire right output signal, or by, per time-
interval (of for example 10 sec.), letting said device de-
termine the quality of firstly the left and secondly the
right output signals. To a person skilled in the art it will
be obvious that in at least one of both cases at least
some of the circuits and/or arrangements will have to be
provided with memories.

[0057] Comparing arrangement 70 compares these
two quality signals. In case the second quality signal as-
sociated with the right channel being larger than a sum
of the first quality signal associated with the left channel
and a signal having a further predefined value the se-
lecting arrangement 71 is controlled such that the sec-
ond quality signal associated with the right channel is
selected. In case the second quality signal associated
with the right channel being smaller than a sum of the
first quality signal associated with the left channel and
the signal having the further predefined value the select-
ing arrangement 71 is controlled such that the first qual-
ity signal associated with the left channel is selected.
Then, inside selecting arrangement 71, the selected
quality signal is multiplied with a signal for example hav-
ing a value (1.2-c)* which depends upon at least a cor-
relation (c) between integrated differential signals asso-
ciated with the left channel and integrated differential
signals associated with the right channel. Thereto, se-
lecting arrangement 70 comprises for example a multi-
plying arrangement for multiplying the selected quality
signal with said value, and a correlating arrangement for
correlating both integrated differential signals, and a
memory for storing integrated differential signals. Due
to this, the disturbance of distortions causing binaural
image shift is stressed.

[0058] The components shown in Figure 2 of first sig-
nal processing arrangement 1 are described, as stated
earlier, adequately and in a manner known to the person
skilled in the art in the first reference. A digital output
signal which originates from the signal processing circuit
such as, for example, the coder/decoder, or codec, and
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which is, for example, discrete both in time and in am-
plitude is multiplied by means of first multiplying ar-
rangement 20 by a window function such as, for exam-
ple, a so-called cosine square function represented by
means of a time spectrum, after which the signal thus
obtained and represented by means of a time spectrum
is transformed by means of first transforming arrange-
ment 21 to the frequency domain, for example by an
FFT, or fast Fourier transform, after which the absolute
value of the signal thus obtained and represented by
means of a time spectrum and a frequency spectrum is
determined by means of the first absolute-value ar-
rangement 22, for example by squaring. Finally, a power
density function per time/frequency unit is thus ob-
tained. An alternative way of obtaining said signal is to
use a subband filtering arrangement for filtering the dig-
ital output signal, which subband filtering arrangement
generates, after determining an absolute value, a signal
parameter as a function of time and frequency in the
form of the power density function per time/frequency
unit. First converting arrangement 23 converts said
power density function per time/frequency unit, for ex-
ample by resampling on the basis of a nonlinear fre-
quency scale, also referred to as Bark scale, into a pow-
er density function per time/Bark unit, which conversion
is described comprehensively in Appendix A of the first
reference, and first discounting arrangement 24 multi-
plies said power density function per time/Bark unit, for
example by a characteristic, represented by means of
a Bark spectrum, for performing an adjustment on a
hearing function.

[0059] The components, shown in Figure 3, of first
compressing arrangement 4 are, as stated earlier, de-
scribed adequately and in a manner known to the per-
son skilled in the art in the first reference. The power
density function per time/Bark unit adjusted to a hearing
function is multiplied by means of multiplier 32 by an ex-
ponentially decreasing signal such as, for example, exp
{-T/x(z)}. Here T is equal to 50% of the length of the win-
dow function and consequently represents half of a cer-
tain time interval, after which certain time interval first
multiplying arrangement 20 always multiplies the output
signal by a window function represented by means of a
time spectrum (for example, 50% of 40 msec is 20
msec). In this expression, t(z) is a characteristic which
is represented by means of the Bark spectrum and is
shown in detail in Figure 6 of the first reference. First
delay arrangement 34 delays the product of this multi-
plication by a delay time of length T, or half of the certain
time interval. First nonlinear convolution arrangement
36 convolutes the signal supplied by a spreading func-
tion represented by means of a Bark spectrum, or
spreads a power density function represented per time/
Bark unit along a Bark scale, which is described com-
prehensively in Appendix B of the first reference. First
compressing unit 37 compresses the signal supplied in
the form of a power density function represented per
time/Bark unit with a function which, for example, raises
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the power density function represented per time/Bark
unit to the power o, where 0 < o < 1.

[0060] The components, shownin Figure 4, of scaling
circuit 3 can be formed in a manner known to the person
skilled in the art. Further integrating arrangement 40
comprises, for example, two separate integrators which
separately integrate the two series circuit signals sup-
plied by means of a Bark spectrum, after which further
comparing arrangement 41 in the form of, for example,
a divider, divides the two integrated signals by one an-
other and feeds the division result or the inverse division
result as control signal to further scaling unit 42 which,
in the form of, for example, a multiplier or a divider, mul-
tiplies or divides the second series circuit signal by the
division result or the inverse division result in order to
make the two series circuit signals, viewed on average,
of equal size. Ratio-determining arrangement 43 re-
ceives the first and the scaled second series circuit sig-
nal in the form of compressed, spread power density
functions represented per time/Bark unit and divides
them by one another to generate the further scaling sig-
nal in the form of the division result represented per time/
Bark unit or the inverse thereof, depending on whether
scaling unit 57 is constructed as multiplier or as divider.
[0061] The components, shown in Figures 5 and 6, of
combining circuit 6 are, as stated earlier, described ad-
equately and in a manner known to the person skilled
in the art in the first reference, with the exception of the
component 57 and a portion of component 54 and com-
paring arrangement 60,61 and selecting arrangement
70,71. Still further comparing arrangement 50 compris-
es, for example, two separate integrators which sepa-
rately integrate the two series circuit signals supplied
over, for example, three separate portions of a Bark
spectrum and comprises, for example, a divider which
divides the two integrated signals by one another per
portion of the Bark spectrum and feeds the division re-
sult or the inverse division result as scaling signal to
scaling arrangement 52 which, in the form of, for exam-
ple, a multiplier or a divider, multiplies or divides the re-
spective series circuit signal by the division result or the
inverse division result in order to make the two series
circuit signals, viewed on average, of equal size per por-
tion of the Bark spectrum. All this is described compre-
hensively in Appendix F of the first reference. Differen-
tiator 54 determines the difference between the two mu-
tually scaled series circuit signals. According to the im-
proved device, if the difference is negative, said differ-
ence can then be augmented by a constant value and,
if the difference is positive, said difference can be re-
duced by a constant value, for example by detecting
whether it is less or greater than the value zero and then
adding or subtracting the constant value. It is, however,
also possible first to determine the absolute value of the
difference by means of further absolute-value arrange-
ment 56 and then to deduct the constant value from said
absolute value, in which connection a negative final re-
sult must obviously not be permitted to be obtained. In
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this last case, absolute-value arrangement 56 should be
provided with a subtracting circuit. Furthermore, it is
possible, according to the improved device, to discount
from the difference a (portion of a) series circuit signal
in a similar manner instead of the constant value or to-
gether with the constant value.

[0062] According to the invention (Figure 5) integrat-
ing arrangement 58 integrates the signal originating
from scaling unit 57 with respect to a Bark spectrum and
comparing arrangement 60 compares the value of the
integrated differential signal (comprising for example
one value per time-interval of 40 msec.) with the prede-
fined value of the other signal arriving via connection 62.
In response to the comparison result, selecting arrange-
ment 61 blocks said integrated differential signal or sup-
plies said integrated differential signal to time-averaging
arrangement 59 which integrates the signal thus ob-
tained with respect to a time spectrum, as a result of
which the quality signal is obtained which has a value
which is the smaller, the higher the quality of the signal
processing circuit is. So, selecting arrangement 61
could be in the form of a switch, or for example in the
form of a multiplier for multiplying said integrated differ-
ential signal with a small or a large number.

[0063] According to the invention (Figure 6) integrat-
ing arrangement 58 integrates the signal originating
from scaling unit 57 with respect to a Bark spectrum and
time-averaging arrangement 59 integrates the signal
thus obtained with respect to a time spectrum, as a re-
sult of which the first and second quality signals are ob-
tained which have a value which is the smaller, the high-
er the quality of the left and right channel of the signal
processing circuit is. Comparing arrangement 70 com-
pares both quality signals, and in response to the com-
parison result selecting means 71 select one of both
quality signals. Selecting means 71 comprise a memory
for storing integrated differential signals, a correlating
arrangement for correlating integrated differential sig-
nals associated with the left channel and integrated dif-
ferential signals associated with the right channel, re-
sulting in a value ¢, a calculating arrangement for cal-
culating the value (1.2-c)4, and a multiplying arrange-
ment for multiplying the selected quality signal with said
value (1.2-c)*.

[0064] As already described earlier, the correlation
between the objective quality signal to be assessed by
means of the device according to the invention and a
subjective quality signal to be assessed by human ob-
servers is improved by expanding the combining circuit
6 of the device with comparing arrangement 60 and/or
70 and selecting arrangement 61 and/or 71. Two factors
can be viewed separately from one another:

- the use of comparing arrangement 60 and selecting
arrangement 61, and

- the use of comparing arrangement 70 and selecting
arrangement 71.
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[0065] The best correlation is obtained by simultane-
ous use of all the possibilities.

[0066] The widest meaning should be reserved for the
term signal processing circuit, in which connection, for
example, all kinds of audio and/or video equipment can
be considered. Thus, the signal processing circuit could
be a codec, in which case the input signal is the refer-
ence signal with respect to which the quality of the out-
put signal should be determined. The signal processing
circuit could also be an equalizer, in which connection
the quality of the output signal should be determined
with respect to a reference signal which is calculated on
the basis of an already existing virtually ideal equalizer
or is simply calculated. The signal processing circuit
could even be a loudspeaker, in which case a smooth
output signal could be used as reference signal, with re-
spect to which the quality of a sound output signal is
then determined (scaling already takes place automat-
ically in the device according to the invention). The sig-
nal processing circuit could furthermore be a loudspeak-
er computer model which is used to design loudspeak-
ers on the basis of values to be set in the loudspeaker
computer model, in which connection a low-volume out-
put signal of said loudspeaker computer model serves
as the reference signal and in which connection a high-
volume output signal of said loudspeaker computer
model then serves as the output signal of the signal
processing circuit.

[0067] Inthe case of a calculated reference signal, the
second signal processing arrangement of the second
series circuit could be omitted as a result of the fact that
the operations to be performed by the second signal
processing arrangement can be discounted in calculat-
ing the reference signal.

Claims

1. Device for determining the quality of an output sig-
nal to be generated by a signal processing circuit
with respect to a reference signal, which device is
provided with a first series circuit having a first input
for receiving the output signal and is provided with
a second series circuit having a second input for re-
ceiving the reference signal and is provided with a
combining circuit, coupled to a first output of the first
series circuit and to a second output of the second
series circuit, for generating a quality signal, which
first series circuit is provided with

- afirst signal processing arrangement (1), cou-
pled to the first input of the first series circuit,
for generating a first signal parameter as a
function of time and frequency, and

- a first compressing arrangement (4), coupled
to the first signal processing arrangement, for
compressing a first signal parameter and for
generating a first compressed signal parame-
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ter, which second series circuit is provided with

- a second compressing arrangement (5), cou-
pled to the second input, for generating a sec-
ond compressed signal parameter, which com-
bining circuit (6) is provided with

- a differential arrangement (54,56), coupled to
the two compressing arrangements, for deter-
mining a differential signal on the basis of the
compressed signal parameters,

- anintegrating arrangement (58), coupled to the
differential arrangement, for integrating the dif-
ferential signal with respect to frequency, and

- atime-averaging arrangement (59), coupled to
the integrating arrangement, for generating the
quality signal by integrating the integrated dif-
ferential signal with respect to time,

characterized in that the combining circuit further
comprises

- a comparing arrangement (60) for comparing
at least one of said signals with an other signal,
and

- a selecting arrangement (61) for, in depend-
ence of the comparison result, making a selec-
tion.

Device according to Claim 1, characterized in that
the comparing arrangement and the selecting ar-
rangement are situated between the integrating ar-
rangement and the time-averaging arrangement for
comparing, per time-interval, the integrated differ-
ential signal with the other signal having a prede-
fined value and for in case the integrated differential
signal being larger than the other signal supplying
the integrated differential signal to the time-averag-
ing arrangement and for in case the integrated dif-
ferential signal being smaller than the other signal
not supplying the integrated differential signal to the
time-averaging arrangement.

Device according to Claim 1, characterized in that
the comparing arrangement and the selecting ar-
rangement are coupled to an output of the time-av-
eraging arrangement for comparing a quality signal
associated with a left channel of the signal process-
ing circuit with a quality signal associated with a
right channel of the signal processing circuit and for
selecting the quality signal having the largest value.

Device according to Claim 3, characterized in that
in case the quality signal associated with the right
channel being larger than a sum of the quality signal
associated with the left channel and a signal having
a further predefined value the quality signal associ-
ated with the right channel is selected and in case
the quality signal associated with the right channel
being smaller than a sum of the quality signal asso-
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ciated with the left channel and the signal having
the further predefined value the quality signal asso-
ciated with the left channel is selected.

Device according to Claim 4, characterized in that
the selecting arrangement is provided with a multi-
plying arrangement for multiplying the selected
quality signal with a signal having a value which de-
pends upon at least a correlation between integrat-
ed differential signals associated with the left chan-
nel and integrated differential signals associated
with the right channel.

Device according to Claim 1, 2, 3, 4 or 5, charac-
terized in that the second series circuit is further-
more provided with

- asecond signal processing arrangement, cou-
pled to the second input, for generating a sec-
ond signal parameter as a function of both time
and frequency, the second compressing ar-
rangement being coupled to the second signal
processing arrangement in order to compress
the second signal parameter.

Device according to Claim 1, 2, 3, 4, 5 or 6, char-
acterized in that a signal processing arrangement
is provided with

- amultiplying arrangement for multiplying in the
time domain a signal to be fed to an input of the
signal processing arrangement by a window
function, and

- a transforming arrangement, coupled to the
multiplying arrangement, for transforming a sig-
nal originating from the multiplying arrange-
ment to the frequency domain, which trans-
forming arrangement generates, after deter-
mining an absolute value, a signal parameter
as a function of time and frequency.

Device according to Claim 1, 2, 3, 4, 5 or 6, char-
acterized in that a signal processing arrangement
is provided with

- a subband filtering arrangement for filtering a
signal to be fed to an input of the signal
processing arrangement, which subband filter-
ing arrangement generates, after determining
an absolute value, a signal parameter as a
function of time and frequency.

Device according to Claim 7 or 8, characterized in
that the signal processing arrangement is further-
more provided with

- aconverting arrangement for converting a sig-
nal parameter represented by means of a time



10.

1.

12,

13.

23

spectrum and a frequency spectrum into a sig-
nal parameter represented by means of a time
spectrum and a Bark spectrum.

Method for determining the quality of an output sig-
nal to be generated by a signal processing circuit
with respect to a reference signal, which method
comprises the following steps of

- generating a first signal parameter as a function
of time and frequency in response to the output
signal,

- compressing a first signal parameter and gen-
erating a first compressed signal parameter,

- generating a second compressed signal pa-
rameter in response to the reference signal,

- determining a differential signal on the basis of
the compressed signal parameters, and

- generating a quality signal by integrating the
differential signal with respect to frequency and
time,

characterized in that the method furthermore com-
prises the following step of

- comparing at least one of said signals with an
other signal, and making a selection in depend-
ence of the comparison result.

Method according to Claim 10, characterized in
that the step of comparing comprises the step of

- comparing, per time-interval, the differential
signal which has been integrated with respect
to frequency with the other signal having a pre-
defined value and in case the integrated differ-
ential signal being larger than the other signal
integrating said integrated differential signal
with respect to time and in case the differential
signal which has been integrated with respect
to frequency being smaller than the other signal
notintegrating said integrated differential signal
with respect to time.

Method according to Claim 10, characterized in
that the step of comparing comprises the steps of

- comparing a quality signal associated with a left
channel of the signal processing circuit with a
quality signal associated with a right channel of
the signal processing circuit, and

- selecting the quality signal having the largest
value.

Method according to Claim 12, characterized in
that in case the quality signal associated with the
right channel being larger than a sum of the quality
signal associated with the left channel and a signal
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having a further predefined value the quality signal
associated with the right channel is selected and in
case the quality signal associated with the right
channel being smaller than a sum of the quality sig-
nal associated with the left channel and the signal
having the further predefined value the quality sig-
nal associated with the left channel is selected.

Method according to Claim 13, characterized in
that the selected quality signal is multiplied with a
signal having a value which depends upon at least
a correlation between differential signals which
have been integrated with respect to frequency and
associated with the left channel and differential sig-
nals which have been integrated with respect to fre-
quency and associated with the right channel.

Method according to Claim 10, 11, 12, 13 or 14,
characterized in that the step of generating a sec-
ond compressed signal parameter in response to
the reference signal comprises the following two
steps of

- generating a second signal parameter in re-
sponse to the reference signal as a function of
both time and frequency, and

- compressing a second signal parameter.

Patentanspriiche

1.

Vorrichtung zur Bestimmung der Qualitat eines
Ausgangssignals, welches von einem Signalverar-
beitungsschaltkreis zu erzeugen ist, in Bezug auf
ein Referenzsignal, wobei die Vorrichtung versehen
ist mit einem ersten seriellen Schaltkreis mit einem
ersten Eingang zum Empfang des Ausgangssi-
gnals, weiter versehen ist mit einem zweiten seriel-
len Schaltkreis mit einem zweiten Eingang zum
Empfang des Referenzsignals und versehen ist mit
einem Kombinierschaltkreis, der mit einem ersten
Ausgang des ersten seriellen Schaltkreises und mit
einem zweiten Ausgang des zweiten seriellen
Schaltkreises verbunden ist, um ein Qualitatssignal
zu erzeugen, wobei der erste serielle Schaltkreis
versehen ist

- mit einer ersten Signalverarbeitungsanord-
nung (1), die mit dem ersten Eingang des er-
sten seriellen Schaltkreises verbunden ist, um
einen ersten Signalparameter als Funktion von
Zeit und Frequenz zu erzeugen, und

- mit einer ersten Komprimieranordnung (4), die
mit der ersten Signalverarbeitungsanordnung
verbunden ist, um einen ersten Signalparame-
ter zu komprimieren und um einen ersten kom-
primierten Signalparameter zu erzeugen,
wobei der zweite serielle Schaltkreis versehen
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ist

- mit einer zweiten Komprimieranordnung (5),
die mit dem zweiten Eingang verbunden ist, um
einen zweiten komprimierten Signalparameter
Zu erzeugen,
wobei der Kombinierschaltkreis (6) versehen
ist

- mit einer differenzierenden Anordnung (54,
56), die mit den zwei Komprimieranordnungen
verbunden ist, um ein Differenzsignal auf der
Basis der komprimierten Signalparameter zu
bestimmen,

- mit einer integrierenden Anordnung (58), die
mit der differenzierenden Anordnung verbun-
denist, um das Differenzsignal in Bezug auf die
Frequenz zu integrieren, und

- mit einer die Zeit mitteiInden Anordnung (59),
die mit der integrierenden Anordnung verbun-
denist, um das Qualitatssignal zu erzeugen, in-
dem das integrierte Differenzsignal in Bezug
auf die Zeit integriert wird,

dadurch gekennzeichnet, dass der Kombinier-
schaltkreis weiter umfasst:

- eine Vergleicheranordnung (60) zum Verglei-
chen von mindestens einem der besagten Si-
gnale mit einem anderen Signal, und

- eine Auswahlanordnung (61) zum Treffen einer
Auswahl in Abhéngigkeit von dem Vergleichs-
ergebnis.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Vergleicheranordnung und die
Auswahlanordnung zwischen der integrierenden
Anordnung und der zeitmittelnden Anordnung an-
geordnet sind, um je Zeitintervall das integrierte Dif-
ferenzsignal mit dem anderen Signal zu verglei-
chen, das einen vordefinierten Wert aufweist, und
dass im Falle, dass das integrierte Differenzsignal
grosser als das andere Signal ist, das integrierte
Differenzsignal zu der zeitmittelnden Anordnung
zugefiihrt wird, und dass im Falle, dass das inte-
grierte Differenzsignal kleiner als das andere Signal
ist, das integrierte Differenzsignal zu der zeitmit-
telnden Anordnung nicht zugefihrt wird.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Vergleicheranordnung und die
Auswahlanordnung mit einem Ausgang der zeitmit-
telnden Anordnung verbunden sind, um ein Quali-
tatssignal, welches einem linken Kanal des Signal-
verarbeitungsschaltkreises zugeordnet ist, mit ei-
nem Qualitatssignal zu vergleichen, welches einem
rechten Kanal des Signalverarbeitungsschaltkrei-
ses zugeordnet ist, und um das Qualitatssignal mit
dem grossten Wert auszuwahlen.
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Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dass im Falle, dass das Qualitatssignal,
das dem rechten Kanal zugeordnet ist, grésser ist
als eine Summe des Qualitatssignals, welches dem
linken Kanal zugeordnet ist, und einem Signal, wel-
ches einen weiteren vordefinierten Wert aufweist,
das Qualitatssignal, welches dem rechten Kanal
zugeordnet ist, ausgewahlt wird, und im Falle, dass
das Qualitatssignal, welches dem rechten Kanal
zugeordnet ist, kleiner ist als eine Summe des Qua-
litdtssignals, welches dem linken Kanal zugeordnet
ist, und einem Signal, welches einen weiteren vor-
definierten Wert aufweist, das Qualitatssignal, wel-
ches dem linken Kanal zugeordnet ist, ausgewahlt
wird.

Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Auswahlanordnung versehen ist
mit einer Multiplizieranordnung zum Multiplizieren
des ausgewahlten Qualitatssignals mit einem Si-
gnal, welches einen Wert aufweist, der von einer
Korrelation zwischen den integrierten differenzier-
ten Signalen, welche dem linken Kanal zugeordnet
sind, und den integrierten differenzierten Signalen,
welche dem rechten Kanal zugeordnet sind, ab-
hangt.

Vorrichtung nach Anspruch 1, 2, 3, 4 oder 5, da-
durch gekennzeichnet, dass der zweite serielle
Schaltkreis ferner versehen ist

- mit einer zweiten Signalverarbeitungsanord-
nung, die mit dem zweiten Eingang verbunden
ist, um einen zweiten Signalparameter als
Funktion von Zeit und Frequenz zu erzeugen,
wobei die zweite Komprimieranordnung mit der
zweiten Signalverarbeitungsanordnung ver-
bunden ist, um den zweiten Signalparameter
zu komprimieren.

Vorrichtung nach Anspruch 1, 2, 3, 4, 5 oder 6, da-
durch gekennzeichnet, dass eine Signalverarbei-
tungsanordnung versehen ist

- miteiner Multiplizieranordnung zum Multiplizie-
ren eines Signals, welches einem Eingang der
Signalverarbeitungsanordnung zuzufiihren ist,
mit einer Fensterfunktion im Zeitbereich, und

- mit einer Transformationsanordnung, die mit
der Multiplizieranordnung verbunden ist, um
ein Signal, welches von der Multiplizieranord-
nung stammt, in den Frequenzbereich zu trans-
formieren,

wobei die Transformationsanordnung nach der Be-
stimmung eines Absolutwertes einen Signalpara-
meter als Funktion von Zeit und Frequenz erzeugt.
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Vorrichtung nach Anspruch 1, 2, 3, 4, 5 oder 6, da-
durch gekennzeichnet, dass eine Signalverarbei-
tungsanordnung versehen ist

- mit einer Subbandfilteranordnung zum Filtern
eines Signales, welches einem Eingang der Si-
gnalverarbeitungsanordnung zuzufiihren ist,

wobei die Subbandfilteranordnung nach der Be-
stimmung eines Absolutwertes einen Signalpara-
meter als Funktion von Zeit und Frequenz erzeugt.

Vorrichtung nach Anspruch 7 oder 8, dadurch ge-
kennzeichnet, dass die Signalverarbeitungsan-
ordnung weiterhin versehen ist

- mit einer Konvertieranordnung zum Konvertie-
ren eines Signalparameters, der durch ein Mit-
tel eines Zeitspektrums und eines Frequenz-
spektrums dargestellt ist, in einen Signalpara-
meter, der durch die Hilfe eines Zeitspektrums
und eines Bark-Spektrums dargestellt ist.

Verfahren zur Bestimmung der Qualitat eines Aus-
gangssignals, welches von einem Signalverarbei-
tungsschaltkreis zu erzeugen ist, in Bezug auf ein
Referenzsignal, wobei das Verfahren die folgenden
Schritte umfasst:

- Erzeugen eines ersten Signalparameters als
Funktion von Zeit und Frequenz in Antwort auf
das Ausgangssignal,

- Komprimieren eines ersten Signalparameters
und Erzeugen eines ersten komprimierten Si-
gnalparameters,

- Erzeugen eines zweiten komprimierten Signal-
parameters in Antwort auf das Referenzsignal,

- Feststellen eines Differenzsignals auf der Ba-
sis der komprimierten Signalparameter, und

- Erzeugen eines Qualitatssignals durch Integra-
tion des Differenzsignals in Bezug auf Fre-
quenz und Zeit,

dadurch gekennzeichnet, dass das Verfahren
weiter den folgenden Schritt umfasst:

- Vergleichen von mindestens einem der besag-
ten Signale mit einem anderen Signal und das
Durchfiihren einer Auswahl in Abhangigkeit
von dem Vergleichsergebnis.

Verfahren nach Anspruch 10, dadurch gekenn-
zeichnet, dass der Schritt zum Vergleichen den
Schritt umfasst:

- Vergleichen je Zeitintervall des Differenzsi-
gnals, welches in Bezug auf die Frequenz inte-
griert worden ist, mit dem anderen Signal, wel-
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ches einen vordefinierten Wert aufweist, und im
Falle, dass das integrierte Differenzsignal grés-
ser ist als das andere Signal, das besagte inte-
grierte Differenzsignal in Bezug auf die Zeit zu
integrieren, und im Falle, dass das Differenzsi-
gnal, welches in Bezug auf die Frequenz inte-
griert worden ist, kleiner als das andere Signal
ist, das besagte integrierte Differenzsignal in
Bezug auf die Zeit nicht zu integrieren.

Verfahren nach Anspruch 10, dadurch gekenn-
zeichnet, dass der Schritt zum Vergleichen die
Schritte umfasst:

- Vergleichen eines Qualitatssignals, welches ei-
nem linken Kanal des Signalverarbeitungs-
schaltkreises zugeordnet ist, mit einem Quali-
tatssignal, welches einem rechten Kanal des
Signalverarbeitungsschaltkreises zugeordnet
ist, und

- Auswahl des Qualitatssignals mit dem gréssten
Wert.

Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass im Falle, dass das Qualitatssignal,
welches dem rechten Kanal zugeordnet ist, grosser
ist als eine Summe des Qualitatssignals, welches
dem linken Kanal zugeordnet ist, und einem Signal,
welches einen weiteren vordefinierten Wert auf-
weist, das Qualitatssignal, welches dem rechten
Kanal zugeordnet ist, ausgewahlt wird, und im Fal-
le, dass das Qualitatssignal, welches dem rechten
Kanal zugeordnet ist, kleiner ist als eine Summe
des Qualitatssignals, welches dem linken Kanal zu-
geordnetist, und dem Signal, welches den weiteren
vordefinierten Wert aufweist, das Qualitatssignal,
welches dem linken Kanal zugeordnet ist, ausge-
wahlt wird.

Verfahren nach Anspruch 13, dadurch gekenn-
zeichnet, dass das ausgewahlte Qualitatssignal
mit einem Signal multipliziert wird, welches einen
Wert aufweist, der mindestens von einer Korrelation
zwischen den Differenzsignalen, welche in Bezug
auf die Frequenz integriert worden sind, und dem
linken Kanal zugeordnet sind, und Differenzsigna-
len abhangt, welche integriert worden sind in Bezug
auf die Frequenz und dem rechten Kanal zugeord-
net sind.

Verfahren nach Anspruch 10, 11, 12, 13 oder 14,
dadurch gekennzeichnet, dass der Schritt des Er-
zeugens eines zweiten komprimierten Signalpara-
meters in Antwort auf das Referenzsignal die zwei
folgenden Schritte umfasst:

- Erzeugen eines zweiten Signalparameters in
Antwort auf das Referenzsignal als Funktion
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von sowohl Zeit und Frequenz, und
- Komprimieren eines zweiten Signalparame-
ters.

Revendications

Dispositif pour déterminer la qualité d'un signal de
sortie devant étre produit par un circuit de traite-
ment de signaux, par rapport a un signal de réfé-
rence, lequel dispositif est équipé d'un premier cir-
cuit série possédant une premiére entrée servant a
recevoir le signal de sortie et est équipé d'un second
circuit série possédant une seconde entrée servant
a recevoir le signal de référence et est pourvu d'un
circuit de combinaison, couplé a une premiére sor-
tie du premier circuit série et a une seconde sortie
du second circuit série, pour produire un signal de
qualité, lequel premier circuit série comporte

- unpremier agencement (1) de traitement de si-
gnaux, couplé a la premiére entrée du premier
circuit série, pour produire un premier parame-
tre de signal en fonction du temps et de la fré-
quence, et

- un premier agencement de compression (4)
couplé au premier agencement de traitement
de signaux, pour comprimer un premier para-
meétre de signal et pour produire un premier pa-
rameétre de signal comprimé,
lequel second circuit série comporte

- un second agencement de compression (5)
couplé ala seconde entrée pour produire un se-
cond parametre de signal comprimé,
ledit circuit de combinaison (6) comprend

- un agencement différentiel (54,56), couplé aux
deux agencements de compression, pour dé-
terminer un signal différentiel sur la base des
paramétres de signal comprimé,

- un agencement d'intégration (58) couplé a
I'agencement différentiel pour intégrer en fré-
quence le signal différentiel, et

- unagencement (59) de formation de la moyen-
ne dans le temps couplé a I'agencement d'in-
tégration, pour produire le signal de qualité par
l'intégration dans le temps du signal différentiel
intégré,

caractérisé en ce que le circuit de combinaison
comporte en outre

- unagencement comparateur (60) pour compa-
rer au moins I'un desdits signaux a un autre si-
gnal, et

- un agencement de sélection (61) pour réaliser
une sélection, en fonction du résultat de la com-
paraison.
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Dispositif selon la revendication 1, caractérisé en
ce que |'agencement comparateur et I'agencement
de sélection sont situés entre 'agencement d'inté-
gration et 'agencement de formation de la moyenne
dans le temps pour comparer, pour chaque interval-
le de temps, le signal différentiel intégré a l'autre
signal ayant une valeur prédéfinie et, dans le cas
ou le signal différentiel intégré a une valeur plus éle-
vée que l'autre signal, envoyer le signal différentiel
intégré a l'agencement de formation de la moyenne
dans le temps et, dans le cas ou le signal différentiel
intégré a une valeur plus faible que l'autre signal,
ne pas envoyer le signal différentiel intégré a I'agen-
cement de formation de la moyenne dans le temps.

Dispositif selon la revendication 1, caractérisé en
ce que l'agencement comparateur et I'agencement
de sélection sont couplés a une sortie de I'agence-
ment de formation de la moyenne dans le temps
pour comparer un signal de qualité associé a un ca-
nal de gauche du circuit de traitement des signaux
a un signal de qualité associé a un canal de droite
du circuit de traitement des signaux et pour sélec-
tionner le signal de qualité possédant la valeur plus
élevée.

Dispositif selon la revendication 3, caractérisé en
ce que dans le cas ou le signal de qualité associé
au canal de droite a une valeur plus élevée que la
somme du signal de qualité associé au canal de
gauche et d'un signal possédant une autre valeur
prédéfinie, le signal de qualité associé au canal de
droite est sélectionné et, dans le cas ou le signal de
qualité associé au canal de droite a une valeur in-
férieure a une somme du signal de qualité associé
au canal de gauche et du signal possédant l'autre
valeur prédéfinie, le signal de qualité associé au ca-
nal de gauche est sélectionné.

Dispositif selon la revendication 4, caractérisé en
ce que l'agencement de sélection est équipé d'un
agencement multiplicateur pour multiplier le signal
de qualité sélectionné par un signal ayant une va-
leur qui dépend au moins d'une corrélation entre
des signaux différentiels intégrés associés au canal
de gauche et des signaux différentiels intégrés as-
sociés au canal de droite.

Dispositif selon la revendication 1, 2, 3, 4 ou 5, ca-
ractérisé en ce que le second circuit série est en
outre équipé

- d'un second agencement de traitement de si-
gnaux, couplé a la seconde entrée, pour pro-
duire un second paramétre de signal en fonc-
tion a la fois du temps et de la fréquence, le
second agencement de compression étant
couplé au second agencement de traitement
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de signaux pour comprimer le second parameé-
tre de signal.

Dispositif selon la revendication 1, 2, 3, 4, 5 ou 6,
caractérisé en ce qu'un agencement de traitement
de signaux est équipé

- d'un agencement multiplicateur pour multiplier,
dans le domaine temporel, un signal devant
étre envoyé a une entrée de l'agencement de
traitement de signaux, par une fonction fenétre,
et

- un agencement de transformation couplé a
I'agencement multiplicateur pour transformer
un signal provenant de l'agencement multipli-
cateur en I'amenant dans le domaine des fré-
quences,

- lequel agencement de transformation produit,
aprés détermination d'une valeur absolue, un
parameétre de signal en fonction du temps et de
la fréquence.

Dispositif selon la revendication 1, 2, 3, 4, 5 ou 6,
caractérisé en ce qu'un agencement de traitement
de signaux est équipé

- d'un agencement de filtrage de bande secon-
daire pour filtrer le signal devant étre envoyé a
une entrée de I'agencement de traitement de
signaux,

- lequel agencement de filtrage de bande secon-
daire produit, aprés détermination d'une valeur
absolue, un paramétre de signal en fonction du
temps et de la fréquence.

Dispositif selon la revendication 7 ou 8, caractérisé
en ce que l'agencement de traitement de signaux
est en outre équipé

- d'un agencement de conversion pour convertir
un paramétre de signal représenté au moyen
d'un spectre temporel et d'un spectre de fré-
quences en un paramétre de signal représenté
au moyen d'un spectre temporel et d'un spectre
de Bark.

Procédé pour déterminer la qualité d'un signal de
sortie devant étre produit par un circuit de traite-
ment de signaux par rapport a un signal de référen-
ce, lequel procédé comprend les étapes suivantes
consistant a :

- produire un premier paramétre de signal en
fonction du temps et de la fréquence en répon-
se au signal de sortie,

- comprimer un premier paramétre de signal et
produire un premier paramétre de signal com-
primé,
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- produire un second parametre de signal com-
primé en réponse au signal de référence,

- déterminer un signal différentiel sur la base des
parameétres comprimés du signal, et

- produire un signal de qualité par intégration du
signal différentiel en fonction de la fréquence et
du temps,

caractérisé en ce que le procédé comprend en
outre I'étape suivante consistant a :

- comparer au moins l'un desdits signaux a un
autre signal et établir une sélection en fonction
du résultat de la comparaison.

Procédé selon la revendication 10, caractérisé en
ce que l'étape de comparaison comprend I'étape
consistant a

- comparer, pour chaque intervalle de temps, le
signal différentiel qui a été intégré en fréquen-
ce, a l'autre signal ayant une valeur prédéfinie,
et dans le cas ou le signal différentiel intégré a
une valeur plus élevée que l'autre signal, inté-
grer ledit signal différentiel intégré en fonction
du temps et dans le cas ou le signal différentiel,
qui a été intégré en fonction de la fréquence, a
une valeur plus faible que l'autre signal, ne pas
intégrer dans le temps ledit signal différentiel
intégre.

Procédé selon la revendication 10, caractérisé en
ce que |'étape de comparaison comprend les éta-
pes consistant a :

- comparer un signal de qualité associé a un ca-
nal de gauche du circuit de traitement de si-
gnaux a un signal de qualité associé a un canal
de droite du circuit de traitement de signaux, et

- sélectionner le signal de qualité possédant la
valeur maximale.

Procédé selon la revendication 12, caractérisé en
ce que dans le cas ou le signal de qualité associé
au canal de droite a une valeur plus élevée que la
somme du signal de qualité associé au canal de
gauche et du signal possédant une autre valeur pré-
définie, le signal de qualité associé au canal de droi-
te est sélectionné et, dans le cas ou le signal de
qualité associé au canal de droite a une valeur in-
férieure a une somme du signal de qualité associé
au canal de gauche et du signal possédant l'autre
valeur prédéfinie, le signal de qualité associé au ca-
nal de gauche est sélectionné.

Procédé selon la revendication 13, caractérisé en
ce que le signal de qualité sélectionné est multiplié
par un signal ayant une valeur qui dépend au moins
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d'une corrélation entre des signaux différentiels qui
ont été intégrés en fréquence et associés au canal
de gauche, et des signaux différentiels qui ont été
intégrés en fréquence et sont associés au canal de
droite.

Procédé selon larevendication 10, 11, 12, 13 ou 14,
caractérisé en ce que I'étape de production d'un
second parametre de signal comprimé en réponse
au signal de référence comprend les deux étapes
suivantes consistant a :

- produire un second paramétre de signal en ré-
ponse au signal de référence en fonction a la
fois du temps et de la fréquence, et

- comprimer un second paramétre de signal.
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