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and Recording or Reproducing Apparatus Having Loaded Thereon th

Signal Processing Apparatus

Field of the Invention

This invention relates to a digital signal processing method

and apparatus for performing signal processing in an amplitude

direction on an input signal digitized with a small number of

bits, such as one bit.

Background_of the Invention

The method of digitizing an audio signal for recording,
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reproduction and transmission has hitherto been practiced n a
recording/reproducing apparatus, such as a compact disc (CD) or
a digital audio tape (DAT), or a digital audio broadcasting, such
ag satellite broadc#sting."In the digital audio transmission
apparatus, the sampling frequency of 48 kHz and the number of
quantization bits of 16 have been prescribed as the format fdr'
digitization.

In the conventional digital audio transmiésion apparatué,
the number  of quantization_bits' of fhe digital audio data
generally preipribes the dynamic range of demodulated audio
signals. . For transmitting “audio signals of higher signal
quality, it is necessary to increase the number of quantization

bits from the current value of 16 bits to 20 or 24 bits.
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However, once the format has been set, the signal processing
circuit is fixed and the number of quantization bits cannot be
increased easily.

As a method for digitizing audio signals, a sigma~delta
method (ZA method) has been disclosed in Yoshio Yamazaki, "AD/DA
Converter and Digital Filter",‘in Journal of Japaﬁ Acoustic
Association, vol.46, No.3 (1990), pages 251 to 257.

Fig.l shows the construction of a circuit for 1-bit 3A
modulation. In this figure, an input audio signal from an input
terminal 61 is provided to dn integrator 63 via an adder 63. A
signal ffom the integrator 63 is supplied to a compa;ator 64
where it is compared to, for example, a neutral point voltage
of the input audio signal, and is quantized by, for example, one
bit quantization every sampling period. For the frequency of
the sampling period (sampling frequency), the frequency equai to
64 or 128 times the conventional sampling frequency of 48 kHz or
44.1 kHi is employed. The number of quantization bits may be 2
of 4 bits. |

The quantized data is supplied to a one-sample delay circuit
85 where it is delgyed by one sample period. The delayed data

is converted by, for example, a one-bit D/A converter 66 into

.analog signﬁls which are supplied to the adder 62 so as to be

added to the input audio signal entering the ihput tefminal 61.
A quantized data outputted form the comparator 64 is outputted

at an output terminal 67. Thus, with one-~bit XA modulation,




)

&

3

carried out by a sA modulation circuit, audio signals of a high

dynamic range may be produced even with a small number of bits,
such' as one bit, by employing a sufficiently high saméling
frequency. On the other hand, broad'transmission frequency
ranges may be achieved. .Ig addition, the A modulation circuit’
is suited td integration and capable of achieving high precision
in A/D conversion, so that it is frequently employed in the
inside of an A/D converter. 'The ZA modulated signals may be
passed through an analog low—pass filtér of a simplified design
for restoration to analog audio sign#ls. By exploiting these
features, the XA modulation circuit.can be applied to a recorder
or to data transmission handling high-quality data.

Meanwﬁile, the signal processing in the amplitude direction,
including signal attenuation, such as fading, equalizing,
fi}tering, cross—fading or.mixing, which can ﬁe realized in a
digital audio transmission.apparatus haﬁdling digital sigﬁals of
a multi-bit, such as 16-bit, format, referred to hereinafter as
a multi-bit digital audio transmission apparatus, cannof be
realized without considerable difficulties with a digital audio
transmission apparatus_émploying the XA modulation circuit if
charaéteristics proper to the processing, such as : broad
tpansmission range or high dfﬁamic raﬁge, are to be manifested

-

satisfactorily.

The fading, for example, includes fade-out of gradually

lowering the reproduced signal level with lapse of time, or fade-
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in of gradually increasing the audio signal level gradually from
the zero level. The fading is a customary signal processing
technique in the amplitude direction of tce audio signals.
Referring to Fig.2, the fading to ce carried out by the
above—mentioned multi-bit digital audio transmission apparatus
is explained. 1In Fig.2, a multi-bit digital audio signal, such
as a 16-bit signal, supplied to an input terminal 71, is
outputted via a multiplier 72 at an output terminal 73. If a

control signal specifying the fading start timihg or fadihg speed

is supplied to a control input terminal 74, the controf signal

is supplied to a control circuit 75 where an afbitrary fading
signal is generated. As the-  fading signal is suppliedlfo a
coefficient generator 76, a coefficient of gradually lowering the
audio signal level to a zero level is produced and supplied to
the multiplier 72.

.When the digital audio signal is supplied to the digitai
signal'input terminal 71, there is generated and outputted at the
output terminal 73 an audio signal which is graduaily lowered at
a de51gnated speed to a zero level as from a t1m1ng spec1f1ed by
a control s1gna1 by way of performing the fade—out described

above. The fade-in of gradually increasing the audio signal

level from the zero level may be performed by reversing the

e .

sequence of generation of coefficients generated by the
coefficient generator.

However, such processing cannot be achieved with the ZA
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modulated digital audio signal. That is, since the XA modulated
digital signal, such as 1-bit signal, has the amplitude
information represented as a l-bit pattern on the time axis, it
has been difficult to multipiy the signal as conventionally by
the multiplier 72 by way of performing ;mplitude processing
operations.
OBJECT AND SUMMARY OF THE INVENTION

It is therefore an object of the present iﬂventibn to
provide a digital signal processing method and apparétus éapable
of téansmitting high—quality audio signals by realizing signal
proceésing in the amplitude direction of digital signals of a

small number of bits, such as one bit, for exploiting the broad

' transmission range and high dynamic range proper to the digital

signals of & small number of bits.

In one aspect, the present invention provides a digital
signal processing apparatus inclﬁding coefficient generating
means for varying a multifbit coefficient generated responsive
to an actuation by a user, calcﬁlating means for performing a |
pre—set processing pperafion.based upon a bit-based input digital
signal ;nd a coefficient which is a multi-bit signal gegérated
by the coefficient generating'means, and conversion means for re-
quantizing th%‘?esults of processing operations made ﬁp of ;
multi-bit signal outputtéd by the processing means.

In another asﬁect, the present invention provides a digital

signal processing apparatus including input means for inputting
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at least two one-bit digital signals, and coefficient genérating
means for generating pre-set coefficients formed by multiple
bits. The coefficients aré associated with the one-bit digital
signals entering the input means. The digital signal processing
app&ratUs also includes a plurality of calculating means for
performing pre-set pfoéessing operations based upon the one-bit
digital signals entering the input means and the coefficients
formed by multiple bits generated by‘the coefficient generating
means, first addition means for adding the'results of proceséing
by the processing means, conversion means for re—duantizing the
results qf addition of the addition means into a one-bit digital
signal, and second addition means for adding the results of.
addition from the addition means and the one-bit digital signal
produced by the conversion means.

In yet another aspect, the present invention provides a
recording apparatus for recording a one-bit digital signal on a
fecording medium. Thelrecording apparatus includes coefficient
generating_means.for varying & multi-bit coefficient generated
responsive to an actuation by a user, calculating means for
performing a pre—set processing operation based upon a bit-based
input digital signal and a coefficient formed by a multi-bit

signal generated by the coefficient generating means, conversion

means for re-quantizihg the processing results formed by multiple-
bits outputted by the processing means into the one-bit digital

signal, and recording means for recording the one-bit digital



27

7

"signal re—quantized by the conversion means on a recording

medium.

In still another aspect, the present invention provides a
reproduciﬁg apparatus for reproducing a one-bit diéital signal
from a recording medium. The reproducing apparatus _includes
coefficient generating means for varying a multi-bit coefficient
generated responsive to an actuation by a user, calculating meané
for performing pre-set processing operations b#sed upon a
coefficient made up 6f a one-bit digital signal réproduced from
the recording medium and the multi-bit éignal generated by the
coefficient generating méans, conversion means for re—qﬁantizing
the processing results made up of a ﬁultiple signal outputted by
the précessing means into the one-bit digital signal, and output
means for converting the one—bit.digital signal re-quantized by
the processing means into an'analog signal dhd outputting the
produced analog signal.

Since the processing operations are performed in such a
manner that amplitude components of small-number bit input
digital signals are increased or decreased in .a controlled
manner, responsivé to the type of signal processing in .the
amplitude direction, such as atténﬁation'or mixing, and the

processed result is re-converted into small—-number bit digital

-—. .

signals, it becomes possible to manifest the characteristics
proper to the small-number bit digital signal satisfactorily.

With the digital signal processing apparatus according to
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the present 'inVention, the calculating process performs
processing operations on input signals made up of a small number
of bits, while the small bit number conversion process converts
the output signal of the calculating process into a signﬁl of a
smaller number of bits, the digital signal made up of a small
number of bits, such as one bit, can be processed in the
amplitude direction. Thus it becomes possible to exploit the
broad transmission range and the high dynamic range proper to the.
.sméll—number bit digital signal in order to realize transmission
of high—quality audio signals.

With the digital .signal processing apparatus according to
the present inveﬁtion, since the calculating process performs
processing operations on input.signals made up of a small numbér
of bits, By controlling the multi-bit signals, responsive to fhe
-input digital signal made ﬁp of the small number of bits, while
the bit number conversion proéess coﬁverts.the output signal of
the calculating ﬁrocess into a signal of a smaller number of
bits, the digital signal made up of a small number of bits, such
as one bit, caﬁ be proqessed in the amplitude direction. Tpus
it becomes ﬁossible to exploit the broad transmission range and
the high dynamic range proper to the small-number bit digital
signal in ordgf_to realize transmission of high—quality audio
signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l schematically shows a XA modulation circuit.
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Fig.2 schematically shows the control along the amplitude

direction of a conventional multi-bit digital signal processing

circuit.

Fig.3 is a block diagramlshowing a digital signal processing-
circuit for controlling &a one-bit digitel signal in. the
amplitude direction according to tﬁe preseﬁt invention.

Fig.4 shows a first embodiment illustrating a specific
arrangement of controlling the one-bit digipal signal in the
amplitude direction.

Fig.5 shows a second embodiment illustrating a specific
arrangement of controlling the one-bit digital signal in the
amplitude direction.

Figs.SA. and 6B show signal waveforms before end after
amplitude processing, respect;vely.

Fig.7 is a block diagram illustrating a recording apparatus
according to the present invention. |

Fig.8 1is a  block diagram illustrating 'a reproducing
apparatus acco:diné to the present invention.

Fig.9 shows a structure of data recorded or to be recorded
on a recording medium of the present.inéeﬁtion.

Fig.10 illustrates a third embodiment of the digital signal
processing ciieqit as a multi—mixer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to the drawings, illustrative embodiments of the

digital signal processing method and apparatu; according to the
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present invention will be explained in detail.

The first embodiment of the present invention is directed
to a digital signal processing apparatus preferably appiied'to
a digital audio recording/reproducing appafatus for ZA modulation
of an input audio signal te form a one-bit digital signal or one-—
bit digital data for recording on a recording medium, such as a
magnetic tape, and for reproducing and outputting the one-bit
digital data from the pecording medium. The digital signal
processing apparatus is capable éf performing signai processing
in the émplitude direction,'such as qqualizing,lfiltering or
fading, as a sort of atténugtion, on the one-bit digital data.
The signal processing in the Amplitude direction is.a processing
of increasing or decreasing amplitude components of the one-bit
digital.data along time axis.

Referring to Fig.3, the digital signal pfocessing apparatus
1 includes a_multiplier 3, as an arithmetic unit for perfofming
an arithmetic operation on the ZA modulated one-bit digital data
from an input-terminal 2 by controlling a multi-bit signal in
accordance with the one-bit digital data, and a A modﬁlation
unit 7 ‘as a minor number bit conversion means for re-converting
an output of the multiplien 3 into a one-bit digital data{_

The multipiier 3 is a coéfficient multiplication. means
responsive to the one—bif digital data to multiply the one-bit
digital data withla multi-bit multiplication coefficient, for

example, a 16-bit multiplication cqefficiént, generated in a
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coeffiéient generator 4.

The coefficient generator 4 is responsive to a command
signal, as later explained, supplied to a control circuit 5, to
generate the 16-bit multiplication coefficient. To a control
signal input terminal 6; connected to the control circuit §5, is
supplied command signal for executing the signal processing in
the amplitude direction, such as fading, as selected by the user.
The control circﬁit 5 is responsive fo the command signal of
executing the fading for controlling the coefficient generator
4 to generate-the multi-bit muitiplication coefficient.

The multiplier'S outputs the result of multiplication, that
is a multi-bit digital data, to an adder 8 as a part of the 3A
modulation unit 7. The zA modulatiqn unit 7 includes, in addition
to the adder 8, an integrator 9 for integratiqg an addition
output of the adder 8, a quantizer 10 for quantizing data from
the infegratpr 9 into one-bit digital data every sampling period
and.a delay unit 11 for delaying an output of the quantizer 10
by delay time equal to a sampling period. A quantized output of
the quantizer 10 is negatively fed back via delay unit 11 to the
adder 8 so as tb be subtractively addedito the multiplication
output of the multiplier 3. The one-bit digital data, as a
quantized output of the qﬁantizer 10, is outputted at an output

terminal 12.

The digital signal processing apparatus 1 operates as

follows:
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The one-bit digital data is supplied via input terminal 2
to the multiplier 3 which then is responsive to the binary state.
of the one-bit digital.data, that is to whether the data is "1"
or "—-1", to multiply the one-bit digital data with positive or
-negative multi-bit, herein 16 bit, multipliqation coefficient,
respectively, as shown in Fig.4. That is, the positive or
negative multi-bit coefficient, generated by the coefficient
genérator 4 based upon the command signal supplied to the control
circuit 5, is selected depending upon the binary state of the
one-bit digital data so as to.be multiplied with the one-bit
digital data.. A multi-bit multiplication éutput of the
multiplier 3 is supplied to the IA modulation unit 7.
| -  An adder/subtractor 13 shown in Fig.5 may be substituted for
the multiplier 3. The adder/subtractor 13 is responsive to the
binary state of the one-~-bit digital data, that is to whether the
one-bit digital data is "1" or "-1", to add or subtract -the
multi-bit multiplicatipn coefficient gutputted by the coefficient
generator 4 to or from the delayed output of the delay unit 11,
respectively. This substitution becomes possible since the one-
bit digital data supplied from the input terminal is "1" or "-1",
that is ‘has an absolute value equal to unity. The-
adder/subtractgp 13 may be realized by unifyipg the multiﬁlier
3 and the adder 8 of the A modulation unit 7. |

The downstream side circuit, fed with the multi-bit

.multiplication output, differs in structure depending upon which
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of the structures shown in Figs.4 and 5 is assumed by the
multiplier 3. If the multiplier 3 operatés as shown in Fig.4,
the multi-bit multiplication output is supplied as described

above to the adder 8 where a negative delay output of the delay

unit 11 is added to the multi-bit multiplication output. If the

multiplier 3 'is replaéed as shown in Fig.5, the multi-bit

multiplication output is supplied as described above to the
integratér‘Q. .

If the multiplier 3 is configured as shown in Fig.4, the
multi-bit multiplication output, from which the delay output is
subtracted'by the adder 8 as described above, is integrated by
the integrator 9 and quantized by the quantizer 10 witp a period

equal to a sampling period so as to be re—-converted intoc one-bit

digital data which is outputted at the output terminal 12.

The signal processing performed by_the multiplier 3 on the
one—bit-digital data is the signal processing along the amplitude
direction, such as equalizing or fading, which is a sort of
attenuation, as previously explained. For simplification, the
proéessing performed by the multiplier 3 is now explained as
being ; signal processing of reducing the input signal amplitude
by one half.

Referringntp Figs.sA.and 6B, the result of processing of the
digital signal processing apparatus 1 in case the muitiplier 3
performs an operatidn of réducing the input signal amplitude by

one—half, is explained. Fig.6A shows a signal waveform in case
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the one-bit digital data supplied to the input-terminal 2 of
Fig.3 is re-converted into the analog signal by being passed
through én analog 1§W—p§ss filter. Fig.6B shows a signal
waveform in case the one-bit digital data, obtained by the signal
processing performed by the digital signal prpcessing apparatus
1 shown in Fig.3; is re-éonverted into the analog form. Although
the input/output bit length is one bit for both data, the two
data differ significantly in pattern. That is, the analog audio
signal obtained by being passed through the anaiog filter of a
simple design has its amplitude reduced by one-half.

With the digital signal processing apparatus 1, deécribed
above, the multiplier performs its operation as it controls the
multi-bit multiplication coefficient generated by the coefficient
generator 4 responsive to the type of processing, that is
attenuation or mixing, in dependence upon the binary state of the
one¥ﬁit digital data as the minor—number bit input digiteal
signal. The multi-bit multiplication output. of the multiplier
3 is re-converted by the XA modulation unit 7 into the small-
number bit digital signal,'herein the one-bit digital data. Thus
it becomes possible io exploit the broad transmission range and
the higﬁ dynamic range proper to the small-number bit digital
signal in ordg?_to realize transmission of high—-quality audio
signals. |

The digital signal processing apparatus 1is applied to a

digital audio recording/reproducing apparatus including e
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recording unit 20, shown in Fig.7, and a reproducing unit 30,
shown in Fig.8. The recording unit 20 XA modulates the input
audio signal to form one-bit digital data and appends a
synchronization signal and an error correction code, at an
interval of a pre—set number of bits as a'uhit, for'effectipg the
recording, while the reproducing unit 30 reproduces the one-bit
digital data recordgd by the recording unit 20 on a magnetic tape
29 and ultimately outputs the réproduCed data as analog audio
data. Although the digital signal processing apparatus 1 is
provided within the reproducing uqit 30, the recording unit 20
is first explained for convenience in explanation.

Referring to Fig.7, an input audio éignal from an input
terminal 21 is multiplied By the multiplier 3 with a multi—ﬁit
multip}ication coefficient from the coefficient generator 4. The
coefficient, generated by the coefficient -generator 4, is
supplied to an integrator 23 via an adder 22 controlled by the
controlling circuit 5. An output signal of the integrator 23 is
supplied.to a comparator 24 where it'isléompared.to, for example,
a neutral point potential ("0 V") of the input audio signal so
as to be quantized by one-bit quantization every sampling period.
The - frequency of the sémpling period, that is the sampling
frequency, is Eeﬁ to a higher frequenéy equal tb 64 or 128 times
the sampling frequency of 4é_kHz or 44.1 kHz conventionally
employedf.

The quantized data is supplied to a one-sample delay unit
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25 where it is delayed by one sample period. The deléyed data
is supplied yia a one-~bit digital/analog (D/A converter) 26 to
the adder 22 where it is added to the ihput audio signal from the
.input terminal 21. Thus the comparator 24 outputs quantized data
which is the ZA moduiated input audio signal. The output
quantized data of the comparator 24 is supplied to an appending
circuit fdr appending the synchrqnization signal and the error
correction coding (ECC) so that the synchronization signal and
the error correction coding (ECC) are appended to the quantized
data every pre-set numberIOf samples.

With this recording format, one-bit digital data, as the
one;bit quantized data, are split every four one-bit data, such
. as in terms of data Dy to D3, as a unit, as shown in Fig.9, and
a set of synchronization signals SW S1 and a set of error
correction codes Po, P1 are appended every four one-bit digital
data.Trﬁnsmissionerrorsgeneratedduringrecording/reproduction
may be detected and ¢orrected by fhe errér correction codes Po{
Plappended by the, synchronization éignals and error corréction
code appending circuit 7.

In the reproducing unit 30, shown in Fig.8, the one-bit
digital data recorded by ﬁhé reproducing head 31 on the magnetic
tape 29 is reqfqduced by a reproducing head 31. Since the one-—
bit digitel data is recorded Sy a format in which the.
synchronization signals and the error correctioh codes are

appended every four one-bit digital data, the one-bit digital .
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data when supplied to a synchronization signal separating and
error correction circuit 32 is freed of the synchronization
signals and correéted for errors so that only the one-bit digital
data genérated by ZA modulation of the input audio signal is
generated. The one-bit diéital data, thus génerated, is supplied
to the digital signal processing apparatus 1 shown in detail in
Fig.3.

The one-bit digital data is' controlled by the digital signal
processing apparatus 1 in the amplitude direcfion,'as explained
previously. The_one—Sit digital data, thus processed by the
digital signai processiﬁg apparatus 1, is restored by the analog "
filter 33 into analog audio signals, which are outputted at a .
"monitoring terminal 34..

The XA re-modulated one-bit digital data, outputted by the
digital signal processing apparatus 1, is converted by a digital
filter 35, which is a decimation filter, into data of an optional
signal format, such as a CD or DAT format. The digital signals,
converted into the optional format, are supplied to'an ordinary
D/A converter 39 via a reproducing system 36 of a digital
recorder of an 9ptiona1 format, a repro&ucing systeﬁ 37 for a CD
or DAT or a reproducing system 38 f&r DCC (digital compact
cassette). AR analog audio signal is outputted at an output
terminal 40.

Thus, with the digital audio recording/reprodﬁcing

apparatus, employing the digital signal processing apparatus 1
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of the instant embodiment, it becomes possible to exploit the
broad transmission range ;nd the high dynamic range proper to the
small—-number bit digital signai for reaiization of transmission
of high—qﬁality audio signals.. |

The digital Signal processing method and apparatus according
to the present invention is not limited to the above-described
embodiment. For example, the digital signal processing apparatus
may be configuréd for handling plural one-~bit digital data, as
shown in Fig.10. This digital signal processing apparatus is now
explained as a modified embodiment. It is possible with this
modified embodim_ent to mix two or more channels of one-bit
digital data, for example, three channels of one-bit digital
data, at an optional mixing ratio to output a sole one-bit
digital dafa.

To input terminals 41, 43 and 45 of the present modified
embodiment are routed respective IA modulated one-bit digital
.data. The one-bit digital data supplied t6 the input terminal 41
enters a multiplier 42 which then multiplies the oﬁe-bit digital
data with a multi-bit, for example, 16-bit, multiplication
coefficient generated by a coefficient generator 47. The multi-
bit multiplication coefficient is selectively controlled
depending upoq.the binary state assumed by the one-bit digital
data, as in an emﬁodiment hereinafter explained. The one-bit
digital data supplied to the input terminal 43 enters a

multiplier 44 which then multiplies the one~-bit digital data with



19

a muiti-bit, for example, 16-bit, multiplic;tibn coefficient
generated by the coefficient geﬁerator 47. The one-bit digiteael
data supplied to the input terminal 45 enter; a muitipiien 46
which then multiplies the one-bit digital data with a.muléi—bit,
for example, 16-bit, multiplication coefficient generated by the
coefficient generator 47. fhe coefficient generator 47 is
controlled by a control circuit 48-@0 generate the multi-bit,
.herein 16~bit, multiplication coeffiqient. To a control input
terminal 55, connected to the control circuit 48, is supplied a
signal conforming t6 the signal processing in the amplitude
direction, for example, mixing, as selected by the user. The
coefficient generator 47 then generates . a multi-bit
multiplication coefficient, under control of the controi circuit
48, on the basis of the signal conforming tp the mixing.
Multi-bit multiplication outputs from the multipliers 42,
44 and 46 are supplied to aﬁ adder 50 of the XA modulation unit
49. The ZA modulation unit 49 has, in addition to the adder 50,
an integrator 51 for integrating a sum output of. the adder 50,
& quantizer 52 for quantizing the one-bit signal from the
inltegrator 51 every sample period and a delay unit 53 for
delaying the output of the quantizer 52- by & time equal to one
sample period. The quanfized output of the quantizer 52 is
negatively fed back via_deiay unit 53 to the adder 50 where it
is negatively added ‘to the sum output of the multi-bit

multiplication outputs. The one-bit digital data,; which is the
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quantized.output of the quantizer 52, is outputted ar an output
terminal 54.

With the digital signal processing apparatus 1 of. the
present modified embodiment, respective plural one-bit digital
data are multiplied with independent multi~bit multiplication
doefficients,_associated with binary states of the respective
one-bit digital data, by the mulfipliers 42, 44 and 46. The
multi-bit multiplication outputs of the multipliers 42, 44 and
46 are summed by the adder 50 ﬁnd thence transmitted through the
5A modulation unit 48 so as to be re-converted into one one—bit

digital data. The multi-bit multiplication coefficients,

'supplied to respective independent multipliers 42, 44 andf46, are

generated and controlled by the control circuit 48. Thus it is
possible with the présent modification to re—-output one-bit

digital data obtained on mixing amplitude components of plural

input signals at an optional ratio. If the present modification

is applied to, for' example, a digital audio transmission
apparatus-configufed for transmitting and recording ZA modulated
one—-bit digital data, it becomes possible to transmit and record
audio signals obtained on mixing amplitude components of plural
input signﬁls at an optional ratio. The presenf-modification is
not limited to the abo#e—describe¢ mixing. For exgmple, cross-—
fading or other attenuation may also be achieved by cdntrolling
multi-bit multiplication.coefficients and varying the conteﬁts

of the arithmetic operations performed within the multipliers 42,



44 and 46.
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WHAT IS CLAIMED IS:
1. A digital signal processing apparatus comprising:

coefficient generating méa.ns | for varying a multi-bit
coefficient generated respoﬁsive to .an actuation by a user;

calculating means for performing a pre-set processing
operation based upon .a bit-based input digital signal and a
coefficient which is a multi-bit signal generated by said
coeff'icient generating means ; and

conversion means for re—-quantizing the results of_proc'essing
operations made up of a multi-bit signal outputted by said
précessing means. |
2. The digital signal processing apparatus as claimed in claim
1 wherein said processing means is composed of a multiplier for
multiplying the bit-based digitized input digital sign-al and the
coefficient made up of a multi-bit signal .generated by the
coefficient generating means.
3. The digitai signal processing apparatus as claimed in claim
2 furt-her' comprising selecting means for selecting the
coefficient for processing by said processing means depending
upon the digitized input one-bit digital signal.
4. The digital signal processing apparatus as cla.lmed in claim
1 wherein sald cpnvers:.on means is constituted by a s;.gma.—-delta.
modulation circuit.
5. The digital signal processing apparatus as claimed in claim

1 wherein the digitized input one~bit digital signal is generated

.
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by the sigma—delta modulation circuit.
6. The digital signal proéessing apparatus as claimed in claim
2 wherein said processing means is an adder/substrator, further
comprising selecting means for selecting, based upon. the
digitized input bit-based digital signal, wﬁqther_ the re-
quantized one-bit digital signal and the multi-bit signal
generated by said coefficient generating means are to be added
or subtracted relative to each other.
7. A digital signal processing apparatus comprising:

input means for inputting at least two one-bit digital
signals;

coefficient generating means for generating pre—#et

coefficients formed by multiplé bits, said coefficients being
associated with the one-bit digital signals entering said.input
means;-

a-plurality of calculating means for pefforming pre—set
processing operations based upon the one-bit digital signals
entering said input means and the coefficients formed by ﬁultiple
-bits gene;ated by said coefficient generating means;

first addition means for'adding the resulté of processing
by said procéssing means; |

conversiqg means for re—quantizing the results of addition
of said addition means into.a one-bit digital signal; and

second addition means for adding the results of addition

from said addition means and the one-bit digital signal produced

-_

e i
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by said conversion means.
8. The digital signal processing apparatus as claimed in claim

7 wherein sﬁid processing means' are made up of multipliers and
wherein the digitized one-bit idput digital signal is multiplied
with coefficients made up of multi-bit signals generated by said
coefficient generating means.

g. The digital signal processing apparatus as claimed_in claim
8 further coﬁprising selecting means fof selecting the
coefficient for processing by said processing means depending
upon the digitized input one-bit digital sigﬁal.

10 The digital signal processing apparatus as claimed in claim
7 wherein said conversion means is constituted by a sigma-delta
modulation circuit.

11. The digital signal processing apparatus as claimed in claim
7 wherein the digitized input one-bit digital signal is generated
by the sigma-delta modulation circuit.

12. The digital signal processing apparatué as claimed in claim
T whérein said'processing_meaqs is an adder/subtrator, furthe?
comprising selecting means for se;ecting, based upon the
digifized input bit-based digital signal} whether the re-—
‘quantized  one-bit digital signal and the multi-bit signal
generated by said coefficieﬁf generating means are to be added
or subtracted relative to each.other.

13. A recording apparatus for recording a one-bit digital signal

on a recording medium comprising:
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coefficient generating means for varying a multi-bit
coefficient generated responsive to an actuation by a user;

calculating means for performing a pre-set processing
operation based upon a bit-based input'digital signal and a
coefficient formed by a multi-bit signal. generated by said
coefficient generating means; and

conversion means for re—quantizing the processing results
formed by multiple bits outputted by said processing means into
the one-bit digital signal; and

recording means for recording the one-bit digital signal re—
quantized by said conversion means on a recording medium.
14. A reproducing apparatus for reproducing a one-bit digital
signal from a recording medium comﬁrising:

coefficient genereting' neans for wvarying a multi-bit
coefficient generated responsive to an actuation by a user;

coefficient generating means for varying a coefficient
formed by multiple~bits generated responsive to an actuation by
a user;

calculating means for performing pre-set processing
operations based upon a coefficient made up of a one-bit digital
signal reproduced from the recording medium and the multi-bit
signal generateq by‘said coefficient generating means;
. conversion means for re—qnantizing the processing results
made up of a multiple signal outputted by said processing means

into the one-bit digital signal; and
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output means for converting the one-bit digital signal re-
quantized by'said processing means into an analog signal and
outputting the produced analog signal.
15. A reproducing apparatus far reproducing a one-bit digital
signal from a recording medium-comprising:

coefficient generating means for varying a coefficient made
up of multiple bits generated.responsive to an actuation by a
user;

calculating means for performing pre—set processing
operations.based upon an input digitized digital signal having
a number of bits smaller than the number of the multiple bits and
the coefficient formed by a multi-bit signal generated by said
.coefficient generating means; and

conversion means for re—quantizing the multi-bit signal

outputted by said processing means into a small-number bit

digital'signal:
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