
EP 0 297 461 1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention The present invention relates to an amplitude
compressing/expanding circuit which is suitable for use in signal
processing circuits of electronic appliances such as a compact disc (CD)
player and a tape recorder. 10  PriorArt It has so far been practiced in
digital audio signal reproducing apparatus such as CD players and digital
audio tape recorders (DAT) that an audio signal recorded, after being
digitized, on a recording medium is re- produced and thereafter demodulated
into a corresponding analog signal, whereby, a high-quality audio signal 15
with little noise over a wide dynamic range is obtained. There is however a
problem that an audio signal obtained from such digital audio signal
reproducing ap- paratus has an unwanted wide dynamic range when, for
example, it Is to be recorded by a conventional analog type tape recorder.
That Is, because of its unnecessary wide dynamic range, when the reproduced
analog signal Is recorded 20  by an analog tape recorder, the signal
waveform of this audio signal is produced distortion at Its higher signal
level portion or its SN (signal-to-noise) ratio suffers deterioration,
conversely, at its lower signal level portion. Further, in the case where a
CD player or the like is played back where there Is background noise, such
as within an automobile, there arises another problem that the signal
portion at the lower signal level is lost in the background noise and
becomes inaudible, or, conversely, the signal portion at the higher signal
level pro- 25  duces excessively large volume of sound. To solve such
conventional problems, one of better solutions is to reduce the dynamic
range of the audio signal obtained from the digital audio signal
reproducing apparatus. That is, as shown In Fig. 1, In an input signal
constructed of an audio signal converted Into an analog signal, the input
signal at the level lower than -30 dB of the peak level may be output as an
output signal whose signal so  level varies proportionally to the variation
In the signal level of the input signal with a constant of proportion of 1.
On the other hand, the Input signal in the range higher than -30 dB may be
output such that it varies pro- portionally to the variation in the signal
level of the input signal with a constant of proportion of, for example,
1/2. 35      By so doing, an Input-output characteristic having the ratios
of amplitude compression CR of values 1 and 2 in their respective ranges on
both sides of the point at -30 dB (hereinafter this point will be referred
to as a threshold point, or level) Is obtained, and thus, the dynamic range
of the audio signal as a whole can corre- spondingly be made narrower. To
obtain such an amplitude compressing and expanding effect, there os a prior
art method using an am- 40  plitude compressing/expanding circuit of the
structure as shown in Fig. 2. That Is, an input signal [err] is Input to an
amplitude modulation circuit 3 through a delay circuit 2 and it is also
input to a control signal generator circuit 4. The control signal generator
circuit4 detects the signal level of the input signal and, based upon the
result of the detection, outputs a control signal SG, of which signal level
changes in accordance with the signal level 45  of the Input signal [err],
to the amplitude modulation circuit 3. The amplitude modulation circuit 3
is constructed of a multiplier circuit, VCA(voltage controlled amplifier),
or the like and, by having the input signal [err] amplitude-modulated by
the control signal [err], provides an output signal [err] whose signal
level is corresponding to the input signal [err] and changed according to
the signal level of the control signal [err]. 50     It should be noted
that the delay circuit 2 is provided so that no overshoot may occur in the
output signal [err]. Now, representing the amplitude of the Input signal
[err] by [err] and the amplitude of the output signal [err]  by "y", the
amplitude compression ratio CR can be expressed as: [err]   (1) 55
Therefore, in the control signal generator circuit 4, the amplitude y of
the output signal [err] of which ampli- tude compression ratio CR applied
to the amplitude x of the input signal [err] below the threshold point is a
value of 1 is expressed as 2   



EP 0 297 461 B1 [err] 10      Therefore, corresponding to the coefficient 1
of the right side, by outputting the control signal SG so that the gain "g"
in the amplitude modulation circuit 3 may become value 1 as expressed by g
= 1, (3) the characteristic providing the amplitude compression ratio CR of
value 1 in the region below the threshold point can be obtained. 15     In
contrast thereto, In the case where the output signal [err], of which the
amplitude compression ratio CR applied to the amplitude x of the input
signal [err] in the range above the threshold point is of a value of 2, is
to be obtained, the amplitude "y" of the output signal [err] and the gain
"g" in the amplitude modulation circuit 3 are given by 20 [err] Therefore,
by outputting the control signal [err] so that the gain g in the amplitude
modulation circuit 3 may become [err], an input/output characteristic
providing the amplitude compression ratio CR of the value of 2 In 35  the
range above the threshold point can be obtained. As a concrete example, the
control signal generator circuit 4 may be structured as shown in Fig. 3.
That is, the input signal [err] is input through an absolute value circuit
5 to an envelope detector circuit 6 and thereby a detection signal [err]
proportional to the signal level of the input signal [err] is obtained, and
this signal is then subjected to logarithmic conversion in a logarithmic
converter circuit 7 and output to an adder circuit 9. 40      A clipping
circuit 8 receives a summation signal of the logarithmically-converted
detection signal [err] and a threshold point signal [err] provided through
an adder circuit 9, and clips the summation signal below a value of O and
output the thus obtained clipped signal [err] to a multiplier circuit 10.
Thus, setting the threshold point signal [err] to a predetermined value
enables a clipped signal [err] to be obtained, of which signal levels
varies with respect to both sides of the signal level of the input signal
[err] to be 46  determined by the threshold point signal [err]. The
multiplier circuit 10 receives both the dipped signal [err] and a
compression ratio controlling signal Sp and outputs a product signal
thereof to the amplitude modulation circuit 3 through an exponential
converter circuit 11. Here, if the signal level of the input signal [err]
at the threshold point (-30 dB in the present case) is expressed 50  by "Y"
with respect to the signal level, represented by H, of the output signal
output from the logarithmic con- verter circuit 7 when the input signal
[err] Is at its peak level. Then if the threshold point signal [err] is
expressed as [err] accordingly, a clipped signal [err] whose signal level
varies with the signal level of the input signal [err] only when 55  the
signal level of the input signal [err] is larger than the signal level at
the threshold point can be obtained. As a result, In the range below the
threshold point, the dipped signal [err] which has been clipped at the
value of 0 through the clipper circuit 8 is obtained, and as a consequence,
a control signal [err] of the value of 1 corresponding to the value of 0 is
output through the exponential converter circuit 11. 3    EP 0 297 461 B1
Consequently, the gain of the multiplier circuit 3 is limited to 1 and
thereby, the output signal [err] of which amplitude compression ratio CR is
equal to the value of 1 as shown in equation (2) is obtained, and thus, the
input/output characteristic producing the amplitude compression ratio CR of
the value of 1 is obtained. On the other hand, in the range above the
threshold point, it will be satisfied if the gain of the multiplier 5
circuit 3 is arranged to become  [err] as indicated in equation (5). That
is, the below-mentioned control signal SG at the signal level expressed as
[err] (7) may be output with respect to the input signal [err]. More
particularly, if the compression ratio controlling signal Sp is supplied to
the multiplier circuit 10 so 10  that the gain therein may become the value
expressed as Ap = - (CR- 1)/CR   -1/2  (8) 



an output signal [err] whose amplitude is compressed by the compression
ratio CR (CR = 2 in the present case) in the range above the threshold
point can be obtained. Thus, an amplitude compressing/expanding circuit 1
of such an Input/output characteristic thatwill change 15  the amplitude
compression ratio CR from the value of 1 to the value of 2 when the signal
level of the input signal [err] Is increased across the signal level at -30
dB. However, in the above-described conventional circuit arrangement, there
arises a problem that the ampli- tude compression ratio CR abruptly changes
between the frontrange and the rear range of the threshold point, and
therefore, when the audio signal is reproduced in the conventional
amplitude compressing/expanding cir- 20  cuit 1, the reproduced sound
produces extremely unnatural feeling to listeners. To solve the above
problem, one conventional method has been proposed in such a manner that
the am- plitude compression ratio CR Is gently changed by gradually
changing the signal levels of the threshold point signal [err] and the
compression ratio controlling signal Sp in accordance with a change in the
signal level of the input signal while employing, for example, a ROM (read
only memory) table. 25      Also, another conventional method has been
proposed that the threshold point signal [err] and the compres- sion ratio
controlling signal Sp are controlled by the use of a control circuit of a
processing circuit arrangement, instead of ROM table. However, if such
conventional methods are used, there arises another problem that the
construction of the amplitude compressing/expanding circuit as a whole
becomes complex, and therefore, such methods are 30  not yet satisfactorily
practicable in the recent technology. Further, as the output signal [err]
of the above-described amplitude compressing/expanding circuit, there is
only obtained such a multiplied output signal [err], depending upon the
control signal SG provided from the control signal generator circuit 4, and
therefore, there is a problem that the operating characteristic cannot be
made variable according to the frequencies of the input signal. 35      The
capability of making the operating characteristic of amplitude
compressing/expanding function vari- able with the frequencies of the Input
signal will be widely applicable to various aspects of the art specifically
In handling audio signals. Forexample, itwill be applied tothe
compensationfortheaudio signal of compressed amplitude to make up for the
feeling of lack of the dynamic range according to the sense of hearing. An
amplitude expanding and/or compressing circuit for noise reduction purposes
Is described in GB-A-2 40  083 988. This circuit comprises the features of
the characterizing part of claim 1. The signal multiplier means is arranged
as a voltage-controlled amplifier which is located within a main path. The
output signal of the main path is added to the output signal of a sub-path
in an adder. SUMMARY OF THE INVENTION 45 Accordingly, it is an object of
the present invention to provide an improved amplitude expanderand/orcom-
pressor circuit which is free from above-mentioned drawbacks encountered in
the prior art circuit. It is another object of this Invention to provide an
improved amplitude expander and/or compressor circuit in which a desired
input/output characteristics can be obtained with a relatively simple
circuit construction. 50     An object of an embodiment of the present
invention is to provide an Improved amplitude expander and/or compressor
circuit in which an input/output characteristics can be controlled in
accordance with the frequen- cies of an input signal. Further object of
this invention is to provide an improved amplitude expander and/or
compressor circuit in which an input signal can be normalized in a high
speed with a simple circuit construction. 55      Still furtherobjectof
this Invention is to provide an improved amplitude expander and/or
compressorcircuit in which a smooth change in the amplitude compression
ratio near the threshold level of the input signal can be obtained with a
simple circuit construction. Yetfurtherobject of this invention is to
provide an improved amplitude expander and/orcompressor circuit 4    EP 0
297 461 B1 in which the amplitude compression ratio is changed smoothly
even with a plurality of amplitude compression changing points. The
invention is setout in claim 1. The dependent claims 2-8 contain
furtherembodiments ofthe invention. 5   BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding of these and other objects of the present
invention, reference is made to the 



following detailed description of the invention to be read in conjunction
with the following drawings, in which: Fig. 1 is a characteristic curve
diagram used for explaining problems in the prior art amplitude compress-
10     ing/expanding circuit; Figs. 2 and 3 are schematic block diagrams of
the conventional amplitude compressing/expanding circuit; Fig.4 is a
schematic block diagram of a basic circuit arrangementof an amplitude
compressing/expanding circuit according to the invention; Figs. 5 through
12 illustrate characteristic curve diagrams used for explaining various
operations of the 15      amplitude compressing/expanding circuit shown in
Fig. 4; Fig. 13 is a characteristic curve diagram for showing a loudness
curve; Figs. 14 and 15 are characteristic curve diagrams for explaining
operations of amplitude compressing/ex- panding circuits according to other
preferred embodiments; Fig. 16 is a schematic block diagram of one example
of the control signal generator shown in Fig. 4; 20      Fig. 17 is a
characteristic curve diagrams used for explaining operations of the
amplitude compressing/ex- panding circuit shown in Fig. 16; Figs. 18 and 20
are schematic block diagrams for showing a portion of the equivalent
circuit shown in Fig. 16; Figs. 19 and 21 are characteristic diagrams used
fordescribing the operation of the control signal generator 25
illustrated in Fig. 16; Figs. 22 and 23 represent data example used for
explaining the operation of the control signal generator shown In Fig. 16;
Fig. 24 is a schematic block diagram of a control signal generator
according to another preferred embodi- ment; 30      Fig. 25 is a circuit
diagram of a portion of the amplitude compressing/expanding circuit shown
in Fig. 4; Fig. 26 is a schematic block diagram for illustrating an
equivalent circuit of the circuit shown in Fig. 25; Fig. 27 to 30 are
characteristic curve diagrams used for explaining the operations of the
circuit shown in Fig. 25; Fig. 31 is a schematic block diagram of an
amplitude compressing/expanding circuit according to another 35
preferred embodiment of the invention; Fig. 32 is a schematic block diagram
of an equivalent circuit of the circuit shown in Fig. 31; Fig. 33 is a
schematic block diagram of an amplitude compressing/expanding circuit
according to a modi- fled preferred embodiment of the invention; and, Fig.
34 is a characteristic curve diagram used for explaining operations of the
circuit shown in Fig. 33. 40 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT One preferred embodiment according to the invention will now be
described with reference to the accom- panying drawings. 45     It should
be noted thatthesame reference numerals shown in Fig. 2 will be employed as
thosefordenoting the same or similar circuit elements shown in Fig. 4. In
the circuit arrangement shown in Fig. 4, 20 denotes an amplitude
compressing/expanding circuit as a whole and the input signal [err] and the
output signal [err] of the multiplier circuit 3 are received by an adder
circuit 21 and a difference signal [err] therebetween is supplied to a
multiplier circuit 22. 50      The multiplier circuit 22 receives the
control signal [err] as well as the difference signal [err] and supplies a
product (multiplied) output signal of these signals to an adder circuit 25
through a filter circuit 23 and an am- plifier circuit 24. As a result, in
the adder circuit 25, when the multiplier circuit 3 Is operated under the
condition of an am- plitude compressing operation with its gain set below
1, an output signal [err] whose phase is put in inverse re- 55  lationship
to with that of the output signal [err] through the amplifier circuit 24 is
obtained, and the summation signal [err] of these outputs signals [err] and
[err] is delivered therefrom as its output signal. That is, the amplitude
compressing/expanding circuit 20 according to one preferred embodiment is
con- structed of a main pass circuit made up of the multiplier circuit 3
for amplifying the input signal [err] by the gain 5    EP 0 297 461 B1
corresponding to the control signal [err] and for outputting the amplified
signal therefrom, and a sub-pass circuit 



receiving the difference signal [err] and outputting the signal through the
signal processing circuit 26 constructed of the multiplier circuit 22,
filter circuit 23, and the amplifier circuit 24. Therefore, in the case
where the signal level of the input signal [err] is below the threshold
point or level, the 5   gain "g" of the multiplier circuit 3 is set to a
value of 1, and hence, the signal level of the difference signal SR is kept
at a value of 0, whereby the output signal [err] obtained by way of the
main pass circuit is output through the adder circuit 25. On the other
hand, if the signal level of the input signal [err] rises across the
threshold point, the gain "g" of the multiplier circuit 3 is switched to
1/2, and hence, the rise in the above-described signal level follows a rise
10  in the signal level of the difference signal SR, whereby the signal
level of the output signal [err] provided by way of the sub-pass circuit is
increased, and the proportion of the output signal [err] to the output
signal [err] is cor- respondingly increased. Thus, by setting the
input/output characteristic of the signal processing circuit 26 forming the
sub-pass circuit to a suitable value, it is possible to obtain a desired
input/output characteristic which will provide gradual 15  variation in the
signal level, describing a gentle curve, of the output signal [err] while
the signal level of the input signal [err] is increased. Now, by letting
both the gain of the multipliercircuit 3 and thatof the multipliercircuit22
be "g" respectively, while representing a transferfunction of the filter
circuit 23 by F([err]) and the gain of the amplifier circuit 24 by "A", an
output signal [err], whose amplitude [err] is given by the following
equation, is obtained through the mul- 20  tiplier circuit 3 [err] = gx (9)
As a consequence, a difference signal SR whose amplitude [err] is given by
the following equation can be obtained through he adder circuit 21 [err] gx
- x                     ...(10) 30  and an output signal [err] whose
amplitude [err] is given by the following equation can be obtained through
the signal processing circuit 26 [err] Therefore, based on equations (9)
and (11), an output signal [err] whose amplitude [err] is given by the fol-
40  lowing equation can be obtained [err] Then, letting the amplitude "x"
and a transferfunction F([err]) be x = 1, and F([err]) = 1 respectively, if
the gains 50  "g" of the multiplier circuits 3 and 22 are changed between
values 0 to 1, It becomes possible to know output characteristics of the
amplitude compressing/expanding circuit20 atthe times when the signal level
of the input signal [err] is kept constant and the amplitude compression
control signal [err] is varied. That is, substituting these equations
F([err]) = 1  (13) 55                                          x = 1  (14)
in equation (12), we obtain [err] Then, the output characteristics, as
shown in Fig. 5, are obtained, in which, while the gain "g" is varied 6
EP 0 297 461 B1 between the value of 0 an a value of 1, the gain of the
amplitude compressinglexpanding circuit 20 as a whole is maximum at the
gain "g" of a value of 0.5 and the gain of the circuit as a whole increases
as the gain "A" of the amplifier circuit 24 is increased. Further, when the
gain A is kept at the value of 0, if the gain g is changed from the value
of 0 to the value 5   of 1, an output characteristic, in which the gain
linearly increases therewith, of the main pass circuit only is obtained,
and when the gain A is of other values than "0", the gains of the sub-pass
circuit are superposed on the gain of the main pass circuit, and thereby,
all the characteristics obtained have ascending inclinations to- ward the
right shown in the characteristic curve diagram of Fig. 5. Thus, by
controlling the gain of the sub-pass circuit, the gain of the amplitude
compressinglexpanding cir- 10  cuit 20 as a whole can be controlled, and
therefore, the output signal [err] varying with a desired input/output
characteristic corresponding to the provision of the sub-pass circuit for
the main pass circuit can be obtained. 



In the circuit arrangement of Fig. 4, If the transfer function F([err]) of
the filter circuit 23 is set to a value of 1, an operating characteristic
providing a smooth change of the amplitude compression ratio CR is
obtained, and further, by setting the gain Aof the amplifier circuit 24 to
a specific value, It becomes possible to perform 15  both the amplitude
compressing operation and amplitude expanding operation at the same time.
Here, the preferred embodiment will be examined as to the case where the
threshold point is set to 0 dB and the amplitude compression ratio CR is to
a value of 2. In this case, it will be satisfied if the gain of the
multiplier circuit 3 in the range above the threshold point is set to the
value of x- [err] according to equation (5), and hence, the gain of the
multiplier circuit 22 will also be 20  set to the value of [err] in the
range above the threshold point. Then, in the range below the threshold
point, the amplitude [err] of the difference signal [err] takes a value of
0, and therefore, an output signal [err] proportional to the input signal
[err] as shown in Figs. 6 and 7 is obtained. Whereas, in the range above
the threshold point, by substituting F([err]) = 1  (16) 25
g = x- [err]  (17) in equation (12), we obtain the relationship expressed
as [err] 30 In this case, if the gain A Is in the vicinity of the value of
1, it is know, when the signal level of the Input 35  signal [err] is
increased overthe threshold point, thatthevariation in the signal of the
output signal [err] is gradually decreases and it becomes parallel to the
characteristic for the amplitude compression ratio CR of a value of 2
(namely, parallel to the input/output characteristic represented by a
straight line when the gain A is the value of 0). Thus, it Is made possible
according to the preferred embodiment to obtain an input/output
characteristic 40  providing such amplitude compressing action that the
amplitude compression ratio CR will slowly change from the value of 1 to
the value of 2 after the signal level has crossed over the threshold point.
On the other hand, in the case where the gain Abecomes higherthan 3, such
an input/output characteristic Is obtained that the change in the signal
level of the output signal [err] in relation to the signal level of the
input signal [err] abruptly increases when the signal exceeds over the
threshold point, but, after the amplitude com- 45  pression ratio CR has
changed from the value of 1 to a value smaller than 1 (namely, after an
amplitude ex- panding operation is performed), an input/output
characteristic which gradually becomes as parallel to the in- put/output
characteristic represented by the straight line when the gain A Is of the
value of 0, or cause the am- plitude compression ratio CR to approach the
value of 2, is obtained. It is apparent that the greater a change becomes,
the larger the gain A becomes. 50      As a consequence, a desirable
input/output characteristic can be obtained according to the preferred em-
bodimentwhich provides amplitude expansion effect afterthe threshold point
has been crossed and then slow- ly turns to provide amplitude compression
effect. Now, another case where the amplitude compression ratio CR is
further increased to 100, will now be ex- amined. In this case, CR = 100
will be substituted in equation (5) and then we will obtain: 55
[err] If this value is substituted for x- [err] in equation (18), we will
obtain the relationship as expressed as 7    EP 0 297 461 B1 [err] 5 Mao in
this case, similarly to the case of Figs. 3 and 4, input/output
characteristics as shown in Figs. 8 and 9 are obtained which, when the gain
A is a value of 0, provides linearly varying amplitude compression ratio CR
in the range beyond the threshold point, and when the gain A is in the
vicinity of a value of 1, provides gently varying amplitude compression
ratio CR from the value of 1 to the value of 100. 10      On the other
hand, If the gain A is larger than the value of 2, such input/output
characteristics are obtained which provide amplitude expansion effect to
the degrees corresponding to respective values of the gain Aand then slowly
turn to provide the amplitude compression effect. Now, a description will
now be given of amplitude compressing/expanding operation in a case where a
band-pass filter having a frequency characteristic as shown in Fig. 10 is
used as the filter circuit 23 in the circuit 



15  arrangement of Fig. 4. That is, the filter circuit 23 is constructed of
a band-pass filter circuit whose center frequency is 2 - 3 KHz and is
attenuating at 6 dB/OCT. In this case, if the gain A of the amplifier
circuit 24 is set to a value of 1 and the amplitude compression ratio CR is
set to a value of 2, the following relationship is obtained from equation
(12) 20 [err] 25 Since the first term of the right side of equation (21)
Includes the transfer function F([err]), it is known that the amplitude
compressing/expanding operation will change according to the frequency
characteristic of the filter circuit 23. That is, it is known form Fig. 11
that the amplitude compression ratio CR changes toward a value of 2 as so
the signal level of the input signal [err] is increased over the threshold
point at 0 dB, and further, that the above- described change occurs slower,
the closer to the center frequency of the band-pass filter the frequency
is. Further, if a case where certain input levels of input signal [err] are
input is expressed with the frequency taken along the axis of abscissa as
shown in Fig. 12, it is known that the amplitude compressing/expanding
operation varies in the range up to around 15 dB of the input signal [err]
but the amplitude compression ratio 35   CR becomes constant at the value
of 2 in the range after the input signal [err] has exceeded over the level
of around 20 dB. Thus, it becomes possible according to the preferred
embodiment to obtain an amplitude compressing/ex- panding circuit having an
input/output characteristics with providing amplitude compressing/expanding
action varying with the frequency of the input signal [err]. 40
Referring now to Fig. 4, it will be arranged such that the gain A of the
amplifier circuit 24 is set to around a value of 1 and a band-pass filter
having its center frequency around 4 kHz, at which highest sensitivity to a
listener is obtained, is used for the filter circuit 23. If so arranged in
this way, as described with reference to Figs. 11 and 12 above, an
input/output charac- teristic providing slowly changing
amplitudecompression ratio as the signal level of the inputsignal is
increased 45  over the threshold point is obtained. Therefore, it is made
possible to obtain an audio signal with a compressed dynamic range adapted
such that the unnaturalness in the reproduced sound due to an abrupt change
in the amplitude compression ratio, is prevented from occurring. Further it
is enabled to obtain an input/output characteristic providing different
amplitude compressing op- 50  eration according to the frequencies of the
input signal [err], so that it becomes possible to cause the amplitude
compression operation to be started most slowly when the input signal [err]
is increased in level, and also the frequency of the Input signal [err]
comes to agree with the center frequency of the band-pass filter at 4 kHz.
Therefore, on the whole, the reduction in the dynamic range at around the
center frequency of 4 kHz can be made correspondingly smaller than the
reduction in the dynamic range at the other frequencies. 55      In
reality, the human hearing is most sensitive to the frequency of 4 kHz as
shown in Fig. 13, and therefore, when the dynamic ranges at other
frequencies than the frequency of 4 kHz are reduced, a lack of dynamic
range on the whole in the reproduced sound felt by the sense of hearing can
be reduced correspondingly if then the dynamic range at around the
frequency of 4 kHz is not reduced so much, and thus, the feeling of a 8
EP 0 297 461 B1 lack of the dynamic range can be compensated for as sensed
by hearing. Therefore, not only the dynamic range of an audio signal
obtained from a digital audio signal reproducing apparatus can be reduced
without inducing unnaturalness, but also the resultant feeling of reduction
in the dynamic range sensed by hearing can be reduced. 5      Hence, even
when an audio signal obtained from a digital audio signal reproducing
apparatus is heard where there is present background noise, where the
volume of sound is not allowed to be made greater, or the like, the
reproduced signal can be heard satisfactorily. Moreover, when the signal is
recorded by an analog tape recorder, the recording can be be performed free
from such troubles as deterioration In the S/N ratio and distortion of
waveform. 10      According to the above-described circuit arrangement by
constructing the signal processing circuit of an 



amplifier circuit, multiplier circuit, and a band-pass filter circuit, and
by selecting the gain of the signal proc- essing circuit at a predetermined
value, an input/output characteristic can be obtained providing slow change
in the amplitude compression ratio as the signal level of the inputsignal
is increased and varying the amplitude compression action with the
frequencies of the Input signal. 15      Therefore, it is made possible
according to the preferred embodiment to compress the dynamic range of an
audio signal having a wide dynamic range as well as to reduce the feeling
of a lack of dynamic range. In the circuit arrangement of Fig. 4, a
low-pass filter circuit may be used in lieu of the band-pass filter em-
ployed in the first preferred embodiment of the invention. By so arranging,
such an input/output characteristic can be obtained which, as shown in Fig.
14, provides 20  the amplitude compression action to be started in the
range where the signal level of the input signal becomes lower, the higher,
the frequency of the input signal is. In practice, there is a problem with
a magnetic tape of an analog system, as shown in Fig. 15, that the output
level of the recorded signal, when thefrequency of the recorded signal
becomes higher, is lowered even if the signal level of the recorded signal
is increased higher than a specific value due to self-demagnetizing 25
action. Therefore, by arranging such that the recorded signal is supplied
to the recording head through the am- plitude compressing/expanding circuit
according to the preferred embodiments, in which the amplitude com-
pressing operation is started earlier in the rise of the signal level of
the Input signal, the higher the frequency of the input signal Is, the
lowering of the output level due to the self-demagnetizing action can
correspondingly 30  be prevented from occurring. Although the preferred
embodiments were described In the foregoing as to their cases where either
the band-pass circuit orthe low-pass filter circuit was used fortheirfilter
circuit, the present Invention is not limited to that, but a high-pass
filter, trap filter, or the like may be used as the need arises. Although
the embodiments were described above as to their cases where the filter
circuit was used for 35 providing the amplitude compression function
varying with the frequencies of the input signal, the present in- vention
is not limited to that, but the signal processing circuit may be formed of
a multiplier circuit only. In such a case, an amplitude
compressing/expanding circuit can be obtained of which the input/output
char- acteristic allows the amplitude compression ratio to be smoothly
varied across the threshold point The signal processing circuit may be
provided with either the amplifier circuit or the filter circuit only. 40
When only the amplifier circuit is provided therefore, by setting the gain
of the amplifier circuit to a desired value, such an input/output
characteristic can be obtained which provides the amplitude compressing
function only when the level of the input signal comes within a specific
range. Also, in the case where only the filter circuit is used, when the
signal level of the input signal is changed and the signal level of the
difference signal is therefore changed, the signal level of the difference
signal com- 45 ponent passed through the filtercircuit to be added to the
output signal of the main pass circuit correspondingly changes, and
therefore, an Input/output characteristic which provides a frequency
characteristic varying with the signal level of the input signal can be
obtained. Hence, in this case, if It is arranged such that a low-pass
filter circuit is used for the filter circuit, the high-
frequencycomponentof the inputsignal can be emphasized, or if a band-pass
filter is used instead, the signal 50 component of the pass band of the
band-pass filter circuit can be emphasized. As a result, if the
arrangements of the above-described first and second preferred embodiments
are modi- fied so as to use only the filter circuit, the similar effects to
those obtained by the first and second preferred embodiments will be
obtained by use of simpler constructions as a whole. A dipping circuit may
be used In the signal processing circuit By such a circuit arrangement, the
output 55  signal from the signal processing circuit can be clipped ata
predetermined signal level, and therefore, it is made possible
correspondingly to provide a desired change to the input/output
characteristic of the amplitude com- pressing/expanding circuit as a whole.
Although the above-described preferred embodiments were described as to
their cases where the ampli- 9    EP 0 297 461 B1 tude compression ratio CR
was setto the value of 1 In the range belowthethreshold point, the present
invention is not limited to that, but the amplitude compression ratio CR
below the threshold point can be set to other value than 1. 



In such a case, by adapting such that a difference signal is obtained In
the signal processing circuit when 5   an input signal whose signal level
exceeds above the threshold point is input, an Input/output characteristic
can be achieved with providing the amplitude compression ratio CR smoothly
continuing from the aforesaid value below the threshold point to change
into a desired amplitude compression ratio. Further, in that case, if the
amplitude compression ratio CR is set to a value less than 1, such an
input/out- put characteristic is obtained that provides an amplitude
expanding function in the range below the threshold 10  point and an
amplitude compressing function in the range across the threshold point
slowly changing from the amplitude expanding function. Further, by setting
the gain "A" to a value larger than 2 and using only the range above the
threshold point, an input/output characteristic can be obtained which
provides slowly changing functions from an amplitude expanding function at
an amplitude compression ratio CR dependent upon the gain "A" to an
amplitude com- 15  pressing function atan amplitude compression ratio CR
determined byan amplitude compression ratio control signal [err]. Although
the above preferred embodiments were described as to the cases where the
control signal was produced according to the signal level of the input
signal, the present invention is not limited to be applied to such an
arrangement, but may be applied to an amplitude compressing/expanding
circuit wherein the control 20 signal is produced according to the signal
level of the output signal. Further, in a digital audio signal processing
system, by disposing such an amplitude compressing/expand- ing circuit
employing a low-pass filter circuit in front of an encoder for the purpose
of coding, the unpleasant sound to the ear due to quantization noise at the
time of reproduction of female frictional sound, such as that formed of
female audio signal when "sa" is pronounced, can be prevented from
occurring. 25      Referring now to Fig. 16, a circuit arrangement of the
control signal generator circuit shown in Fig. 4 will be described in
detail. In this circuit, digital information is supplied as the input
signal [err]. Therefore, this control signal generator circuit performs the
digital signal processing. In the control signal generator circuit of the
amplitude compressing/expanding circuit, as illustrated in Fig. 16, a
signal processing circuit 112 receives an absolute value signal S1 formed
of a sequence of digital infor- 30   mation outputfrom the absolutevalue
circuit 5 through the envelopedetectorcircuit 111 atthesignal processing
circuit 112, and also output both normalized digital signals [err] and
[err] to the logarithmic converter circuit 7 (see Fig. 3). Therefore, as
shown in Fig. 17, the envelope detector circuit 111 sequentially receives
the absolute value signal S1, which is output from the absolute value
circuit 5 based upon the digital audio signal [err] and is made 35   up of
16 positive bits formed of two's compliment data, and then outputs a
digital product signal S2, which rises, or falls, in a predetermined attack
time, or recovery time, dependent upon the variation in the values of the
absolute value signal S1, to the signal processing circuit 112. That is, in
the envelope detector circuit 111, a subtractor circuit 113 receives the
absolute value signal S1 and a delayed envelope detection signal DS2, by
way of a delay circuit 114, which is a signal obtained by de- 40 laying by
one clock period, a digital productsignal S2 corresponding to the absolute
value signal S1, and there- upon, outputs a difference signal [err] between
the absolute value signal S1 and the delayed envelope detection signal DS2
to both a multiplier circuit 115 and a mode detector circuit 118.
Therefore, the difference signal [err] of a positive value is produced when
the value of the absolute value signal S1 is larger than that of the
delayed envelope detection signal DS2, whereby it can be detected that the
45  amplitude of the digital audio signal [err] Is in an increasing
condition. Conversely, when the value of the absolute value signal S1 is
smaller than that of the delayed envelope detection signal DS2, the
difference signal [err] of a negative value is produced and it is known
that the amplitude of the digital audio signal [err] Is in a decreasing
condition. A mode detector circuit 118 detects the value of the difference
signal [err] and when the value of the dif- 50  ference signal [err] is
positive or zero (hereinafter to be referred to as the "attack mode"),
switches the value of the attack time control signal SAso that the gain
ofthe multipliercircuit 115 is controlled to become value 0.02. In contrast
thereto, when the value of the difference signal [err] is negative
(hereinafter to be referred to as the "recovery mode"), the gain of the
multiplier circuit 115 is controlled to become zero. As a result, while an
outputsignal whosevalue is the value of the difference signal [err] between
the delayed 55   envelope detection signal DS2 and the absolute value
signal S1 multiplied by 0.02 is obtained in the attack mode, the output
signal is set to zero in the recovery mode. On the other hand, a multiplier
circuit 116 receives the delayed envelope detection signal DS2 and simul-
taneously a recovery time control signal SR, and then outputs an output
signal whose value is 0.9998 times 10 



EP 0 297 461 B1 as large as that of the delayed envelope detection signal
DS2. An adder circuit 117 adds up the output signals of the
multipliercircuits 115 and 116 and outputs the sum- mation as the digital
product signal S2. Therefore, the envelope detector circuit 111 in the
recovery mode can be represented by an equivalent 5   circuit as shown in
Fig. 18, and by denoting the value of the digital product signal S2 by
y(n), the value of the delayed envelope detection signal DS2 by y(n-1), and
the gain of the multipliercircuit 116 by [err], a relationship as expressed
below is obtained y(n) = KR  y(n - 1) (3) As a result, even when the value
of the absolute value signal S1 changes from its maximum value to mini- 10
mum value, such a digital product signal S2 that slowly decreases in a
value corresponding to the gain KR of the multiplier circuit 116 can be
obtained. And in this case because the gain KR is selected to be 0.9998, it
is known that, even when the value of the digital product signal S2
obtained one clock period before was the max- imum value of 16-bit data and
the value of the absolute value signal S1 is the minimum value of the
16-bit data, only one bit position at most of bit shifting is required for
normalization of the digital product signal S2 15 with reference to the
digital product signal S2 obtained one clock period before. In practice, as
illustrated in Fig. 19, since the sampling frequency in the CD player is
set to 48 kHz, a prac- tically sufficient value around 50 msec can be
obtained as the recovery time by virtue of selection of the gain [err] of
the multiplier circuit 116 at the value 0.9998. By contrast, in the attack
mode, since the gain KR is expressed as 20 KR    = 0.9998 25 the circuit
can be represented by an equivalent circuit as shown in Fig. 20, and by
denoting the gain of the multiplier circuit 115 by KA and the value of the
absolute value signal S1 by x(n), we can obtain a difference signal [err]
whose value [err] is expressed as [err] 30     Therefore, through the adder
circuit 117, we can obtain a digital product signal S2 whose value y(n) is
ex- pressed as [err] Therefore, although the value of the digital product
signal S2 changes most greatly when the value of the digital product signal
S2 was at the minimum and an absolute value signal S1 at the maximum in a
value is Input in succession thereto, by virtue of setting the gain KA of
the multiplier circuit 115 to the value 0.02, relative 40 to the 16-bit
digital product signal S2, it is know that the normalization of the 16-bit
digital product signal S2 is achieved by bit-shifting of only 9-bit
positions at most with reference to the digital product signal S2 obtained
one clock period before. In practice, as shown in Fig. 21, because of the
setting of the gain KA of the multiplier circuit 116 to the value 0.02, a
practically sufficient value around 1 msec can be obtained as the attack
time. 45      Thus, a digital product signal S2 formed of a sequence of
digital information can be obtained whose level varies following the
amplitude value of the absolute value signal S1 in the attack time and
recovery time of 1 msec and 50 msec. The signal processing circuit 112
receives the digital product signal S2 at its multiplier circuit 120 and
out- puts therefrom a digital product signal SM based upon a control signal
SC output from a shift register 22, and 50 thereby, supplies a bit-shifting
operation previously to the digital information of the digital product
signal S2 by a bit-shift quantity required for normalization of the digital
information of the digital product signal S2 re- ceived one clock period
before. That is, a shift register circuit 122, constructed of a 15-bit
reversible shift register circuit, is adapted, re- sponding to a
bitshiftsignal [err] output from a normalization circuit 123, to cause data
of logical value "1" stored 55 in the shift register circuit 122 to be
shifted by one bit position at a time. Therefore, in the case where a bit
shifting operation by m-bit positions was applied to its digital
information for normalization of the digital product signal S2 received one
clock period before, it is arranged in the shift register circuit 122 such
that the logical value of the m-th bit from the least significant bit (LSB)
is logical "1. 11 



EP 0 297 461 B1 The shift register circuit 122, based upon the aforesaid
logical level, outputs a control signal SC, so that a digital product
signal SM whose value is [err] times as large as that of the digital
product signal S2 input to the multiplier circuit 120 is output therefrom
to the normalization circuit 123 Since, at this time, 9 bit positions and
one bit position, at most, of bit shifting are required for normalization 5
both in the attack mode and recovery mode, respectively, with reference to
the digital information processed one clock period before, it is adapted
such that digital information formed of a bit length 9-bit length larger
than that of the input digital Information to the multiplier circuit 120
(namely, that formed of a bit length of 25 bits in all) is output to the
normalization circuit 123. Thus, the digital information of the digital
product signal SM supplied to the normalization circuit 123 is 10  input
thereto after being applied with a bit-shifting operation by the bit-shift
quantity "m", which was required for the normalization of the digital
information processed one clock period before. The normalization circuit
123 receives a mode detection signal [err] output from a mode detector
circuit 118 depending upon the attack mode or recovery mode, and
normalizes, as shown in Fig. 22, the digital product signal SM according to
the mode detection signal [err] so that the logical value of the second bit
from the most 15  significant bit (MSB) of the data of a 16-bit length may
come to logical "1" (Fig. 22(A)). More particularly, in the attack mode, a
digital product signal SM, whose bits are shifted and the logical values of
two bits in the highest positions of the 25-bit long data thereof are both
"0" and "1" (Fig. 22 (B)) or the logical values of the two bits in the
highest positions thereof are both "0" (Fig. 22(c)), is input to the nor-
malization circuit 123. 20      Then, the normalization circuit 123 detects
the logical value of the second bit from the most significant bit, and
performs the bit shifting operation to the digital Information toward the
higher order until the logical value of the bit in question comes to
logical "1". Further, it outputs the bit shift signal [err] corresponding
to the supplied bit sift quantity, and at the same time, outputs the
high-order 16 bits of the digital information finished with the
bit-shifting to the logarithmic 25 converter circuit 7 (Fig. 3) as the
mantissa of envelope detection signal [err]. On the other hand, in the
recovery mode, as shown in Fig. 23, the digital product signal SM whose
bits are arranged so that the logical values of the bits from the most
significant bit to the tenth bit of the 25-bit long data are logical "0"
in succession and the logical value of the 11th bit is logical "1" (Fig.
23(A)), or the logical values of the bits from the most significant bit to
the 11th bit are logical "0" in succession and the logical value 30  of the
12th bit is logical "1 " (Fig. 23(B)), is input to the normalization
circuit 123. Therefore, the normalization circuit 123, in the recovery
mode, detects the logical value of the 11th bit from the most significant
bit, and when the logical value of that bit Is logical "0", causes
bitshifting forone bit position toward the most significant bit. In
succession thereto, In the recovery mode, the normalization circuit 123
outputs the data of a 16-bit length 35 from the least significant bit as
the exponent of normalized data. Thus, the exponent of normalized envelope
detection signal [err] in both attack mode and recovery mode can be
obtained. At hose time, by virtue of the previously applied bit shifting by
the bit-shift quantity "m" which was required for normalization of the
digital productsignal SM processed one clock period before, normalization
of the digital product signal SM in the attack mode is achieved by making
only 9 bit positions at most of bit shifting, or nor- 40 malization of the
digital product signal SM in the recovery mode is achieved by making only
one bit position at most of bit shifting. Therefore, as compared with the
prior art case where digital information is sequentially normalized, the
number of times for bit shifting in all in the present case can be reduced
corresponding to the normalization previously applied according to the
quantity required for normalization performed one clock period before. 45
As a result, the processing time required forthe bitshifting can
correspondingly be shortened and the proc- essing simplified, and a signal
processing circuit of the correspondingly simplified circuit arrangement as
a whole can be achieved. In connection with the described arrangement, a
counter circuit 124, which is formed of a reversible coun- ter, increases
or decreases its count value obtained one clock before in response to the
bit shift signal [err], 50 and thereby updates the exponent of the envelope
detection signal [err] corresponding to the mantissa of the envelope
detection signal [err] obtained one clock period before and outputs the
exponent of the envelope de- tection signal SOE to the logarithmic
converter circuit 7 (Fig. 3). 



At the same time, the shift register circuit 122 shifts the bit of logical
value "1" according to the bit shift signal [err] and thereby records the
bit shift quantity required for the normalization of the digital
information in 55 the current clock period. In the described manner, the
envelope detection signals separated to exponent and mantissa [err] and
[err] and output and passed through the logarithmic converter circuit 7,
clipping circuit 8, multiplier circuit 10, and the exponential converter
circuit 11 (Fig. 3), whereby a specified control signal [err] can be
obtained, and thus, 12    EP 0 297 461 B1 a control signal generator
circuit producing small calculation error as a whole, capable of high speed
process- ing, and being of a simplified circuit arrangement as a whole can
be realized. In the described circuit arrangement, the digital audio signal
[err] is converted into the absolute value signal SI and then input to the
envelope detector circuit 111. 5       As the result, the digital
productsignal [err] varying in predetermined attacktimeorrecoverytime is
obtained through the envelope detector circuit 111. In the signal
processing circuit 112, the digital product signal S2 is previously
subjected to bit shifting by the bit-shift quantity required for
normalization of the digital product signal S2 received one clock period
before and then subjected to bit shifting in the normalization circuit 123
according to the attack mode or recovery 10   mode to be normalized. As the
result, the mantissa and exponent information of the digital product signal
S2 are obtained in the normalization circuit 123 and the counter circuit
124 responding to the bit shift signal [err] output from the nor-
malization circuit 123, and thus, the normalized envelope detection signals
[err] and [err] are output from the signal processing circuit 112. 15
According to the above described circuit arrangement, by virtue of the
normalization of the digital product signal S2 performed after the signal
received by the signal processing circuit 112 has been, subjected to bit
shifting by the bit shift quantity that was required for the normalization
performed one clock period before, a signal processing circuit performing
the signal processing in a simpler manneras a whole and in a shorter proc-
essing time and further being of a simpler circuit arrangement as a whole
can be obtained. 20      Therefore, a control signal generator circuit of a
correspondingly simpler circuit arrangement as a whole, producing smaller
errors, and capable of speedier operational processing can be obtained.
Although the above embodimentwas described as to its case where the
attacktime and the recovery time are set to 1 msec and 50 msec, the present
invention is not limited thereto, but may be widely applied to other cases
where a digital signal varying in different values of the attack time and
recovery time is subjected to a 25   normalization process In floating
point arithmetic. In such a casewhere the attack time and recoverytime are
changed, the bit length of the digital information input to the
normalization circuit may be suitably selected in accordance with the
changed attack time and re- covery time and corresponding bit shifting
processes may be performed In the normalization circuit. Subsequently, a
control signal generator circuit according to anogher preferred embodiment
will now be 30  described with reference to Fig. 24. In Fig. 24, an input
signal S1 composed of a digittal audio signal having an amplitude "X" is
supplied via an absolute value circuit 5 to an envelope detector 6 so as to
envelope-detected, so that a detected signal SL having a signal level
proportional to the signal level "X" of the input signal [err] is
obtained.Multiplier circuits [err], [err] N being an integer) which are
series-connected to each other to form an N-series-connected 35
multiplier circuits, receive the detected signal [err] at each of their
input terminals. Accordingly, gains of these multiplier circuits are
controlled in response to the signal level of this detected signal [err].
The detected signal SL Is supplied to one end at the multiplier circuit
[err] as the input signal. As a result, in the multiplier circuit [err],
assuming that the signal level of the detected signal [err] is indirect
proportion to the signal level "X" of the input signal [err] at the
proportion constant of 1, a signal level [err] of a 40   multipliered
signal [err] is obtained, which level is expressed as: [err] In contrast
another signal level [err] of a multiplied signal [err] is obtained, which
level is expressed in the suc- ceeding multiplier circuit [err] by the
following eguation: 45 [err] 



50 As a consequence, in tne multiplier circuits [err] through [err] the
signal levels [err] of the respc- tive multiplier signals [err] can-be
produced which are expressed as the following generic formulae: 55 13    EP
0 297 461 B1 5_                            [err] 10 With the
above-described arrangement, both the absolute value circuit 5 and envelope
detector circuit 6 15  constitute the detector means for detecting the
signal level of the input signal [err], whereas the multiplier circuits
[err] through [err] constitute the multiplier means for performing
multiplication on tne detector results at a prede- termined multiplication
number with a coefficient defined in accordance with the detector results
which are obtained from the detector means. Moreover, this control signal
generator circuit includes (N + 1) sets of weighting circuits [err] 20
which are constructed of amplifier circuits, and output both the input
signal [err] and the respective multiplier signals [err]   via the
respective weighting circuits [err] to the adder circuit 229. Accordingly,
when the weighting coefficients of the respective weighting circuits [err]
are ex- pressed by values [err] an output signal SAO having a signal level
[err] can be obtained via the first weighting circuit [err] which is
represented by the following equation: 25
[err]  (30) To the contrary, in the remaining weighting circuits [err],
output signals [err] having a signal level [err] can be obtained which are
generally expressed by the following eqautlon: 30
[err] (31) The adder circuit 229 receives the above-described output
signals [err], and also output signal [err] 1 35  derived from a
coefficient generator circuit 228 (the signal level of which corresponds to
a signal level ex- pressed by a value [err] corresponding to the output
signals [err], and then outputs its resultant adder signal as a control
signal [err]. As a consequence, the control signal [err] having a signal
level [err] can be produced via the adder circuit 229 from the
above-described equations (30) and (31), which is expressed by the
following equations. 40 [err] 50 As previously described in detail, the
weighting circuits [err] constitute weighting means for weighting the
detected signal SL and multiplied signals [err] to [err] by predetermined
weighting amounts, whereas the adder circuit229 constitutes adder means
forsumming the outputsignals [err] which have been obtained by way of the
weighting operation. 55      Consequently, when the amplitude
compressing/expanding circuit is constructed of the above-defined cir- cuit
arrangement by setting the weighting circuits [err] and the weighting
coefficients [err] of the coef- ficient generator circuits 228 to
predetermined values, the input/output characteristics indicated by the
high order function formula can be obtained. As a result, such Input/output
characteristics that the amplitude com- 14    EP 0 297 461 B1 pression
ratio varies complexly with a simpler circuit arrangement as a whole, can
be achieved. Referring now Fig. 25, another preferred embodiment of the
multiplier circuit 3 and the control signal gen- erator 4 shown In Fig. 4
will be described. In Fig. 25, reference numeral 320 represents as a whole,
both the multiplier circuit 3 and the control signal 5   generator 4
Illustrated in Fig. 4. This circuit arrangement receives, as an input
signal, a voice signal [err] at its non-inverting input terminal of an
operational amplifier circuit 32, having a sufficient gain more than 50 dB,
and obtains from the output terminal of the above-described operational
amplifier circuit 321, an output signal 



[err] which has been processed by the amplitude compression/expansion
manner. The operational amplifier circuit 321 has a resistor 322 which
functions as a first feedback circuit by which 10  an amplitude gain can be
maintained at a constant value even when the signal level of the output
signal [err] is changed. Also this operational amplifier circuit 321 owns a
second feedback circuit which is constructed of a multiplier circuit 323,
the amplitude gain of which is correspondingly increased when the signal
level of the output signal [err] is increased, and also of an envelope
detector circuit 324 for controlling the amplitude gain of this multiplier
circuit 323. 15      More specifically, the envelope detector circuit 324
produces the control signal [err] direct proportion to the output signal
[err] of this multiplier circuit 323 in response to the output signal
[err], in order that the amplitude gain of the multiplier circuit 323 is
controlled. As a result, the input/output characteristics of the multiplier
circuit 323 can be changed in response to the signal level of the output
signal [err]. In addition, the output signal [err] of the multiplier
circuit 323 is supplied via the resistor 325 to the non- 20  inverting
input terminal of the operational amplifier circuit 321 which is ground via
the resistor 326, together with the output signal [err] of the resistor
322, so that a summation signal derived from the first and second feedback
circuits is fed back to the operational amplifier circuit 321. As a result,
as illustrated in fig. 26, assuming that the circuit 320 is represented by
an equivalent circuit, the envelope detector circuit 324 constitutes a
control signal generatorcircuit 329, whereas the multiplier circuit 25  323
constitutes an amplitude modulator circuit 330, the amplitude gain of which
is varied in accordance with the control signal [err] and also constructs
the second feedback circuit 331 togetherwith the control signal gen- erator
circuit 329. In contrast thereto, the resistor 326 constitutes the
addercircuit 333 for adding both the output signals [err] and [err] of the
first snd the second feedbackcircuits 332 and 331 formed by the
resistor322, and theoperational 30  amplifier circuit 321 constitutes a
subtracter circuit 334 which subtracts the output signal of the adder
circuit 333 from the voice signal [err] and also the amplifier circuit 335
having a predetermined gain. Accordingly, the circuit 320 is constructed of
afeedbackamplifiercircuit including two feedbackcircuit 331 and 332, so
that the input/output characteristics of both the first and second feedback
circuits 332 and 331 determine those of the entire circuit 320. 35      It
should be noted In the circuit 320 shown in Fig. 25 that the feedback gains
of both the first and second feedback circuits 332 and 331 are equal to
each other when the voice signal [err] having a predetermined signal level
is input Simultaneously, In the first feedback circuit 332, the total gain
of the circuit 320 is set to a value of 1. As a consequence, in the circuit
320 shown in Fig. 25, such input/output characteristics can be obtained 40
which are determined by the input/output characteristic of the first or
second feedback circuit 332 or 331 at the boundary of the signal level.
When the signal level of the output signal is increased, the amplitude gain
of the multiplier circuit 323 is correspondingly increased, so that the
circuit 320 varied in accordance with the in- put/output characteristics
which can be determined from the first feedback circuit 332 and second
feedback circuit 321, can be obtained with an increase of the signal level
of the voice signal [err] at the boundary of the 45  signal level.
Accordingly, if this signal level is set to the signal level obtained at
the threshold point, the circuit 320 having an input/output characteristic
can be obtained, which is changed into the input/output characteristic
determined by the first and second feedback circuits 332 and 331 at the
boundary of this threshold pooint. In addition, since the summation signal
derived from the first and second feedback circuit 332 and 331 is fed back,
the input/output characteristic which can be determined by thefirstfeedback
circuit 332 atthe bound- 50  ary of the threshold point, can be varied into
the input/output characteristic determined by the second feedback circuit
331. Accordingly, when both the input/output characteristics of both the
first and second feedback circuits 332 and 331 are selected to be
desirable, Input/output characteristic of the circuit 320 can be smoothly
changed in such a manner that it is changed from the input/output
characteristic determined by the first feedback circuit 55   332 to the
input/output characteristic determined by the second feedback circuit 331.
If at this time, the amplitude of the output signal [err] is equal to a
value of [err], and also the amplitude of the output signal [err] derived
from the multiplier circuit 323 is equal to a value of [err], and
furthermore, the gain of the multiplier circuit 323 is equal to a value of
[err] then the below-mentioned equation expressing a relation-    EP 0 207
461 B1 [err] 



ship is given: To the contrary, if in the envelope detector circuit 324,
the proportion constant is equal to a value of "m", another relationship
indicated by the following equation is given: 5
[err] = my  (34) Now, if the proportional constant "m" is equal to a value
of 1, the following equation is obtained from the equations (33) and (34);
y = yx (35) Accordingly, when the equation (35) is simplified, the
following equation is given; 10                                          x
= 1  (36) As a consequence, as illustrated in Fig. 27, the input/output
characteristic for the amplitude gain of the second feedback circuit 331
can be obtained, the output level of which is changed with respect to the
input level to the infinitive signal level. To the contrary, as shown in
Fig. 28, In the first feedback circuit 332, such an input/output
characteristic 15  can be obtained that the output level is changed direct
proportion to the input level under the proportional con- stant of 1. As a
result, as illustrated in Fig. 29, as to the summation signal derived from
the first and second feedback circuits 332 and 331, the following
input/outputcharactristic can be obtained atthe boundary ofthe input level
at which both the output levels of the first and second feedback circuits
332, and 331 become equal. That Is, 20  the input/output characteristic is
smoothly changed from the input/output characteristic of the first feedback
circuit 332, as described In Fig. 23, to that of the second feedback
circuit 331 in accordance with an increase of the input level.
Consequently, the Input/output characteristic of the entire circuit 320 is
expressed by the reverse charac- teristic of the first and second feedback
circuits 322 and 321, as illustrated in Fig. 30. The amplitude compres- 25
sion ratio CR can be smoothly varied with respect to the boundary of the
threshold point (0 dB at the input signal in the preferred embodiment),
from a value of 1 represented by the proportional constant of "1" to the
infinitive value represented by the proportion constant of "0". Moreover,
in the preferred embodiment, the first feedback circuit 332 is constructed
of a resistor circuit, and the second feedback circuit 331 is constructed
of the envelope detector circuit 324 for controlling the gain 30  of the
multiplier circuit 323, so that the amplitude gains of the first and second
feedback circuits 332 and 331 can be set at an extremely high accuracy. As
a consequence, the signal level at the threshold level can be set at a high
accuracy, and since the entire circuit is constructed of the feedback
circuit, the higher stability can be achieved for, as a whole, the temper-
ature, supply voltage and so on. 35     In a practical case, according to
the conventional amplitude compressing/expanding circuit, the signal level
at the threshold point must be set by the circuit network employing the
non-linear circuit element such as the clipping circuit. As a result, there
is no effective solution to prevent the fluctuation In the operation level
of the non-linear circuit element, and also there is a problem that the
temperature characteristics are not so suffi- ciently stable as a whole. 40
However, according to the preferred embodiment of the invention, these
conventional problems can be effectively solved. With the above-described
circuit arrangement, in case that the signal level of the voice signal
[err] is lower than the threshold point, the entire input/output
characteristic of the circuit 320 can be set by the amplitude gain of the
resistor 322 which constitutes the first feedback circuit 332, and
therefore the Input/output charac- 45  teristic where the amplitude
compression ratio CR is equal to a value of 1 as a whole. To the contrary,
when the signal level of the voice signal [err] is gradually increased, the
amplitude com- pression ratio CR is gradually changed due to the amplitude
gain of the second feedback circuit 331, accord- ingly. When the signal
level of the voice signal [err] exceeds over the threshold point, the
input/output charac- teristic where the amplitude compression ratio CR
becomes infinitive due to provision of the second feedback 50  circuit 331,
can be obtained. According to the above-described circuit arrangement, the
second feedback circuit the amplitude gain of which is varied in response
to the signal level of the input signal, is employed with respect to the
first feedback circuit the signal level of which is constant, with result
that the entire circuit can be simply constructed, and the input/output
characteristicofthe circui twhere the amplitude compression ration CR is
smoothlyvaried from 55  the value of 1 to the infinitive value. In
addition, according to the preferred embodiment of the invention, since the
entire input/output charao- teristic of the circuit 320 can be determined
by the summation signal of the first and second feedback circuits, 



even If no non-linear circuit element is employed in the first and second
feedback circuits, the amplitude com- 16    EP 0 297 461 B1 pression ratio
CR can be changed with respect to the desired threshold point. As a
consequence, the threshold point can be set at the high accuracy as a
whole, as compared with the conventional circuit arrangement, and also the
amplitude compressing/expanding circuit having the stable temperature
characteristics can be ob- tained. 5      Then, referring to Fig. 31, a
circuit arrangement where the circuit of Fig. 25 is employed in the
preferred embodiment shown in Fig. 4 will be described. The same reference
numerals are employed for denoting the same or similar circuit elements of
Fig. 25 In the circuit arrangement shown in Fig. 31. Reference numeral 340
indicates as a whole an amplitude com- pressing/expanding circuit. A main
signal pass circuit is arranged by the circuit 320 shown in Fig. 25, and a
10  signal sub-pass circuit is employed for this main pass circuit. More
specifically, a subtracter circuit 341 receives both the outputsignal
[err], from the operational amplifier circuit 321 and the voice signal
[err], whereas adifferencesignal [err] is received by the non-inverting
input terminal of the operational amplifier circuit 342. The operational
amplifier circuit 342, which is similar to the operational amplifier
circuit 321, includes a 16  firstfeedback circuit constructed of a resistor
343, and an envelope detector circuit345for controlling the mul- tiplier
circuit 344 and the gain of the multiplier circuit 344. The operational
amplifier circuit 342 feeds back the output signal [err] to the
non-inverting Input terminal via the resistors 346 and 347. In addition, an
envelope detector circuit 345 receives the outputsignal [err] of the
multipilercircuit 323 which is input into this envelope circuit 345, and in
the multiplier circuit 344, the gain thereof Is changed, which Is 20
similar to the multiplier circuit 323. Furthermore, resistance values of
the resistors 343, 346 and 347 are so selected In such a manner that the
input/output characteristic of the operational amplifier circuit 342 is
equal to the input/output characteristic of the operational amplifier
circuit 321. In contrast, the adder circuit 350 outputs the summation
signal obtained from the output signals So and 25   [err] of the
operational amplifier circuits 321 and 342 as an output signal [err] of the
amplitude compressing/ex- panding circuit 340. Consequently, when this
circuit arrangement is expressed as an equivalent circuit as illustrated in
Fig. 32 by denoting the same reference numerals to the corresponding
circuit elements of Fig. 26, the circuit 320 con- stitutes the main pass
circuit 359, whereas the operational amplifier circuit 342 constitutes the
ampliflercircuit 30  360 and subtracter circuit 358. In addition, the
resistor 343 constitutes the first feedback circuit 361, whereas the
multiplier circuit 344 constitutes the amplitude modulator circuit 362 and
the envelope detector circuit 345 constitutes the control signal generator
circuit 363. Then, both the amplitude modulator circuit 362 and the contro
signal generator circuit 363 constitute the second feecback circuit 365. 35
Moreover, both the resistors 346 and 347 constitute the adder circuit 366.
The operational amplifier circuit 342 constitutes the first and second
feedback circuits, and also the sub-pass circuit 370, the gain of which is
changed similar to the main pass circuit 359, in response to the input
signal [err] and output signal [err] of the main pass signal 359, and the
difference signal [err]. The operational amplifier circuit 342 adds its
output signal [err] via the amplifier circuit 371 having a predetermined
gain to the output signal [err] of the main pass circuit 40  359, thereby
outputting the summation signal. As a consequence, since, In the control
signal generator circuits 329 and 363 shown in Fig. 32, the control signal
[err] is produced based upon the output signal [err] of the amplitude
modulator circuit 330 in the main pass signal 359, the circuit arrangement
shown in Fig. 32 Is equivalent to the circuit which Is formed by elim-
inating the filter circuit 23 from the circuit arrangement shown in Fig. 4
if both the main pass circuit 359 and 45  the sub-pass circuit 370 are
represented as the multiplier circuit the input/output characteristic of
which is changed, as illustrated in Fig. 30, in response to the signal
level of the input signal. In other words, both the main pass circuit 359
and sub-pass circuit 370 are represented as the multiplier circuits 375 and
376, respectively. The gains of these multiplier circuits 375 and 376 are
changed by means of the control signal [err], the amplitude compression
ratio CR is equal to a value of 1 in the range below the 50  threshold
point, and the amplitude compression ratio CR is equal to an infinitive
value in the range above the 



threshold point. Referring now to Fig. 33, a still further preferred
embodimentofthe invention will bedescribed by changing the representing
method of the preferred embodiment shown in Fig. 4, and moreover expanding
this circuit arrangement 55      In Fig. 33, reference numeral 420
represents as a whole an amplitude compressing/expanding circuit The input
signal [err] constructed of the digital audio signal is received by the
control signal generator circuit 421 and by the multiplier circuit [err].
The control signal generator circuit 421 is operated in such a manner that
the input signal [err] is received 17    EP 0 297 461 B1 via an absolute
value circuit 423 arranged by a full-wave rectifier circuYit by the
envelope detector circuit 424. The control signal generator circuit 421
outputs the detected signal [err] directly proportion to the signal level
of the input signal [err] via a reciprocal inverting circuit 425, as a
control signal [err]. As a consequence, the control signal [err] having the
signal level expressed by the following equation (37) 5   by employing the
proportion constant [err] for the amplitude x of the input signal [err];
[err] In the control signal generatorcircuit 421, this control signal [err]
is output to the N-series-connected multiplier circuits [err] so as to
control gains of these series-connected multiplier circuits [err] through
[err]. 10      As a result, the respetctive multiplier circuits [err] to
[err] perform the multiplier processing to the input signal by utilizing
the coefficient [err] represented by the below-mentioned equation (38) so
as to obtain outputs: g = [err] (38) To the multiplier circuit [err], the
input signal [err] denoted by the following equation is input [err] = x
(39) 15 Whereas from the multiplier circuit [err], the multiplied signal
[err] is obtained which Is represented by the fol- lowing equation (40);
[err] (40) Since in addithion, the multiplied signal [err] is input into
the succeeding multiplier circuit M2 so as to be multiplied therein,
another multiplied signal [err] denoted by the following equation (4) is
obtained: 25                                   [err] Thus, in the
multipliercircuits [err] through MN, the inputsignal
issequentiallymultiplied sothatthe multiplier processing is carried out by
the number "N" which corresponds to the N-series connected multiplier
circuits. In the respective multiplier circuits [err] the multipliersignals
[err] can be obtained which 35 are represented by the following generic
equation: [err] When simplifying this generic equation (42), the multiplied
singals [err] to [err] can be produced which are ex- pressed by the
following equation: [err] 45      In addition, the amplitude
compressing/expanding circuit 420 includes (N+1) weighting circuits [err]
[err]which are arranged by amplifier circuits, outputs the inputsignal
[err] and the respective multiplier sig- nals [err]     via the respective
weighting circuits [err]to the adder circuit 429. Moreover, the amplitude
compressing/expanding circuit 420 weights both the input signal [err] and
the respective multiplied signals [err] to [err] by way of the weighting
coefficients determined by the gains of the respective weighting 50
circuits [err] to [err] and outputs its summation signals as an output
signal [err]. As a consequence, if the weighting coefficients of the
respective weighting circuits [err] are expressed by the respective values
[err] the output signal SAO can be obtained via the weighting circuit [err]
based upon the above-described equation (39), which is expressed by the
following equation: 55 [err]    EP 0 297 461 B1 



In contrast, in the remaining weighting circuits [err], the output signals
[err] can be produced from the above-described equation (43), which is
represented by the following generic equation: [err] As a consequence, the
output signal [err] can be obtained via the adder circuit 429 from the
previous equa- 10  tions (44)and (45), which is represented by the
following equation: [err] 20 Accordingly, since theweighting coefficients
[err] of the weighting circuits [err] are setto the desired values, the
input/output characteristics expressed by the higher order function formula
of the equation (48) can be achieved, and therefore, the input/output
characteristic where the amplitude compression ratio is 25 smoothly and
complexly varied withe the simpler circuit arrangement In the practical
case, when both the weighting coefficients [err] and [err] of the weighting
circuits [err] and [err] are set to a value of 1, and the weighting
coefficients  [err] of the weighting circuits A2 to AN are set to a value
of 0, the output signal [err] can be produced which is represented by the
following relation equation (47) from the previous equation (46): 30
[err] In this case, as illustrated in Fig. 34, with respect to the
input/output characteristic where the amplitude compression ratio CR is
equal to both the infinitive and the value of 1, which is represented by
the following relationships: y = 1 (48) 35
y = x  (49) the amplitude compressing/expanding circuit having the
input/output characteristic can be obtained, where the amplitude
compression ratio is smoothly changed from the infinitive to the value of 1
at the threshold point corresponding to the input level at which the
first-mentioned input/output characteristic is intercepted. The in-
put/output characteristic of the amplitude compressing/expanding circuit is
expressed by the following equa- 40 tions: y = 1  (48) y = x (49) With the
above-described circuit arrangement, the control signal [err] is obtained
from the control signal generator circuit 421 based upontheinputsignal
level ofthe inputsignal [err] and theseries-connected multiplier 45
circuits [err] perform the multiplying process on the input signal [err]
with the coefficient [err], based upon this control signal. As a result,
the multiplied signals [err] to [err] are obtained from the multiplier
circuits [err] which rep- resent the respective terms of the (N-1) order
function formula with respect to the amplitude "X" of the input signal
[err]. These multiplied signals are summed withe the input signal [err] via
the predetermined weighting coef- 50  f icents [err] to [err] of the
weighting circuits [err] and then output, so that the input/output
characteristic rep- resented by the (N-1) higher order function formula can
be obtained. With the above-described circuit arrangement the multiplier
circuits are series-connected to each other, and the multiplied outputs are
added to the predetermined coefficients so as to be output, with the result
that the input/output characteristic represented by the higher order
function formula with respect to the amplitude 55 of the input signal can
be obtained. As a consequence, the amplitude compressing/expanding circuit
having the input/output characteristic can be obtained with the simpler
circuit arrangement, in which the amplitude compression ratio is smoothly
and complexly changed. 19    EP 0 297 461 B1 1. An amplitude expanding
and/or compressing circuit (20) for expanding and/or compressing an
amplitude of an Input signal [err] comprising: 5             control signal
generating means (4) supplied with the input signal [err] and for
generating a control signal [err]; signal multiplier means (3) for
multiplying the control signal [err] to said input signal [err] and for
generating a multiplied output [err]; characterized by 10            first
substracter means (21) for substracting said input signal [err] from said
multiplied output [err]; 



signal processing means (26) including a second signal multiplier means
(22) for multiplying said control signal [err] with the output [err] of
said first substracter means and for generating a processed output [err];
and second substractermeans (25) forsubstracting said processed [err] from
said multiplied out- 15      put [err], whereby the amplitude expanded
and/or compressed output signal [err] is obtained at its output. 2. An
amplitude expanding and/or compressing circuit according to claim 1,
wherein said signal processing means (26) further includes amplifiermeans
(24) supplied with the output of said second multiplier means (22), and the
output [err] of said amplifier means (24) is supplied to said second
substracter means (25). 20 3. An amplitude expanding and/or compressing
circuit according to claim 1, wherein said signal processing means (28)
includes filter means (23) supplied with the output [err] of said first
substracter means (21). 4. An amplitude expanding and/or compressing
circuit according to claim 3, wherein said filter means (23) includes a
low-pass-filter. 25 5. An amplitude expanding and/or compressing circuit
according to claim 1, wherein said control signal gen- erating means (4)
Includes an absolute value generating means (5) supplied with said input
signal [err], envelope detector means (6) for detecting the envelope of the
output of said absolute value generating means (5), plural stages of signal
multipliers [err]  a first stage [err] of which is supplied with the 30
output of said envelope detector means (6) to two input terminals thereof,
the remaining stages  [err] of which are supplied with outputs [err]  of
preceding stages and the output of said envelope de- tector means,
respectively, weighting circuits [err] each of which multiplies
predetermined coeffi- cients to the input of each said plural stages of
signal multipliers, an adder means (229) for adding the outputs of said
weighting circuits together. 35 6. An amplitude expanding and/or
compressing circuit according to claim 1, wherein said control signal gen-
erating means and said signal multiplier means includes an operational
amplifier (321) having first and second feed-back circuits (322, 323...),
said first feed-back circuit including a voltage divider (322, 326)
fordividing the output of said operational amplifier and voltage divided
signal being fed to an input to said 40      operational amplifier, said
second feed-back circuit includes a multiplier (323) supplied with the
output [err] of said operational amplifier and the output [err] of said
envelope detector (324) for detecting the envelope of the output of said
multiplier, and the output of said multiplier (323) being fed to the input
of said operational amplifier (321). 45  7. An amplitude expanding and/or
compressing circuit according to claim 1, wherein said control signal gen-
erating circuit (421) includes an absolute value generating means (423),
envelope detector means (424) for detecting the envelope of the output of
said absolute value generating means, and inverse value gen- erating means
(425) for generating the inverse value of the output of said envelope
detector means, said inverse value of generating means includes floating
point arithmetic processing means, and said envelope 50       detector
means includes detecting portion and normalizing portion having
pre-bit-shifting means for bit- shifting the envelope detected data by an
amount determined by a control signal, normalizing means sup- plied with
the output of said pre-bit-shifting means and for bit-shifting the same
such that a normalized output signal is generated, said normalizing means
further generating bit shift signal representing the bit shift amount
required for normalizing the sample data one sample prior to the
currentsample data applied 55      to said pre-bit-shifting means, and
control means supplied with said bit shift signal and generating said
control signal supplied to said pre-bit-shift means. 8. An amplitude
expanding and/or compressing circuit according to claim 7, wherein said
detecting portion 20    EP 0 297 461 B1 of said envelope detectormeans
(111) includes a subtracter(113) supplied with the outputof said absolute
value generating means (5), a mode detector (118) for detecting the
polarity of the output of said sub- tracter, a first multiplier (115) for
multiplying the output of said mode detector to the output of said sub-
tracter, an adder (117) forgenerating said envelope detected output(52), a
one sample delay circuit (114) 5       supplied with said envelope detected
outputand fordelaying the sameforone sample duration, the output of said
one sample delay circuit being supplied to said subtracter, and a second
multiplier (116) for mul- 



tiplying a predetermined coefficient (SR) to the output of said one sample
delay circuit and generating an output supplied to said adder. 10
Patentansprriche 1. Dynamikexpanslons- und/oder Kompressionsachaltung (20)
zum Expandieren und/oder Komprimieren der Amplitude eines Eingangssignals
(S) mit: 15        - elner stuersignal-Erzeugungsschaltung (4), die mit dem
Eingangssignal (S1) versorgt wird und ein Steuersignal (SG) abgibt; - einer
Signalmultipliziereinrichtung (3) zum Multiplizieren des Steuersignals (SG)
mit dem Eingangs- signal (S) und zum Erzeugen sines
Multiplikatlonsausgangsslgnals (SO); gekennzelchnet durch 20        - sine
erste Subtrahiereinrichtung (21) zum Subtrahieren des Eingangssignals (SI)
vom Multiplikati- onsausgangssignal (SO); - sine
Signalverarbeitungseinrichtung (26) mit siner zweiten
Signalmultipliziereinrichtung (22) zum Multiplizieren des Steuersignals
(SG) mit dem Ausgangesignal (SR) der ersten Subtrahiereinrichtung und zum
Erzeugen sines verarbeiteten Ausgangssignals (SB); und 25        - sine
zweite Subtrahlerelnrichtunq (25) zum Subtrahieren des verarbeiteten
Ausgangssignals (Se) vom Multiplikationsausgangesignal (SO), wodurch an
ihrem Ausgang sin Ausgangssignal (SBo) mit ex- pandierter und/oder
komprimierter Amplitude erhalten wird. 2. Amplitudenexpansions- und/oder
Kompressionsschaltung nach Anspruch 1, bei der die Signalverarbel- K>   30
tungseinrichtung (26) fernereine Verstlrkungseinrichtung (24) aufwelst, die
mit dem Ausgangsslgnal der zweiten Multipiziereinrichtung (22) versorgt
wird, wobei das Ausgangssignal (Ss) der Verstirkungesin- richtung (24) der
zweien Subtrahieminrichtung (25) zugefflhrt wird. 3. Amplitudenexpansions-
und/oder Kompresslonsechaltung nach Anspruch 1, bei der die Signalverarbel-
35      tungseinrichtung (26) eine Flltereinrichtung (23) aufweist, die mit
dem Ausgangssignal (SR) der ersten Subtrahiereinrichtung (21) versorgt
wird. 4. Amplitudenexpansions- undloder Kompressionsschaltung nach Anspruch
3, be! der die Filtereinrichtung (23) sin Tiefpalfilter aufwelst. 40  5.
Amplitudenexpansions- und/oder Kompressionsschaltung nach Anspruch 1, bel
der die Steuerslgnal-Er- zeugungsschaltung (4) foigendes aufweist sine
Absolutwert-Erzeugungsschaltung (5), die mit dem En- gangssignal (SI)
versorgt wird; sine Einhullendendetektoreinrichtung (8) zum Erkennen der
EinhOllenden des Ausgangesignals derAbsolutwert-Erzeugungseinrichtung (5);
mehrere Stufen von Signalmultiplizie- rern (MI, M2, ...), von denen sine
erste Stufe (Ml) mitdemAusgangssignal der Einhfillendendetektoreinrichtung
(6) an zweien ihrer ElngangsanschlOsse versorgt wird, wobel die restlichen
Stufen (M2, M3, ...) derselben jeweils mit den Ausgangssignalen (SM1, SM2,
...) vorangehender Stufen und mit dem Ausgangssignal der
EinhOllendendetektoreinrichtung versorgt werden; Gewichtungsschaltungen
(AO, Al, ...), von denen jede vorgegebene Koeffizienten mit dsm
Eingangssignal jeder der mehreren Stufen von Signalmultiplizlerern
multipliziert und sine Addlerelnrichtung (229) zum Addieren
derAusgangasignale der Gewlchtungsschal- tungen miteinander. 6.
Amplitudenexpansions- undloder Kompressionsschaltung nach Anspruch 1, be!
der die Steuersignal-Er- zeugungselnrichtung und die
Signalmultipliziereinrlchtung einen Operatlonsverstarker(321) mitelnem er-
sten und elnem zweiten Rcdckkopplungskrehs (322,323, ...) aufweist, wobei
dererste ROckkopplungskreis 55      elnen Spannungsteiler (322, 326) zum
Toilen des Ausgangssignals des Operatlonsverstarkers aufweist, und wobei
das spannungageteilte Signal einem Eingang des Operationsverstairkers
zugef0hrt wird, und wobei derzweibt Rfckkopplungskreis eonen
Multiplizierer(323) aufweist, dermitdem Ausgangssignal (O 21    EP02971 461
i                     I      111111 HI I IM  II 11 des zweiten
Operationsverstariers und dam Ausgangssignal (Sol) des
Einhfillendendetektors (324) zum Erfassen der Elnhfihllnden desAusgangs des
Multiplizierersversorgtwird, undwobei dasAusgangasignal des Multipllzierers
(323) dam Eingang des Operationsverstarkers (321) zugefflhrt wird. 5   7.
Amplitudenexpanslons- und/oder Kompressionsschaltung nach Anspruch 1, bei
der die Stbuersignal-Erzeu- gungsochaltung (421) foigendesaufweist:
sIneAbsolutwert-Erzeugungseinrichtung (423); sine Einhfllenden-
datektoreinrlchtung (424) zum Erfassen der Einhullenden des Ausgangssignals
derAbsolutwert-Erzeugungs- 



einrichtung; und eine Kehrwert-Erzeugungselnrichtung (425) zum Erzeugen des
Kehrwerts des Ausgangs- signals der Einhfiulendendstetctreinrichtung, wobel
die Kehrwert-Erzeugungseinrichtung eine Gleit-, Arith- 10
metlkverarbeltungsschaltung aufweist, und wobei die
Einhfllendendetektoreinrichtung eonen Meaab- schnitt und eonen
Normierungsabschnitt aufweist, der Oiber sine Bit-Vorverschiebeeinrichtung
zur Bitver- schiebung der Einhullendenmedabten umr en AusmaB, das von elnem
Stauersignal festgelegt wird, und eine Normierungseinrichtung verffigt, die
mit dem Ausgangsslgnal der Bit-Vorverschiebeeinrichtung ver- sorgt wird,
urn sine Bitverschiebung desselben in soicher Weise vorzunehmen, da% sin
normiertes Aus- 15      gangasignal erzeugt wird, wobel die
Normierungseinrichtung forner sin Bitverschlebungssignal erzeugt, das das
BitverschiebungsausmaM reprasentiert, das zum Normieren der Probendaten f r
sine Probe vor den altuellen Probendaten erforderlich ist, wie sie der
Bit-Vorverschilbeelnrichtung zugefflhrt werden, und sine Steuereinrichtung,
die mit dem Bltverschiebungssignal versorgt wird und die das Steuersignal
erzeugt, das der Bit-Vorverschibeeinrichtung zugefflhrt wird. 20 8.
Amplitudenexpansions- und/oder Kompressionsschaltung nach Anspruch 7, be!
derder Megabschnittder Einhfilendendetektoreinrichtung (111) folgendes
aufweist: eonen Subtrahlerer (113), der mit dem Aus- gangsslgnal
derAbsolutwert-Erzeugungseinrichtung (5) versorgt wird; einen Modusdetektor
(118) zum Erfassen derPolaritatdes Ausgangssignals des Subtrahierers; elnen
ersten Multiplizierer (115)zum Mul- 25      tiplizieren des Ausgangssignals
des Modusdetskbors mit dem Ausgangssignal des Subtrahierers; einen Addierer
(117) zum Erzeugen des Elnhfillendenmegausgangssignals (52); sine
1-Probe-Verz~gerungs- schaltung (114), die mit dem
EinhfillendenmeBausgangssignal versorgt wird, um dasselbe urn dis Dauer
einer Probe zu verzfgern, wobel das Ausgangasignal der
1-Probe-Verz6gerungsschaltung dem Subtra- hierer zugeffihrt wird; und elnen
zweiten Multiplizierer (116) zum Muitiplizieren sines vorgegebenen Ko- 30
effizienten (SR) mit dem Ausgangssignal der 1-Probe-Verzogerungsschaltung
und zum Erzeugen sines dem Addierer zugefGhrten Ausgangseignals.
Rovendlcations S5 1. Circuit de dilatation et/ou de compression d'amplitude
(20) pour dilater et/ou comprimer une amplitude d'un signal d'entr6e (SI)
comprenant: un moyen de gen6ration de signal de commands (4) qui se volt
appliquer le signal d'entree (SI) et pour generer un signal de commands
(Sj); 40            un moyen de multiplieur de signal (3) pour multiplier
le signal de commands (Sc) par ledit signal d'entree (SI) et pour g6nerer
une sortie multipli6e (SO), caract6rise par: un premier moyen de
soustracteur (21) pour soustraire ledit signal d'entr6e (SI) de ladite
sortie mul- tipli6e (So); 46            un moyen de traitment de signal
(28) incluant un second moyen de multiplieur (22) pour multiplier ledit
signal de commande (Se) par la sortie (SR) dudit premier moyen de
soustracteuret pour g6n6rer une sortie traitee (Ss) ; et un second moyen de
soustracteur (25) pour soustraire ladite sortie traitee (Ss) de ladite
sortie mul- tipliee (SO) et ainsi, le signal de sortie dllate et/ou
comprime en amplitude (Sol) est obtenu au niveau de 50      sa sortie. 2.
Circuit de dilatation et/ou de compression d'amplitude selon la
revendlcation 1, dans loquel ledit moyen de traibment de signal (26) inclut
en outre un moyen d'amplificateur (24) qui se volt appliquer la sortie
dudit second moyen de multipileur (22) et la sortie (Ss) dudit moyen
d'amplificateur (24) est appiiqu~e 55       audit second moyen de
soustractbur (25). 3.  Circuit de dilatation et/ou de compression
d'amplitude selon la revendication 1, dans lequel ledit moyen de traitment
de signal (26) Inclut un moyen de f litre (23) qui se volt appliquer la
sortie (SR) dudit premier 22    EP O 297 461 B1 111111 111111  II  i 1 liii
moyen de soustracteur (21).                                    *       L  M
4.  Circuit de dilatation attou de compression d'amplitude slon la
revendication 3, dans lequel ledit moyen de filtre (23) inclut un filtre
passe-bas. 



5 5. Circuit de dilatation otlou de compression d'amplitude solon la
revendication 1, dans lequel ledit moyen de gen6ration de signal de
commando (4) inclut un moyen de g6n6ration de valeurabsolue (5) qui se volt
appliquer ledit signal d'entree (S,), un moyen de detecteur d'enveloppe (6)
pour detecter l'enveloppe de la sortie dudit moyen de g6n6ration de valeur
absolue (5), plusleurs 6tages de multipieurs de signal (MI, 10      M2 ...)
dont un premier 6tage (MI) se volt appliquer la sortie dudit moyen de
detecteur d'enveloppe (6) sur ses deux bornes d'entr6e, dontles etages
restants (M2, M3...) se volent respectivement appliquer des sor- ties (Smi.
SM2 ...) d'etages pr6cfdents et la sortie dudit moyen de d6tecteur
d'enveloppe, des circuits de pond6ration (AD, Al ...) dont chacun multiplie
des coefficients pr6determines par l'entr6e de chacun des- dits plusieurs
etages de multiplieurs de signal et un moyen d'additionneur (229) pour
additionner los sor- 15      ties desdits circuits de pond6ration ensemble.
6.  Circuit de dilatation etlou de compression d'amplitude solon la
revendication 1, dans loquel ledit moyen de g6neration de signal de
commando et ledit moyen de multipliour de signal Incluent un amplificatbur
op6rationnel (321) comportant des premier et second circuits de retour
(322, 323, ...), Iedit premier circuit 20      de retour induant un
diviseur de tension (322, 326) pour diviser la sortie dudit amplificateur
operationnel et un signal dlvis6 en tension etant appilqu6 sur l'entree
dudit amplificatbur operationnel, ledit second cir- cuit de retour inciuant
un multiplieur (323) qui se volt appliquer la sortie (Xi) dudit
amplificateur operation- nel et la sortie (SG,) dudk d6tectour d'enveloppe
(324) pour d6tecter l'onveloppe de la sortie dudit multi- plieur et la
sortie dudit multiplieur (323) 6tant appliquee surl'entr6e
duditamplificateur operationnel (321). 25  7.  Circuit de dilatation et/ou
de compression d'amplitude salon la revendication 1, dans lequdl ledit
circuit de g6n6ratlon de signal de commando (421) inclut un moyen de
g6nration de valeur absolue (423), un moyen de d6tecteur d'enveloppe (424)
pour d~tecter l'enveloppe de la sortie dudit moyen de generation de valeur
absolue et un moyen de g6n6ration de valeur inverse (425) pour gen6rer la
valeur inverse de la sortie dudit moyen de d6tecteur d'enveloppe, ledit
moyen de g6neration de valeur inverse incluant un /    30  moyen de
traibement arithmetique a virgule flottanto et ledit moyen de d~tecteur
d'enveloppe inciuant une partle de dtection et une partie de normalisation
comportant un moyen de d6calage de pr6-bit pour d6- caler binairement les
donn6es d'nveloppe d6tectdes d'une valeur pr6dtebrminee par un signal de
commando, un moyen de normalisation qui se volt appliquer la sortie dudit
moyen de d6calage de pr6- bit et pour decaler binalrement celle-cl de foile
sorta qu'un signal de sortie normalis6 soit g6ner6, ledit moyen de
normalisation g6n6rant en outre un signal de decalage de bit repr6sentant
la valeur de decalage de bit requise pour normaliser les donnees
d'echantillon un echantillon avant les donnees d'echantillon courantos
appliqu6es audit moyen de decalagede pre-bit, etun moyen de commands qui
sevoitappliquer ledit signal de d6calage de bit et qui g6nere ledit signal
de commando appliqu6 audit moyan de decalage de pr6-bit. 40 8. Circuit de
dilatation et/ou de compression d'amplitude solon la revendication 7, dana
lequdl ladite partie de dfection dudit moyen ded6tectourd'enveloppe (111)
inclut un soustracteur(113) qui se volt appliquer la sortie dudit moyan de
gen6ration de valeur absolue (5), un dhtecteur de mode (118) pour dhfecter
la polarite de la sortie dudit soustracteur, un premier multiplieur (115)
pourmultiplieria sortie dudit d6tectour 45      de mode par la sortie dudit
soustracbour, un additionneur (11 7) pour g6n6rer ladite sortie d6tectde
d'en- veloppe (52), un circuit de retard d'un echantillon (114) qui se volt
appliquer ladite sortie d6tect6e d'en- veloppe et pour retarder cello-ci
d'une duree d'un echantillon, la sortie dudit circuit de retard d'un echan-
tillon etant appliqu6e audit soustractbur, et un second multipliour (116)
pour multiplier un coefficient pr6- d6termine (SR) par la sortie dudit
circuit de retard d'un 6chantillon et pour g6nerer une sortie appiiquee 50
audit additionneur. 55 23    


