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This i nvent?OILE ORIRE tnvENti@N al signal processing method and appaf@

=

for performng signal processing in an anplitude direction on an inputz '

and Recording of Réproducing Apparatus Having Loaded Thereon the’
Signal Processing Apparatus |
- BACKGROUND
Field of the Inventiqn.
This invention relates to a digital signal processing method
and apparatus fbr 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,
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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bits, such as one bit. Background of ‘the Invention The net hod of
¢digitizing an audi o signal for recording, reproduction and transm ssi on
has hitherto been practiced n a recordi ng/ reproduci ng apparatus, such as
a conpact disc (CD) or a digital audio tape (DAT), or a digital audio
broadcasti ng, such aa satellite broa@casting. |In the digital audio
transm ssi on apparatus, the sanpling frequency of 48 kHz and the nunber
of guantHiowdvearn, orice othd 6 fbametbams pseacrsdoed abet Béghalmatrofc@ssing
digitization. In the conventional digital audio transm ssion
appar at us,cirgiig rgnffdxegf gondntheanuohebiof quartt idat idingiktidls seding tddtea
general ly prescribes the dynam c range of denodul ated audi o si gnal s.
For transmitisfpehfft®ll¥si gnals of higher signal quality, it is

necessary to increase e .nunber of_ quanti zation _bits fromthe current
val ue of 16 bi%s #o™8EN8A Fpmidigitizing audio signals, a s_?gma'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 intﬁ

- .analog signﬁls which are supplied to the édder 62 so as to be
added to the inpuf audiq signal entering the ihput tefminal 61.
A quantized data outputted form the comparator 64 is outputted

j at an output terminal 67. Thus, with one-bit ZA modulation,
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2 However, once the format has been set, the signal processing circuit

%ixed

and the nunber of quantization bits cannot be increased easily.

As a method for digitizing audio signals, a sigma-delta nethod ([err]

met hod) has been disclosed in Yoshio Yamazaki, "AD/DA Converter and
Digital Filter", in Journal of Japan A8oustic Association, vol.46, No.3
(1990), pages 251 to 257. Fig.1l shows the construction of a circuit

i's

for 1-bit dearriled sRdubgt e0BA hBdLNRE ibhodiecudn, i apalio asitiie 54 B@la fHQM an

I nput
si gnal

termnal 61 is provided to an integrator 63 via an adder 63. A
f r giyntalmd & reegeat vay 6Be i sradippdd eslvéro wal tdo apamai dr néeibe mhef eoitts JS

conpared to, for exanple, a neutral point voltage

such as one b1t by employing &a sufficiently high sampllng

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-



of the input audio signal, and is quantized by, for exanple, one bit
‘guanti zati on every sanpling period. For the frequency of the sanpling
period (sanpling frequency), the frequency equal to 64 or 128 tines the
conventional sanpling frequency of 48 kHz or 44.1 kHz is enployed. The
nunber of quantization bits may be 2 of 4 bits. The quantized data
Is supplied to a one-sanple delay circuit 65 where it is delayed by one
sanpl e perinodf gTFfadudtlayitk tedsting T heoavdibesi piyal f DéveX FHadaa lad yoBeohi t
D) A converter 66 into analog signals which are supplied to the adder 62 so
as to be td@¢defnmn i¢eel npuflhaudieslisigynial ®ntestogarpesiapal pecoesalingl.
A quantized data outputted formthe conparator 64 i's outputted at an
output terfckRiage inThhe epplptude- direpbier abdthatswhio signals.

Referring to Fig.2, the fading to be 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 supplied fo 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 audioc signal which is gradually lowered at
a designated'speed to a zero level as from a timing specified by
a con£r01 signal by way of performing the fade;out described
above. The fade-in of gradually increasihg the audio signal
level from ths zero level may be performed by reversing the
sequence of generation of .coefficients generated by the
coefficient generator.

However, such processing cannot be achieved with the ZA



carried out by a [err] nodulation circuit, audio signals of a high dynamc
‘frange may be produced even with a small nunber of bits, such as one bit,
by enploying a sufficiently high sanpling frequency. On the other hand,
broad transm ssion frequency ranges may be achieved. In addition, the
[err] nodulation circuit 1is suited togntegration and capable of achieving
hi gh precision in A/D conversion, so that it is frequently enployed in the
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t hrough an ana?og_lo pass er “of "a 'sinplified design or restora
to anal 0g43pdeR1Si gN@hg1, ENcA*XPAOI 1109 { NaSGnd 1Al WaS, thiae bfbilitude

nmodul ation circuit can be applied to a recorder or to data transm ssion
handl i ng hh@brau8ibhyréptdsented adb@animibie, pd fite s Bialt Her aGasSkrgsi,nithe

anplitude direction, including signal attenuation, such as fading,
equal i zi ngas been difficult to multiply 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 oneibit, for exploiting the broad
' transmission range and high d&namic 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



filtering, cross-fading or m xing, which can be realized in a digital
Jaudi o transm ssi on apparatus handling digital signals of a nulti-bit, such
as 16-bit, format, referred to hereinafter as a nulti-bit digital audio
transni ssi on apparatus, cannot be realized wthout considerable
difficulties wwth a digital audio traﬁénission'apparatus enpl oyi ng the
[err] nodulation circuit if characteristics proper to the processing,

such as @toadast’awsnEmsitint GaRACQ" spAR1 8y naHd Ccore&rfq%uemeg&ﬁebstmg

mani fested satisfactorily. The fading, for exanple, includes
f ade- out aekagsadial |g/enéxﬁhl\Ei‘ng‘lgpi'BGSéeplt:@dlﬂde1§hgealfo|r01\éej Bp t ful 6pp ee Of
time, or fade- 4 in of gradually

|ncrea5|n91$he aﬁercgegﬁa¢1¢QWElagﬁenhﬁﬂdgaﬁedmmlth 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 generagfd by the coeffic1ent generating means, conversion
means for re-quant1z1ng ;he 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



the zero level. The fading is a customary signal processing technique in
*he anplitude direction of the audio signals. Referring to Fig.2, the
fading to be carried out by the above-nentioned multi-bit digital audio
transm ssion apparatus 1is explained. In Fig.2, a nulti-bit digital audio
signal, such as a 16-bit signal, ,suppl7ed to an input termnal 71, is

outputted via a mul tipli er 72 at an output termnal 73. If a control
si gnal speaGigndiNgréhgudadi 284 St t ehi M d¥h W rd nﬁleéHF_eq) I 8 %ﬂﬁq-‘gt 0 a
control input termnal 74, the control signal 1s supp ied to a contro

circuit 7meshieame an arbitrary fading signal is generated. As the fading
signal is supplied to a coefficient generator 76, a coefficient of
.gradual ly | onerliimgttild amedihersiagraict ,evidie toresezar cinwars i drs grosdudead aand
supplied to the nmultiplier 72. Wien the digital audio signal is
suppl i ed tRERIEIUSiGIE Apragiagigl fotputenrodviaialg &l onderict idigjdrdr atighadnd
out putted fat t he ) .

rom 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 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 generated by the
coefficient generating méans, conversion means for re—qﬁantizing
the processing results made up of a ﬁultiple signal outputted by
the processing 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, responsive to the type of signal processing in .the

amplitude direction, such as attenuation 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



output termnal 73 an audiomsignal which is .gradually lowered at a

*designated speed to,a zero level as froma timng specified by a.control

signal by way of perfornlng t he fade-out described above. The fade-in
gradual |y increasing the audio signal _(level fromthe zero I evel nay be
perfornmed by reversing the sequence op generation of coefficients
generated by the coefficient generator. However, such processing
cannot beggehi gvedewtt h ithl¥@ nlt8loml, the calculating process performs
nodul ated digital audio signal. That is, since the [err] nodul ated

digital spgoaksss$tghopsrdt idrs irgiaputhasghhesanpletusiof ansnabht homber
represented as a 1-bit pattern on the tinme axis, it has been difficult
nu|t|p|y tlieb&t gnavhbbe colme esned bindi 1ty nuymber conversion process converts
the output signel of the calculating process into a s1gna1 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 up of the small number of bits, while

the bit number conversion process converts 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 possible 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.

of
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the nultiplier 72 by way of perform ng anplitude processing operations.
‘'OBJECT AND SUMVARY OF THE | NVENTI ON It is therefore an object of the
present invention to provide a digital signal processing nethod and
apparatus capable of transmtting high-quality audio signals by realizing
signal processing in the anplitude dir®ction of digital signals of a

smal | nunber of bits, such as one bit, for exploiting the broad

transm ssi on r anige 2ase Hein@lt idwnay &hHows0e hel eIt o tahen@d ghlkealampliigi@es of
a small nunber of bits. In one aspect, the present invention provides
a digital digieptdlompdcessongeappanal usuil hetbdt ndji gioed ¥ i il garat]l garoereats img
means for varying a multi-bit coefficient generated responsive to an
actuati on Wy ifser, cal culating means for performing a pre-set processing
operation base%“u n.a bit-based input digital signal and a coefficient
which is a mult i1-£i%[ 18, i]rPaII“d‘eHéP'EP%EI showing a digital signal processing

circuit for controlling &a one-bit digitél signal in. the
amplitude direction according to tﬁe preseﬁt invention.

Fig.4 shows a first embodiment illustrating a specific
arrangément 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 ﬁnd 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 cii?qit 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



by the coefficient generatiﬁg means, and conversion neans for re-
‘guanti zing the results of processing operations made up of a nulti-bit
signal outputted by the processing neans. I n anot her aspect, the
present invention provides a digital signal processi ng apparat us includi ng
i nput means for inputting 6 at
| east two one-bit digital signals, and coefficient generating neans for
generati ngrpsenseinceet fiociwils Bordmsl dheallin et aillits. The coefficients
are associated with the one-bit digital signals entering the input neans.
The digital siTnelfpreteesbodimapparfit the apsesemt| inesnbi@h uisl diyeofed
calculating nmeans for performng pre-set processing operations based upon
t he one-pbte & digital signal processing apparatus preferably applied to
a digital audio recording/reproducing apparatus for A 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 recording medium. The digital signal
processing apparatus is capable of performing signal processing
in the amplitude direction,'such as gqualizing, filtering or
fading, as a sort of attenugtion, 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 performing
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 XA modulation
unit 7 -as a minor number bit conversion means for re-converting
an output of the multiplier 3 into a one-bit digital data{_
The multiplier 3 is a coefficient multiplication means
responsive to the one-bit digital data to multiply the one-bit

digital data with a multifbit multiplication coefficient, for

example, a 16-bit multiplication cqefficiént, generated in a



digital signals entering the input nmeans and the coefficients fornmed by
Tultiple bits generated by the coefficient generating neans, first

addi tion neans for adding the results of processing by the processing
means, conversion neans for re-quantizing the results of addition of the
addition neans into a one-bit digital dilgnal, and second addition neans
for adding the results of addition fromthe addition neans and the one-bit

digital siqyedfidratiGathdpatdie conversion neans. In yet anot her

aspect, the present invention provides a recording apparatus for recording
a one-bit digitkHe scgaffiohenmt Eeterditdgd NBdiidMreBRDNsAGR! Ot d1J ad ind ith

i ncludes coefficient generating neans for varying a milti-bit coefficient
gener at ed s igmplon$isy d atte raexapddatidon smppd igdetp acebdbutial i eaigeeebinss f oo
perform ng a pre-set processing operation based upon a bit-based input
digital si&ffaralf] theokfrbtt enult bphieabjon soefifipientsi gfal agesmrtateld by
the coefficjent eneratin%H;Fans; conversi on. neans for re-quantizing the

processiruf*%ﬂﬁﬂts?aﬂﬁ’mﬁi a&uﬁviﬁpgnected 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
Fhe integrator 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 outggt of the qﬁantizer 10, is outputted at an output
terminal 12.

The digital signal processing apparatus 1 operates as

follows:



bits outputted by the processing nmeans into the one-bit digital signal,
and recordi ng neans for recording the one-bit digital

7 signal re-quantized by the conversion nmeans on a recording nedium

In still another aspect, the present invention provides a reproducing
apparatus for reproducing a one-bit di g\* al signal, froma recording

medi um The reproduci ng apparatus includes coefficient generating neans’
for varying a mWhetbnbibitodificaendatgener sipfliespoisi veptd terminiaiati on
by -a user, calculating neans for perform ng pre-set processing operations
based upotocatheced¥timkiar radhich dhea dmerdsponis ive o shgnhlinpeprotited
from 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



the recording mediumand the nulti-bit signal generated by the coefficient
‘gener ating neans, -conversion neans for re-quantizing the processing
results made up of a multiple signal outputted by the processing neans
‘into the one-bit digital signal, and output means for converting the
one-bit digital signal re-quantized by 3he processing nmeans into an anal og
signal and outputting the produced anal og signal . Si nce the

processi ng,ppghgtlé)cr}su‘g_rlﬁ.&erg%ggd i §y§$é‘? JRner jthag amply tygde ¢phe

conponents of small-nunber bit 1 nput. digi signal s are Tncreased or

decr eased nul i 10N @ | €dr £ "B Ghu 1 § BSPUNS | Y Coprd 1s tapesidwSi Nt ig. 4,
processing in the anplitude direction, such as attenuation or mxing, and

t he procelslsedmnlasm-bxtsnuu&tdon\ieb.tednl rdwcmmal [sngopel ibit adi gdésdribed

signals, it becones possible to manifest the characteristics proper to the

smal | - nuntesro s ttodithet slddsirgfaiwheati sf aegetivy. delay WWithut hef dily: tddlay

Slgnal pro%ﬁﬁfaﬂg1%pgggghuioag§§"éﬂ{¥ajgit mu1t1p11cat10n output. If the
multiplier 3 'is replaced 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 perioa s0o as to be re—converted jnto 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



the present invention, the calculating process perforns processing
‘operations on input signals made up of a small nunber of bits, while the
smal |- bit nunber conversion process converts the output signal of the

cal cul ating process into a signal of a smaller nunber of bits, the digital
signal made up of a small nunber of bil4, such as one bit, can be
processed in the anplitude direction. Thus it becones possible to exploit

b | Cn S RELER OBLEDEE AR, DR BOa G, AR, PSRRI LP B
2;382; g}:ﬁ-ls' %‘%’%%g%ﬁg§%geah§erte§ in\a)t Qt;ehealgai.lq;é agiér{agln%ypgggggs iprz]i%sed
through an analog low-pass filter. Fig.6B shows a signal
waveform in case the one-bit digital data, obtained by the signal
processing performed by the digital signal processing 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 gxploit 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 a



the present invention, since the calculating process perforns processing
coperations on input signals nade up of a small nunber of bits, by
controlling the multi-bit signals, responsive to the input digital signal
made up of the small nunber of bits, while the bit nunber conversion
process converts the output signal of 1%e calculating process into a
signal of -a smaller nunber of bits, the digital signal nade up of a snal

number of it gas 4Clini 85261 shiolen GAN P Pf 0CERECH FORLISLAIWL 1 LULE 30,

di rection S i econes possible to exploit the broad transm ssion

range andsnhbbie DhORigyBaM @neAndR dWORRY Jrfid NP0 STRI ho @i DDEEs Dtie d'mioaal
signal in order to realize transm ssion of high-quality audio signals.
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nodul ation circuit.
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



9 Fig.2 schematically shows the control along the anplitude
direction of a conventional nulti-bit digital signal processing circuit.
Fig.3 is a block diagram showing a digital signal processing circuit for
controlling a one-bit digital signal in the anplitude direction
according to the present invention. 16 Fig. 4 shows a first enbodi nent
illustrating a specific arrangenent of controlling the one-bjt digital

signal in thewhérpl it ude @érLedd AWy one sample PSHHUW. a HRCAN SHOGI®RN
illustrating a specific arrangenent of controlling the one-bit digital
signal in ibhesupppied udia darecé+ont digital/ e ffg Y HREhertsdgnaes to
wavef ornms before and after anplitude processing, respectively.
the adder 22 where it is added to the input 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 correction codes are

appended every four one-bit digital data, the one-bit digital .



Fig.7 is a block diagramillustrating a recording apparatus according to

Tt he present invention. Fig.8 is a block diagram illustrating a
reproduci ng. apparatus according to the present invention. Fig.9
shows a structure of data recorded or to be recorded on a recording nmedi um
of the present invention. Fig.10 ghlustrates a third enbodi nent of
the digital signal processing circuit as a nulti-m xer. DESCRIPTION OF

THE PREFERRRL EMRODI D Bied to Befs%fx{dﬂ}qﬂ{x‘}aftfl%n 3‘%'& S s elpalridtlin@t 1 fa

enbodi mnents of the digital signal processing netho appar at us

accordi ng dirdihecorrection circuit 32 is freed of the l&ynchronization
signals and correéted for errors so that only the one-bit digital
data generated 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-bit digital data, thus processed by the
digital signal 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 gnalog audio signal is outputted at an output
terminal 40. -

Thus, with the digital audio recording/reprodﬁcing

apparatus, employing the digital signal processing apparatus 1



present invention will be explained in detail. The first enbodi ment
‘of the present invention is directed to-a digital signal processing
apparatus preferably applied to a digital audio recording/reproducing
apparatus for [err] nodulation of an input audio signal to forma one-bit
digital signal or one- bit digital dati8for recording on a recording

medi um such as a magnetic tape, and for reproduci ng and outputting the

one- bi t gifgits'ngl iqlgtt%.nftr %rtrn]bt r&figkefct?r qitn%enc%%eusmpOSﬁEmel ecIi (i)teailc lsé%a{lh%

processi ng apparatus 1s capa performng si'gnal procéssi

anpl i tudeb%aa&&émm%@%ﬁ%&%&ﬁ% Jiigﬁﬁ&hggiermég@“&qmeqsta érg% t of

attenuation, on the one-bit digita e signal processing int

anpl i t udesflal @chufiBet Sb Bt P OELEST NG grif 1 | FH3 @REING a8k oHle6FCRSLASMBEPL 44 ude
conponents of the one-bit digital data along tinme axis.. : Referring to
Fi g. 3, thefdhgghagusl ijbpl apddeessgmglapparatus 1 includes a nultiplier 3,
as an arithnetic unit for performng an arithnetic operation on the [err]
nmodul at ed one-ﬁhg_¢ﬁqﬁtqﬂ sdgnal 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



~froman input termnal 2 by controlling a nulti-bit signal in accordance
W th the one-bit digital data, and a [err] nodulation wunit 7 as a m nor

- nunber bi-t conversion neans for re-converting an output of the multiplier

3 into a one-bit digital data. The multiplier 3 is a coefficient

mul tiplication means responsive to thejae-bit digital data to nultiply

the one-bit digital data with a nulti-bit multiplication coefficient, for

exanple, a 16- ltiplication coeffjcient nerated in a

coefficiefit e ?ﬁnﬁ P°r examﬁﬁ?wxﬁﬁT?b?enngéhBFéFBFlﬁnl§°F§§ﬂ6ﬁ§P&e to

a Cormandge% QQ@ d %§ l %o%%@l%l %Q’é%ﬂ@yaf%q tq aT%Pn%5%|b1tr%P% t 1
data supplied to the input terminal 45 enter; a multlpllen 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



generate the 16-bit nultiplication coefficient. To a control signal input
termnal ‘6, connected to the control circuit 5, is- supplied conmand si gnal
for executing the signal processing in the anplitude direction, such as
fading, as selected by the user. The control circuit 5.is responsive to

t he command signal’ of executing the fad@Png for controlling the coefficient
generator 4 to generate the nulti-bit multiplication coefficient.

The nul ti Rluseit izeAUbRYbEL! Be f;ﬁé%&aﬁhﬂ@“.ﬁﬁ)' | gatd Apudtd ar n? oMbl - bit
digital data, to an adder 8 as a part of the [err] nodul ation unit 7. The

[err] nmodueatniovalursi4t. 7 i ncludes, in addition to the adder 8, an
Integrator 9 for integrating an addition out put of the adder 8, a
quantizer 10 f &1itduabhe zidigidatla $igmal t peroceissimzt otpParatws one-df t the
digital data every ling period and a delay unit 11 for delaying an

out put of Rw%mdzl?r)leﬂo emppddaleny .t inpspepidive: @ larsdmeneny igediad taA
quanti zed output of the quantizer 10 is negatively fed back via delay unit.

11 to the 9&fueA™y B! taépjtbe‘bewéﬁﬁt LaeePeRAGnEddRd UigPike A ULBILice&dPBN

coeff1c1ents,_assoc1ated 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
generaﬁed and controlled by the control circuit 48. Thus it is
possible with the présent modification to re—-output one-bit
digital data obtained on mixiﬁg amplitude components of plural
'input signals at an optional ratio. If fhe 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 s?gnals obtained on mixing amplitude components of plural
input signﬁls at an optional ratio. The presenf-modification ié
not limited tq.yhe 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,



output of the nultiplier 3. The one-bit digital data, as a quantized

'out put of the quantizer 10, is outputted.at an output termnal 12.

The digital signal processing apparatus 1 operates as follows:

12 The one-bit digital data is supplied via input termnal 2 to the
multiplier 3 which then is responsive tgythe binary state of the one-hit
digital data, that is to whether the data is "1" or "-1", to multiply the
one-bit di,gi @y dgta with positive or negative multi-bit, herein 16 bit,
mul tiplication coefficient, respectively, as shown in Fig.4. That is,
the positive or :



negative multi-bit coefficient, generated by the coefficient generator 4
‘based upon the command signal supp T?l‘fﬁf; *,]iu corRtrql circuit 5, is

sel ect ed dependi ng upon the binary|s E@%BE%e-bit digital data so as
“to be rrultlplledvmththeoneblt a A multi-bit
.multiplication output of the nulti plz;_er 3 is supplied to the [err]

nodul ation unit 7. An adder/subtractor 13 shown in Fig.5 nmay be
substi t ut gsiafrorrs charmebt fgki er 3. The adder/subtractor 13 is responsive to
the binary state of the one-bit digital data, that is to whether the
one-bit dilgitala dadbgisal 1" sGignall"”, pkrocadding Sulipgacitushe cBmptisbhk:

mul tiplication coefficient outputtedby the coefficient generator 4 to or
fromthe del ayededdtipiendf géme vt bryg umdardd, forspestiingl ya Thiudti-bit
substitution becones possible since the one- bit digital data supplied
fromthe |°ﬁﬁ|§tf1t°éleﬁ1tn£eqe§‘at?d ofespansive h4p 4am agpbwetign h¥sd uueerval ue
equal to unity he adder/subtractor 13 nay be realized by

uni fyi ng the nﬁla‘tlf’ﬁllFél"“gS '&?ﬂ)“st hdefdd@erdosmipge § eREwSdul REPBASEHANE 7.

operation based upon .a bit-based input digital signal and a

coefficient which is a multi-bit signal generated by said
coefficient generating means ; and

conversion means for re—-quantizing the results of_proeessing
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 signﬁl 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 further 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 claimed in claim
1 wherein saiq_qonversion means is constituted by a Qigma-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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The downstream side circuit, fed wth the nulti-bit nultiplication
‘out put, differs in structure dependifng on whi-ch
13 of the structures shown in Figs Flﬂﬂasﬁmmeh by the nultlpller
3. If the nultiplier 3 operates as Shew LACH the multi-bit

mul tiplication output is supplied as desznlbed above to the adder 8 where
a negative delay output of the delay wunit 11 is added to the nulti-bit

ﬂU|tIp|IC%% QﬂeogFgH& deﬁtthﬁogny ngscéﬁﬁbf repl aced as shown in Fig.5,

the nult catto éd as descri bed above to the
LR;EgratOG 9. The dléitgbekf%%&ilﬁﬂéﬁé 'd% %%BL%QQL%daQScPQP lglm

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

_—
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mul ti-bit hultiplication output, fromwhich the delay output is subtracted

by the adder 8 as descri bed above, eud 5 ﬁicd by~ the integrator 9 and
quanti zed by the quantizer 10 mﬁtw a pe%égéAiéﬁﬁﬁﬂiqo a sanpling period so
as to be re-converted into one-bit e illch is outputted at the

output termnal 12. The signal protdssing performed by the nultiplier
3 on the one-bit digital data is the signal processing along the anplitude
directionpySyah dagoadeakiiahNfledhsf adi ng, which is a - sort of attenuation,
as previously explained. For sinplification, the processing perfornmed by
the nul til.ier Thel 8iB0vaeXPl AP rdcesiSinidappiirdiak £ CRSTI iaf claduci ng
t he i nput signal anplitude by one half. Referring to Figs.6A and 6B
t he resul t7 ehepedaessiidg pofocielse ingi getak - airgnakdpr cpessi nglappalatsisaddi n
case the nmultiplier 3 perforns an operation of reducing the input signal
anpl i t udevirgrednethal digitizaplanerdit EngudAdidtel as bEnmalisvavétdpiied
case

-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
coeffigient 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, further
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:

ir_“-““‘-—~_‘“_‘_ . ~
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14 the onhe-bit digital data suppli to the input termnal 2 of Fig.3is

Te-converted into the anal og signal tyﬂhe@mggpéggqgﬁs rough an anal og
| ow pass filter. Fig. 6B shows a[signakﬁmmamgforn1 n case the one-bit
digital data, obtained by the signal proc | med by the digita

signal processing apparatus 1 shown in Fig.3, is re-converted into the
analog form Al though the input/output bit length is one bit for both
data, the two cdataidither §5991~£t§ﬁ1§t'Mﬁmspaﬂﬁrmarﬂ;ﬁﬁ{g'_’ ‘imtgfl%'i%g
audio signal obtained by being passed through the analog filter of a

si mpl e degogd fhiedents gurdddtude Fesdperdiby -8l hetuationWhyh 4 hgsdingi tal
signal processing apparatus 1, described above, the nultiplier perforns
its operation gsliculetingolsed4hi® 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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: nultl-blt mul tiplication coefficient generatedby the coefficient generator
4 responsive to the type of proces$iy attenuation or mxing, in
dependence upon the binary state o ' gi tal data as the

m nor - nunber bit input digital sifgmrs i-bift multiplication output
of the nultiplier 3 is re-converted by jée TT8dul ation unit 7 into
the small- nunber bit digital signal, herein the one-bit digital data.

Thus it becommlnma%stq&x%mﬁt@ﬁﬁbw@d%aéaﬂ%{ﬂ§§¢99 agﬂ]gﬁenaalndrethe

hi gh dynani ¢ range proper to the sma nber di gi n “or der
to realizegidr A HPNsQf dNipiBc@yalinky M istdN@hSanalog Eh%nﬁllgléxﬁi
signal processing apparatus 1 is applied to a digital audio

r ecor di ng/ setotuioi g ¢t lep pareatute d RelalldigNg ignal .

15. A reproducing apparatus for 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:

DUMIARROONRNIN e e s Been Replacea
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15 recording unit 20, shown in Fig.7, and a reprqguéing uni t 30; shown

in Fig.8. The.recording unit 20 [‘11‘ g gkg%gghe‘input .audi o signal
too formone-bit digital data an 5%% cap synchroni zati on signal and
an error correction code, at an i —sSet nunber of bits as a

unit, for effecting the recording, whi2§ the reproducing unit 30

reproduces 41t n ' i g t , it 20 on a
m"g“-e“ c t%]tigtlr ﬁfdéﬂﬁfi i&g#&ﬂéfé %ﬂ%{lﬁ %ﬁ”ﬁ%ﬁmﬁp%ﬂé‘%@ml og

audi o ~dat aoapitn G OrESE: O3 EGNALS | BRGCESS DG SPPRREFPSr at us 1 is
provided within the reproducing unit 30, the recording unit 20 is first
expl ai ned fABSTRATTENi ence i n expl anati on. . Referring to Fig.7, an

i nput audio signal froman input termnal 21 is nultiplied by the

mul tiplier.3 w tthdagitibli s bgnal mrddegsingt appacatds iadaptted tonvehe & one—

coefficient generator 4. The
bit digital signal in the amplitude direction by performing pre-—
set processing operations based upon a multi-bit coefficient
generator, a coefficient generated by the coefficient generator

and a one—-bit digital signal, and a recording/reproducing

apparatus carrying the digital signal proceesing circuit.

FIGURE 3
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coefficient, generated by the coefficient generator 4, is supplied to an
integrator 23 via an adder 22 controlled by the controlling circuit 5. An
out put signal of the integrator 23 is supplied to a conparator 24 where it
is conpared to, for exanple, a neutral point potential ("0 V') of the

i nput audio signal so as to be quantized by one-bit quantization every
sanpling period. The frequency of the smmwpling period, that is the
sanpling frequency, is set to a higher frequency equal to 64 or 128 tines
the sanpling frequency of 48 kHz or 44.1 kHz conventionally enployed.

The quantized data is supplied to a one-sanple delay unit

16 25 where it is delayed by one sanple period. The del ayed data
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6 62 ( (
1 INTEGRATION |—=| COMPARATOR 73
INPUT Ao _ OUTPUT
66 65
/ {
18T || 1-sAMPLE |«
D/A | DELAY
71 INi re - -
INPUT TERMINAL [/ 73 OUTPUT TERMINAL
o ~| . MULTIPLIER
|
COEFFICIENT |— 76
GENERATOR
_| contROL |—7°
P - CIRCUIT
74 CONTROL SIGNAL
INPUT TERMINAL

FIG.2



is supplied via a one-bit digital/analog (DA converter) 26 to the adder
22 where it is added to the input audio signal fromthe input termnal 21.
Thus the conparator 24 outputs quantized data which is the [err] nodul ated
i nput audi o signal. The output quantized data of the conparator 24 is
supplied to an appending circuit for appending the synchronization signal
and the error correction coding (ECC %2 that the synchroni zation signal
and the error correction codi ng (ECC) 2 appended to the quantized data
every pre-set nunber of sanpl es. Wth this recording format, one-bit
digital data, as the one-bit quantized data, are split every four one-bit
data, such as in terns qf data Derr] to Derr], as a unit, as shown in
Fig.9, and a set of syneNrenpzation signals S[err], S[err] and a set of
error correction codes PlerrR, Pl[err] are appended every four one-bit
digital data. Transm ssion efrors generated during.recording/reproduction
may be detected and correctediby the error correction codes Plerr],
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Plerr] appended by the synchroni zation signals and error correction code
appending circuit 7. In the reproducing unit 30, shown in Fig.8, the.
one-bit digital data recorded by the reproduci ng head 31 on the magnetic
tape 29 is reproduced by a reproducing head 31. Since the one- bit

digital data is recorded by a format in which the synchronization
signals and the error correction codqf are appended every four one-bit
digital data, the one-bit digital /9

17 data when supplied to a synchronization signal separating and error
correction circuit 32 is freed of the synchronization signals and
corrected for errors.so that only the one-bit digital
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data generated by [err] nodul ation of the input audio signal is generated.
The one-bit digital data, thus generated, 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 anplitude direction, as explained previously. The one-bit digital
data, thus processed by the digital si | processing apparatus 1, is
restored by the analog  filter 33 into ggglog audi o signals, which are
outputted at a nonitoring term nal 34. © The [err] re-nodul ated’
one-bit digital data, outputt®d by the digE}aJ si gnal processing apparatus
1, is converted by a digitalgfilter 35, whilkch is a decimation filter, into
data of an optional signal rmat, such asga CD or DAT format. The digital
signals, converted into thegbptional forma& , are supplied to an ordinary
D) A converter 39 via'a reprogpcing systen13§ of a digital recorder of an

optional format, a reproducig? system 37 fOE a CD
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or DAT or a reproducing systém 38 for DCC (digital compact cassette). An
. anal og audio signal is outputted at an output term nal 40. Thus,
with the digital audi o © recording/reproduci ng apparatus, enploying
the digital signal processing apparatus 1

18 of the instant enbodi nent, it becones p055|ble to exploit the broad
transm ssion range and the high dynam c dﬁpge proper to'the snall-nunber
bit digital signal for realization of trdnsm ssion of high-quality audio
signal s.. The digital signal processing nethod and appar atus
according to the present inventionis not limted to the above-described-

FSSAR /NN X
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enbodi ment. For exanple, the digital signal processing apparatus may be
tonfigured for handling plural one-bit digital data, as shown in Fig.10.
This digital signal processing apparatus is now explained as a nodified
enbodinment. It is possible with this nodified enbodinent to mx two or
nore channels of one-bit digital data, for exanple, three channels of
one-bit digital data, at an optional mg<)41g ratio to output a solée one-bit
digital data. To input term nals 41,43 and 45 of the present nodified
enbodi ment are rqQuted respective [err] nodul ated one-bit digital data. The
ong-bit digital §ata supplied to the ingut termnal 41 enters a nultiplier
42 which then m@K plies the one-bit dif@ital data with a nulti-bit, for

exanpl e, 16-bi tﬂozﬁ nul tiplication coef &ti ent generated by a coefficient

generator 47. The = i oagtd on coefficient is selectively
controlled depe@di ng upo bi nar sgate assunmed by the one-bit digital
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data, as in an enbodi nent hereinafter expl ai ned. The one-bit "digital
data supplied to the input termnal 43 enters a nmultiplier 44 which then
multiplies the one-bit digital data with

19 a multi-bit, for exanple, 16-bit, multiplication coefficient generated
by the coefficient generator 47. The one-bit digital data supplied to the
input termnal 45 enters a nultiplier 4§ owhich then nultiplies the one-bit
digital data with a nulti-bit, for exanple, 16-bit, hultiplication
coefficient generated by the coefficient)_generator 47. The coefficient
generator - 47 is controlled by a contro i¥cuit 48 to generate the
multi-bit, herein 16-bit, nultiplication cogfficient. To a control i nput
term nal 55, connected to the control circuit] 48, is supplied a

6))
M4 g
|
0 —]
[+ 49 ¥ X
% auo=s IN 8= ® | O=
N S8<in |[M | << | M | o<iu
Erme |  Omi= | OmE
N 9022 | | az= Az
™ Qu_iw o_w {7,
o 0. a.
) !
- N
M G 0 -
Q <5 a5
< al-
!

’_

FIG.8

[
DIGITAL
SIGNAL

PROCESSING

/"(32

SYNC
SEPARATION
AND ERROR
CORRECTION

29 MAGNETIC TAPE

' 3/ PLAYBACK HEAD



signal conformng to the signal processing in the anplitude direction, for
exanpl e, mxing, as selected by the user. The coefficient generator 47
t hen gener at es a mlti-bit multiplication coefficient, under control
of the control circuit 48, on the basis of the signal conformng to the

m Xi ng. - Multi-bit multiplication outputs fromthe nultipliers 42, 44
and 46 are supplied to an adder 50 of thg,4err] nodulation unit 49. The
[err] nodul ation unit 49 hds, in addition to the adder 50, an integrator
51 for integrating a sum output of the adder 50, a quantizer 52 for '
guanti zing the one-bit signal fromthe integrator 51 every sanple period
and a delay unit 53 for delaying the output of the quantizer 52 by a time
equal to one sanple period. The quantized output of the quantizer 52 is
‘negatively fed back via delay unit 53 to the adder 50 where it s
negatively added to the sumoutput of the nulti-bit nultiplication

out puts. The one-bit digital data, which is the

SYNC ERROR
) PATTERN e DATA  CORRECTION SIGNAL
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20 quantized output of the guantizer 52, is outputted ar an output

term nal 54. Wth the digital signal processing apparatus 1 of the
present nodified enbodi ment, respective plural one-bit digital data are
multiplied with i ndependent multi-bit nmultiplication coefficients,
associated wth binary states of the respective one-bit digital data, by
the multipliers 42, 44 and 46. The multi-bit nmultiplication outputs of
the nultipliers 42, 44 and 46 are sume®/®y the adder 50 and thence
transmtted through the [err] nodulation unit 49 so as to be re-converted
into one one-bit digital data. The nmulti-bit nmultiplication
coefficients, supplied to respective independent nultipliers 42, 44 and

46, are <
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generated and controlled by the control circuit 48. Thus_ it is possible

with the present nodification to re-output one-bit digi ta'RE@EA@EMEmaBHEEI

on mixing anplitude conponents of plural input signals

ratio. If the present nodification is applied to, for éx I gital
102 Bt
o transnmt

audi o transm ssion apparatus configured for transmtting| and

[err] nbdul ated one-bit dirgital data, |t becones .possi bl

record . audi o signals obtained on m xih g arrplltude canpongnts of plural
i nput signals at an tlonal ratlo The resent rmdlflcat OR—t-S——hot

Ipliers @P'?
ATITLE OF.  THE INVENTION INVENTIO

limted to the abov c‘F‘E%%BLEfa o;}:er

att-enuati on nay al s L? (EHPPFN pRmJlﬁﬂ;O%@ $6

coefficients and Var'ﬂ'{ %g AEA [?é)era ons _ .

performed within the ni s
1-Bit Signal Processing Apparatus capable of Amplitudé:Modula;ibn

and Recording or Reproducing Apparatus Having Loaded Thereon the

Signal Processing Apparatus

BACKGROUND

Field of the Invent1on

This invention relates toa digital signal processing method

and apparatus for performing signal processing in an gmplitude

Wy

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,
. reproduction and transmissien 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
aa satellite broadcasting. In the digital audio trqnsmiss;on
apparatus, the sampling frequency of 48 kHz and the number of

quantization bits of 16 have been prescribed as the format fer
digitization. o |

ih the conventional digital audio transmiesion apparatus,'
the numbei of quantization bite of the digital audio data
generally pregeribes the dynamic range of demodulated audio
signals. For transmitting audio signals of higher signeal
quality, it is necessary to increase the number of quantization

bits from the current value of 16 bits to 20 or 24 bits.



21 44 and 46. 22

What is clained is :- 1. A digital signal processing apparatus
conpri si ng: coefficient generating neans for generat| a [ti-bit
coefd$’ERégxIA§ AJENF OFFICE response to an act uat if GRPHRPHOR Nese -

pr SEABCH/RE s for perforning a pre-set processing op S ‘Iﬁﬁrﬁ a bit-
b5t NPUtrekidoR HIEAHIIRACH odtibhsliol ok fdnt Dbrlncififishich] ent signal

g bner at ed hy sald coe Lclent gener atlLna peans., and. SO r-S-0R—Rals

for re-quantizing a nmulti-bit signal outputted by said

processi ng neans. 2. The digital signal processing apparatus as
cIaﬂdﬂﬂ&lﬁgmdbakﬂsm@apﬁuanﬁ(ﬂ%&hpudpwwmwzemwhyd@&ﬂﬁ@mddgbﬂmhﬂﬁﬂm&“#ﬁﬁﬁ%ﬁpﬂ@y

f O perfatinirigpry-sat grosessitig bpdrativas based wypota naliltirbit edefficieghgeneratori(43.2 cgeffipient; gel{ﬂlff!ted_by the
C Q ebdfiiciént Bénemitar(4) and avac-bit digitilsigeal] ahdaceddfding/reproduging epparatmgcamying the digital signal

processing circuit.
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3. The digital signal processing apparatus as clainmed in claim2 further

conprising selecting neans for selecting said multi-bit cgefficT T Ol
for processing by said processing neans depend| n upon sal hg#'f‘“‘@&@gi g'k%lr

t

di gi ta)- signal . 4. The digital ﬁe silnd appar at us as
clainmed in claim 1 wherein said conversi &% neans corrprl s¢s |a 3IEOMAYdI9R9 a
nmodul ation circuit. 5. - The digital signal, prodedsi ng apparat us
as claimed in claim_ 4 wherein _sal d pre-set proce op4gr atTomof—sard

processi ng nmeans |§NB%FS'§CF|%!M'§ ire-quanti zed inpuf digitdl signal ___
generated by said sigma-delta nodul ation circuit. 6. The digital
signal processing apparatus as clainmed in claim1l wherein said processing
means conprises an ladder¥ digitalrsignabprocessing apparaius scomprisisgng sel ecting neans

fzgr sel ecting, basedefipiRht §8h&lafitd mEans ol §OMrattie? b Mliti-bit coefficient signal in

~ response to an actuation by a user; '
processing means for performing a pre-set processing operation upon a bit-
based input digital signal and said multi-bit coefﬁcienf signal
generated by said coefficient generating means; and
conversion means for re-quantizing a multi-bit signal outputted by said
processing means. '

2. The digital signal processing apparatus as claimed in claim 1
wherein said processing means comprises a multiplier for multiplying said bit-based
input digital signal and said multi-bit coefficient signal generated by said coefficient _
generating means. '

3. The digital signal processing apparatus as claimed in claim 2 further
comprising selecting means for selecting said multi-bit coefficient signal for
processing by said processing means depending upon said bit-based input digital
signal.

4, The digital signal processing apparatus as claimed in 'claim 1
wherein said conversion means comprises a sigma-delta modulation circuit.

5. The digital signal processing apparatus as claimed in claim 4
wherein said pre-set processing operation of said processing means is based upon
a re-quantized input digital signal generated by said sigma-delta modulation circuit.

6. - The digital signal processing apparatus as claimed in claim 1
wherein said processing means comprises an adder/subtractor, and further
comprising selecting means for selecting, based upon said-bit-based input digital

f A O O



signal, whether a requantized digital signal output fromsaid conversion
means and said nulti-bit coefficient signal generated by >aEﬂH%@EMENpm§m£T
generating nmeans are to be added or subtracted relative to Ch—ot-hRef

7. A digital signal processing apparatus conprising: |nR?t

for inputting a plurality of one-bit digital signals;

generating neans for generating a plurality of pre-set codfflicients
formed by multiple bits, said plurality @ pre-set coeffidi ents being
associated with said plurallty of one-bit digital signals EﬂLgLLng_§a+d————‘
i nput neans; processing neans for performng pre-set processing

oper at i ons upesignakhimbether a requantized digital agaalim;plmfromrsaidxidnvdis@mtméarw gndal s

enc e 18 . bR SRR g1 g oy sod oot Shidtul oL " o'

generating nmedmbe added or s@ibtractedanbtiitive o eaetaothef.or addi ng resul ts of sai d
pre-set processing by said processi ng neans; .
conversion means for re-quantizing an output of said addition nmeans into

are- quantlzed oneybit mggitals,.gshgmbess'mgjapparatus comphsiAg:addi ti on nmeans for
addi ng said output fr?m sal firs and said

one-bit digital si WY "ﬁaﬂﬁu@éﬂp‘ﬁi’"%ﬁlpa‘@g%\?&?%‘? Eﬁ djgita|-signals; 8.

The digital signal c@éiﬂ@i@ﬁt‘:‘gelﬁﬁraiﬁéﬁfe%wﬁ)r én@«’aﬁmg@ﬂurdmyfdfaré%&cwﬁ&%h& sai d
processi ng neans conprl wh d

es a pluralijt mul tipliers an erein sal
one-bit input digital 5| &Vsmuwmete’/'ﬁ said W@%ﬁl%ﬁ?bﬁff@%ﬂtﬁbe@% set
Gener ating means. © ¢ sssctedlity SRTATEIGINGAER Sigh Sehdle SRR ST s s
enerating neans.
gl aimed in claim8 furt KUt B®#PSi si ng sel ecting neans for selecting said

plurality of pre- SSFocﬁgélﬁé hfe'aﬁ@ff&' Je%rrﬁih@‘i:?é@étrﬂ?o@ésﬁ@ dpedti3nhS SpbA galdeans

dependi ng upon said plura one-b
plurallty of one-blt dlgltal signals entering said input means and said
plurality of coefficients formed by multiple bits generated by said

coefficient generating means;

first addition means for adding results of said pre-set processing by said
processing means;

conversion means for re-quantizing an output of said addition means into
a re-quantized one-bit digital signal; and |

second addition means for adding said output from said first addition means
and said one-bit digital signal produced by said conversion means.

8. The digital signal processing apparatus as claimed in claim 7
wherein said processing means comprises a plurality of multipliers and wherein
said one-bit input digital signal is multiplied with said plurality of pre-set
coefficients made up of multi-bit signals generated by said coefficient generating
means.

9. The digital signal processing apparatus as claimed in claim 8 further

- comprising selecting means for selecting said plurality of pre-set coefficients for

processing by said processing means depending upon said plurality of one-bit
digital signals.



digital signals. 24

10. The digital signal processing apparatus as cl ai nedd4-#-etatnTT [
sai d conversigon maang conprises a sigma-delta nodul ation cREM%MENT%E?
11.  The figital signal processing apparatus as clainmed|i pFcrarm 10
wherein said re-quantized one-bit digital signal is generat ed WV}@I‘QQQ
sigma-delta nodul ation circuit. 12. The digita3l m%na
processing apparatus as clainmed in claim24 wherein said grocess+rg—TTeans
conprises an adder/subtractor, and further conprising sellecting nmeans for

sel ecting, based upon said plurality of one-bit digital stgmats; whether a
requanti zed one- bi #odi giThal digit) "éigna? UsrBedssingO B Seirhtths C&3 CRIIME® Nn NdlaiRs 7and
said nulti-bit coefficient sjygnal generated by said coefficient generating
means are to WHCHRYSHISONVGBOReAt GOBIRIELS @ Sigmadelta plodujation circutt. 13
A recordi ng apparatus for recording a one-bit digital signal on a recording
medi conprisin

' Um conp d 11.  The digital signal processing apparatus as claimed in claim 10

wherein said re-quantized one-bit digital signal is generated by said sigma-delta

modulation circuit.

12.  The digital signal processing apparatus as claimed in claim 7
wherein said processing means comprises an adder/subtractor, and further
comprising selecting means for selecting, based upon said plurality of one-bit
digital signals, whether a requantized one-bit digital signal output from said
conversion means and said multi-bit coefficient signal generated by said coefficient
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 :

coefficient generating means for multi-bit coefficient signal in response to |
an actuation by a user,

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

conversion means for re-quantizing a multi-bit signal outputted by said
processing means into a re ~quantized one-bit digital signal; and

recording means for recording said re-quantized one-bit digital signal on a
recording medium.

14.  Areproducing apparatus for reproducing a one-bit digital signal from
a recording medium comprising:
coefficient generating means for generating a multi-bit coefficient signal in
response to an actuation by a user; _
processing means for performing a plurality of pre-set processing
operations upon a coefficient made up of a one-bit digital signal

LLLLL




coefficient generating nmeans for nulti-bit coefficient signal in response.
to . an actuation by a user; processi ng
perform ng a pre-set processing operation upon a bit-
input digital signal and said nulti-bit coefficient signal
generated by said coefficient generating means; and

for re-quantizing a multi-bit signal outputted by said
processing neans into a re -quantized on@bbit dlgltal _signalt;

recordi ng medi um 14. A reprodu0| ng apparatus for
one-bit digital signal frepmdwcadémrshlm@camﬁigmedmmhﬂshmnulﬂ-bltcoefrclent

coefficient generating neans for nerat t coefficient signal
in res pon§@"?gg%ﬂ?r%t L'.i’é(tﬁa%‘“g‘sﬁa%emgsf‘emhng means; ocessi ng
means for perform sgnversion rrﬁéartsyfoﬂfre-quEnt&mg Rl AL ﬁgnal outputted by said

operations upon a coefficient, made up .of a one-bi |taI si g

25 r epr SRFEERINY |"2ﬁﬂ"§é"t8 ar'@cq}H'i‘F'FEf} l'iﬁ\‘gétﬁhs'g%ﬁlda%l ti-bit
coefficient output meahs Bdradongéing dhRiteRjuahfiied 6ebit bgitadigrigner at i ng
means, conversion neans for re-quantizing a nulti-bit signal
outputted by said re-quantized by said processing means into an analog signal and

outputting said produced analog signal.

15.  Areproducing apparatus for reproducing a one-bit digital signal from
a recording medium comprising;

coefficient generating means for generating a multi-bit coefficient signal in
response to an actuation by a user;

processing means for performing a plurality of pre-set processing
operations upon an input bit-based digital signal, having a number
of bits smaller than a number of the bits of said muiti-bit coefficient
signal, and said multi-bit coefficient signal generated by said
coefficient generating means; and |

conversion means for re-quantizing a multi-bit signal outputted by said
processing means into a smaller-number bit digital signal.

I
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processing nmeans into a re-quantized one-bit digital signal; and

out put nmeans for converting said re-quantized one-bit digital signal
re-quantized by_said processing nmeans into an anal og signal and

out putting. said produced anal og signal. 15. A reproduci ng
apparatus for reproducing a one-bit digkéal signal froma recordi ng medi um
conprising;1-BIT s1GhE! fPROCHYS BR) AFPARMTUS AP ARE PN aMPLAGDE mul ti-Dbit
coef fi ci enMODUIANION) AND RECORDING ORE REFRODUCT NG ACTARAITUS HAW INGISer ;
processi Ng LOADED fTMERBON (HE HIGNAY HRUCESSING RNPPARNTUS OCessi ng
operations upon an input bit-based digital signal, having a nunber

of bits snABB&RACHan a nunber of the bits of said nulti-bit coefficient
signal, and said multi-bit coefficient signal generated by said _
coef ficient gentr&tghiphediinalapndocessing mmarsitos adansefioko neemyuaneiet ng

a multi-bitg. ignal out putted by said . . processing neans into a
smal | er - nu ZI’ bﬂt?jfg%)‘t%a]si‘dhém amplitude direction by performing pre-— ;

set processing operations based upon a multi-bit coefficient
generator, a coefficient generated by the coefficient generator
and a one-bit digital signal, and a recording/reproducing

apparatus carrying the digital signal processing circuit.
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