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(57) Abstract

An optical disk reproduction apparatus comprising a microcomputer (7) for resuming reading data from an optical disk (1) when
buffering to a memory (6) is interrupted, a continuous data detector (55) for dividing first data buffered in the memory (6) before the
buffering interruption and second data read out in accordance with an instruction from the microcomputer (7) into "n" groups, respectively,
and detecting whether the first data and the second data are in coincidence for each group, and a buffering resumption request generating
circuit (56) for instructing a timing of buffering resumption on the basis of a result of the continuous data detector (55).




N 1
20 interrupted. -Therefore, a shockproof function is required to
resune -reading of data froman appropriate position so as to prevent
data from baVO@0aM26ut di sconti nuously, dven when the readi ng BET/JP99/ 0583t o
is interrupted. At this time, since a position where the readi ng of
data is to be resunmed cannot be decided only by the control 25 of a
posi tion. of the optical pickup, the above-described position

for resunption is usually decided E;EEEF&E%EQ§&a is confirned by ~using
o Il

t he shockproof function. ock diagramillustrating a
structure of a prior art nusical CD reproduction apparatus. A disk 21
is a CD having 5 nusical data recorded thereon. An optical pickup 22

ecorded on’ the @PRREL RYSK AESRORBCALON pRRRRRTRE AP 55 obia ns
o ckup @T%@D@éﬁﬁé%ﬁ&ﬁ%?ﬁé%&%é%%ﬂ%% Ao 22

10 A servo 24 controls the tracking and the focusing of the optical
pickupP22. A digital signal processing unit 25 conprises a CRC
(Cross-Interl eave-.Reed- Sol onon Code) processing unit 251, a

. TECHNICAL FIELD

The present invention relates to an optical disk reproduction
apparatus and a method for controlling an optical disk reproduction
apparatus and, more particularly, to'an optical disk reproduction

10 apparatus which can successively reproduce data recorded on an
optical disk and a method for controlling the optical disk

reproduction apparatus.

BACKGROUND ART

15' " An optical disk reproduction apparatus has a servo fdr
controlling rotation of an optical disk and a positioﬁ of an optical
pickup so as to correctly read out data rccorded on the disk at
a constant rate. The servo is easily affected by vibrations, or
flaws or dusts on the disk and.thgs, ;eading of data is sometimes

20 interrupted. Thérefore, a shockproof function is requiied to
resume reading of data from an appropriate position so as to prevent
data from being output discontinuously, even when the reading of
data is interrupted. At this time, siﬁce a pdsition where the
reading of data is to be resumed cannot be decided only by the control

25 of a position of the optical pickup, the above-described position



formatting circuit 252, a nenory arbitration circuir't: 253, an out put

data FI FO nenor 54 a conparator 255, and a buffering resu |

request geﬂgpﬁwﬁﬂ circuit 256, and proéesses data binarized @h&@mm%ﬁﬁ
anal og signal processing unit 23 to output processed data as

reproduced data. A nmenory 26 tenporarily stores the data processed by
the.digital signal processing unit 25. A mcroconputer 27 obLai ns

|nformat|onfromLerespectlv I G _ oper tlons of
the respé@f F&S 15°hsuat1y §g§{l&§?a€9%%92%$ C§atar2 “or cgor FIECR oo

reproductign a ara escri bed. The optlcal pi ckup 22 :
i rradi at &89 o%)iproof’“étun#ﬁggxdl sk 21 and converts a light reflected

fromthe dis gnto a by 3§59rﬂ§'- tQJrfugeyst&{qs 51 9PAl {0 d N aang'ﬁ%r

si gnal proces }r%g uni t € anal'og signa proceSS| ng uni't out put s

ggg?;t l)?r]atsﬁ%ce)f"%qsd‘n 31 CD rfelprotdﬁjﬁ:‘ili'oﬂga?g?rgeﬁ sing &Osik hey SEL P 2 nalihige

m the opti up 22 as vveJ[ as binarizes the

signal froMmscay WiGORkLE3heR! PhUPed?. { RroubRYaY B BRLLZES Sl ANAaddy Lhe

di gi t &l ghal™ processing uni ervo 24 outputs a contro

RO S TS R 5 0 e 8 el e o
the disk 21. An analog signal processingunit 23 obtains conditions
of tracking and focusing from the data read by the optical pickup
22 as well as binarizes the data r_ead by the optical pickup 22.

10 A servo 24 controls the tracking and the focusing of the optical
pickup 22. A digital signal processing unit 25 comprises a CIRC
{Cross-Interleave-Reed-Solomon Code) processing unit 251, a
formatting circuit 252, a memory arbitration circuit 253, an output
data FIFO memory 254, a comparatoxr 255, and a buffering resumption

15 request generating circuit 256, and processes data binarized by
the analog signal processing unit 23 to output processed data as
reproduced data. A memory 26 temporarily stores the data processed
by the digital signal processing unit 25. A microcomputer 27
oblLains information from the respeciive elemenls and conlrols

20 operations of the respective elements.

An operation of the prior art musical CD reproduction apparatus
will be described. The optical pickup 22 irradiates a laser light
to the disk 21 and converts a light reflected from the disk 21 into

a signal to output the signal to the analog signal processing unit

25 23. The analog signal processing unit 23 outputs conditions of



focusing. The CI RC processing unit 251 perforns, for the binarized
data, EFM (Wiogior19428 Fourt een Modul ation) jdenodul ati on, separ atRCIAPINOSIIHf _
CD (Conpact Disk)-DA (Digital Audio) data from subcode data, 10 and error

correction processing for the CD DA data, and outputs processed data
to the formatting circuit 252. The formatting . circuit 252 converts
the .CD- DA data output fromthe CI RC processing unit 251 into a

prescri be - d EBelsoHs PEd StKONWEFéE R 4ladm the balsd st g WRRDEY gRA1Vi &
t he mmrgr%‘?g?ﬁéa??on ci r?:ui% 253. Data 15 buffered in the menory 26 is

read out gI:Oﬁ'& Phesepichedir piextp be as wedentst pihbeieespuhedatignBiFProm -

menory 254 via the nrenory arbitration circuit 253, and output the sane
as reprodyged,gdalaa1ApiaRBPMU2 @o outputhae HiharsStedesigmal heo venrigifal
bei ng control?ed by the m croconputer 27, does not exceed a capacity

of the MegPEKa?bprod@ssing Guit RS s efihedsetrivon2irontpites di soritrolwisdgnaie
m cr oconput er 27 detepts, on the basis of the information fromthe

servo g4, (Lhghe optidhlepi@kup@iich ikthet basisadfnthofinimativn from the
m croconputer 7 instructs the digital signal processing unit 25 to

I nterrupt aBE?oBUEE.Q'hiaﬂQEroces§§p@@ﬁ_ﬁiﬂ523 NG r ¢ St & e Hee roie A rigd iV & hlehe
optical pirckup 22 25 0 a position before the position of data where the
readi ng €gpefsing. The CIRC processing unit 251 performs, for the binarized
data, EFM (Eight to Fourteen Modulation) demodulation, separation
of CD (Compact Disk)-DA (Digital Audio) data from subcode data,
10 and errcr correction processing for the CD-DA data, and outputs
processed data to the formatting circuit 252. The formatting
circuit 252 converts the CD-DA data output from the CIRC processing
unit 251 into a prescribed format _and.then outputs converted data
to the memory 26 via the memory arbitration circuit 253. Data
15 Dbuffered in fhe memory 26 is read out at a prescribed rate to be.
sent to the output data FIFO memory 254 via the memory arbitration
circuit 253, and output the same as reproduced data. An amount of
the data stored in the memory 26, being controlled by the
microcomputer 27, does not exceed a capacity of the memory 26.
20 During reproduction from. the disk 21, when the microcomputer
27 detects, on the basis of the information from the servo 24, that
an error occurs in the reading of data, the microcorhputer 7 instructs
the digital signal processing unit 25 to interrupt the buffering

as well as instructs the servo 24 to move the optical pickup 22

25 Lo a position before the position of data where the reading error



occurs on the disk 21. In addition, the | atest bl ock of data - buf f er ed

I n the nmeny .S kept in the conparator 255 as expect pé .
The conpar at’ r‘ﬁgg?%captures the CD-DA data read out fromthe ?%T,gfbg&g%%
after the optical pickup 22 noves, and conpares the CD DA data with

t he expectation data. The conparator 255 outputs "H' when all the
data are in coincidence, and outputs "L" when at |east one of the data
i's in'uncoi ncidence, to the buffering resunption reguest nerating
circuit 2sgcurseen thev%%%kt%b'b&Pf@%dﬁélFQSU FigﬁgﬁéaugéPcﬁegzraﬁFﬁg
circuit 256 receives "H' fr I he comparator 255, the buyffering
resunpt i dphffereqd gy cthe gRFROLY é%nlc? %E % 12"53' S PIRAF A4 o i ng
circuit 252 to resune the buffering, and then the formatting circuit

252_resun%%PECtét%ﬂ%_%%fTering fromdata following to the CD-DA data which
ehudaed 15, Lnco nel denos, e A8 SOTSLAL bR Pt ol oA L
o moved SR SO o8 £33 0 PSR L TR HE ol M SR
COnLL es, L0 CUTIAL B LIS CR AN 1! SRR ) 08 AR 20 i
Lo oduced | Y P S8 M Soinci adrY OUHE! SISO VR DU Fod I one
ofthedatajj:huuncoinéidence,tothebufferingresumptionrequest
generating circuit 256.
10 When the buffering resumption request generating circuit 256
receives “H” from the comparator 255, the 'bufferin'g'resumption
request generating circuit 256 requésts the formattihg circuit 252
to resume the buffe;ing, and 1_:hen the formatting circuit 252 resumes
the buffering from data following to the CD-DA data which is judged
15 in coincidence by the comparator 255. On the other hand, when the
puffering resumption request generating circuit 256 receives “L”
from the comparator 255, the microcomputer 27 instructs the servo
24 to move the optical pickup 22 to a further forward position,
and continues to compare the CD-DA data with the expectation data
20 until the comparator 255 outputs “HY.,
Usually, when the CD-DA data is reproduced by an optical disk
reproduction apparatus having the above-describéd structure, the
data read out from the disk 21 is controlled to be read out at a

higher rate than that of data output as reproduced data from the

25 output data FIFO memory 254. That is, a rate of buffering data in



data read out fromthe disk 21 is controlled to be read out at_a

hi gher < r at eWO9A$26at of data output as seproduced data from tHfgIPIH05313
out put data FIFO nmenory 254. That is, a rate of buffering data in

the nenory 26 is higher than a rate of reading out data fromthe

menory 26. Therefore, even when the buffering to the nenory 26 is
interrupted, the output data FIFO nmenory 254 reads out the data stored
in the metoe ym@toxy 26 preddkhedd thale saF@ teurfuts2papeoautedats fdamathe
That is, while data is stored in the nenory 26, the optical di sk

r epr oductmemony (26 at Thegafoger peven gprer IR bYaEaring tedme manesy 26 is

I n addi tion, Japanese Published Patent Application No. Hei . 9- 17124

di scl osesimbet heptstipckpe cottrunciabn BIFD memgry 1854 supedsecouht bhe wba
the buffering is interrupted, the shockproof function disclosed herein
reads outstodeddrdshei memory omatidprescribgs 52 hednt cybadderepradwhedh
is witten last, returns a CD pickup unit to an interruption poi-nt,

t hen Gonpdaes.-tiThat dfsor vhilercata is stonechde Hhe Iempuvdsd thedephieaid
out thereat with the time 15 information held at the interruption, and

i nstruct sdaski pepgodpction appRr RS eFPRAOPERYHpEFBROduced data -

continuously.

In addition, Japanese Published Patent Application

No.Hei.9-17124 discloses another shockproof function utilizing

10 subcode data. When the buffering is interrupted, the shockproof
function disclosed herein reads out and holds time information
contained in subcode data which is written last, returns a CD pickup
unit to an interruption point, then compares time information of
subcode data included in data read out thereat_with the time

15 information held at the interruption, and instructs a timing of-
the buffefing resumption.

On the other hand, when data is read out by the optical disk
reproduction apparatus, errcrs may creep in the data. Further,
there is a possibility that errors still remain in data after error

20 correction is perxformed and that the data containing the errors
are output as reproduced data. Here, in many cases, the errors
contained in the reproduced data are of a negligibie level.
Particularly, in case of a musical CD where adjacent data have high
correlations, even if a few errors are contained in the reproduced

25 data, the errors cannot be recognized by the human ear in many cases.



On the other hand, when data is read out by the optical disk .
reproduct i oRy@EBRY4é US, errors nmay creepﬁi n the data. Further pcr/spoodsify €
20 .

is a possibility that errors still renmain in data after error

correction is performed and that the data containing the errors are
out put as reproduced data. Here, in many cases, the errors cont ai ned
I n tthe reproduced data are of a negligible |evel. Particularly, in

case of a nusigal @ Whee A4 aprilcadabdshavepbbaliction &pphehabsogs, even
if a fewerrors are contained in the reproduced 25 data, the errors

cannot beyLecogilegesthdYe | RS rBYBBSc AR ridy HRBY iASEY a usual reproduction, ! D
the prior "art optical disk reproduction apparatus as descri bed above,

errors ocgHiepRAdent0cd WA Bu fesinl IRPEPANSEidH), may bel AWIORANIANE nOEné he
buffering interruption, may be contained in the expectation data held

in the Coangéékgki%é5d§&@ e dCPnDRAhdatampabatdhep8boaRd £Re SODBDAAESSEa. t he
conpar at or 255 cannot confirm coi nci dence of all data sequences.and

thus, &herQuitebirey GaNReme caseBe EReUBBflparator 255THEnRsESEHAEiFNention
is made to solve the above probl ens, and it is an object of the
present ipy¥enptiaanke@ BrO¥ldedata OPddniericel Sdhd thus, the buffering cannot
be resumed.
The present invention is made to solve the above problems, and
it is an object of the present invention to provide an optical disk
10 reproduction apparatus which can appropr;ately instruct buffering
resumption, even when errors occurring in data independent of the
buffering interruption are contai‘néd.
in addition, in the method disclosed in Jépanese Pu_blished
| Patent Application No.Hci;9-1712'4,- since the CD-DA data is not
15 buf_fered by directly _utilizing the time information of subcsde data-,
a timing of the buffering and a timing of reading subcode data do
not always completely coincide. Therefore, when the buffering is-
resuﬁed on the basis of the confirmation of only the subcode data,
it may occur that discontinuous data are buffelred.
20 The i:resent invention is made to solvec the above problems, and -
it is an object of the present invention to provide an optical disk
reproduction apparatus and a controlling method therefor, which

apparatus can appropriately instructs the buffering resumption

without utilizing the subcode data.



10 reproduction apparatus which can appropriately instruct buffering
resunpti on,wewenoagsen errors occurring in data i ndependent of FCA&PIYOSII

buffering interruption are contai ned. 7 In addition, in the nethod
di scl osed in Japanese Published Pat ent Application No.Hci.9-17124,
since the CD-DA data is not 15 buffered by directly utilizing the tine

I nfarmati on of subcode dat a, atimng of the buffering and a timng of
readi ng subcode data do _not _al ways conpl etely coincide. Therefore,
when t he FQE THE n the basis of the confirmation of only
t he subcode dat a, it_na% occur _that discontiguouz dat? are bgff%ned..
20 The pFBeecRrepRDENEPBRNFLCRRRECVIYES| #B PREXSBOVEBFobPRISSUSH4 OR

it is an object of the present invent n. opti.cal. di

r epr oduct 3RFP BPPAF A ﬁ&cﬁlé’(?ﬁt?(ﬁeﬁ%gcﬁﬁ?q ﬁggwttﬁ%t?g?io?,"m &ﬁra%iiar‘ing
appar atus_ can apr o] alely LAsLEus! 3 LReeRUELSY ISR T Yecoradtl WAL
0 SR, . T LI O cpone T Bk BAGL  pDERESH Pg
obtai ned Pglw:i:{tt.ggﬂ.gtringxgory having a prescribed capacity, and then outputs
the data as reproduced data, énd compfises control means for
resuming reading the data from the optical disk when buffering to
the memory is interrupted, data coincidcnce detecting means for
10 dividing first data buffered in the memory before the buffering:
interruption and second data read out by the control means into
“n” groups, respectively, and detecting whether the first data and
the second data are in coincidence for each group, and a buffering
resumption request generating circuit for instructing a timing of
15 buffering resumption on the basis of a result of the data coincidence -
detecting means,

Further, in the present invention, the data coincidence
detecting means further comprises plural comparators each of which
holds the first data and the second data, which are divided into

20 the plural groups, one group by one, and compares the both data

| to decide whether each group of the divided data are in ceoincidence,
an adder for obtaining a total number of the groups, for which groups
it is decided that thc first data and the second data are in

coincidence, and a subtracter for obtaining a value of (a prescribed

25 decision threshold)-(the total number)/(the value of “n”), and the



a | aser Iight to an optical disk thereby reading data recorded on 5 the
opti cal | rarily buffers the data in a successively

rewitabl e nennrgghaving a prescribed capacity, and then outpﬁ UP%ME3?h
data as reproduced data, and conprises control neans for resum ng
reading the data fromthe optical disk when buffering to the menory is
interrupted, data coincidence detecting means for 10 dividing first data
buffered in the nenory before the buffering i nterruption and second

data read,Orfs Byn g NEe SRR MRARS digkneratidy GMRURT HASPRdv/&ne and

det ecting mhet er the first data and the second data are in

coi nci dencg {04 SRCH Bf OMfhg Ak Bgif e 'WHMh the VAMERIHQNA&HYRStthe
generating circuit for instfucting a timng of 15 buffering resunption on

the basi sq it fad€ss! is0d dhedd a coinci dence detecting neans. .
Furt her, Th the present invention, the data coincidence det ect’i ng

means f urt her pGERREL S S RAr Bke SOHDAT @561 GAC KR! duki Shon thr §OhEiEd the
first data and the second data, which are divided into 20 the plural

groups, ahe gg@uﬁhﬁwapgp, and conpares the both data to deci de whet her
each group of the divided data are in coincidence, an adder for

obtaining a tphatnhauTher tife Pl senRUBSveh@h o) €Re WS on thidsHSrdled ded
that the first data and the second data are in coi nci dence, and a

subtractef foF;olAIIH raﬁlo%n\tabtzedata(anpeﬁssgI@@ﬂre@@ly desd Sdeddres hal d)
- (the total nunber) / (the value of "n"), and t
amount of data which is reproduced by the optlcal disk reproduction
apparatus.
10 Further, the present inventior? provides a3 control method for
controlling an optical disk reproduction apparatus which receives
a reflected light obtained by irradiating a laser light to an optical
disk thereby readlng data recorded on the optlcal disk, temporarlly
buffers the data in a success:.vely rewritable memory having a
15 prescrlbed capacity, and then outputs the data as reproduced data,
and comprises a control step for resuming reading the data from
the optical disk when buffering to the memory is interrupted, a
data coincidence detecting step for dividing first data buffered
in the memory before the buffering interruption and second data
20 read out in the control step into "n” groups, respecti\}ely, and -
detecting whether the first data and the second data are in
coincidence for each group, and a buffering resumption request step
for instructing a timing of buffering resumption, on the basis of
a resuit of the data- coincidence detecting step.

25 Further, the present invention provides a storage medium



8 buffering resunption request geherating circuit inst
timng-of bWMA Wi r esunpti on when the val ue obtained by the FeHilohlsis .

subtracter is 0 or |ess. Further? in the present invention, the
deci sion threshold can 5 be set manual ly. Further, in the
present invention, the decision threshold is a ratio of an anount of
data which is correctly reproduced to an anount of data which is
reproduced by .the_optical di eRr ' ; Lat W ; :
Furt her . ShrrdsarttCERG B 5BB, AREELLERY the pRRERRT dfak Hbrosuction

control ling _an %ptical Kk uction apparatus which receives a

r ef | ect ed AHPGHE Ot zﬁoﬁle%lqg'y n[resng{ddl%g'ti ng a laser light to an optical
di sk thereby readiig daR HECPARD 1iGePPibfal il Skard SRAAL ddice

buffers the d _th a success y rewritable nory havi ng a _

Compr | ses e terang SRRyt EERe L LS 4 4T ek 21 (AR AU R0: R Patng ende

oPtt oo oo SRS, LA L8cAHE SRET kit 368 HOLA o enéBilens

memory befg%rc’%ptsf)e o ‘Léf fggcréx.{p ﬂftoq{g,ugﬂd)rEMﬁW'ﬁed%&h data thereby
deciding whether the data are in coincidence, an addition step for
obtaining a toltal number of the groups, for which groups it is
decided that the first data and the second data are in coincidence,

10 and a subtraction step for obtaining a value of (a prescribed-
decision threshold)- (the total number)/(the value of “n”), and the
buffering resumption request step instruéts the timing of buffering
resumption when the value obtained in the subtraction step is 0
or less.

15 . Further, the present invehtioﬁ provides a storage medium
storing a program code for ekecuting the optical disk reproduction
apparatus control method.
| According to the present invention, when the buffering to a
memoryisinterruptedforsomereason,theopticaldiskreproducﬁion

20 apparatus can resume the reading of data from the optical disk,
divide each of the first data buffered in the memory before the
buffering interruption and the second data read out zafter the
buffering interruption into plural groups, and detect whether the

first data and the second data are in coincidence for each group,

25 and instruct the timing of buffering resumption on the basis of



20 read out in the control step into "n" groups, respectively, and
detecting ‘W?Wﬁﬁnkhe first data and the second data are in pcr/Jp99s3tz
coi nci dence tor each group, and a buffefing resunption request step

for instructing a timng of buffering resunption, on the basis of a
result of the data coincidence detecting step. 25 . Further, the
present invention provides a storage nedi um

9 ' storing a program code for executing the optical disk

reproducthan . og,13PPAEREESE 6] eVlenBENSS.exror occurklingh#lscidt hbemal
pr esent invenflon, t he data coi nci dence detecting step further )

conpri Seted iGPN iSiddpendentolodi et e f forihigr intdatrapaidnt héssecond
data, which are divided into the pl ur al groups, one group by one, and

conpar i ng.4he Brid idabathhes ey compareesi dhegbubee hing tihes el o edmbe
coi nci dence, an addition step for obtaining a total nunber of ‘the

groups, fiofsthictedrapmsopdidtely. - decided that the first data and the
second data are in coincidence, 10 and a subtraction step for obtaining a

val uegof (a piedddderbn, accdeeiisigonot thespoésint irenticirsl thenrbetidal(t he
value of "n"), and the buffering resunption request step instructs the
timng ofgiy fraigiHuction egpaaters vimet rtuvs sv &hege tdbtiaigned bmfifleering
subtraction step is O

resumption by utilizing the CD-DA data. Therefore, the timing of

buffering can be instructed more correctly, with relative to an

optical disk reproduction apparatus and a control method therefor,

10 in which the timing of the buffering resumption is instructed by

utilizing only the subcode data.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a block diagram illustrating a structure of an optical

15 .disk reproduction apparatus according to a preferred embodiment -
of the present invention.

Fig.2 is a flowchart for explaining an operation of the optical
disk reproduction apparatus when a reading error occurs during the
reproduction from'an optical disk..

20 Fig. 3 is a block diagram illustrating structures of a
continuous data detector and a buffering resump'tion request
generating circuit.

Fig.4 is a flowchart for explaining operations of the continuous
data detector and the buffering resumption request generating

25 circuit.



or less. 15 Further, the present invention provides a storage nmedi um
storing a pyogoasgode for executing the optical disk reprodu®CreiR99/0s313 | _
appar atus control nethod. Accondi ng to the present invention, when
the buffering to a menory is interrupted for some reason, the optical
di sk reproduction 20 apparatus can resune the reading of data fromthe
opti.cal di sk, di vide each of the first data buffered in the nenory
before the buffering interruption_and the second data read out after

t he - buf fEEg NG intemlael 64 agFad fIMRL RGNS 2 ShEUGELES: Ofhdt RELOKhe
first data and the second data are in coincidence for each group, 25 and.

i nstruct ahe rusd el oFD ISR PTG ¥ L APRRBALBH- t he basis of _

10 that result. Therefore, even if an error occurring also at normal
reproduction, independent of the buffering interruption, is cont ai ned
in data to be conpared, the buffering resunption._can be I nstructed
appropri BES A CobeKSH 9 2 otar-ndt et HdN pr esent i nvention, the

opti cal di sk reproduction apparafus i nstructs the timng of buffering
5 Hereinafter, the presert invention will be described in more

detail, with reference to the accompanying drawings.

Fig.1l is a block diagram illustrating a structure of an optical
disk reproduction apparatus according to a preferred embodimenl
of the present invention. An optical disk 1 is a CD having musical

10 data recorded thereon. Anoptical pickup 2 irradiates a laser light
to the optical disk 1 to read the musical data recorded on the optical
disk 1. An analeog signal processing unit 3 obtains condifions of
tracking and focusing from the data read by the optical pickup 2
as well as binarizes the data read by the optical pickup 2. A serxrvo

.15 4 controls the tracking and the focusing of the optical pickup 2..
A digital signal processing unit 5 comprises a CIRC processing unit
51, a formatting circuit 52, a memory arbitration circuit 53, an
output data FIFO memory 54, a continuous data detector 55, and a
puffering resumption request generating circuit 56, and processes

20 data binarized by the analog signal processing unit 3 to output
processed data as reproduced data. A memory 6 temporarily stores
the data processed by the digital signal processing unit 5. A
microcomputer 7 obt.ain's information from the respective elements
and controls operations of the respective elements.

25 An operation ol Lhe optical disk reproduction apparatus



resurrptidn by utilizing the CD-DA data. Therefore, the timng of

buffering can be instructed nore correctly, with relative to j cal
di sk repr od¥&®9%9842¢ppar at us and a control_ nethod therefor, 182?’%”\/%‘%2# t he
timng of the buffering resunption is i At ruct ed by utilizing only the
subcode dat a. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.l is a
bl ock diagramillustrating a structure of an optical 15 disk reproduction
apparatus according to a preferred enbodi nent of the present

| nvent i on, -,-sﬂgrggir gng beeBellouchibbatfibne Lel BathdlLRsEA! | g the

optical 2ccogf I On appar at us en a reading error occurs during

h coducy i .opt i : 0 T3
ggram i %SE@??Q?P%EPEHQ? BOiRR stgkrsﬁgd p9Othe sef¥d 43 iSraabhock a

t
di uctures-o conti nuous data detector and a

butfering, resunpt | toptica DO All NHLickhVebts a light Ffldctéaa
fIowchartlf‘ﬁFrgg%S?gt?n}t'ﬁgﬁg%e?%tji%ans of the contcionuouss 2 l%ata det'ect or

igd the blgfrfor%ri:ﬂg 581?&'@“8:05{69'4@1%0 GENEIFHAINY andP ok YLt the signal to
5 the analog signal processing unit 3. The analog signal processing
unit 3 outputs conditions of tracking and focusing to the servo
4 on the basis of the signal from the optical pickup 2 as well as
binarizes the signal from the optical pickup 2 to output a binarized
signal to the digital signal processing unit 5. The servo 4 outputs
10 a control signal to the optical pickup 2 on the basis of the
informalion from the analog signal processing unit 3, thereby
controlling the tracking and the focusing.
The digital signal processingunit 5 receives the data binarizea
by the analog signal processing unit 3 in the CIRC processing unit
15 51, and the CIRC processing unit 51 performs the EFM demodulation,
the separation of CD-DA data from sﬁbcode data, and the error
correction processing of the CD-DA data, and outputs processed data
to the formatting circuit 52. The formatting circuit 52 converts
the CD-DA data output frc;m the CIRC processing unit 51 into a
20 prescribed format, and buffers converted dala in the memory 6 via
the memory arbitration circuit 53. The data buffered in the memory
6 is read out to be sent to the output data FIFO memory 54 via the
memory arbitration circuit 53 at a prescribed rate, and output the
same as reproduced data. The data output from the output data FIFO

25 memory 54 is controlled to be read out at a lower rate than that



Fig.5 is ablock -diagramillustrating a structure of a prior art

musi cal CD W@ PYH4eE¢ i on appar at us. BEST EMBODI MENTS FORPERBERINOSBIS . _
THE. I NVENTION 5 Herei nafter, the pk®sent invention will be described.
in nore detail, with reference to the acconpanyi ng draw ngs.

Fig. 1 is a block diagramillustrating a structure of an optical di sk
repr.oducti on apparatus according to a preferred enbodi nent of the
present invention. An optical disk 1 is a .CD having_nusical 10 data

recor ded PReEBBnd2hA Bﬁg‘?c%t TR ontdGad ddsX laseFhatghs. 2 rate afe
optical disk 1 to read the nusical data recorded on_the optical di sk .
1. An anaPB§L8&idRYl 98t8céBstRE BRMPTY %bt“éi hdabgxqittidgna grte of iyeadking
and focusing fromthe data read by the optjcal pickup 2 as well as

bi nar i zes°Pged&§FafFé’5‘dtB§ PRECEHt Pcal TPFCRUPISTINIsehts ths memegyt foks

the tracki ng and_the focusing of the optical pickup 2. A digital

si gnal prﬁeg‘éé'Pgéean’PY %h%&ﬂ%%%@é“%lkﬁph&'p%e&é?ﬁg GRi @ capaciiy qf the
formatrtinﬁ circuit 52, a nenory arbitration circuit 53, an out put data
FI FO rfenof§™8%Y &-continuous data detector 55, and a buf feri ng

by 1 he. anal o WERBN S en FHEEEETRE G £28 CD-0 FHS LLeyicodem it 4
{ﬁgr3?;f?gPQE%gHgéegfggégggﬂéegﬁg%géigﬁdsggéggafter %Rg %%%%i%go%ﬁiiﬁihgy
disk 1 is resumed, Lhe continuous data detector 55 detects whether
data before the buffering interruption and data after the reading
10 resumption coincide. According to the result of the continuous
data detector 55, the buffering resumption request generating
circuit 56 instructs a timing of buffering resumption to the
formatting circuit 52.
Fig.2 is a flowchart for explaining an operation of the optical
15 disk reproduction apparatus, when the.microcémputer'7 detects that
an exrror occurs in the feading of data during the reproduction from
the optical disk 1, on the basis of the information from the servo
4 and the digital signal processing unit 5. The operation of the
optical disk reproduction apparatus in case a reading erroxr occurs
20 will be described with reference to figs.l and 2.

When an error occurs in the data reading, the digital signal
processing unit 5 interrupts the buffering in accordance with an
instruction from the microcomputer 7 in step S1. WNext, in step 52,
the servo 4 moves the optical pickup 2 to a position before a position

25 of data where a reading error occurs on the optical disk 1, in



m croconputer 7 obtains information fromthe respective el enents and

controls opwé%d QRss of the respective el ements. 25 AN ORFTAIPI8Es3d -

t he opti cal |sﬁ reproducti on apparatus q4 T
12 according to the preferred enbodi mrent will be described. The
optical pickup 2, being controlled by the servo 4, irradiates a | aser
light to the optical disk 1 and converts a light reflected fromthe

optical disk 1 into a signal, and outputs the signal to 5 the anal og
si gnal prgeessdagcenwtitB. afihénanabogiehgfizbmptheemsécngcomputeni 7.3 The put s

conditions-of tracking and focusing to the servo 4 on the basis of the
si gnal fressibeonptocahiphckhp @pabcaklpickup 2 idittatiezasvedeisi gealidégom
the optical pickup 2 to output a binarized signal to the digita

si gnal presesisé gpsis tof5 anThddsess ol e platts whlchahaorimdadt deein reatihe
optical pickup 2 on the basis of the i nformati on fromthe analog
signal prea®ssing unit 3, thereby controlling the tracking and the

f ocusi ng. The digital signal processing unit 5 receives the data

bi narised Thep,t he stapo§3si ghel cpnddavousgdatiat d8tenlbheSEl BCvides a
processing unit 15 51, and the CIRC processing unit 51 perfornms the EFM
denodul at d@aha sequence of a block, which is one block before the block for
which the buffering is interrupted among the data stored in the
memory 6, into n pieces (n is an integer which is 2 or more) of
data,andholdsdivideddqtasequencesasexpectatioﬁdataseéuences,
10 in accordance with an instruction from the microcomputer 7.

In step S4, after moving its position in accordance with an
instruction from the servo 4, the optical pickup 2 reads out a'data
sequence of one block fromthe optical diskl. 1Instep S5, the analog
signal -processing unit 3 binarizes the read ovt data sequehce. 1In

15 step S6,-the CIRC processing unit 51 performs the above-described
processings to a binarized data séquence to generate -a CD-DA data
sequence, and output thc CD-DA data sequence to the continuous data
detector 55.

In step S7, the continuous data detector 55 divides the CD-DA

20 data sequence into n pieces as in step S3 to capture thc divided
data sequences, and decides whether the expectation data sequence
and the CD-DA data sequence are the same for each divided data
sequence. When it is decided that the both data are the same (YES)
in step S7, the processing goes to step S8 and the buffering

25 resumption request generating circuit 56 outputs a bulfering



t he separation of CD-DA data from subcode data, and the error
correcti onwporonaesessi ng of the CD-DA data, and out puts processdRETAEIS/05313
the formatting circuit 52. The formattik®y circuit 52 converts t he

CD-DA data output fromthe CIRC processing unit 51 into a 20 prescribed

f or mat

and buffers converted daLa in the nenory 6 via- the nenory

- t0

arbitration ci rcuit 53. The data buffered in the nenory 6 is read out
to be sent to the output data FIFO meppry_54 via.the . : ry
ar bi t r at¥osBPEERRt thgﬁ?rasb?'é@grFﬁegg?aFg,"mSﬁglggt 5ﬁfcf‘]ﬁgm§9‘ Thfe as

reproduced data. The data output, fromthe_ putput El EO 25 r.y..54.

i s cont rotigder s kdd BHFPQF ip SRt ar%’f’&”ﬁﬁawd%ﬁ]gpe Eb> ok dgﬁ?%ﬁéh

of the data read _out fromthe_optic sk 1. That.ds, £ rate of
(]ﬁf;#é’rc

13

o
buf f er i nis dewBPHA FH@‘“rrEhﬁr?IgciErﬁFﬁﬁéanhgﬁlg Pglt 528 PPe
data fromthe nenory 6. The buffer

by the rimmedbapai¥raftenddotdidhf

out
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When the buffering of the, CD-DA.data into_the r ' . nterraupt ed:
f or §orreb‘|iéﬁééﬁnaﬁﬁeﬁ%‘?ééﬂ’egf‘ﬁgeFegﬁgﬁﬁt‘L tg%nqo)émgtkzi&gsfl‘fcr&etr e

fromthe

t he conti nuous data deﬁ_egio&a 55 det ect

10

15

25

converts the C £a into asi::é@seép:ﬁ;ed format and resumes the
puffering to the memory 6 (step 59).

On the other hand, when it is decided Lthat the both data are
not the same (NO) in step S7, the processing goes to step S20 and
the micéocomputer 7 instructs the servo 4 to move the optical pickup
2 to a further forward position. Thereafter, the processing goes.

back to step S4 and the above operations are repeated. Here, the

operations from steps S1 to.S83 can be .performed in random order. -

Structures -and operations.of the. continuous data detector 55
and the buffering resumption request generating circuit 56 will
be described in more detail. Fig.3 is a block diagram illustrating
the structures of the continuous data détector 55 and the buffering
resumption request generating circuit 56. The continuous data
detector 55 comprises comparators 1ll-1 to ll-n for dividing each
of the expectation data sequence and the CD-DA data sequence into
“n” groups, respectively, and comparing data sequences for each
group, an adder 12 for obtaining a total number of éroups, for which
groups it is decided that the expectation data sequence and the
CD-DA data sequence are the same, and a subtracter 13 for comparing

a calculation result of the adder 12 with a continuous data decision

IS resuned,



data before the buffering interruption and data after the reading 10
resunption According to the result of the continuo
%ﬂ(g bu?fe [ ci rcu?lpgg%

det ect or ring resunption repgest generating

|nstructs a timng of buffering resunption to the formatting circuit -
52. Fig.2 is a flowhart for explaining an operation of the
opti-cal 15 disk reproduction apparatus, when the m croconputer 7 detects
t hat an error occurs in the reading of data during the reproduction
from thiresdpldcal. disk 1, on the basis of the information fromthe
servo -4 and the digital signal processing unit 5. The operation of the
optical disk rapr.adusti ruvlppartafos expleasa ry opartia tjors od t V€ Coht i nddus
will be described with reference to figs.1l and 2. When an error
occurs indelta datactead$hgand hehealilyi fifd rigigadsumpt iow cegueisty gehietr ating
interrupts the buffering in accordance with an instruction fromthe

m cr oconputiecul ti 56 staapl Showsesteps B3t §7,528nd S8 int hbesEl owcHanouss Fghe
optical pickup 2 to a position before a position 25 of data where a
readi ng etinomopecigtaidn t Maeopperatidnskof thencontinuous data detector 55
14 accordance with an instruction fromthe m croconputer 7.  The
and the buffering resumption request generating circuit 56 will
be described with reference to figs.l to 4.
In step 5100 (corresponding to step S3 in fig. 2), the
lcomparators 11-1 to 1l1-n divide a data sequence of a block just
10 before the block, for which block the bufferinc_j is interrupted among
‘blocks of the data stored in the memory 6, into “n” groups, and
captures the divided data sequence, one-group.by one, as an
expectation data sequence. For example, when a data seguence
comprises 200 pieces of data,_the'data sequence is .divided into
15 10 (=n) groups successively from the head, each group comprising
20 pieces of data. Then, the data sequences divided into 10 groups
are input to the iO compardtors, one group by one.
When the CD-DA data is generated in step S6 of Fig.2, the
comparators 11-1 to 11-n divide a CD-DA data sequence into n pieces
20 and capture the dividcd CD-DA data sequences, respectively, in step
$101, as in step S100.
In step S102, each of the comparators ll—l-to ll-n compares
the CD-DA data sequence with the expectation data sequence, and

decides whether each pair of the expectation data sequences and

25 the CD-DA data sequences, which are divided inLo n pieces,



position toe which the optical pickup 2 is to be noved is decided on
t he basis oWwoumadzir ess of the data which has al ready been reaBCTAPIS/O83S,.

5 . Then, in step S3, the continuous ldata detecLor 55 divides a

data sequence of a bl ock, which is one bl ock before the bl ock for

which the buffering is interrupted anong the data stored in the menory
6, i.nto n pieces (nis an integer which is 2 or nore) of data, and

hol ds di vi ded data sequences as .expect ati ondata segyence Q0 in
accordancteawﬁﬁtbﬁeihst?H%Hﬂbﬁoﬁﬂé%qﬂﬂfehicF80§ﬂﬁu?§$e§.f2' H" is optaud,
S4, after noving its position in accordance mLth.Zp i ns{ryction fraom.
t he servovaentie SRt JPLHI SRIPERCFR AL dft cRIgGstgence, EBaue ce- DUyt

bl ock fronthe optical_ disk 1. Inste t he anal @ si gnal processing

S5 ] .
unit 3 bi“@?mzé%etH@tPeQGtﬁufeﬂﬁ?ﬁcgﬁqﬂgﬁcép Pﬁc°igCl§FEEESG, the CIRC
[ it 51 f th - | bed ' tQ
Dl ar: sed dat AnsaEEBrELIPo RnAIRE! 4ot ety CHFHE T huinbe af.

t he CD- DA dat to t ti dat t 55. .
st on ST ¢ e Ean AT R 42O EBPoronESERsraest FRe B b 49 akain

I nt ' [ t S3 h | vided {
cequoncest M L BT AIE el (RS PoR 3 aE MBI TS CehhEREE® 2 VAL iR
CD- DA data sequence are the sane _for ch divyide da&g sequence. Wen
it is dec¢@€d°PEEPttﬁéeb3Pﬁuad? nagg gﬁg SHREIEYESY 2+ in step S7, the

DroCessIng U0%3 LP5LSReFS AN U ELEE 19 el SO VRN S £rom

the continuocus data decision threshold R set by the microcomputer

10 7, and outputs a value R-m/n to the buffering resumption request
generating circuit 56. Here, the continuous data decision

threshold R can be freely set by the microcomputer 7. For example,

a normal data reproduction ratio which .means a ratio of correct

reproduction by the optical disk reproduction apparatus can be set

15 as R (for example, when 90% of data is correctly reproduced, R =.

9/10). Or, an arbitrary value can be input by a user. When R
1, it means that the data recorded on an optical disk and the
reproduced data are completely the same. When R is set in
consideration of the rate of data reproduction at normal states,
20 it can be judged whcther an error included in data to be compared
comes from the buffering interruption or comes from the errors
generated by the normal reproduction.
In step S130, the buffering resumption request generating
circuit 56 decides whether fhe value of R-m/n is 0 or less, i.e.,

25 whether Lhe compared CD-DA data is in coincidence with the



15 resunption trigger signal to the formatting circuit 52. The
trigger si gl ookd4fUt PUt i n such a timng that the CD DA dat apphispbonssis | S

out put fromthe Cl processing unit 51;gan be buffered i medi atel y
after it is decided YES in step S7. v%en detecting the 5 buffering
resunption trigger signal, the formatting circuit 52 converts the
CD-DA data into a prescrlbed format and resunes the buffering to the
menory 6 (step S9). On the other hand, when it is decided that the

both dat 3@ tatiom@atihe when {8Q)s idecsidey 371, stkep Pl30etbatgtiywemlue
step S20 and 10 the m croconputer 7 instructs the servo 4 to nove the

optical Rikipm/n is D @ aekurtiges)foivard phsitcoparedheDebhteatatie in
processi ng goes back to step S4 and the above operations are repeated.

Here, theggjincidyigfeadivi@hst he ampdapsriSin datd33 the meqesrsiorgreebeisnt o astoepn
order. Structures and operations of the continuous data detector
55 15 ang 31ihe(doidfedpdigims unptsteep rsfjuest £igerir andig e b feSicagyi | |

be described in nore detail. Fig.3 is a block diagramillustrating

the sbrucidy g wifor heequedt rymmes adlairey deieotidr B5 gank tdte A ferf fering
resunption request generating circuit 56. The continuous data
resumption trigger signal and outputs the trigger signal to the

formatting circuit 52. The formatting circuit 52 which has
received the trigger signal resumes the buffering (step S59).
When it is decided in step S130 that R-m/n is not 0 or less

10° (NO), i.e., the compared CD-DA data is in uncoincidence with the .
expectation data, the processing goes to step 5133 and t'he buffering
resumptionrequestgeneratingcircuit56requeststhenﬁcrocomputer

7 to move the optical pickup 2, and then thé processing gbes back
to step S5101.

15 " Tn the optical disk reproduction epparatus ‘according to the
preferred embodiment of the present invention, the rate of buffering
data ‘into the memory € is controlled to be higher than the rate
of reading out data from the memory.G. Therefore, even if the
puffering into the memory 6 is interrupted, the output data FIFO

20 memory 54 reads out data stored in the memory 6 at a prescribed -
rate and continues to output reproduced data, while the data are
being stored in the memory 6. The abcve—describéd steps S2 to S9
are carried out while the output data FiFOxnemory 54 are outputting
the reproduced data.

25 As described above, the optical disk reproduction apparatus



detector 55 conprises conparators 11-1 to 11-n for dividing each. 20 of the
expect at i onWVQA424%8quence and the CD DA gata sequence into PCWw‘WgGg%Japs;
respectively, and conparing data sequen& s for each group, an adder 12
for obtaining a total nunber. of groups, for which groups it is decided
that the expectation data sequence and the CD- DA data sequence are the

sane, and a subtracter 13 for conparing 25 a calculation result of the

adder 12 i @ﬁr@ﬁélw%n@%ﬁin@%@ #i9¥ides the expectation dat d th
16 ﬂ?ﬁ‘reshold R. Fig. 4is a flowhart for exgleaair?inng €

oper at i oRg,Ga tdift £AHNPAUS a1l yrodpbateepesirormSbomperi B8nhUbher bR ides
resunption request generating circuit 56, and shows steps S3, S7, and

S8 in theyd quehiald fofr bferihgi fesBiptdohabh. tHO G0 dif Uhe Hunldts of
continuous data detector 55 and the buffering resunption request

gener at i N KidLY4iHi AP a¥d lin coink@ddater ahadthet Boneifbeisedheal hasilibn 4-
In step S100 (corresponding to step S3 in fig. 2), the conpar ators
11-1 0 Ifeddigidie.a dabaessgupnaee®R asblioekdkbtsin c&si{lfé‘ﬁ@ié:h%ﬂolc%k,

for ich block the buffering is interrupted anong bl ocks of the data

stored i Rdie rERFRIdncRionNEt1f a ) BHial 3kAtes, it can be judged whether
an errxor included in daté to be compared cémes from the buffering
interruption or comes from the error generated by normal
reproduction, which enables instructing the buffering resumption

10 appropriately.

In addition, the optical disk reproduction apparatus according
to the preferred embodiment can instruct the timing of buffering
resumption more correctly, because it utilizes not the subcode data

-but the CD-DA data.

15 ~In the foregoing, the optical disk reproduction apparatus which
can appropriately instruct the buffering resumption when errors
occur in reading from the optical disk for some reason, is described.
However, the above-described embodiment can also be applied to the
control of data which is to be buffered into the memory 6. That

20 is, sincé the rate of outputting the reproduced data is smaller
than the rate of buffering data into the memory 6, when it comes
Lo a state where data are stored in the memory 6 'to its uppermost
capacity, the buffering to the memory 6 is interrupted. Even in
case where such buffering interruption occurs, if the microcomputer

25 7 is set such that the operation described in Lhe flowchart of fig.2



captures the divided data sequence, one group by one, as an

expect at i onw@abengggiuence. For exanple, when a data sequence PCT/JP99/0531
conpri ses 200 pi eces of data, the data sggfuence is divided into 15 10(=n)
groups successively fromthe head, each group conpri sing 20 pi eces of
data. Then, the data sequences divided into 10 groups . are input to the
10 conparators, one group by one. - When the CD-DA data is generated
in step S6 of Fig.2, the conparators 11-1 to 11-n divide a CD-DA data
sequence istarnripdeces, the bufiexiapg vesumps ivnvgaicde G sPA witie] 86HKHEBEERG,
respectively, in step S101, as in step S100. In step S102,
each of tunttkowpadetersogdtingotiie-qonbipuity in theheeffodicddt aacaquence
with the expectation data sequence, and deci des whet her each pair of

t he expectati dn @IddatsequérimprmntZBnth@DnDAadaba apguent et whilghtar e
di vided into n pieces, 17 -
respectlvmmyapnmeatnscﬁPncxdbh@@UCI%gtﬁ@ Qﬁdeﬁalzdl%k{hazwm@tpu%DA datahen
the both data sequences are in coincidence, and "L" is output when t he
bot h dat ar seekled &heqeor but Fd&ionkP @neBparatus for repxodypcBhg ant dpt hdalkr

12 additionally counts the nunber of
disk which is used as a Read Only Memory (ROM) for a computer In

the latter case, it is reguired to add a function of a CD~ROM decoder
to the optical disk reproduction apparatus of the above-described
embodiment. |

10 Further, the object of the present invention is achieved by
a microcomputer in an optical disk reproduction apparatus
performing reading from a storage mediunthaving a pregram code of
a software which realizes the function of the embodiment -fecorded
thereon. Therefore, the storage medium having the program code

15 recorded thereon constitutes the present invention.

APPLICABILITY TN TNDUSTRY
As described above, the optical disk reproduction apparatus
and the control metﬁod therefor according to the present'invehtion
20 are appropriatelyapplied to anapparatus for reproducing an optical
disk which has CD-DA data recorded thereon or which is used as a

Read Only Memory (ROM) for a computer.



5 "H', which are-ouLpuL fromthe conparators 11-1 to 11-n to obtain
the total nW@Y19436 | n step S111, the adder 12 obtains a val UBCHIRPPOS3I3 . _

and- output the value nmin to the subtracdr 13. In sLep S120, the
subtracter 13 subtracts the value min from t he continuous data
decision threshold R set by the m croconputer 10 7, and outputs a val ue
R-m-n to the buffering resunption request generating circuit 56. Here,
t he conti nuous data deci sion threshold R can be freely set by the

m croconputer 7. For exanple, a data reproduction ratio which
means a ratio of correct reproduction by the optical disk reproductian

apparatus can be set 15 as R (for exanple, when 90% of data is
correctly.reprodéFed, R = 1
R a

correct LV oottt qu el YAl B PRt
consi dor distheesed EBPE 6567180 BT BFBAUBFIBY Lo oASF i OBF A 6&n opbical |
can U8 | S50 WUELIST S0 ELL B el LB S S5 £ UTRY SHeporaCOT5S
Fequest @ERT e dtain g suct SR R IR RhoE hERBe < o
or 1ess. lre¥erirka WIghRSE ,\ NEna VRA She R AR £ d"rERAGIRN Eath! N
comprising:
control means for resuming reading the data from the
10 optical disk when buffering to the memory is interrupted;
data coincidence detecting means for dividing first data
buffered in the memory before the buffering interruption and second.
data read out by the control means into “n” groups, respectively,
and detecting whether the first data apd the seccnd data are in
15 coincidence for each group; and
a buffering resumption request generating circuit for
instructing a timing of buffering resumption on the basis of a result
of the data coincidence detecting means.
2. The optical disk reproduction apparatus of Claim 1 wherein
20 the data coincidence detecting means further comprises:
plural comparators each of which holds the first data and
Lhe second data, which are divided intb the plural groups, one group
by one, and compares the both data to decide whecther each group

of the divided data are in coincidence;

25 an adder for obtaining a total number of the groups, for
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18 expectation data. Wien it is decided in step S130 that the val ue
of Rmn i ss (YES), i.e., the conpared CD-DA data is pc/speons3is-

coi nci denczw\i/}viotg{y{zﬁe expect ati on dat a, E?e processi ng goes to step S131
(corresponding to step S8 in fig.2) and The buffering 5 resunption request

generating circuit 56 generates a buffering resunption trigger signal
and .outputs the trigger signal to the formatting circuit 52. The
formatting circuit 52 which has received the trigger signal resunes

the buffeping ( Pdcided that tHerkidst upecided tne Stefoddatdaire
R-nin iswrlllocq’olg'lr 105'ess Clloe (NC?)', i.e., tshe conpared CD-DA data is in

uncoi nci dence i tdydhe. . ang expectation data, the processing goes to step-
S133 and *trheceqolmcgl?ﬁ ng = resunpti on request generating circuit 56

requests the nicLogagRYheker for/obRafRYfqt Bev@Rukcalf:pi ckup 2, and then
t he processi ng goes back to step 810%. 15 In the optical disk

reproduction appargisscAfsed died sienttieresholdy of e d or@hosivibet) of (the
present invention, the rate of buffering data into the nenory 6 is

contrgl | e {4 Ree Mgher ddan the rate of reading out data fromthe
menory 6. Therefore, even if the buffering into the nenory 6 is

interrupted, {he MMird%&esEinEE)ioBO:e@@ém Yk farddsy elikcdatains oredtsn

the nenory 6 at a prescribed rate and continues to output reproduced

data, whidies thenidf @f2bQffering resumption when the value obtained by the
subtracter is 0 or less.

3. The optical disk réproduction apparatus of Claim 2 wherein

10 the decision threshold is set manually.

4. The optical disk reproduction apparatus of Claim 2 wherein
the decision threshold is a ratio of an amount of data which is
correctly reproduced to an amount of data which is reproduced by
the optical disk reproduction apparatus.

15 5. A method for controlling an optical disk reproduction
apparatus which receives a reflected light obtained by irradiating
a laser lighl to an optical disk thereby reading data recorded on
the optical disk, temporarily buffers the data in a successively
rewritable memory having a prescribed capacity, and then outputs
20 the data as reproduced data, comprising:
a control step for resuming feading the data from the optical
disk when buffering to the memory is interrupted;
a data coincidence detecting step for dividing first data
buffered in the memory before the buffering interruption and second

25 data read out in the contreol step into “n” groups, respectively,

e

R



being stored in the nmenory 6. The above-described steps S2 to S9 are
carri ed out WRO¥Ae output data FIFO nenory 54 are out putti n@CT/JP99/033e3

reproduced data. 25 As described aBdve, the optical disk reproductlon-
appar at us 19 of the
preferred enbodi nent divides the expectation data and the CD- DA data
into-plural groups to perform conparison, and decides the timng for
buffering resu n_on rm;r;p r S Lch_are_in
coinciden@@daﬁgﬁt TEhtY éﬁﬁ??ifﬁe %ké?glon £ %ﬁ%rﬁ%%h dg : q%géeg5ﬁe%n
when Ris de0|ded |n consi denat Jj data reproduction ratio at
nor mal st &CaC 1de tha% eIsjeucf’r c#r\?éjulg' é&? an error included in data to

be conpared comes_ u%é,{}%&yéé&ﬁ pg nre%de@% ﬂtena .EtPBE’E? érogbtntjﬁﬁe

error generated by nor uct| es I ns I ng

buffering rei’ﬁ%} ap ]Icé PRGN EHriel'é’hez bas:.s of'i‘ )?gér“ﬂ O&ﬁb{ﬂg@ gpiLeal

di sk repr ratus accordlng e pre red e I ment can

i nstruct the t| d%tep. resunptlon nore correctly, because it
utiliz r?c?tmtcr%es &ngcffﬁgl *But the CD DA dat a.

6. The optical disk reproduction apparatus control method of
Claim 5 whereih
the data coincidente detecting step further comprises:
a comparison step for holding the fi;:st data and the second
10 data, which are divided into the plural groups, one grocup by one,
and comparing the both data thereby deciding whether the data are
in coincidence:
-an addition step for obtaining a total number of the groups,
for which groups it is decided that the first data and the second
15 data are in coincidence; and
a subtraction step for obtainihg a value of:
(a prescribed decision thréshol_d) - {the total number) / (the
value of “n”), and
the buffering resumption request step instructs the timing of
20 buffering resumption when the value obtained in the subtraction
step is 0 or less.
7. A computer-readable storage medium stozing a program code
for executing the optical disk reproduction apparatus control
method of Claim 5.

25 8. A computer-readable storage medium storing a program code

_—
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15 In the foregoing, the optical disk reproduction apparatus which
can approprywgdgahysdsnstruct the buffering resunption when err ompgr/ypegnfdssur -
in reading fromthe optical disk for sogg reason, is described. -
However, the above-described enbodi nent can al so be applied to the

control of data which is to be buffered into the menory 6. That 20 is,
since the rate of outputting the reproduced data is snaller than the
rate of buffering data into the nmenory 6, when it cones to a state
wher e datfio A & $0F Bl | thd NsptRdEN Yd Os k Or ép BodpPEL S Sdpparat €§8Pasht¥olt he
buffering to the nmenory 6 is interrupted. Even in casewhere i
suchbuf f gfd +¥Wod Nd£r¢LPEim opoccurs, if the mcroconputer 25 7 is.set such
that the operation described in Lhe flowhart of fig.2

20 is carried out, the buffering resunption can be instructed
correctly W thout deteriorating the continuity in the reproduced data.
In addition, the present invention can be applied not only to- - ' an
apparatus for reproducing an optical disk having CD-DA data 5 recorded

t hereon but also to an apparatus for reproducing an optical . di sk which
is used as a Read Only Menory (ROM for a conputer. In ~ the latter

case, it is required to add a function of a CD ROM decoder

—_—
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to the optical disk reproduction apparatus of the above-descri bed

enbodi rent . wal@/19426 Further, the object of the present invent PEWIP9/05313 .
achi.eved by a mcroconputer in am@mical disk reproduction apparatus
perform ng reading froma storage nmedi um having a program code of a
software which realizes the function of the enbodi nent ' recorded

thereon. Therefore, the storage nedi um having the progtam code 15 recorded

t hereon constitutes the present invention. APPLI CABI LI TY TN | NDUSTRY
As descri bed above, the optical disk reproduction apparatus and the
control nethod therefor according tdgthe present invention 20 are )
appropriately applied to an apparatug &or reproducing an optical di sk
whi ch has CD- DA data recorded theredg_"é)r which is used as a Read Only
Menory (ROM) for a conputer. § 21
CLAI M5 1. An optical disk~reproduction apparatus which reéceives
a reflected |ight obtained by i rfradi ating a laser light to an optical
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5 disk thereby reading data recorded on the optical disk, tenporarily
buffers the b a successively rewitable nenory having a
prescri bed (v:%tgg@%“g/k, and then out puts 4 data as reproduced dl:a 6{.,11’99/05313_ -

conpri si ng: control neans” for resum ng reading the data from
the 10 optical disk when buffering to the nenory is interrupted,
data coi nci dence detecting neans for dividing first data buffered in
the nmenory before the buffering interruption and second data read out
by the control nmeans into "n" groups, respectively, and detecting
whet her the fi rstF.datza and the second data are in 15 coincidence for each
group; and 1g. a buffering resunption request generating circuit
for . instructing a timng of buffering resunption on the basis of a
result of the data W ' tecting neans. 2. The
optical disk reproducti ok app®r&€erEs of) Claim 1 wherein 20 t he data
coi nci dence detecting neans furfher conprises: pl ural
conparators each pfwhich-holds¥the firsi—dat d t he second dat a,
whi ch are divided|into thetgtuntdufigrioaps, onefgroup by one, and
conpares the bothdata to deci dg whet hér each group of the divided
data are in coi nciderce—25— aR—adder }oszobt aining a total nunber
of the groups, fof Move optical pickup 2
’ s3
Hold expectation data in .
continuous data detector 55

sS4
Resume reading from optical disk 1 .

}

S5
~ Binarize data L~ .
4 . S6
Generate CD-DA data L
Expectation data NO $20

and CD-DA data are
the same?

¢

Move optical
pickup 2

S8
Generate buffering trigger signal |/

¥y
Resume buffering




22 which it is decided that the first data and the second data are

i N coi Aci deWOD0/1942¢ a subtracter for obtaining a \REUEP/OS3II3
(a prescribed decision threshold) - (taufﬁ(nzﬂ nunber) / (the 5 val ue of
"n"), and the buffering resunption request generating circuit

i nstructs the timng of buffering resunption when tde val ue obtained
by t-he subtracter is 0 or |ess. 3. The opE:caI di sk
reproduction apparatus of Claim2 wherein 10 the deC|sEDﬁ threshold is set
manual | y. 4. The optical disk reproduction app@% us of Cdaim?2
wher ei n " the decision threshold is a ratio of an amdumf of data which.
i's correctly reproduced to an anount of data whi chgfg r epr oduced by
the optical disk reproduction apparatus. 15 5. A ﬁbEhod for

controlling an optical digB reproduction ap,par at usBrhi ch receives a

reflected light obtained by irradiating ser light to all optical
di sk thereby readi ng dat d-—on \fh af difsk, tenporarily
buffers the data in a sucgessivel ‘r§vvrita l e ey y having a

'
prescri bed capacity, and Ehen outpgts 2p the data} gs 1feprdduced dat a,
conpri si ng: ] 15 .
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a control step for resuming reading the data fromthe optical- -di sk
when buffery ohS4dehe nNenory is interrupted; a daicr/ype9inssts
coi nci dence detecting step for dividi girst data buffered in the
menory before the buffering interrupti on and second 25 data read out in
the control step into "n" groups, respectively,

23 . and detecting whether the first data and the second data are in
coi nci dence for each group; _a : a—Buf fering resunption request
step for instructing £tubmﬁgz [ [ Bsypt+on, on the basis of
a result of the data Bg:oun i gfe D 6. The opti cal

2 o _
di sk reproduction app ag,us f 3t I §]§I§T 5 wherein
t he data coi nci dence dgtge i ng e ' Dlis %-g a
conpari son step for hohdh t ‘ € degenpd] 10 data, which
are divided into the @t g one,g;‘é and conparing
the both data thereby é’d&l‘-’dl Ng\& ethrs data are| & &f {n coinci dence;
an addition step for tnal ni ng ¥ 3 of thq%roups, for which
groups it is decided at-the—flrst-&a - + he -second-
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15 data are in coincidence; and a subtraction step for

obt ai ni ng aWON0(18426f (aprescri bed deci sion thredPPIDSAIB he.
total nunber) / (the val ue of "nﬁyfsand t he buffering _
resunption request step instructs the timng of 20 buffering resunption
when the val ue obtained in the subtraction step is 0 or |ess.
7. A conputer-readabl e storage nedi um storing a program code for
executing the optical disk reproduction apparatus control met hod of
daim5. 25 8. A conputer-ﬁﬁadable storage nedium storing a program
code 24 for executing the optlcal
di sk reproducti on appar at us contﬁgha met hod of C ai m 6.
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