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TITLE OF THE INVENTION
DIGITAL AUDIO DATA PHASE SHIFTING APPARATUS

BACKGROUND OF THE INVENTION
The preseat invention relates to a digital audio data phase shifting
apparatus used in transmission of audio signals betveen terminsl devices

connected to a digital circuit network such as ISDN (integrated services

digital network) and LAN (local area netvork).

Transmission of digital data has recently come to handle audio
and video information, end as the digital circuit netvorks such as
private LAN are spreading widely, the interface of terminal devices
connected to circuit netvorks are disifized. and connections with circuit
netvorks can be realized iore eagily than before.

In a conventiona!l transvission method, it was general to traosmit by
bundling & specific quantity of data as one unit. and as a real-time
copmunication uethod'of audio.data betveen terminal devices, using onme
device as the master side and the other device as the slave side, audio data
vas transmitted by synchronizing the input timing 6t'the slave side vith

the output timing of the master side.

As the slave side, however, a terainal device of high performance,

such as cordless telephone, having @ higher precision than the precision of

reference clock of the device functioning as the saster side has been
introduced, and therefore to naintaiu the conventional synchronous
transaission. it has been required to enhapce the clock precision of the

master side and hence ingtall expensive parts. Or, 'hen connecting a
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performance tersinal device such as cordless telephons newly to an exiting
circuit network, it is difficult to synchronize betwveen the saster side and
slave side because the clock precision is different. All these problems are
cgused because of the synchrooous system vhich is intended to transmit all
data coapletely.

By contrast, such problems are solved in the asynchronous systen.
Hovever, since the master side and slave side are vorking at e sutually
independent timing, different problems occur unless the clock of each
reference timing is accurate. For exauple, when 8 referemce oecillator with
frequency precision of 100 ppm is used at the master side, transmission of
1 sillion pieces of data results in data shortage or surplua of aaximue 100
pieces, and in the PCH (pulse coded godulation) or ADPCK (adaptive
differential PCH) generally used as coda modulation systes, scund skipping
or noise of about 125 .usec occurs periodically at a rate of about once in

every second, which was very irritating to the user.

SUNNARY OF THE INYENTION

To solve the sbove problems, it is hence a primary object of the
invention to provide a digital audio data phase shifting apparatus capable of
transmitting digital modulated sudio signals between asynchronous devices
vithout deteriorating sound quality. To achieve the object, the invention.
provides a digital audio data phase shifting apparatus comprising serial-
parallel ﬁonverting weans for receiving audio data eatered from the
tfansnission side as serial data and converting into parallel data, data

storing seans for writing in and storing temporarily the audio data as
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parallel data froos the serial-parallel converting means, parallel-serial
convertinﬁ means for reading out andio data as parallel data from the data
storing neans and converting again into serial data and seanding out vo the
reception side, and tising control means for receiving a first clock signal
and a first synchro signal froa the transmission side and a second clock
signal and second synchto signal from the reception side, and controlling the
writing and ;eading tininzlof audio data in the data storing aeans.

In thie constitution, wvhen transmitting digital data betveen devices

working independently from each other, by sriting imto the data storing

méans on the basis of the first clock signal and first synchro signal at the

transsission side, and reading out of the data storing means on the basis of
the second clock ;isnal and second synchro signal at the reception side; am
excellent digital audio data phase shifting apparatus capsble of adjuating
tining deviation due to difference in clock signal and phase deviation due to

difference in synchro signal can be realized.

BRIEF DESCRIPTION OF THE DRAVINGS
Fig. 1 is a block diagres shoving a comstitution of a digital audio

data phase shifting apparatus in a first embodiment of the imvention;

Fig. 2 is & block diagrea showing a constitution of a digital audio
data phﬁse gshifting apparutps in a second esbodiment of the invention;

Fig. 8 is a block disgran showing a conmetitution of a digital audio
data phase shifting apparatus in a third embodiment of the invention: sad

Pig. 4 is a block diagram shoving a constitution of a digital audio

data phase shifting apparatus in a fourth embodiment of the invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

(Eabodigent 1)

A first embodiment of the invention is described below by reference
to a disgram.

Fig. | is a block diagram shoving a comstitution of a digital audio
data phase shifting apparatus in a first eambodiment of the iaventiom, inm
vhich a transmission side device 21 and a reception side device 22 vork
independently from each other, and are connected vith each other through a
digital netvork by vay of a digital audio data phase shifting apparatus 29.

In this embodiment, the transmission side device 21 is a PBX (private
branch exchange), and the reception side device 22 is a cordless telephone
set.

In Pig. 1, the digital audio data phase shifting epparatus 23
comprises a serial-parallel converter 15 for converting input serial data into
par§1131 data, & parallel-serial couverter [7 for coaverting parallsl dltg
into serial data, a data storage 18 for exchanging data betveen the seriai-
parallel coaverter 15 end parajlel-serial converter 17, and a tising
controller 18 for receiving clock signals 1, 4 and synchro signale 2, § from
the transmission side device 21 and the reception eide device 22, respectively,
and controlling the data input and output timing in the data etorage 18.

In thus constitution digital audic data phase shifting apparatus, its
operation is described belov. |

Yhen transmitting audio data from the transaission side device 2! to
‘the reception side device 22, the clock signal ! and synchro signal 2

shoving the wvriting timing of data outputted from the transmission side
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device 21, and serial data 3 shich is digital audio data are put into the
digital audio data phase shifting apparatus 23.

Specifically, the clock signal 1 and synchro signal 2 are put into the
timing controller 18, and the serial data § is put into the serial-parallel
converter 15. From the reception side device 22, mdreOVer. the clock signal
4 and synchro signal 5 shoving the data resding timing are transsitted to
the digital audio data phase shifting apparatus 23, and put into the tising
controller 18.

The digital audio data phase shifting apparatus 23 jpdges the vriting

tining of seriml data 3 at the transmission side device 21 in the timing

controller 18, fros the clock signal 1 and synchro signal 2 entered from che

transaission side device 21, converts the serial data 8 into parallel data in

the serial-parallel converter 15, and once stores in the register of the data

storage 18.

At the same time, the timing controller 18 judges the data reading
tining of the serial data § at the reception side device 22, from the clock
signal 4 end synchro signal 5 entered from the reception side device 22,
converts the data stored in the data storage 16 from parallel to serial in the
parallel-serial converter 17, and sends out 8s serial data & to the reception

side device 22.

In this constitution, the serial data 8 transmitted fron the
transnission side device 21 is written into the data storage 16 in order to
obtain the bit writing timing iato the data stofa;e 16 by the clock signal f,
and to synchronize the phase by defining a bresk in a aspecific bit ror by the

synchro uiﬁnal 2. and therefores by sending out the data read out from the
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datu'storaze 16 by the clock signal 4 and synchro signal 5§ into the reception
side device 22, the data is transmitted, vhen receiving, with delay of one
specific bit row (generally called frame, but called one piece of data
hereinafter). In the PCE system or ADPCH system generzlly eaployed as the
audio code sodulation system, the sampling frequency into digital data 15_8
kBz, and delay of one piece of data is about 125 usec. vhich can be
practically ignored.

Thus, in this esbodinent, by plecing the digital audio data phase
shifting apperatus 23 having the data storage 18 betveen the ttnnsuission'
side device 21 and reception side device 22 vorking independently from
each other, input and output of audio data betveen blocks are controlled by
the timing controller 18, on the basis of the clock signals 1, 4, sad synchro
signale 2, § of the trinsmission side device 21 and reception side device 22.
Accordingly, the writing timing of avdio data frow the transmissioa side
device 21, and the reading tiwing of audio data by the reception side device
22 can be separated independently. and the phase deviation of mudio dati'ih
the serial data transmission can be adjusted.

(Enbodisent 2)

A gecond embodiment of the invention is described below by reference
to a diagraa.

Pig. 2 is a block diagram shoving a constitution of a digital audio
data phase shifting apparatus 24 in the second eabodiment of the invention.

In this esbodiment, same s in embodiment 1, the transsiaaion ¢ide
device élk is a PBX and the reception side device 22A is & cordless

telephone set, and they are connected through a digital circuit by vey of the
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digital audio data phase shifting apparatus 24,

In Pig. 2, the digital audic data phase shifting apparatus 24
conprises 8 serial-parallel converter 154 for converting inmput serial data
into parallel data, a parallel-serial converter 17X for converting parallel
data into serial data, & data storage 16A for exchanging data between the
serial-parallel converter 154 and parallel-serial converter 17A, a counter 30
for counting the nusber of pulses of clock signal 1A of the transmission side
device 21A and clock signal 44 of the reception side device 22A, a detector 31
for deleting data, a date management unit 32 for detecting presence or sbsence
of data in the data storsge 16A, a data cowparator 33 for comparing data, a
domny output unit 34 for outputting dummy data into the data storage 184,
and a tizing controller $5.

¥hat this eshodiment differs from embodiment | lies in the
provision of means for preventing lovering of sound quality due to surplus
of audio data or lack or.audlo data in the data storage 16A, vhen the writing
tining of the audio data outputted from the trenswisaion side device 21A is
earlier than the reading timing of audio data entered into the reception side
device 22A, or in a contrary case.

In thus constituted digital audio data phase shifting apparatus, its

operation is described belot.

A synchro signal is transmitted in synchronism with a clock signal,
and supposing that the synchro signal 5A is sent out from the reception side
device 22A to the digital audio date phase shifting apparatus 24 at a rate of
1 pulse per 256 pulses of the clock signal 4A, in the counter 30, the timing

iomediately before reading of the reception side device 22A is set mt the
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243th to 258th pulse of the clock signal, and the nuaber of pulses of the
clock aignal {A in the reception side device 224 is counted. In the counter
30, vwhen the number of pulses of the clock signal 4A reaches a preset value,
the counter 30 sends this motice signal to the timing comtroller 35 and
detector 31, and presence or absence of stored data in the register of the
data stbrage I8A is investigated in the data management unit 32 provided in
the timing controiler 385, and if stored data is not present, the detector 81
detects that the reading of the receﬁtion gide device 22A is earlier than the
writing of the transmission side device 21A.

Likevise, by counting the number of pulses of the clock signal 1A
from the transmission side device 2IA in the counter 30, when the counter
30 detects that the trassaission side device 21A reaches the timing
imzediately before writing, the counter 30 sends its motice signal to the
tizing controller 35 and detector 31. and presence or absence of stored data
in the register of the data storage 184 is investigated in the data
manageaent unit 32 provided in the tiwing costroller 85. and if stored data
is present, the detector 31 detects that the reading timing of the reception
side device 22A is delayed from the writing timing of the transaission side
device 21A.

In this vay, the digital sudio data phase shifting apparatus 24
detects in the detector 81 that the reading timing of the reception side
device 22A is earlier than or later than the writing timing of the
transwission side device 21A, and the operation of the digital mudio data
phase shifting apparatus 24 in each case is described belo.

First, when the reading timing of the reception side davice 224 is
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earlier than the writing timing of the transmission side device 2lA, aandjo
data is not present in the data storage 16A at the timing imaediately
before reading of the reception eide device 22A, and therefore the tising
coatroller 35 issues a signal to output dumay data to the data storage 18A
as provisional data until next audio data is fed, and, receiving this data,
the data storage 16A outputs the dumny data preset in the dugay output unit
34 into the parallel-serial converter 17A through the data storage 18A.

This duamy data is specific data shoving the same sound is coatiguous, and

in the case of PCN system generally employed as the code modulation

system, for exasple, the previous outpui is used, or in the case of tSe
ADPCH system, it is 0001. Thus, even in compressed sudic signal, a
function is provided to prevent deterioration of sound quality.

| On the other hﬁnd. vhen the reading timing of the reception device
224 is later than the sriting tising of the transmission side device 21A,
the audio data in & bit rov of 256 bits vhich is 2 piece of data written in
the phase of one synchro mignal 2A before stored in the dats storage 164;'-
and the sudio data in a bit row of 258 bits to be written in the phase of the
present synchro signal 24 are cospared in the data couparator 33, snd the
changing quantities of the tvo pieces of audio data are compared in the data
comparator 33, and the result shoving thich one ie greater in the change
quentity is put into the detector 31, and the detector 81 deletes either
audio signal so that the detsrioration of sound quality may be gmaller.

Incidentally, in the data comparator 83, it is judged vhich onme is

greater in the change quantity vhen reproduced as sound, acd the ome of the

sualler chapge quantity is deleted as the audio data shoving that a
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relatively sane sound is continuous. Or, instead of comparing the previous
audio data stored in the data storage 18A and the audio data to be stored
presently, the preseat audio data may be eventually overvritten on the
previous audic data,

Thus, in this esbodisent, when adjusting the phase deviation by
placing the digital audio data phase shifting apparatus 24 in the
transaission route of audio data between the transmission side device 21A
and reception side device 22A, if the writing tising of the transsission
side device 2! is earlier than the reading timing of the reception side
device 23A, the previously stored audio data is present in the data storage
16A, and the present audio data cannot be stored, either avdio data is
deleted, or if the writing timing of the transeisaion device 21A is later
than the reading timing of the reception side device 224, to the contrary,
and audio data is not present in the dats storsge [8A, dumay dats is
outputted, so that the audio data can be transaitted wvithout deteriorating
the sound quality. |

(Eabodizent 8)

A third esbodiment of the invention is described belov by reference

to a diagram.

Fig. 8 is a block diagram shoving a constitution of a digital ;udio
data phase shifting apparatus in the third embodimeat of the inventiom, in
shich sutual comaunications are realized. In Pig. 3. the digital audio data ;
phase shifting apparatus 25 éonpriaee..saie as in embodiment 2, a serial-
parallel converter I5B for converting serial data 3B entered fros a

transaission side device 21B into parallel data, s parallel-gerial converter
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178 - for converting parallel data into serial data, a data storage 168 for
exchanging data betveen the serial-parallel converter 158 and parallel-
serial converter 178, and & duaay output uait 34 for cutputting duasy data
into the data storage I6A. In addition, the digital audio data phase shifting
apparatus 25 further cosprises a counter 41 for counting the number of
pulses of the clock gsignal 1B from the transmission side device 21B and
clock signal 4B from the reception side device 22B, and it is intended to
detect the tining immediately before writing of the tranesission side
device 21B or the timing immediately before rendini of the reception side
device 22B, and moreover, differeat from thé secoad embodiaent, detect the
tiaing at a specific moment before the timing immediately before reading
of the transmission side device 21B. In a data ccaparator 48, furthermore,
for comparing the input and output data of the data storage 188, reference
data 47 to coupare vhen deleting the audio data is incorporated. Beaides,
reference nuaeral 46 is 8 detéctor in this eubodiment, 42 i3 a data

management unit in the embodiment, and 45 is a tieing controller in the '

eabodigent.

Heanwhile, Fig. § is a block diagram cosposed so as to realize mutual
compunications between the transmission side deiice 21B and reception
side device 22B, in which a sérial-parallel converter 15C, a data storage
16C, s parallel-gerial converter 17C, a duway output unit 344, a data
copparator 43A, and reference data 47A are constituted respectlvély same
as the serial-parallel converter 15B, data storage 168, parallel-serial
converter {78, dusmy output unit 84B, data comparator 43, sad raference

data 47A as described above, and heace operate similarly. The operation of
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data transuission from the reception side device 22B to the tracsuission
gide device 21B in this constitution is done same as in the transmission
from the trensmission side device 21B and reception eide device 22B, and in-
this embodiment, therefore, only the transmission from the transsission
side device 21B to the reception side device.ZZB is described, and the
operation of data transmission from the reception side device 22B to the
transaission side device 21B is omitted.

That this esbodiment differs from the second embodimeat lies in the
constitution in shich not only the timing inmediately before writing and
reading of the transmission side device 21B and reception side device 22B
'is detected, but also the timing at a certain moaent far hetoré is.detected.
and the swall audio data not apparently relating to the cosmunications is
deleted aggressively.

In thus constituted digital audic data phase shifting apparatus, its
operation is described below.

The counter 41 counts the nusber of pulses of clock signal 1B of the
transwission side device 21B, and detects the timing at a certain moment
before the timing ismediately before writing of the transmission side
device 21B, and the timing controller 45 detects vhether the audio deta
gstored in the data storage- 188 is present or not by the data sanagement
unit 42. 'In consequence, vhen audio data is-present in the data storage 188,
the detector {6 detects that the writing timing of the transaission side
device 2IB is earlier than the reading tiliau of the reception side device

228,

In such sethad of detection, at a certain sosent more than
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ingediately before writing of the transmission side device 21B, if the
writing timing of the transsmission side device 21B is earlier than the
reading tining of the reception side device 22B, the audio data to be written
and reference data 47 incorporated in the data comparator 43 are cospared,
and data shoving small sound not affecting the speech is deleted.

As a result of comparison vith the reference data 47 in the data
couparator 43, if not deleted, at the timing inmediately before sriting as
showvn in the second embodiment, by comparing with the sudio data stored in
the data storage 168, either is deleted.

As the reference data 47, if the audio data to be compared is not
coopressed by coding such as PCH systew, data shoving quiet state is
stored in the dgta storage 1688, and if the audio data to be compared is
compressed by coding such as ADPCH system. data shoving continuity of |

nearly same sound is stored in the data storage 1§B.

In the case of detection of timing iwnmediately btefore writing of the
transnission side device 218, or timing ismediately hefore reading of the
receptxon side device 228, the operation of the digital awdio data phase
shifting apparatus 25 is same as the operation showvn in the second

eabodizent.

According to the function of this egbhodiment, therefore, when the
writing tininz of the transmission side device 21B is earlier than the
reading fiuing of the reception side device 22B, when deviation is small,
data shoving small sound not relating to speech is déleted aggressively, and
then small sound could not detected and the deviation increased, if data

shoving small sound is not fed, comparing vith the stored dats, either is
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deleted. so that the sound quality may not deteriorate.

(Babodinent 4)

A fourth enbodinenf of the invention is described belov by reference
to a diagrag. |

Fig. 4 is a block disgram showing a constitution of a digital audio
data yhise shiftiog spparatue in the fourth embodiment of the invention, in
which the digital audio data phase shifting apparatus 26 comprives. saume as
in the prior art, a serial-parallel converter 15D for converting input serial
data into parallel data, a parallel-serial converter 17D for converting |
parallel data into serial data, a data storage 18D for exchanging data
betveen the serial-parallel converter 15D and parallel-serial convertfer
1D, a counter 30D for counting the number of pulses of clock signal 1D of a
transmission side device 21D and clock signal 4D of » reception side device
22D, and a dummy output unit 34D for ocutputting dumay data into a data

storage 58.

Added or modified structures in the embodisent are described belov.

Reference numeral 51, 52, 53 are data storages connected inm series
for storing plurai pieces of data, 54 is a detector in this embodiment, 85 is
a data wanagement umit in the eabodiment, 56 is & data comparator in the
evbodiment, ead 57 is a timing controller in the embodiment.

In thus constituted.digital audio data phase shifting apparatus, its
operation is described below.

As shovn in Fig. 4, the plural data atorazgs 51, 52. 53 are connected

in series, and vhen all storages are eampty. the audio data written into the

data atorage 51 froam the transmission side device 21D is sequentially read
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out and vritten in, and the audio data is exchanged between the storages.

and sent up to the data storage 53. That is, if audio data is not preseat,

and if sudio data is not present in the data storage in a rear stage
(reception side device 22D side). such empty data storage is designed to read
in the data in a front stage (transmission side device 21D side). Accordingly,
if empty data occurs due to phase deviation hetveen the transmission side and
reception side, the sudio data is stored. as being packed to the rear stage

side, in the storages 51, 52, 583.

If the writing timing of the transmission side device 21D is earlier
than the reading tiiing of the reception side device 22D, and there is no
gtored datm in the data storages 51, 52. 53, the output of the dumay data ia
pade into the rearmost stage side data storsge §3.

Thus, in this embodiment, having the buffer function against deviation
of timing betveen the transmission side device 21D and reception side
device 22D by exchanging the audio data vritten in from the tramsmission
gide device 21D by the plural dﬁtn storages 51, 52, 53, it is possible to
suppress the frequency of output of dumsy data and deletion of audio data
for preventing deterioration of sound quality, as shown in the second and
third eabodiments, vhen the deviation of clock signals 1D, 4D is large

betveen the transmiasion side device 21D and reception side device 22D.
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VHAT IS CLAIMED IS:

I. A digital eudio data phase shifting apparatus comprieing:

serial-parallel convérting ameans for receiving asudio data entered
from the transmission side as seriai data and converting intc parallel data,

data storing means for vriting in and storing temporarily the amdio
data as'parallel data from the serial-parallsl converting means,

parallel-serial converting means for reading out asdio dats as
parallel data fron the data storing means and converting again into serial
deta and sending out to the reception side, and ‘

timing control means for receiving a first clock signal and a first
synchro signal fron the transaission side and a second clock signal and
second synchro signal frow the reception side, and controlling the writing
and reading timing of audio data in the difa storing seans.

" 2. A digitel audio data phase shifting apparates of claia I, further

comprising: |

counter weans for counting the number of pulses of the second clock
signal outputted from the reception side, and detecting the timing
immediately before the'reading tining on the basis of the second synchro
signal at the reception side, and

a dumpy output unit for storing the audio data being resd out frou.
the rated storage means directly in the data storing means on the basis of
the second synchro.aiznal.

therein the timing control wesns judges if audio data is present or
not in the data storing weans at the tising iumediately before reading at

the reception side detected by the counter means, and, if audio dats is

| - [Tris s '
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absent, the same as the audio data outputted from the data storing weans
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the previous time is outputted from the dumay output unit.

3. A digital sudio data phase shifting apparatus of claia 1, further
comprieing:

counter seans for counting the number of pulses of the second clock
outputted from the reception side, and detecting the timing immediately
before the reading timing on the basis of the second synchro signal at the
reception side, and |

dugay output ieans for outputting dummy data to the date storing
means,

vherein the timing control aeans, when it is known from the counter
means that the reception side is at the timing immediately before reading,
judges if audio data is present or not in the data storing means, and, if
audio data is absent, dummy data is outputted from the dummy output means to
the data storing means.

4. A digital sudio data phase shifting apparatus of claim §.

vherein the dumay data outputted fros the Aunny output mesns is
data shoving that eawe sound is continuous.

5. A digital audio data phase shifting apparatus of claim 1, further
comprising:

counter means for counting the number of pulses of the firat clock
signal outputted from the transsission side, and detecting the timing
imsediately before the writing timing on the basis of the first synchro

signal at the transuiasion side,

vherein the timing control means judges if audio data is pregeat

e
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or not in the data storing means at the tising iseediately before writing
of the transmission side detected by the counter weans, and, if audio
data is present. the audio data presently written according to the first
aynchfo signal io the data storing ieans is overwritten on the audio data
previously written according to the first synchro signal.

.8. A digital andio data phase shifting apparatus of claim 1., further
couprising:

counter means fof counting the nuaber of pulses of the first clock
signal outputted from the transmission iide. and detecting the timing
ismediately before the writing timing on the basis of the first symchro
gignal at the transaission side,

data comparing means for comparing the audio data already stored in
the data storing mesns, and audio data to be stored presently, and |

detecting timing for deleting unvanted sudio data as a result of
cooparison in the data couparing means.

vherein the timing control means, when it ig known fros the countér
weans that the transmission side is at the timing iumediately before
vriting, judges if audio data is present or not in the data storing means,
and, if audio data is present. it is coapared with the audio datas received

~ presently in the data compering uweans. and the unwanted date is deleted by

the detecting means.

7. A digital audio data phase shifting spparatus of clais 6,

vherein the data comparing means compares the change quantities
vhen the audio data slready stored in the data storing means and the audio

data to be stored presently are transformed into scund, and the one smaller
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in the change quantity is deleted.
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8. A digital audio data phase shifting apparatus of claim [, further
comprising: |

counter means for counting the number of pulses of the firat clock
Bignal outputted from the transmission side, and detecting a specific timing
before the timing immediately before the writing timing on the basis of the
first synchro signal at the transwission side, ‘

| data comparing means having reference datz for comparinz'tith the

audio data receiving at the timing detected by the counter means, and

detecting means for deleting audio data judged unnecessary hy the
data comparing neans,

vherein the timing control means, when it is known from the counter
seans that the transmission side is at a specific tining bgfore the writing
tining, judges if awdio dats is present or not in the deta storing means, end,
if audio data is present, the audio data received at the timing detected by
the counter means is cospared vith the reference data in the data
comparing weans, and if the audio data is not neceasary, it is delated by the
detecting ngans.' |

8. A digital audio data phase shifting apparatus of claim 8,

vherein the reference data used in the data comparing meens is data
shoring quiet state when the audio data is coded by the PCH method, and is
data shoving nearly same sound is continuous when coded by the ADPCE
method. | |

10. A digital avdio data phase shifting spparatus of claim 8,

vherein the received audio data and the reference data are compared
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in the data comparing means in terms of the change quantity., and the one
smaller in the change quantity is deleted.

11. A digital audio data phase shifting apparatus of claim I,

therein the data storing means is arrayed by connecting a plurality of
storing means in series.

12. A digital audio dﬁta phase shifting epparatus of claia 11,

vherein the andio data writtes in from the stofins weans of the front
stage of the plurality of storing meaas connected in series is otoréd in the
storing means arranged in the front stege direction sequentislly froa the

storing means of the reersost gtage.
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