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_Field of the Invention This invention relates to a digital signal
~processing apparatus for nmuting a digital signal digitized with at |east
one bit, and a digital signal recording apparatus for recording the
digital signal or the nmuted signal on a recording nmedium Description of
the Related Art As a method for digitizing audio signals, a nethod

known as a sigma-delta ([err]) method has beconme known (see for exanple
Y. Yamazaki, "AD/ DA Converter and Digital Filter", Journal of Japan

Soci ety of Acoustics, Vol.46, No.3 (199@), pp. 251-257). The 1-bit
digital data, obtained by this [err] nodulation, is represented by a
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Field of the Invention :

This invention relates to a digital signal processing

apparatus for muting a digitel signal digitized with at least one
bit, and a digital signal recording apparatus for recording the
digital sign#l or the muted signal on a recording medium.
Description of the Related Art

As a method for digitizing audio signals, a method known as
a sigma—-delta (ZA) method has become known (see for exampie Y.
Yamazaki, "AD/DA Converter and Digital Filter", Journal of Japan
Society of Acoustics, Vol.46, No.3 (1890), pp. 251-257).

The 1-bit digital data, obtained by this ZA modulation, is
represented b& a-sampling frequency significantly higher.(such
as 44.1 kHz times 64) and a data word length significantly
shorter (such as 1 bit) than those of fhe data format hitherto

..uséd for conventional digital audio (such as the sampling
frequency of 64 kHz and the d@ta word length of 16 bits) and is -
characterized by a broad transmission frequency range. By this
ZA modulation, a high dynamic range can be secured in an audio
range which is an extremely low frequency range as compared to

the 64~tuple oversampling frequency. This feature can be



3

2 exploited for recording or data transm ssion with high sound quality.
The [err] nodulation circuit itself is not a new technique and is
frequently used in an A/ID converter since the circuit structure can be
easily designed as an IC and lends itself easily to high-precision of AID
conver si on. In case of 1-bit [err] nodulation, an audio signal
Is represented by bi-level pulse density nodulation of "+1" and "- 1". At
this time, a [err] signal Xn at a point equivalent to a neutral point
voltage (that is, O V) as a reference for an audio signal is represented

by the equation (1): [err] - (1)

As will be clear fromthe equation (1), 2a and b are sel ected so that, if
the neutral point potential is to be represented, the pul se density for

"+1" and th for,"=1" wll equal ,1.0 each s s o4 f

I -bit [ef?? °1g%%u %feﬁecogégﬁﬁikr ?%}9 euﬁqﬁﬁi%%@gﬁ Pé&%r & rgﬁrdguced or
transmttegeagtg.digital signal, "+1" is converted into "1", while "-1"
is converted into "0". If an unusual event occurs in the course of
recordi ng and Thpr¥dmotnbstion girewnit Heselfinksinedi ennput teshniaust andd such

tSQ?It etshgf sisgng‘lreiqtsxent 1}1 Otsztsédt q.% Sia.lqnillbi Scc];ting(eer éazl‘t ;g‘t:ceor t;u(a)" 'ci%ic%g% a
structure can be easily designed as an IC and lends itself easily
to high-precision of A/D conversion.

In case of i—bit EA modulation, " an audio signal. is
represented by bi-level pulse density modul#tion of "+1" and "-
1". At this time, a ZA signal Xn at a point equivalent to a

neutral point voltage (that is, 0 V) as a reference for an audio

‘signal is represented by the equation (1):

m m=a+b .
Y Xn= ), (+)xa+(-1)xb =0 -~a=b
n=0 n=0

e (1)

As will be clear from the equation (1), a and b are selected
so that, if the neutral point potential is to be represented, the
pulse deﬁsity for "+1" and that for "—1i" will be equal to each
other. |

If the i-bit A modulated signal is actually
recorded/reproduced or transmitted as a digital signal, "+41" is
converted into "1", while "-1" is converted into "0". If-an
unusual event occurs in the course of recording and reproduction
or if the transmission path is ruptured such that the signal is

lost, the signal is fixed at "1" or "0". Since a series of



3 contiguous "1"s or "O' s in [err] nodulation is equivalent to a

_posi tive maxi mumvalue or to a negative maxi mumval ue, respectively, there
‘is arisk that, at a tinme noment of occurrence of an unusual event

in the course of recording/reproduction or rupture of the transm ssion
fath, the noise of the maxi numoutput is generated to destruct an
anplifier for nonitoring or a speaker. The digital audio recorder
for recording the [err] nodul ated digital audio signal and the peripheral
equi pnent are of a higher dynam c range and of a broader transm ssion
frequency range than before in order togrealize high flexibility for
coping wwth a variety of digital audio nmedia which will be devel oped in
future. : Meanwhi l e, for realization of a digital audio recorder for
recording [err] nodul ated digital audio signals and the peri eheral

equi prenfont hgugmcti'oh oF TR Selpr SRRt OIrtdee tife ARV entf dRctd on for

t ect t d t |
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However, there has hitherto | acked a nethod for nmuting in the digital

si gnal prSEEsEeRRe 8§ st &m hatmisuad [ @vePtnodul &nj orkthe  StawesRY GO THE
| NVENTI eref qr

e egegetog g DO SO SR BRI ! (SRRRRLEGRN pebfenthin t2,
a one- bi tncd.lsgl b8l ﬂ&!ﬁim@@u&p&jﬂ aist gbnéted tbeﬁélé@dd& an amplifier
- for monitorihé or a speaker.
The digital audio recorder for recording the ZA modulated
digital'audio signal and the peripheral equipment are of a higher
dynamic range and of a broader transmission frequency range than
before in order to realize high flexibility for coping with a
variety of digital audio media which will be developed in future.
Meanwhile, for realization of a digital audio recorder for
recording ZA modulatéd digital audio signals and the peripheral
equipment, the function of noise prevention and the muting
_function for protecting downstream side equipments in case of
occurrence of signal interruption as a result of malfunction of
the equipment, damage to the recording media or rupture of the

transmission path, are indispensable. However, there has hitherto

lacked a method for muting in the digital signal processing
system handling ZA modulation.

SUMMARY OF THE INVENTION
It is therefore .an object of the present invention to
provide a digital signal processing apparatus capable of muting

at least a one-bit digital signal and a digital signal recording



apparatus capable of recording at |east the one-bit digrtal signal or

nmut ed signal. I n one aspect, the present invention provides a digital
'srgnal processi ng apparatus for nuting a digital signal obtained on

digitizing in at |least one bit. The apparatus includes muting pattern
Signal generating neans for generating a pre-set nmuting pattern, swtching
means for selectively switching between the digital signal digitized with
at |east one bit and the nuting pattern signal generated by the nuting
pattern signal generating neans, and an infinite response.filter means for
converting an output of the switching nkans into an anal og signal. The
spectrum characteristics of the pre-set muting pattern signal are selected
to coincide with the inhibiting frequencies of the infinite response

filter & h ot N S b ty Ofy L@yl des a
di gi tal rrgg.gl ganté r%%:odrtgll ngggpg%?%fﬁs% i rrﬁ‘te%rtg aﬂ%ﬂl gﬁ/ si gnal obt ai ned’
on digiteigngl idr alutkaasigmwale. bit in a recording medi um The appar at us

i ncludes nuting pattern signal generating neans for
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into an anal og signal, and recordi ng neans for recording an output signal
pattern signal generat1ng means for generating a pre—-set nmuting

pattern, switching means for selectively switching between the

digital signal digitized with at least one bit and the muting

pattern signal generated by the muting pattern signal generating

means, and an infinite response filter means for converting an

output of the switching means into an analog signal. The

spectrum characteristics of the pre-set muting pattern signal are

selected to coincide with the inhibiting frequencies of the

infinite response filter -means.

In another aspect, the present invention provides a digital
signal recording apparatus for muting a digital signal obtained

on digitizing in at least one bit in a recording medium. The

apparatus includes muting pattern signal generating means for

generating a pre—~set muting pattern, switching means for

selectively switching between thé digital signal digitized with

at least one bit and the muting pattern signal generated by the

muting pattern signal generating means, infinite response filter

means for converting an output of the switching means into an

analog signal, and recording means for recording an output signal

of the switchihg means on & recording medium. The spectrum



of the switching neans on a recordi ng nmedium The spectrum

5 characteristics of the pre-set nuting pattern signal are selected to
“coincide with the inhibiting frequencies of the infinite response filter
nmeans. In yet anot her aspect, the present invention provides a
«digital signal nuting method for muting a digital signal digitized with at
| east one bit, based on a nmuting command, at the tinme of transm ssion of
said digital signal. The nethod includes the steps of selecting a nmuting
signal generated by the -nuting conmand so that the spectrumdistribution
of the muting signal will coi nci de wi th the i nhi biting frequencies of an
infinite response filter configured for converting the digital signal into
an anal og signal . Wth the digital signal processing apparatus

accor di ”thpacteWEcPJse%‘?”ihé ‘{%”%ég'ln tifg né"\é'te%'ﬂe g%(lht GRESsPRlREN the
mut i ng pattern signal ene Yhes it ern generating neans
and at | eaSTcoQﬂeibét wdtgl tak ahgmainwdfishﬁ;mBut ofel @t ethfphitet hi s
switching is converted by an FIR filter into an anal og signal. Since the
mut i ng pﬁ?ﬁé?%ﬁ%lﬁy%§PrhE£ﬁqﬁ ural inhibiting frequenci es corresponding to

t he inhibiti ng SQUEH&]? of ttl% t'l‘:‘I R fllggg § Lhat thg aﬂaé Q9 SI gnal
will n % %l‘ aspe v 10 It‘O

be at a neutral otential arter ana ognnndhla 1 on, *tHe 1-bit

dlhgl tal _smgﬁah cangnahe Hatiek Waethddie ravt i gk al t &F Nasdigaal & sesel ected by
the sw tcher .

digitized with at least one bit, based on a muting command, at
the time of transmission of said digital signal. The method
includes the steps of selecting a muting signal generated by the

muting command so that the spectrum distribution of the muting

signal will coincide with the inhibiting frequencies of an

infinite response filter configured for converting the digital

signal into an analog signal.

With the digital signal processing apparatus according to
the present inventionf the switcher switches between the muting
pattern signal generated by the muting pattern generating means
and at least one-bit digital signal, and the output selected by
this switching is converted by an FIR filter into an analog
signal. Since the muting pattern signal has plural inhibiting
frequencies correspon&ing to the inhibiting frequencies of the

FIR filter so that the analog signal will be at a neutral point

potential after analog modulation, the 1-bit digital signal can

be muted when the muting pattern signal is selected by the

switcher.

With the digital signal recording apparatus according to the

present invention, the switcher switches between the muting



Wth the digital signal recording apparatus according to the pr esent
i nvention, the switcher sw tches between the nuting

pattern signal generated by the nmuting pattern generating neans
| east one-bit digital signal, and the output selected by
recorded on the recording neans, at the sane tinme as it is converted by an
FIRfilter into an analog signal. Since the nuting pattern signal has
plural inhibiting frequencies corresponding to the inhibiting frequencies
of the FIRfilter so that the analog signal will be at a neutral point
potential after analog nodulation, theénuted 1-bit digital signal

can be recorded when the nuting patten signal 1is selected by the
switcher. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1l is block, view of
a digi talpailtg lg rgqﬁqrg] Hﬁr&iteé’d% aCCO{_:P%%q’ e t he Qx;esetnt | nve{r\nt i on.

Fig.2 is a bock diagra oW ng FracBor iy o™

present iandenti Denst one—bel@iéﬁﬁdi &iﬁﬁ&ﬁl|éﬁhlﬂH%Codt§G€a§8£Hcﬁ%a E&F3f|| ter
accordi ng to the present invention. Fig.4 is a graph show ng the

f r equencytHgs SYALEhine nif cpcordegnansthe %qunﬂépgenhem$nfﬁh the same Fig.5
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Fig.6 is a Wav ef of m di agr am- s the i ed S|gnafnouF%h sig
Since the muting pattern signal has plural inhibiting frequencies

and at
this switching is

corresponding to the inhibiting frequencies of the FIR filter so
that the analog signal will be at a neutral point potential after
analog modulation, the muted 1-bit digital signal- can be

recorded when the muting patten signal is selected by the

switcher.
BRIEF DESCRIPTION OF_THE DRAWINGS

Fig.1 is block view of a digital signal recording device

according to the present invention.

Fig.2 is a bock diagram showing a XA modulator according to

the present invention.

Fig.3 is a detailed bloc diagram of an FIR filter according

to the present invention.

Fig.4 is & graph showing the frequency response of muted

signals in a first embodiment.

Fig.5 ghows the frequency response of the muted signal in
the first embodiment.

Fig.6 is a waveform diagram showing the muted signal output.

Fig.7 shows the muting signal after passage_through the FIR
filter.

Fig.8 is a graph showing the frequency response of the muted



Fig.7 shows the muting signal after passage through the FIR
Fig.8 is a graph show ng the frequency response of the nuted

7 signal in a second enbodi nent. DESCRIPTION OF THE PREFERRED

filter.

EVMBODI MENTS Referring to the drawi ngs, preferred enbodi nents of the
-digital signal processing device and the recording device will Dbe
explained in detail. Fig.l shows an arrangenent conprised of a
digital signal processing device 1 for nmuting a digital signal digitized
with one bit by [err] nodul ation, a ing pattern signal generator 2 for
generating a nuting pattern signal for the 1-bit digital signal, a
changeover switch 4 for selection between the 1-bit digital signal and the

muting pattern signal and for outputting the

t0o an ana

sel ected signal, and an

anal og Fjsf%ull tier aSS%ggmp%rmghﬁkgght he selected output fromthe changeover
switch 47 0og signal.

si gnal
control

e sel ected output of the changeover
switch 4pESCRIFrIONIOH THE PREFERREDNEMBOD IMENTS

has its switching operation controlled b%/
from ReERTIGE toyrfihe girapisggendrs

The changeover switch 4
a nmuting control changeover

epred embpdisentss ofthdhduting
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swi tch

b, fed with the 1-bit digital signal,

re-set time T

€ changeover

be expleppanSinvaet®iihis signal to switch between a fixed term nal

and a fixed termnal a, fed
Fig.l shows 'an arrangement comprised of a digital signal

processing device 1 for muting a digital signal digitized with
.one bit by 2A modulation, a muting pattern signal generator 2 for
génerating a muting pattern signal for the 1-bit digital signal,
a changeover switch 4 for selection between the 1-bit digital
signal and the muting pattern signal and for outputting the
selected signal, and an analog FIR filter 5 for converting the
selected output from the changeover switch 4 into an analog
signal. The selected output of the changeover switch 4 is
recorded in a fecording unit 7.

The changeover switch 4 has its switchihg operation
contrélled by a muting control changgover signal from a control
unit 8. The ;ontrol unit 8 generates the muting control switching
signal for digitally muting the 1-bit digital signal from the
input terminal 3 for'a pre—set time period. The changeover switch
4 is responsive to this signal to switch between a fixed terminal
b, fed with the 1-bit digital signal, and a fixed terminal a, fed
with the 1-bit muting sigﬁal from the muting p;ttern signal from

the muting pattern signal generator 2.

The muting pattern signal generafed by the muting pattern



with the 1-bit nuting signal fromthe nuting pattern signal from the
muting pattern signal generator 2. The muting pattern signal
“generated by the nmuting pattern

8 signal generator 2 has plural conponents associated with the
.inhibition frequencies of the analog FIRfilter 5 so that the anal og
signal follow ng anal og denodul ation will be at a neutral . point potential.
The sel ection output of the changeover switch 4, controlled by the control
unit 8, is fed to the analog FIR filter 5 for analog denodul ation for
digital -to-anal og conversion. The resul 8ing analog signal is outputted at
an output termnal 6. The selection output, selected by the changeover
switch 4, may be recorded in the recording unit 7. A 1-bit digital

signal , engakingehbpatdpus hE§ NMpada i3, cofponedispulskodiated vetk ] tn®dul ation
circuit shown in Flg 2. This [err] nodul ation circuit is now expl ai ned.
¥

An i nput ifﬁhéhéf'i%'ﬁt eqaupnpiesnpdt ther angiee BIR Lides Sego thph bHheadder 22
to an integrator put put of ich is S&t comar at or 5 for
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out put sighiHe pbtbheiant egrator 23. The conparator 23 thus perforns

one-bit quantization every sanpling period to output 1-bit digital data.
This 1-bit di heabebertdonnpitpnt oft hoe phanepoeer datidchi 4, contamlled a
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analog demodulation for digital-to—analog conversion. The

resulting analog signal is outputted at an output terminal 6. The

selection output, selected by the changeover switch 4, may be

recorded in the recording unit 7.

A 1-bit digital signal, entering the input terminal 3, is

outputted at a'EA modulation circuit shown in Fig.2. This ZA
modulation circuit is now explained.

An input signal entering an input terminal 21 is supplied
via an adder 22 to an integrator 23, an output of which is sent
to a comparator 25 for comparison of a neutral point potential

of the input signal with the output signal of the integrator 23.

The comparator 23 thus performs one~bit quantization every
sampling period to output 1-bit digitel data.

This 1-bit digital data, which is the quantized data, is

sent to a l1-sample delay unit 25 so as to be delayed one sampling

period. This delay deta is converted by a 1-bit digital-to-

analog converter 26 into an analog signal which is supplied to
the adder 22 so as to be summed to the input signal from the

' input terminal 21. A 1-bit output digital signal from the



period. This delay data is converted by a 1-bit digital-to- anal og
converter 26 into an anal og signal which is supplied to t he adder 22 so

as to be sunmed to the input signal fromthe input termnal 21. A 1-bit
output digital signal fromthe

9 conparator 24 is sent via an output term nal
3. Referring to Fig.3, the analog FIRfilter 5 is explained. This
analog FIRfilter 5 can be fabricated in accordance with a
di gital -to-anal og conversion system di sgl osed by the present Assignhee in
our Japanese Patent Lai d-Open No. HEl - 5-145423. The analog FIR filter
5, shown in Fig.3, is nade up of eight cascade-connected D-flipflops
flerr], flerr], f[err], ... flerr] and eight resistors Rerr],
Rierr], Bbfbitator Ferid ser@MRAG! @8 RiebleSeebhis | £PStd [&d Jinddierr]
flerr], ... flerr], respectively. The currents fromthese eight resistors
Rl err], Reemntgal R.err], ...Rerr] are sumed together to forman .analog FIR .
filter, an output of which is snpothed by a_capacitor C and _outputted at
an output terRfheyripg to Fig.3,the, ppalog, FIRafibten &y if exPEREnad b ¢
digital sg i o a ' qt ] flipflop
flerr], Zl‘r?gga%ﬁatlﬁt Ftlgrﬁ?ﬁ%!e% }):?nvﬁlgc %llsi%?gtﬁﬁegég%j@ordgngfgt gb?tﬁgkut
term nal digdtafi-téeaddlidg pedrnvepsiipar systedndast poded ebyri kRe Qreseintie
D-flipflop  f[err] is connected to a data input termnal D of the
D-f1i pfl APHiESLR] in oup, Japepate t B4 tAntaladdoPremi N HEL -5h42¢3%d to a data
I nput  term f .t flip-E1 Q kI |ps n t r m nal of the
D- flipfl opq?%e%flﬁgsgg%r%nle%tegdgf oﬁé’%‘ag él lzihlrﬁ)'}l%t' ?gr“%'l&tr?aflsto% qtgﬁg D-
cascade—connected D-flipflops f,, f,, f£;, ...f4 and eight

27 to the input terninal

resistors Ry, R;, R;, ...Rgy, connected to these flip-flops f,, f,,

f3, ...fy, respectively. The currents from these eight resistors

R;, Rs;, Ry, ...Ry are summed together to form an analog FIR

filter, an output of which is smoothed by a capacitor C and-

outputted at an output terminal 11.

An input terminal 9, fed with the 1-bit digital signal, is

connected to a data input terminal D of the D-flipflop f,, an
outpﬁt terminal Q of whicﬂ is connected to a data input terminal

- D of the D-flip~flop f£,. An output terminal -Q of the D-flipflop

f, is connectgd to a data input terminal D of the D-flipflop f,,
an output terminal Q of which is connected to a data input
terninal D of the D—flip—f}op f.; An output terminal Q of the D~
flipflop £, is connected to a data input ferﬁinal D of the D~

flipflop f,;, an output terminal Q of which is connected to a data

input terminal D of the D-flip-flop £,. An output terminal Q of

the D—flipflop f, is connected to a data input terminal_D of the

D-flipflop f,, an output terminal Q of which is connected to a



tlipftop flerr], an output termnal Q of which is connected to a data

i nput termnal D of the D-flip-flop f[err]. An output termnal -Q of

“D-flipfl
D-flipfl

.10 data input termnal D of the D-flip-flop f[err].

t er m nal
t erm nal
flerr].

t erm nal

resi stor
D-flipfl

the out pdeteeimpHalteomipal R qf finepPréhint ¥s- The resistor

Its one

while the res

op flerr] is connected to a data input termnal D of the
op f[err], an output termnal Q of which is connected to a

10, fed wwth clock signals, is connected to a clock input
CK of each of the D-flipflops f[err], f[err], f[err]

An i nput

t he

The resistor R err] has its one end connected to the output

Qof the D-flipflop f[err], whijlge the resistor R err] has its
end connected to the output terninal Qof the D-flipf lop f[err]. The

one

Rlerr] has its one end connected to the output termnal Q of the
op flerr], while the resistor Rerr] has its one end connected to

Rl err] has

end CRANGEAETs) Baldis U6, Puba I Woc Blend !V, Dol LiRMORA (o7,
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Its one

whil e theéfspesi stor Rlerr] has
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R[err]

end connected to the output terminal Q of the D-flipflop f[err],
Its one end connected to the out put terninal
its o QRPOSI n%é:%@qs e8! thbeo ggﬁkétors

€ out put

Rl err] ] connec

t oget her "an
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I s snmoot hed by the

one end connected to the output terminal Q of the D-flipflop f,.
The resistor R; has its one end connected to the output terminal

Q of the D-flipflop f,, while the resistor R, has its one end

- connected to the output terminal Q of the D-flipflop f,. The

resistop R; has its one end connected to the output terminal Q of

the D-flipflop f,, while the resistor R; has its one end

connected to the output terminal Q@ of the D-flipflop f,.

Similarly, the resistor R; has its one end connected to the

output terminal Q of the D-flipflop f,, while the resistor R; has
its one end connected to the output terminal Q of the D-flipflop
f,.

The opposite ends of the resistors R,, R;, R;, ...Ry are

connected together and the output terminat 11 ts derived from the
Junction point, while the analog output is smoothed by the
capacitor C connected between the junction point and the ground.

Since the analog FIR filter 5 1; configured for smoothing
an output for producing an analog signal, digital-to-analog

conversion can'be realized with a high precision and a high S/N

ratio by removing the noise outside the passband produced by



capaci tor C connected between the junction point and the ground.

Since the analog FIR filter 5.is configured for snoothing an out put for
‘produci ng an anal og signal, digital-to-anal og conversion can be realized
with a high precision and a high S/N ratio by renoving the noi se outside
.the passband produced by noi se shaping in the course of
the digital -to-anal og conversion. In addition, since it suffices to secure
rel ative precision of resistance weighting correspondlng to the

coefficients, the filter circuit can be easily designed as an IC circuit.
The nunber of taps N of the analog FIR flillter 5is 8, wth the output
resi stance values of the D-flipflops f[err], flerr] f[err] flerr]

being all equal. This analog FIR filter 5 has frequency versus anpl i tude
characteristi

C shown in Fig. 4. wi || en from Fi t he gain  of
Che anal GG LEF FUSPIPE s e paniieet fny st gASErTan iR sonParisn:
Moreover,in &dd€tEon ATfincdel Ykakutfidd Rid isBBurb ' PO DreeikeaRosdi Ng to
the so-called dip of the anplitude characteristics. The nunbers and the

magni t udeesdfstehege weiight bng | ngrtempmtmgestqjepbﬂdconffhelmﬂrﬂaertm taps N

of the lLlog FIR fjlter Si ng nhi |t|on equenci es are
repr esent tﬁg pEreY “\ﬁﬂe?g ﬁ%s’rlsy Q‘Fé?gﬁél?%ga"fll qGaRey? é n=1to 8.
Since there ang@ePhitittle bBNLRHS WD LBUBRLIES FAR £EIROP M NG 8.t Qithe

so-called dip of the anplitude characteristics in the analog FIR filter

5, as st atkel oabpve, rasfistanece ypditesr nf stigmdl-F1lipflops £,, £;, £, ...%,
being all equal. This analog FIR filter 5 has frequency versus
amplitude characteristics as shown in Fig.4. As will be seen from

Fig.4, the gain of the analog FIR filter 5 is lowered in the high

frequency range. Moreover, there are plureal inhibiting

frequencies corrésponding to the so-called dip of the amplitude

characteristics. The numbers and the magnitudes of these

inhibiting frequencies depend on the number of taps N of the

analog FIR filter 5. Since N = 8, the inhibition frequencies are

repreéented by FS n/8, where FS is the sampling frequency and

n =1 to 8.

Since there are plural inhibiting frequencies corresponding

to the so-called dip of the amplitude characteristics in the

analog FIR filter 5, as stated above, if 1-bit pattern signals

each having a component only in each of these'frequencies are
generated by the muting pattern signal generator 2, these 1-bit
pattern signals répresent 1—bit muting pattern signals.

By wéy of exqmp}es, a 1-bit pattern signal which is
"10010110" in binary notation and "$96" in hexadecimal notation

is considered. The 1-bit muting pattern signal is generated by



each having a conponent only in each of these frequencies are
by the nuting pattern signal generator 2, these 1-bit

“represent 1-bit nuting pattern signals. By way of exanples, a 1-bit
pattern signal which is "10010110" in binary notation and "$96" in

. hexadeci mal notation I's considered. The 1-bit nuting pattern signal is
gener ated by _ S .12 repeating
this "$96" pattern by the nuting pattern signal generator 2. Fig.5
shows the distribution of frequency conponents of the pattern "$96". The
pattern frequency conponents are FS 1/ nd FS 3/8 thus coinciding with
the inhibiting frequencies shown in Fi¢g.5. Consequently, this pattern
"$96" may be fed to the analog FIRfilter 5 and elimnated, as a result of
whi ch an - anal og signal which is a neutral point voltage (Usually 0 V)

equi val eperestinge hbiencéosf Palit@tal bwmy the reprifucedttern signgk 6 and 7
show a tgg$e¥$?g¥(¥rncﬁ the pattern "$96" and a tinme waveform after
entrance~o0 € pattern "$96" to the anal og FIRfilter 5, respectively.
Thus, an eff eg{g/BR¥hbRs AHY AedriButtdn olf SfLRsHiierRyECBbmbshetitgl bal e MUti Ng
audi o dat a. It is also possible for the nuting pattern signal

gener at opattorn o'4985eaThe IRatare cf rpapencyoeomponendgaaee fnl ridBarndn,

havi ng he state, of frequency di.strjbutian . shaown iin Fiqg. 8, for .

gener at i r?lgs‘ thsé’/%- glhf's nﬁ?ilen%gldégét gr"%" &i'ﬁees%n pif;ltf’{}'er“ﬁ ngﬁ‘ﬁ%hcc’fs s88¥Bonent s
are FS 18, FrifpR5. Yohs8hdeSry, HiSis QR GEMsIH "t lhay be fed to the

analog FIR filter 5 and eliminated, as & result of which an

gener at ed
pattern signals

analog signal which is a neutral point voltage (usually 0 V)
equivalent to the absence of a signal may be reproduced.

Figs.6 and 7 show a time waveform of the pattern "$96" and
a time waveform after entrance of the paftérn "$96" to the analog

FIR filter 5, respectively. Thus, an effect may be achieved which
is equivalent to digitally muting audio data.

It is also possible for the muting pattern signal generator
2 to fepéat the pattern of "$96" in hexadecimal notation, hﬁving

the state of frequency distribution shown in Fig.8, for

generating the 1-bit muting pattern. These pattern frequency

components are FS 1/8, FS 2/8 and FS 3/8, coincident with

the inhibiting frequencies shown in Fig.4. Consequently, this

pattern "$93" may be fed to the analog FIR filter 5 and

eliminated, as a result of which an analog signal which is a

neutral point voltage (usually 0 V) equivalent to the absence of

a signal may'be reproduced.

The processing for analog demodulation mainly has been

explained above, however, if the number of taps of the analog FIR



the inhibiting frequencies shown in Fig.4. Consequently, this pattern
"$93" may be fed to the analog FIR filter 5 and elimnated, as a result
~of which an anal og signal which is a neutral point voltage (usually 0 V)

equi valent to the absence of a signal may be reproduced. The
_processing for anal og denodul ati on nmai nly has been expl ai ned above,
however, if the nunber of taps of the analog FIR

13 filter used at the time of anal og denodul ation is knomm processi ng
may be done in a simlar manner during recordlng for recordlng adigitally
mut ed signal . If the analog FIR fillter is not used at the tine of

anal og denodul ation, a high-precision analog filter may be used for
elimnating the frequency conponents which are in a high frequency range

f d th fect t di_bl th h th
10[:” {edfgﬂqgﬁ s?gﬁ ggbttglne ge%ﬁu[":gr r‘]? a {3 51’3'{'?%'111%6{8"%’(95 A%f’ggﬂgsed ©

above, n%hlddesbiﬁg [nﬂmr lbeMaght air QN sTRY 1aPomdlfdst dWrEHgbVe@ozﬁiim@ fbr
constitution for- inplementing the nmuting function.
recording a digitally muted signal.
If the analog FIR filter is not used at the time.of analog
demodulation, & high-precision analog filter may be used for

eliminating the frequency components which are in a high

frequency range for reducing the effect on the audible range.

Although the 1-bit digital signal obtained on XA
modulation has been discussed above, multi-bit ZA modulation may

be dealt with by a similar constitution for implementing the

muting function.



14 WHAT IS CLAIMED IS: 1. A digital signal processing apparatus for
muting a digital signal obtained on digitizing in at |east one bit,

-conpri sing: muting pattern signal generating neans for generating a
pre- set nuting pattern; switching neans for selectively swtching
between the digital signal digitized with .at |east one bit and the nuting
“pattern signal generated by the nuting pattern signal generating nmeans;
and an infinite response filter nmeans for

_ ti ng an out put of
said switching means into an anal og signal; mheré?en¥eL\‘s7ﬁy7nﬁﬁnﬁu
resides in that spectrum char act glrd stics of W "ﬂﬂ”

> nC|es

pattern signal are selected to coi nci with the
of said infinite response filter neans. 2. The dlgltal S|dhah prOcessi ng
apparatus as clainmed in claim 1 wherein said digital signal is a 1-bit
digital SA4hHS GHARMERAS: by a [err] nodulator. 3. A digital signal
recordi ng, appag flial 9 gHut dp.go@es%%' ta&,puétwaéozom‘ﬁlmgdaoaigiautIZI ng in
at least one bit In a recordin

_ |um conpri si ng: mut 1 ng
pattern signal gmwamﬁi oo deantsizfiafg genetaleagt comps it, coeprisiagy
pattern; swi tching nmeans for selectiyvel

swi tchi ng between the
di gital si gnaMing PrbtrRrnEignat ﬂeé‘&é'f'tb?ﬁa MeEns A FRF BeReRpt ingy & pre-
set muting pattern;

‘'switching means for selectively switching between the

digital signal digitized with at least one bit and the muting

pattern signal generated by the muting pattern signal génerating
means; and

an infinite response filter means for converting an output

of said switching means into an analog signal; wherein the

improvement resides in th#t

spectrum characteristics of said pre—-set muting pattefn

signal are selected to coincide with the inhibiting frequencies

of said infinite response filter means.

2. The digital signal processing apparatus as claimed in claim

1 whgrein said digital signal is a 1-bit digital signal dbtained
by & ZA modulator.

3. A digital signal recording apparatus for muting a digital

signal obtained on digitizing in at least one bit in a recording
medium, comprising:

muting pattern signal generating means for generating a pre—
set muting pattern;

switching means for selectively switching between the

digital signal digitized with at least one bit and the muting



15 pattern signal generated by the nuting pattern signa

nmeans;

- said switching neans into an anal og signal; and
recordi ng an out put signal of said swtching neans o

said pre-set nuting pattern signal are selected to Co

infinite response filter

generati ng
means for converting an output of

recordi ng neans for

) rdi ng nedium
. Wherein the inprovement resides in that spectru terl
r*

i nhibiting frequencies of said infinite response filte

di gi tal
di gi tal

with at

signal recording apparatus as CJIS"“ med in claim 3 whereih
signal is a 1-bit digital signa

signal digit
| east one bit, based on a nuting conmand, at the tinme of

f
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of said gedadrg signal will coincide with said inhibiting frequenci

an infinite response

into an

filter configured for converting the digital
analnfgnitgneésponse filter means for converting an output of

said switching means into an analog signal; and

recording means for recording an output signal of said

swWwitching means on a recording medium; wherein the improvement
resides in that

spectrum characteristics of said pre—set muting pattern

signal are selected to coincide with the inhibiting frequencies

of said infinite response filter means.

4. The digital signal recording apparatus as claimed in claim

3 wherein said digital signal is a 1-bit digital signal obtained

by a ZA modulator.

5. A digital signal muting method for muting a digital signal

digitized with at least one bit, based on a muting command, at

the time of transmission of said digital signal, comprising:

selecting a muting signal generated by said muting command
so that the spectrum distribution of said muting signal will
coincide with said inhibiting frequencies of an infinite response

filter configured for converting the digitel signal into an
analog signal.

by

obtained by a [err] nodul ator.
5. Adigital signal muting nethod for nuting a digital

i zed

mut i ng
I bution
es of
si gnal



