;e3el Lx6TJr ~ - 5 J UN 2003 ' DESCRI PTI ON Readi ng-Error Recovery Met hod

for' Milti-track Di sk Reproduci ng Apparatus, and Multi-track Disk 3
Repr oduci ng Apparatus FlI ELD OF THE | NVENTI ON The present inventi c5 JUMtZDQ
to a multi-track di sk reproduci ng apparatus that transfers data at a high

speed by si rrult reading a pluraljty of tracks. BACKGROUND OF THE
| NVENTI ON Conve @@@mmgmyﬂm a neans for increasing a data transfer rate of
t

an optical disk hod (it is hereinafter call e ﬂllm

met hod) for sinultareossly reproducing a plurality of tra I @@ml cal
disk is suggested. Mre specifical DESCRIBTI®Nwod is used to i £a t he
data transfer rate in the follow ng processes: (1) Aplurality o adJ acent

tracks are Ifdaﬂhh%@ﬁ@yﬁbuov @ MetHodfor Mwlti-trtek IiskRuprodasinigt A seratiis
plural pairs of light emtting elenents and |ight receiving el enents; (2)

The read data are storeghd MdtPtfalcR DR ReprodheinglAppstaugd data are read
out in the same order as the alignnment of the tracks on the optical disk. A

conventional multi-beamnmethod is hereinafter described in nore details.
Fig.l is a block diagramof an optical disk reproducing apparatus for

reproduci ng an optical disk ipIpipD OFPMEEINVENTION - beam et hod. This
exanpl e shows an apparatus capabl e of sinmultaneously reading data on four

tracks. The reprg [ dkadik
J UN 2003 2 (a) g??%tﬁp%%ﬂgﬂﬁﬁgﬁﬂﬁéﬁ? are ?g,?negﬁgoncentrﬁguﬁ |y
or spirallyhat transfers data at a high speed by simultaneously reading a plurality of

tracks.

BACKGROUND OF THE INVENTION
Conventionally, as a means for increasing a data transfer rate of an optical
disk system, a method (it is hereinafter called a multi-beam method) for
simyltaneously reproducing a plurality of tracks on an optical disk is suggested.
More specifically, this method is used to increase the data transfer rate in
the following processes:

(1) A plurality of adjacent tracks are simultaneously read using an optical
pickup constituted with plural pairs of light emitting elements and light
receiving elements;

(2) The read data are stored in a buffer memory;

(3) The stored data are read out in the same order as the alignment of the
tracks on the optical disk.

A conventional multi-beam method is hereinafter described in more
details.

Fig.1 is a block diagram of an optical disk reproducing apparatus for
reproducing an optical disk in the conventional multi-beam method. This
example shows an apparatus capable of simultaneously reading data on four

tracks. The reproducing apparatus comprises the following elements:



(b) spindle notor 2 for supporting and rotating optical disk 1, (c) |ight
emtting elenents 31, 32, 33, 34 for respectively radiating La@eglﬁgazméo
four adjacent tracks on rotating optical disk 1, (d) light rece®i

el enents 41, 42, 43, 44 that receive reflected lights fromrespective
irradi ated tracks and convert themto ele&tric signals, (e) optical pickup
5 constituted with [ight emtting elenents 31, 32, 33, 34 and |light
receiving elenents 41, 42, 43, 44, (f) feed notor 6 for noving optical
pickup 5 radially of optical disk 1, (g) reproducing circuits 71, 72, 73,
74 for respecti vdhyoptial dikkel on whide pracitearre fateed eadesimasllyanspirelly, f r om
four tracks, based on electric signals supplied fromoptical pickup 5) (h)
menory control ci(brspihdl® mhbtatr 2 fersupporting andretatingeptiedbdiskdent dat a
reproduced by reproducing circuits 71, 72, 73) 74 in buffer nenory 9, reads
out the reproducdd lighteemitoimgoelemelnts 82y 32E38)r34 Brirespdutivehneadiatdeg lasert he
alignnent of the tracks on optical disk 1, and transmts it to host
interface 1Beaiis)to fmatadjatenititascksih fodating optivalndisk dpr oduci ng i nstructions
or transmtting the reproduced data fromto a host device through term nal
11, and (j) contr@) light ¥8cdivingCelhienth 419 420 e13e|nettsretoeursfiectedbliglets
These el enents are configured as shown in Fig.l. In this exanple,

si nul t aneougrone askpestied irkadiatdd aelkks hfid ¢ohvdrt Yhéth! t0\osttribdignald;, eadi ng error
occurs in sone conpact disk - read only nmenory (CD-ROM device. Recently,

even an indivi duak) distedal padk Sorapitatddowivhi lightGahidtiaplelerdekie-FROBL B3 184
thanks to diffusion of a CD-R or the like, but disks are w despread which

have extremand 1 recsiving ddemehed £ 425@684 Ng on poor characteristic
conmpatibility between a CD-R nedia and a CD-R drive, or recording speeds.
On such CD- ROM deff) feed nst6©6 fGCmovir ¢iftidad pivkigl iy ratialig of eptieil diskby, a
strong - 5J UN 2003 3 error-correcting.function of the CO-ROM In

addi tion, a readi@y Rprédudiiy d&fdits Macarze78f 7 lfer qespdotiveln repdaiciig or
a defect during its manufacture. Wien such reading error occurs In a

convent i onalin§dyRdbhel @xtLrad il tineehsly!fias fomstracRél baded 6h aldcyric bighalrad
is imediately returned to the track having the error to try rereading, and

the reprodugyupplisdf®n sptitdlpidlanesus! y decreased to try reproduction. At
this tinme) however, there iS$ a problemthat the reproduction is interrupted

to extrenely dec E%)%Qelhbﬁy dondeb] RerchRt SthdtteapdraiBNstobdirtheiiflépndent Hath | S
used even for a ROM devi ce whose plural tracks are reproduced

si mul t aneousa\bpromdd bierepisdiRing biRcwits7h ar2 PTR)ILN Paffor fentdrP@, oI oG
THE | NVENTI For resolving the conventional problemdiscussed above, a

readi ng- er r ghel RgRYAIcLATBARD Gtorddais uRRCewidrl Dhih Rhes@ithe idPeNtasOthdas
the followi ng characteristics. First, anong a plurality of reading neans

capabl e of silipmniéited¥hé Yrdcké@hftg)tichhdiskam, landdrieadits 4 tekes interfasedof or
rereadi ng an error-occurrence-address, and the headi ng readi ng neans

continues to read®ifBbst ihterfiteUV foAGededingFepPéiicingigbrichions 6f SRGisidtidhg t he
error-occurrence-address is conpl eted, depending on nunber of unread tracks

assigned to thegeprodiebd Bitaofronfira Restdafice thioigly téeinadneaghdig of the
error-occurrence-address and on an error occurrence position on the track,

sel ective switchi §pcdrtroliirfie foedobgblirgntHelWethehtsodisogsspd abessies: Track
junp is carried out imedi ately and | arger nunber of readi ng neans are

assi gned t o Thesewlerasltstarecsafiguasd sbishoven Fig.¢r eadi ng of the
erroroccurrence-address; The tracks being read are continuously reproduced

wi t hout perform g thiy exddple, simmltaheupresding of feanttiaksdamsaaly rallowed,
reduction of the reading rate to a m ni nrum
but a reading error occurs in some compact disk - read only memory (CD-ROM)
device. Recently, even an individual user has been able to write data onto a
CD-ROM disk thanks to diffusion of a CD-R or the like, but disks are widespread
which have extremely bad recording states depending on poor characteristic

compatibility between a CD-R media and a CD-R drive, or recording speeds. On

such CD-ROM device, error occurrence is hardly prevented even by a strong



- 5J UN 2003 4 even when an error occurs and the rereading of the
error=occurrence-address is tried. According to an aspect of tge ,pnv Lon,
there is provided a nethod of performing error recovery when™ eJUN%dé)
reading errors occur while at |east substantially sinultaneously and in
paral l el reading data froma plurality o tracks on a disk, the nethod
conprising the steps of (a) storing reading error occurrence addresses

whi ch corresponds to respective | ocations on said disk at which said one or
nmore errors occurred; and (b) determ ning b-1) whether to performsaid
track junp ¢rasecorugsing-functionddhthe GIXRQAMe udneadditiongd se zeading rerer may f
said track junp is to be perforned, then how to performsaid track junp
based upon oeadbacausendn largeflanoa thddigdser a defectiduring itsiwavutstureadi ng
speed of said disk. According to another aspect of the invention, there is
provi ded a mul t iWhenekchlirskdingperoatuaicnts appacavantidnad Gl-BQ¥sdevice whose
substantially sinmultaneously rereading a plurality of tracks on a disk,

sai d mul ti - $inglektmhick kis rrepd p deménadlyapisaheaduts romediatiely retuaadd rtg theatrsck or
at | east substantially sinultaneously reading data in a plurality of tracks
i n par al | el havingnthef eros to tiy gexeadisg)iang: ther eproducingaate -is dimaltanedusiy
corresponds to a |location at which an error occurs; and nmeans for .

det er m ni ngdemreasednto tfy rprahittion. hefidthie snthe)chowévirdtlsdreat taeprdbbemethasr
occurs, based on the address stored. - 5J UN 2003 4a BRI EF DESCRI PTI ON
CF THE DRAWKRGTeprodudtisi desinterraptezinto exatemolf tdeckeamek titd hadiegr eateci by
apparatus. Fig.2 shows a nmufti-track di sk reproduci ng apparatus in

accor dance wilditionheheséatdni methedtis aksedFévgn Br iss CH-ROMkdexticegmwhese plinadr am
of an information di sk on which tracks

tracks are reproduced simultaneously, and therefore, the similar problem occurs.

DISCLOSURE OF THE INVENTION

For resolving the conventional problem discussed above, a reading-error
recovery method in accordance with the present invention has the following
characteristics.  First, among a plurality of reading means capable of
simultaneously reading, the tailing reading means is used for rereading an
error-occurrence-address, and the heading reading means continues to read data
in an unread region. Next, when the rereading of the error-occurrence-address
is completed, depending on number of unread tracks assigned to the plurality of
reading means during the rereading of the error-occurrence-address and on an
error occurrence position on the track, selective switching is performed between
the following processes:

Track jump is carried out immediately and larger number of reading
means are assigned to the unread tracks even during the rereading of the error-
occurrence-address;

The tracks being read are continuously reproduced without performing
any track-jump.

The present invention can restrain reduction of the reading rate to a minimum



are concentrically forned. Fig.4 is a track alignnment diagram of an
i'nformati on di sk on which tracks are spirally forned. Fig. 5 is a schematic
flowmchart during a reproduci ng operation of the apparatus inﬁﬁﬁﬁﬂkfﬂﬂﬁﬂ
with the present invention, PREFERRED EMBODI MENTS OF THE | NV

(Preferred enbodinent 1 ) The enbodinent 1 of the present invention is
descri bed hereinafter wwth reference to Fig.2, Fig.3, Fig 4, and Fig.5
Fig.2 is a block diagram of an optical -di sk-reproduci ng-apparatus for 20
reproducing an optical disk in a nufti-bgam nmethod in accordance with the
present invention. Fig.3 is a track alignnment diagramof an information

di sk on which tracks are concentrically formed, and reproduci ng beans 51,
52, 53, 54 respectively trace tracks Tn, Tn+l1l, Tn+2, Tn+3. Reproduci ng
beans 51, t, \4 i ' T j of
the di sk, ei%% qugetnu*?ﬁe{fgi[ tsﬁléﬁs agid %‘u%n‘raefé‘{p&é‘gé ofthe QI;TP? gr%%gir?gh?%tag 1fess 98 9.4
is a trac?iQaignnent di agram of an information di sk on which tracks - 51
U N 2003 are spirally fornmed, and reproduci ng beans 51, 52, 53, 54

R S P e T

53, 54 nove |ef esSpec e dI'skw K, and

Fotat 1 on. PPHOERRIGehg 5‘%‘?@%?@5%‘@‘?@@8@%1{%@@%% ik oqkRE Yyie f1eRse
Cpirally. SEEYaBEHg R fliisotst ol g ok 13adhg doBt B8 0GRk Tieks?
bears Lo POu disky theanE TRt CordbHistie b H0Y 8ot car i ok 1 Ly 1ight o
Fespective i rradat oatariia sSating ‘bt orb SEBhES aigheSEL Fhich Py esronds 4o
ol ARl Yl T LD R bz
o cal"B,ckup 1] ka1 B B
opt | car preRlibesitacraid AceEs Aad Baf G stk ol RO WY pedtruedl e
bt £ or ey R (oBGROHG S8 ar EBGR Bal B tadhnd mof Soefitincfdeioss, i
IR s e e
error ogcur r ence XE8F g@@e@ et ﬁépg‘gta%f ﬁbe gweﬁlo& éﬁ%&‘? is psovided & mpltiy ace
dat a1 ronftiska ok RASOSEURE ABRaTAtER  Fn ' 168st 5B Sl Siah iBireousE,

cont ol |1 P BRMaRey" SF YSREY 8RO sk 535 ShEMERLACHSICRoHER, °°

apparatus comprising:

reading means for at least substantially simultaneously reading data in a
plurality of tracks in parallel;

means for storing a reading-error-occurrence-address which corresponds
to a location at which an error occurs; and

means for determining movement of a reading head reading said disk

after the error occurs, based on the address stored.



-.5J UN 2003 6 A basic reproducing operation is described hereinafter.
Wheri host interface 10 receives the reproducing instructions for adjacent
tracks T1 to T4 on optical disk 1 tomthe host device through gern] aﬂ dal
controller 12 performs the reproduci ng operation by sending Jﬂﬂ U
instructions to each element. To be nore specific, controller 12 controls
feed notor 6 to nove optical pickup 5 so as to respectively radiate | aser
beanms fromlight emitting elenents 31, 42, 33) 34 to tracks T1, T2, T3, T4
on optical disk 1 rotated by spindle notor 2. At this tine, respective
reflected lights are converted to electric signals by light receiving

el ements 41, 42, 43, 44, and these electric signals are further sent to
reproduci ng circuits 71BRIEF DBSCRAPTOION: O TEEDRAWNNGRpr oduced. I n the
foll owi ng description, a disk on which data is recorded fromthe inner
radius to the oligi shews aconvenfibnsltmalkiettack disk repeaduting appalatusof the
data, a reading neans and a track which are positioned at the inner radius
side on the di sFi@@eslrcﬁss)amhhﬂmackadibkdeprdcaidii\}\%@pﬁamthslg?n reaordancd with
tailing track, and a reading neans and a track ich are positioned at the
outer radi uhegpresenvintditticli.sk are respectively called a heading reading
nmeans and a heading track. If data is recorded fromthe outer radius to the
i nner radius, tiRgrelianiteick degmeent diagrem dfsirpitdbimatomdisk o8 witishttravks on
the disk are reverse. The reproduced i ndependent data for respective tracks
i's tenpor arareoatentadaliyfdividder menory 9 via nmenory control circuit 8, then
is read out in the sanme order as the alignnment of the tracks on opti cal
disk 1, i.e, inFRigd isradescloblighmentdiapBamicf arnindfoirmatienidiskooh mehibhstacttevi ce
t hrough host interface 10 and termnal 11. \Wen a reading error occurs
here, an adalespirally folraedrror position is stored in

readi ng-error-occurrence-addressnmenory 20. Rereadi ng operations of the
error-occurrencdigddr ssa schendatie fldechdrerduirivgd taereprothuclirg operationy efythef a
di sk on which data is concentrically recorded as - 5J UN 2003 7 shown
in Fig. 3. Taspatats inaccerdandedvivh the pedseniinvehfion]3 ... sequentially from
the inner track. A case that the data on T2 and later is read out every
four tracks is considered. Because four tracks can be simultaneously
reproduced, the data on T2, T3, T4) T5 is sinultaneously read out.

Repr oduci ng beams 5PREPERREDEMBODIMENTS QFAHEIINWEENIION 42, 43, 44,
and reproducing circuits 71, 72, 73, 74 respectively correspond to T2) T3,
T4, T5.(Prefeeredigmbediasenti®d t hat an error occurs on T5. Wien the error is
detected at a part of T5, the error-occurrence-address is stored in nenory
20, reprodudheoenmifoditient3) 98, thE5presenbninvanton wist festribed herandafienmprith
until data corresponding to one circunference of each track has been read,
and r epetaranesitodBitga?,i g\, iHig dnandFag.She buffer menory. At this tine, the
data on T2, T3, T4 and the data before the error-occurrence-address on T5
have al r ead¥igeeis a bloclididgram afiyaneoptical-disk-peproiducons-appaaatusdort2® t op
data, and therefore, are allowed to be transferred to the host interface.
For rerrepdoducingeareopticabdisirinenmltidbeamsmethobin a¢cordancoavidetee presedt
whet her a track-junp is perfornmed or not. Because the disk rotates even
duri ng inwentiomck-j unp when the error-occurrence-address is at the top of
T5, last tailing reproduci ng beam 51 may travel past the

er r or - occur Fégdeisaal tiracksalignment diagaam, of an inferinatiorn diskbenswhindt trdcksare
option that rereading is tried by the original |ight receiving elenent and
r epr odusinegntricadlyl formiadyand repyoducing -Heams S hnd2,a93.04 irespectiselyt trace tracks
track-junp is perforned, then the track after the junp is read, and finally
rer eadi hg, Tet1,riee, Tot3.he option of performng the track-junp, the:
track-junp is carried out so as to read T5, T6, T7, T8. At this tine,

repr oduci ng beanBeprodusing baams4 1y 82p83; $4 srgveclefir eithawnspecs tathe dgk with T8.
Reproduci ng beam 51 waits until the - 5 JUN 2003 s )

er r or - aotatroreat theadigk carxd vetulisto dwihedgittad posimnsafiariane retation.ot at i on) and
tries to reread the error-occurrence-address. \WWen the rereading can be
performed, thgddatatrack alignment diagram efoan sfpomdtiag daskden sxhich tracksbuf f er
menory, and is allowed to be transferred to a host. At this tine) heading
reproduci ng beans 52) 53, 54 can continue to reproduce unread tracks T6,

T7) T8, and the reproducing rate becones 3/4 of the normal rate. Even when
nunber of sinultaneously readable tracks is larger or smaller, heading

| ight receiving el ements (positioned on the outer radius side of the track
i assigned for reading of the error-occurrence-track) and reproducing
circuits (corresponding to these light receiving elenments) can simlarly
continue ~o reproduce the unread region. Wen reading errors occur at a

I T N B [T 1 e o I N 1 N L



- 5 JUN 2003 9 Wien the error is detected on T5, the
error-'occurrence-address is stored in nenory 20, the reproduction of T2)
T3, T4, T5 is continued until data corresponding to one cig f
each track has been read, and the reproduced data is \Nritteﬁjin‘]]agfmao
buffer menory. At this tine, the data on ¥2, T3, T4 and before the
error-occurrence-address on T5 has already been read w thout any error, is
continuous data fromthe top data, and therefore, is allowed to be
transferred to the host interface. Then, .a track-j is perforped so as to
reread the &ECPIRLY ufqr@rﬁ?ge aﬂdd?%‘é‘ga-‘é%n? Eb.eaﬂtﬁ/\g\}e 5,5?%30 ?éésaeSPﬁ@I‘@ix drace
spirally recor(&g%}]respecti ve |ight reg&' Vi ngbel enents and reproducin
circuits hate daitlhd nt@pTngP. TRepnoducing beramAdndSBth Sdgpownlelt Bitkt i on
is finished to be read. If an error has_occurred at the top of T5, the

er r or - occur rresRast o dhe diskhwitharotatiop addha disls and verpectivielytreaelk the teps of
fini shed because the disk further continues to rotate even during the
track-junp. traeksdinsrle Tnhdalnit8y Tof4afer onaartatione and t he sel ection whet her
the track junp is perfornmed or_not nust be sel ected responsive to the
error-occurr encelmg‘éﬁ-gsﬂle repeoducing apparates carsprises thenfollogingelemenisid t he
error-occurrence-address can be passed after the track-junp, the track junp
is performed so a@) optiealatiskd onmghichdracks arafoxmed concentrieally onspitally, beans
61, 52, 53, 54 respectively correspond to T4, T5) T6, T7. Because the tail
end of T4 is posi (b) epidllemoten2 fapsupporting and rbtating eptical diskebr oduci ng beam
51 waits until the error-occurrenceaddress reaches the beam position with
rotation, and tri}light emitting elements @lp 88118834 forarripectivelyradiating laser
rereadi ng can be perforned, the data is witten into a correspondi ng
address in theanmtoffonr adjmoent, tracks o1 retiatimgepticel diskiy,ansferred to a host.
Because the tail end of T5 is positioned at the top of T6, reproduci ng beam
52 waits until to(dHightoreceviris elaanenmtssdl,142, a4 44 thahveceive reflestedi dightsit
the top of T6 passed during the track-junp. Headi ng reproducing - 5JUN
2003 10 bearfsoBIesppttive ted deacks andmoosextdhany teelectriccsignats, T7, and
the reproducing rate becones 112 of the normal rate. When an error occurs
satisfactorily fafe)aptigalpickup feonstituséd withalight émitsingelements 351823803 ess
is hardly passed after the track-junp, the track-junp is perfornmed so as to
read T5, T6,andlighigrecgivingelemente4ly 4 rdSiddj ng beans 51, 52, 53, 54, |ight
receiving elenments 41, 42, 43, 44, and reproducing circuits 71, ?2, 73, 74
respectively corr éfeeddnotor 85pr t®vidg pptieal pickwysd radiallyrof optipalodisklng beam
51 waits until the error-occurrence-address on T5 reaches the beam position
with rotation, an(gtrémeducingecirenits HEL, e72,01730 ctlrfor nrespectitredy srep inge
rereadi ng can be perforned, the data is witten into a correspondi ng
address in tindependent datarnead siamaltaneanislyofrent four bencks dpasedronealectvicsignads .

I n addition, because the tail end of T5 is positioned at the top of T6,
repr oduci ng $mphied frone pptidakpicskepba cl ose to the top of T6 past which
reproduci ng beam 52 travel s. Heading reproduci ng beans 52, 58, 54 can
continue to reprofyceemoreeentrolairautr® thattenypranity stones thepindependentdata
becones 3/4 of the normal rate. Second, a case that _an error occurs on T3

i s descri bedreppeduned by reproduding eircnigpriddd8j 13, Te imbsifen aemery Ye¢ads oube
top of T3 when readout of the data for one rotation_is _finished, any
track-j unp ithensepnoducdd data Rdprasdini breffare mamsaryndi in thet fameherder as the
error-occurrence-address reaches the beamposition with rotation, and tries
to reread theligrment ofthertracksonsenticad disk/heamnd trensmitsdititnhostanteréace 10,
perfornmed, the data is witten into a corresponding address in the buffer
nemory, and is al (Dwsdadingaren-egeutrancedddoessimemozy . 2 aflirnstedpgoduedmg
beam 54 can continue to reproduce T6, and the reproducing rate becones 114
of the nor nagccumence-aadresseswbendhe seadingsevarraccitsar the top of T4 and the
error-occurrence address can be passed after the track-junp, it is also
preferabl e that tihostiskerface 1Giarurcdodg reproduging instvactinnsfostranbmitting
rotation waiting is_perforned until last tailing reproducing beam 51, [ight
recei vi ng el Breerepraduced iata &ipmo/tesihegt deviceithronghderminalidaandhe top of T4.
Thus, because data can be read out w thout any track jurrgé reduction of the
reading rate can I gopsroller d8dor antrollingitheelementsrdipeusded ahoverate is 114
of the normal rate, because headi ng reproducing beam 54 can continue to
reproduce T6Thpseelsmentmsre ¢onfiigapeddschognopdtigi on in the present

i nvention using a flowhart. At the beginning of the reproduction
operation, four data are sinultaneously read in parallel fromfour tracks,
and exi stence of any error is checked. For the track having no error the
data is witten into the buffer nenory) and for the track having an error
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headi ng |ight receiving elenments (positioned on the outer radius side of
the track assigned for reading the error-occurrence-track) and reproducing
circuits (corresponding to the light receiving el enents) caa 5|41¢’er903
continue to reproduce the unread regions. Wien reading errors o U a
plurality of addresses, heading |ight reéeiving el ements and reproduci ng
circuits can -5 ~uN zoo3 simlarly continue to reproduce the unread
regions by performng the followi ng process: the track junp is performed on
the basis of the, earliest hegadi ng errQqroccurrenge- aggr ess,on t Iasﬁ
tailing track (pbshasitiearadhoins qreRation s Aaribeds pgrgingfter.  When host
error-occurrence-tracks, i.e. an error-occurrence-address at i.ch | jght
recei vi ng eu@ﬁafﬁﬁ%1%a?qepwaﬁarrppv@upww@cﬁla%Foafa ent ﬁ%?&k\é% tpri’i on
rotation of the _djsk. An estimating nethod for the_reproducing rate

dependi ng ofptigadidigk 1ifem: thechost devicesthyengly termeingl 1docontzolies 12 pexfermsed
to the enbodi ment di scussed above. For each system an estimating nethod
wher e per f othmrenrodueing @pesatiomby sending theninstiuepions o eaph demente ct Eetbe
Rereading is tried) after the data on the already read tracks is _junped
because of more épedifieeentroler iR sontaplsdeedmoteni6 kamove spticakpickyp b so@sdpvi ng
el ement 41 is junped onto the error-occurrence-track or a track after the
er r or occur r teRpectively kadipie dasarhkeanes ftomy light; emitting elaents| Hadd 33, 34 to
(positioned on the outer radius side of a track assigned for reading the
er r or - occur tracke Tty TkT3Rh onapticalidiskol rasated: hespin otargd-orAt this fime,
result, the reduction of the reading rate during the rereading can be

m ni ni zed. »réspectivtaeBected lightaranencanverted thaelectricgignpls dychght meesiving

wi t hout any track junmp until the data reading on a track being reproduced

i s fini shedeleaments dddddtdM4dand these dlectricatgnals ard Huther semé to reproducing
error-occurrence-track can be conpl eted. Therefore, readin? means can be
assi gned t ocirbeitaintkad2r §§i ot (torgesipdﬂnén@mtb' reproducedidy Inethe folloyking
(Preferred enbodi nent 2) The enbodi nent 2 of the present invention is
descri bed hdesiriptiasma diskon whichedata isarefonded froma the gnner radiupde the puteti ng
operation is simlar to that in the enbodi nent 1. Wien a reading error
occurs, an aadivess iBustrateder lora peirdingnomder of the dati 2 ee@8ling ndansdand aj s
stored in reading-errox-occurrence-address nmenory 20. Wen tracks are
spirally fotrask whishperet positionsstiah thevinres radinshsitle ont thesdisk ame wesnectively
after the disk rotates once for trying the rereading, as showmn in Fig.4. If
t he err or- ocalled artadlinglteatingineans and aatailing trapk; asdponendiyg moednsghnd a
receiving elenment 41, reproducing beam 51, and reproducing circuit 71, the
readi ng i s dvank whioh aset positioned at the kufermpdivk sideion thendisk are apspestively
readi ng means_(positioned on the inner radius side of the reading neans
assi gned t o caled erhending readingoveansneny adheasting traskdi A§ datmissresexdedrfzams or
the track having an error can reread the error-occurrence-address, and

si mul t aneoudhe ouiter vading 4 tthhdanien gadiswmdithe) relations (hetween thest desigmations
outernost radi us side) can read the unread tracks. |If the track junp is

per f or med, daddherpositpanstompthesdigkare mevhrse.nglheeenroduted imdependenstdata forrad
because the di sk continuously rotates during the track junp. In this

net hod, howdeepectivedrackscis temmerasily storpd in gwﬁ@u memery Poria memery corigok or
the track-junp is elimpated) and the earliest heading track can continue
to read the cixgpit 8.nthemcisuiend antriagthensameaorder assthe alignmens of the dracks ame
reading rate during_the rereading can be mnimzed. (Preferred enbodi nent
3) The enbodphisal dskol, krdnphesader phTdnTRod'3) T4dand is isent tethe host: dgvied t h
reference to Fig.2, Fig.3, and Fig.4. I|ts basic reading operation is
simlar to tthzeughhesteinserfact Heanditermiral H.r Whenq reading etxoroscuns hater ess
of the error position on the disk is stored in .

r eadi ng- er r & addrass afctheaemor positiomisystpeed M readingrarroragesurteace-addrdss- ar e
spirally fornmed is considered. As described in the enbodi nent 1, since many
readi ng nmearmemory 88si gned to unread tracks)

Rereading operations of the error-occurrence-address are described
hereinafter.

(1) Error recovery of a disk on which data is concentrically recorded as



the reading rate may be reduced when a track junp is performed for trying
rereadi ng. For exanple, two follow.ng cases are considered. Wen the error
- 5J UN ~0Q- 14 occurrence-address is at the top of a tr.a§kMNe%%93
error-occurrence-address i s passed duri n%the track junp an addr ess
cannot be reread until one nore rotationds finished. Wen the
error-occurrence-address is on track Tn+l corresponding to last tailing

| ight receiving el enment 41) reproducing beam 51) and reproducing circuit
71) the last tailing reading nmeans (positioned on the innernost radius

si de) has afhownrdn &eg.8he top of the error-occurrence-track after the data
for one rotation is read, and therefore no track junp is required. As a
result) the readlhgydata isyecprded: ore trackssI't,nE2, The. sequsntialyplrpm the mwered
and that the trackjunp is not perforned, are estinmated based on the_
error - occur txagke- a(ld@&& thatnthendatseon dF2 andulatemisoreadr eutdevsy fonndkacksasd
the case that the rate reduction during the rereading is smaller is

sel ect ed. Seawsiderefln the case that tracks are concentrically formed, the
reproduci ng operation is slightly different. Fig.3 is a track alignnent

di agram of an i nBecavaeifour Wacks cam bésindultanesivslyareproducednthe datialon T2rTd,
and reproduci ng beans 51, 52) 53) 54 respectively trace tracks Tn) Tn+l,
Tn+2) Tn+3. TRe Ao thusinmg téimsomslys tdad aut.5 3 Reproduring beamsws1,hb2, 5 dut, lightt he
disk with the rotation of the disk, and return to their original positions
after one r o¢aiving. ehemts hdl, e42,043,0ddy rareh ceprducings cirsuiss ThHhe72,r 48k 74
corresponding to last tailing light receiving elenent 41, reproduci ng beam
51) and represpectinglyciorespond ig TAITS,'B4&KI§.unp i s perfornmed, and the
rereading of the error-occurrence-address is tried using a readi ng neans
assi gned to the Heraritoisc assumed-thatcdn errort becurs hmr Tfas eWdenethe eimar ishe
error-occurrence-address is near the top of the track and is passed during
the track j detectédat tar pakt ¢fUlfp the @wof-ocoverermediddzaessers stordtbin aiemexyd209
means are assigned to the unread tracks. As discussed above) since any
unnecessar y repmdiactiompf T2, 'k, T rFoisrechtimued withmot ey tratkgumpruntil data
occurrence, tine for the track junp is not required. Wen the track junp is
perf or ned) tcherebparsiing to eadicingumference afieadntrank dhasbeeradadadmd reproducetl U N
2003 min the unread region even during rereading in the error occurrence.
Ther ef ore, tdata iewrittanimtothd hefferemdimgyr afethistime, thealate oadkil, T$, Tdransk
mnimzed. (Preferred enbodi mnent 4) The enbodi nent 4 of the present

i nventi on i shdedatai befdrd dhei exabt-eccuridreezaldiressr eadl'dchayee nheady beent rendsane
as that in the enbodinents 1) 2, 3. In a case that nunber of

er r or - occur rvetheutaddy exses ars continavusaiatd feometfher tipcdata, and therefore, are
erroroccurrence-address used when the last tailing reading neans is junped
to the errorallowedriodedransfarieddo the hast interfaceack (positioned on the inner
radi us side of the error-occurrence-addresses) after the

error - occur r enceFardersndisg the eiverdcakrenc:-addrese ol it must be determined
error-occurrence-address used for evaluating whether a trackjunp is

perfor med orwhethenadradk-junepl isperfainealsr ndth e Beefesecthealisk rotates even during
erroroccurrence-addresses are defined as the

r eadi ng- er r dhe dradk-juamg srheddhe esratasentente-atlitiressdp abthd top of267, lasti tailnge
track (positioned on the innernost radius side) of the tracks having
errors, i.e.reprelveingbeandlrmaydevad pastthedrirahodcugtence eddiredsng el enent s
earliest reach fromthe tops of the tracks due to rotation of the disk.
Thus, even when fIealisncpser twoe sptionsicambe selsictadalant gptism thidrreyeasting istried
rereadi ng of all error-occurrence-addresses can be tried using any reading
means duri ndoyotbe roviginablight rebeivitigs klexientr anterepreducipg mircuits wdtlsmiisaey
above, even when nunber of error-occurrence-addresses is two or nore, since
any unnecessaagk-jurapkandiap optiondhapthé trackduingr isperfoadiedg then thectrack after
occurrence, tine for the track-junp is not required. In addition, the

headi ng r eadihegungaissregpomid finaby raradiwg Butried. r adi us si de of the reading
means assigned to the error-occurrence-tracks) can continue to read data in
t he unread regi odndheonptioniofigerfarneag) the track-henpthertradejume icearritdendsor e,
the reduction of the reading rate during the rereading can be mnim zed.

- 5 (J Ut~ @008 réad (‘F5,eT6y MTFd B8rbdti theint tifie, Faproshvibdy beamss55bf 52,h83, 54
present invention is described hereinafter. An operation when rereadi ng of
t he error - ocxegpectivedy cettesrndi to F5, W6 AY( TS  Reprodundog bFam Thwaitsiwnilwhen
the rereading of the error-occurrence-address is finished is considered to
be the sane between di sks on which data is fornmed concentrically and
spirally, respectively. For exanple, when a reading-error occurs at a
position 112 rotation away fromthe top of T2, reproducing beans 51, 52,

o~ — oA 1 e o I T A AN N 1 N | o -,



Next, when a reading-error occurs at a position 3/4 rotation away fromthe
top of T2, reproducing beans 51, 52, 53, 54, |ight receiving'gtfzaﬂbf ﬂba
42, 43, 44, and reproducing circuits 71, 72, 73, 74 are respec 2
assigned to T2, T3, T4, T5, and T5 is ag unread track, the follow ng result
is derived. In this case, the reading rate of the unread track during the
rereadi ng operation is about 1/4 of the normal rate, because data on only
one track of four simultaneously readable tracks can be read out. It is

From the. t op hP 93 RhoORRHES R T APAES T bede) oD Wit Safoh b "o
T Because T, Tad e oA iRy, AT MRS Al ba ), T
ate is 11 Befafled e A2 (Rt ARl d A QP! e Bh L Ui
bechuse dat a "Aacs BEPYRF 1 B AP [0'F HobC ATRE difle IRAAETEARUME, 1 41 o
Fini shing of PSads #4757 P calliplihil B Rl DRR Byl T8 TRIRTRER S " 10
val ue is lov‘@éep@rrB@t?&n%%?eﬁ g{egg/%gftﬁ?%ﬁnﬁgﬂeved when of no track-junp is

performed aft rereadi ng) and therefore, performing no track junp just

af ter the fini shingeiidienhe ofiftfIGATuk1HbIIRRLER kR shaluct i on of

the reading rate. en readi ng rates weén the case tha track-junp
is performnmed : Wgégg ohed8n | f.ok: to each
ot her after the ti1hi ?ﬁglo #ﬁgayépggﬁpﬁg, tH% afggﬁgﬁﬁgﬁhggﬁggg during

other after the" ading, 't he
por f or med § ur PRAE i e Cor HCerfiidlatho it cthick) ah8 pRRIgHE Thelfs,

operation af tﬁbnkégjgpgigg Iﬁig e Qfght ?@ceﬂﬁﬁ%%f@n%ts?fcahc\.ﬁuenri]la{l% continue to

error-occurrencea erelnafter summari zéed. e .track-junp is

perfornmed | usteppddiRe théQunkéddl RG] Whér feddiiLaH6R %R0 bPQ plurality.ef «

error-occurrence-address, the sane nunber of Teading nmeans as the case 't hat

no readi ng erjdfresd6s; Uidades) {3t 36IERE bidrAerith CandN EGREdUHIRE kefrcuitn @ah ar ger
nunber of reading neans than that during the rereading can be assigned to

the unread tr ﬁﬁiﬂaﬂ¥%ﬁmuwumeprdaﬁc@ﬂfeqrmmmglbﬁm@mhﬁ@ma folfoving or .

nore, a simlar effect is obtainable by performng the track junp after the

finishing of pieessesardkiempfis peiforpiedosn aecbdsiscofCie addlicss heRlingemever , i f
the track junp is performed fromthe begi nning of the rereadi ng before the
finishing of blmrenesadiiessiontthe ladatailidgakackipositiciied ropf the inermbberadius eady
read data on the unread track nust be abandoned. That is because the disk
continues to sid¢)adfeereorestcortendedracks itel ankerjorpcureenpeaddmesssaewhithrthag t he
track junp on the unread track cannot be read until the finishing of one
di sk rot at i onlighttreceivihg elenmenks gauligst armive fitole theftopseof thhdradkd withotatienal r eady
read part nust also be reread. Therefore, on the precondition that the data
on t he unreadofithediskhi ch is read during the rereading of the
error-occurrence-address i s abandoned after the track junmp, :and on the
basi s of number of2)EHrraraccaverodfa diskon whichdatiris spitally reqotdedasshowoin on t he
track, a nethod that further decreases the reduction - -of the reading rate
must be sel ediigd. fromthe following two methods: (1) The track-junp is
performed just after the finishing of the rereading of the
error-occurrence- &ddasesthat (1) dathconr dddindglatdr is head put Rvaspiforgy tracks is s
continued until the finishing of the reading of the data for one disk
rotation. |n ceusidetedn, by conbining the method with the track-junp during
the rereading of the error-occurrence-address in the enbodinents 1, 2; 3,
4, a nore effect iBecaussdpur trasks eahbasimulipnreoudy reproduced,jthe datq onThal319 As

di scussed above, the nethod that further decreases the reduction of the
readi ng rat e T4 Belsetmuitaneansiyt tead foyt.| Repieducing hesmpsodl: 52 B3, Fhelightack- j unp
is perforned just after the finishing of the rereading, of the .
error - occur r daeaiving clersents g 42adde 12n and aeproruging dritedithrddnd2ar/d 44si gned
to the unread track; (2) The reading of the data on the track being read is
conti nued. THespsetivedy carresperditoct2,ds, 3t The reading rates due to the
rereading can be nminimzed. (Preferred enbodi nent 6) The enbodi ment 6 of
the present i nvenFirgntheopawsionima casedhasiangrroepccuyyshlhisdsseribgd
error-occurrence-addresses is two or nore, estimation of the reading rate
becones conplicated. The sinplest nethod is to evaluate whether the track
junp is performed or not after the finishing of the rereading of al
error-occurrence-addresses. However, for further decreasing the reduction
of the reading rate, the followi ng evaluation is perfornmed. It is assuned

g ) . a - . — o~



For exanple, it is the case that reading errors occur near the top of a
track ‘assigned to the last tailing reading neans (positioned on the

i nnernost radius side) and at the rear part on a track assigne WN? 3
earliest heading reading neans (positioned on the outernost rad Us Qp
In this case, the reading neans cannot be¢ assigned to the unread tracks
during the rereading of the error-occurrence-addresses. Wen the track-junp
is perforned just after the finishing of the rereading of the

ot tai 11 nd n R cprasis RO ENR 18" P BrtdRR bk Alhlp bl i

itioned on the,. -.5 J U N 2003 214 t hadi i.de) .t

el ni ng. + SRR, 80 b8 TRIPRUFRE ftdeol o Mmoo b cuRnedrgul dpee
dabl e tracks - f. track b i gned tot d_track

i n ot her calORSSHRRG Jor 986 Sirchlaienca ol Serih el Harpnisats e (tBPmed

and that no tragk-j i.s perforned, are, estimated hased on the nunber_ of

t he unread TPRIO Ecgéﬁ‘g)tﬁﬁéwéﬁt‘%ﬁ e dhe E’Eﬁ%’ém&ﬂkﬂr&s& tg‘ﬁ Hme, ttlf’teéﬂ’@,‘m% one
of the follqQw prqcesses .is selected every, finishing of all

readi ng- err ?ﬁ %%anﬁ@wg@teaﬁm BEOEOCRHTeRRE-2001ERS aggféﬂm aﬁe@%@ been read
tailing readi,ng neans (positioned on the innernos} radi side) (1), The
track junp Mgt AW R EOT, {%Onmlémi’égé% L {helﬂfépt‘ia&ékmﬁgtsbﬂje@é&ds' owed
continued. In addition,_ by canbining,the process with the track-junp during
the rereadi ﬁ@béﬁr%%@ré?4ﬁﬂﬂ¥§gl&.ﬁt%§@-°&ddr ess in the enbodinents 1, 2, 3,
4, nore effective operatiqn, can be expected. Even vm%zl unber of

si nul t aneous| y r eBeRLRLrackayaapi§ perierared, 0 Aate apre § eErHyErwERRGe-

di scussed abqove, a sim|ar process can_be carried Qut. In these ., .
enbodi nent s)adé&S@rompTé.onﬁowsmm pRessrthedatais ppix gewﬁeé.n@sp%@tmdwém c
di sk, a magnetic head can used instead of optical pickup 5. The estimating
met hods of wReelyiagekrmentsandrepradwang cHguiss hare rerched theteps /L Tonbd, EO,
performed or_not are ngt restricted to the enbodi pents di scussed above. In
each syst ems.6 Whepdefadariong rebatinisdinished tebeready 15 apereor hagncsvaedat of
t he reproducinq@rate can be expected. In_the _enbadi nents di scussed abogve,
exanpl es usithg PRI ok itha ermrsgccurenge-addresy hag alreadys peen pagsed when the
expectabl e for an infornmatigon di sk systemsuch as the magnetic disk or a
magnet o- opt itERAK-JymaIK 18 ﬂm% teeausesidie @lﬁg}ﬁlﬁé‘@é cprtipues F sefate even Hurmgher
radi us to,thﬁﬁoute .radi us_on the disk ,aretillustrated in the enmbodi nents 1

to 6, the sithf| Hackiumpd chhensiorgarquaaiity el dhentragk-jump; amdosherselection: o

is recorded fromthe outer radjus 22 - 5 JUN 2003 to the inner, radiuys.
Posi ti onal rehethenihefiask-iume 1weperforsned axrot mustthe; salegjed responsive to the

error-occurrence-address.

When an error occurs near the top of T5 and the error-occurrence-address
can be passed after the track-jump, the track-jump is performed so as to read T4,
T5, Te, T7. At this time, reproducing beams 51, 52, 53, 54 respectively
correspond to T4, T5, T6, T7. Because the tail end of T4 is positioned at the top
of T5, the last tailing reproducing beam 51 waits until the error-occurrence-
address reaches the beam position with rotation, and tries to reread the error-
occurrence-address. When the rereading can be performed, the data is written
into a corresponding address in the buffer memory, and is allowed to be
transferred to a host. Because the tail end of T5 is positioned at the top of T8,
reproducing beam 52 waits until to the top of T6 reaches it, and continues to read

data at the top of T6 passed during the track-jump. Heading reproducing



track, the reproducting beans, the |light receiving el enents, and the
reproducing circuits in this case is reverse to the disk on which the data
is recorded fromthe inner radius to the outer radius. | NDUSTREAJUN 2003
APPLI CABI LITY In a readi ng-error recover\{ method in the present invention,
a headi ng readi ng means can read data onllnread tracks even during
rereadi ng of an error-occurrence-address, and therefore) reduction of the
reading rate during the rereadi ng of the readi ng-error-occurrence-address
can be mnimzed. _In the reading-error recovery nethod, an_optjnal

track-j unp g'aﬁmﬁe%er%rcﬁedcmlpw tphéem@ﬁlé%ilﬁg‘eéé tragks 6P Pand the
readi ng-error-occurrence-address on a di sk on which tracks are

concentri caFPBﬁOﬂHFW.atqh%@m%Hﬁofﬁ]ée noBal 5akem i s perforned, the heading
readi ng nmeans can _continue to read the data on the unread tracks even
during the rereafhen an erray eacupy safasfaetonity: faraweg dromihentoroft TR @rdjthep i s
perfornmed, a period when the data cannot be read due_ to the track junp is
el i ni nat ed, empa-ocharencs-addiess ischandly passed aftey the drackgunn, dhe tirackgummpis
rereadi ng of the reading-error-occurrence-address can be mnimzed. In the
readi ng- er r perfosmedesoyasitornad T5aH6007 &I At thik timeyreprodusing bedms H3d52,
during the rereadi ng of the readi ng-error-occurrence-address even when
readi ng err &3s54dight receiving elemented hakd;, 48otd andsepradaxing ciredits TEd2:780n

of the reading rate during the rereading of the

r eadi ng- er r G- xespentively comxesirozsistocRh, 'B6, BV ATHi zbatest tailimg repaotuninge beam
recovery nethod, |arger nunber of reading neans are assigned to the unread
tracks af t er5liwait$ intid bheerrof-ocverrereecatfiress af T readhes the beam position with
occurrence-address. As a result, the reduction of the reading rate just
after the fimtatiomgndftridsdomreremaliihegerwbr-otvmrrence-address.  When the rereading
readi ng- error-occurrence-address can be - 5 JUN 2003 23 minimzed. In the
r eadi ng- er r @an hecparfermedyshe ddta amwoisténiito tr arkespongingzaddrespiy ther breffler
after the finishing of the rereading of the

r eadi ng- er r anemory; ranelis edldwedds be\thamsferredtto adiosf.unp causes reduction of
the reading rate, no trackjunp is perforned after the finishing of the
rereadi ng. Wen {headditiok- pecause sthextzatead ofoTh nprpositioresl atdle ngpreft €6, t he
track junp is perfornmed, and | arger nunber of readi ng neans are assigned to
the unread treprdducinghédreatwriE reproduedsicdatan cloke t toe the atapn of r'Eé geastuwhich t he
rereadi ng of the readi ng-erroroccurrence-address can be mnim zed. In the

r eadi ng- er r aepraucurg \beamt i travelapHeading reproducing deanie 52r53)r bédeaat t er
the finishing of the rereading of the reading-error-occurrenceaddress, even
when r eadi ngoatinue st ceprodane auplead atriatks &6,t TAcHS, afidethé aeproduving rate
reduction of the reading rates due to the rereadi ng of the

r eadi ng- er r dresomes Béh dubresd retms be minimzed. In the enbodi nents in the
present invention, exanples using the optical disk are descried. However,
the sinmilar effefecondexrase 4bat amoerron ¢achry ont Tdris dleskribgdt eBecavsh last a
magneti c di sk or a magneto-optical disk. 24 CLAIMS 1. A nethod of

perform ng ecailing r veipgvibeam drichas amived agé4le tgp of (k3 wheacreadont bf the

| east substantially sinmultaneously and in parallel reading data froma
plurality ofdatasokenemotatitinsis, ﬁmjlsged;mxnocrack-jump is not required. Reproducing

beam 51 waits until the error-occurrence-address reaches the beam position with
rotation, and tries to reread the error-occurrence-address. When the rereading
can be performed, the data is written into a corresponding address in the buffer
memory, and is allowed to be transferred to the host. Heading reproducing
beam 54 can continue to reproduce T6, and the reproducing rate becomes 1/4 of
the normal rate.

Third, when an error occurs near the top of T4 and the error-occurrence-

address can be passed after the track-jump, it is also preferable that the track-



conprising the steps of: (a) storing reading error occurrence addresses

whi ch '‘corresponds to respective | ocations on said disk at which said one or
nmore errors occurred; and (b) determining b-1) whether to puﬁogrq)ﬁ%ma
track junp based upon the reading error occurrence addresses an - I
said track junp is to be perfornmed, thenlhow to performsaid track junp
based upon the reading error occurrence address in order to increase

readi ng speed of said disk. 2. A nethod of perform ng error recovery
according to claim1, wherein the tracks are spirally recorded. 3. A nethod
of per f or mi jwgneris onotr pexformyd auubrdtatipr waitiagmslpe ed runtile last slaitingr e
concentrically recorded. 4. A nethod of performng error recovery according
to clai m 1, reprededing Steam (51) lightt teceivingrelément dheandeapproducingegicnyy 2l r ear
portion of a reading head to junp to one of an error-occurrence-track which
is one of sarnivd nagkshéaop nf BAi dThusobecande aldta amhn bé read oué withouteany
error-occurrence-addresses on the disk; rereading the one of the

er r or - occur traockgumg redetionuef the riadimnsateacaobé restraihedai Atrthiy tipm; then of
sai d head; and sinultaneously reading awtrack remaining to be read using a
front porti sgprofluciagaatecizd/4 of the nérmal-ratedec2bscdheatling riyaddatingdebar 5 ng
error recovery according to claiml1, said nethod further conprising the
step of reacamgortiiue wvepoddueiTs.t racks being reproduced after the error
occurs, until the reading of said tracks is finished. 6. A nethod of
perform ng errorFiges ekewy the aeprodiginig opémitivnlin she gresenbddvéntidrhesing a
conprising the steps of: continuing to read data without performng a track
junp after flbeckartor At che shedianafdiofigtheheemoduetion Miperation, four data are
error-occurrence-addresses using a rear portion of a reading head readi ng
data from sginfullandowaly esad aagarglenremr four aeadks; andexidtante vhany errordse of
said tracks having said error; and sinultaneously reading a further one of

sai d trackschejketdni For tthebgracledthvisg b ardorotie fata iowrdftes dntb theGuffer
head. 7. A nethod of perform ng error recovery according to claiml, said

met hod f urt hfsmelRnds forotHehtrask Edring - art avforntheaerrefraddesdsi Bnweittedinto
reading head to junp to one of an error-occurrence-track which is one of

sai d tracks nianbryR2G ai After thertradcks tdteasice | thiel dang haviry nd &fror is transferred
error-occurrence-address on the disk, causing the rear portion of the

readi ng heado tthe est.ad Aftee tHat] chedy reprodating esfotheagidonsaterereadddress is
si mul taneously causing a front portion of the reading head to read one of

sai d tracks cogfirhed agd adyleardrciadiot fnthd; @hé repiioddcing is eattigaddbyyipitig tany
track-junp after the error occurs, rereading the error-occurrence-address

using sai d mepsxtPAsH @ireat tragk.” eaMhey difafrodfdctird, 1€ is checked whether the

error-occurrence-track, and sinultaneously reading the one of the tracks

renai ni ng t erdek-juegs isscdrmriddneut fod vepruthicimntied eiroe. r AsdhixotibRadxecution of
the track-jump is selected and an optimal position of the track-jump is set so as
to restrain the reduction of the reading rate to a minimum, depending on
whether the track are concentric or spiral and which position on the
circumference on which track the error occurs at. More specific description is
carried out in the following embodiment.

Even when number of simultaneous readable tracks is larger or smaller,
heading light receiving elements (positioned on the outer radius side of the track
assigned for reading the error-occurrence-track) and reproducing circuits
(corresponding to the light receiving elements) can similarly continue to

reproduce the unread regions. When reading errors occur at a plurality of

addresses, heading light receiving elements and reproducing circuits can



- 5JUN? O0Ca 26 8. The error recovery nmethod according to claim1, said
nmet hod further conprising the steps of: causing a rear portion of said
readi ng head to junp to one of an error-occurrence-track which is one of

sai d tracks where said error occurred and a track following -% JUN 2003
error-occurrence-address on the disk, cadging the rear portion of said
reading head to reread the erroroccurrence-address, and sinmul taneously
making a front portion of said reading head read.a further track remai ning
to be read; ang continuing to read the data_ ,w thou{ any_ track ju after
the error o@@aﬂgﬂyaﬁatm@e gadpn@dqqe tg? usrersd Eegipas ¥ Deyforming \kjl@ E&Mémg
readi ng head for the error-occurrence-track. 9. A nethod of perform ng
error recov@rgcessclidiediragk-iwmp|igiperiormedancthe bagig of the rarliash heading ewprred
just after the rereading ,of all error-occurrence-addresses on at |east the
| ast taili ngceprencesrddressar dhe lasfitading track (pesitiored pn dhe dnneymass gadiyss
finished. 10. A nethod of perform ng error recovery according to claim1,
sai d net hod side) tdf errerepnenirennestrdels st pan efrorpeenenesngddress as kwhichplightst
after rereading of all the error occurrence-addresses is finished;, and

assi gni ng noeeeclvingtdlementidéarijesteantivecfromablesopeobihe trgckowith notation oéthe
during the rereading of the error-occurrence-addresses. 11. A nethod of
perform ng dlislor recovery according to claim1, said method further
conprising the step of selectively switching between an i medi ate
track-junp and ndntesfivhafingmethdddor thecreprodizing yatef depeaditsg on whedhdr the
error-occurrence-addresses on at |east the - 5 JUN 2003 27 last tailing
error - occur rieadejumpdk performedeon not iscoob resivictesldtly the emhiodiment diseussetl. A
nmet hod of performng error recovery according to claim1l, said nethod
further conmbiovengFoheashegpysteh; apeeftimating methed kwhereppérfetmaricee can Hee
rereadi ng of all the error-occurrence-addresses is finished, and assi gni ng
more of the estimated to further improve can be selected.

Rereading is tried, after the data on the already read tracks is jumped
because of no requirement of the rereading and last tailing light receiving
element 41 is jumped onto the error-occurrence-track or a track after the error-
occurrence-track. Thus, the heading light receiving element (positioned on the
outer radius side of a track assigned for reading the error-occurrence-track) can
continue to read the unread region. As a result, the reduction of the reading
rate during the rereading can be minimized.

After the error occurrence, the data reading is continued without any
track-jump until the data reading on a track being reproduced is finished, and
reading of data on the tracks following the error-occurrence-track can be
completed. Therefore, reading means can be assigned to the unread region

corresponding to the already read track.

(Preferred embodiment 2)
The embodiment 2 of the present invention is described hereinafter with
reference to Fig.2 and Fig.4. Its basic reading operation is similar to that in the

embodiment 1. When a reading error occurs, an address of the error position on



readi ng head to the tracks remaining to be read than during the rereading
of the error-occurrence-addresses; and continuing to reproduce the tracks
bei ng read wi thout any track junp. 13. A nethod of perform ng-@ r\ﬂgN 2003
recovery according to claim1, wherein when a nunber of

readi ng-error-occurrence-addresses is twb3or nore, usi ng the reading
error-occurrence-address closest to the top of the last tailing track as a
reference of a track junp for readingerror recovery. 14. A nethod of
performng error_recovery according to claim1, _said nethaod further

conpri sing ﬁhﬁadﬁkéﬁﬁtoé‘?‘i %mwwgrmmaewemdﬁaefwmm the rereading
of all error occurrence-addresses, i s finished,, and assigning note_of the
readi ng head toWh&@l@aqkér?d’PrFPH@iﬂ'égHBe SEREPREG Teadinggnenns reachathefgps s
the error-occurrence-addresses; .and continujng to reproduce the tracks

bei ng read o nemfutraghksy atter the digkrotates gnoedor the rerpading as shpwn In
recovery according to claim11, wherein reading swtches between an

i medi at e tfﬁbk—junp and no - 5 JUN 2003 zs track junp, after the
rereading of the data in all error-occurrence addresses on the last tailing
er r or - occur r enceftthgcerrproequarencediddress is noff on-a teack eprsespongingite light
apparatus for at |east substantially sinultaneously rereading a plurality
of tracks oreegivihglelementl 4hifnepraductng destn %dprasdurdnrgdagipararamt 71, the
conprising: reading neans for at |east substantially sinultaneously reading
data in a preadingtiy continned reithontpany brask:jumpansAt thisdimej atailing reading
readi ng-error-occurrence-address which corresponds to a |ocation at which
an error oc®maas (pesitinnedhonithe ineercrading side of therrending meansatisigneddadhe
reading said disk after the error occurs, based on the address stored.

. A. . A AS2. Aerror-occurrence-track) after a reading means assigned for the track having an

.Ae. A@9Y. Al | . AHRY. A@Be. A. A&l . AH2. A@Y. Al . A. AnLr. A& A 9l . A9Y. AL. Al " . AL AS. Af |
A A error can reread the error-occurrence-address, and simultaneously the earliest
- heading reading means (positioned on the outermost radius side) can read the
unread tracks. If the track-jump is performed, data in a part passed even
during the track-jump cannot be read because the disk continuously rotates
during the track-jump. In this method, however, the track-jump is not
performed. Therefore, time loss for the track-jump is eliminated, and the

earliest heading track can continue to read the data in the unread regions. Asa

result, the reduction of the reading rate during the rereading can be minimized.

(Preferred embodiment 3)

The embodiment 3 of the present invention is described hereinafter with
reference to Fig.2, Fig.3, and Fig.4. Its basic reading operation is similar to that
in the embodiment 1. When a reading error occurs, an address of the error
position on the disk is stored in reading-error-occurrence-address memory 20.

First, the case that tracks are spirally formed is considered. As described
in the embodiment 1, since many reading means are assigned to unread tracks,
the reading rate may be reduced when a track-jump is performed for trying

rereading. For example, two following cases are considered. When the error-
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,-10% & () - *, 10%S&cdnd; {r thedas¥ thiat tracks are concentrically formed, the reproducing
operation is slightly different. Fig3 is a track alignment diagram of an
information disk on which tracks are concentrically formed, and reproducing
beams 51, 52, 53, 54 respectively trace tracks Tn, Tn+1, Tn+2, Tn+3.
Reproducing beams 51, 52, 53, 54 move left with respect to the disk with the
rotation of the disk, and return to their original positions after one rotation.
When the error-occurrence-address is on the track corresponding to last tailing
light receiving element 41, reproducing beam 51, and reproducing circuit 71, no
track-jump is performed, and the rereading of the error-occurrence-address is
tried using a reading means assigned to the error-occurrence-track. In the
other case except that the error-occurrence-address is near the top of the track
and is passed during the track-jump, the track-jump is performed and larger
number of reading means are assigned to the unread tracks.

As discussed above, since any unnecessary track-jump is not performed

for rereading in the error occurrence, time for the track-jump is not required.

When the track-jump is performed, the heading reading means can continue to

read data
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the reduction of the reading rate during the rereading can be minimized.

(Preferred embodiment 4)

The embodiment 4 of the present invention is described hereinafter. Its
basic reading operation is the same as that in the embodiments 1, 2, 3. In a
case that number of error-occurrence-addresses is two or more, a reference error-
occurrence-address used when the last tailing reading means is jumped to the
error-occurrence-track or a tailing track (positioned on the inner radius side of
the error-occurrence-addresses) after the error-occurrence-addresses on the disk
and a reference error-occurrence-address used for evaluating whether a track-
jump is performed or not are defined as follows. The reference error-
occurrence-addresses are defined as the reading-error-occurrence-address closest
to the top of the last tailing track (positioned on the innermost radius side) of the
tracks having errors, i.e. the error-occurrence-address which light receiving
elements earliest reach from the tops of the tracks due to rotation of the disk.
Thus, even when reading errors occur at a plurality of addresses, the rereading
of all error-occurrence-addresses can be tried using any reading means during
one rotation of the disk after the track-jump.

As discussed above, even when number of error-occurrence-addresses is
two or more, since any unnecessary track-jump is not performed for rereading in
the error occurrence, time for the track-jump is not required. In addition, the
heading reading means (positioned on the outer radius side of the reading means
assigned to the error-occurrence-tracks) can continue to read data in the unread
region even during rereading in the error occurrence. Therefore, the reduction

of the reading rate during the rereading can be minimized.
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(Preferred embodiment 5)

The embodiment 5 of the present invention is described hereinafter. An
operation when rereading of the error-occurrence-address is finished is described.
The operation when the rereading of the error-occurrence-address is finished is
considered to be the same between disks on which data is formed concentrically
and spirally, respectively.

For example, when a reading-error occurs at a position 1/2 rotation away
from the top of T2, reproducing beams 51, 52, 53, 54, light receiving elements 41,
42, 43, 44, and reproducing circuits 71, 72, 73, 74 are respectively assigned to T2,
T3, T4, T5, and T5 is assigned to be an unread track. In this case, a reading
rate of the unread track during the rereading operation is about 1/4 of the
normal rate, because data on only one track of four simultaneously readable
tracks can be read out. It is assumed that the error-occurrence-address at the
position 1/2 rotation away from the top of T2 is successfully reread, the track-
jump is performed, and reproducing beams 51, 52, 53, 54 are respectively
assigned to T4, T5, T6, T7. Because T4 has been already read, the reproducing
rate during 1/2 rotation is 3/4 of the normal rate. Because the reproducing head
18 positioned at the top of T5 after the 1/2 rotation, the reproducing rate becomes
V1.

After the track-jump, however, the read data during the rereading must be
considered invalid, because data passed during the track-jump cannot be read
out until the disk rotates once. An average rate from the beginning of the
rereading to the finishing of one rotation, for the cases that the track-jump is
performed and that reading is continued without any track-jump, are estimated,
and the case that rate reduction is smaller must be selected. In this example,
the average reading rate from the beginning of the rereading to the finishing of

one rotation is (3/4) * (1/2) = 3/8 of the normal rate. This value is higher than
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the reading rate 1/4 derived when no track-jump is performed after rereading,
and therefore, performing of the track-jump just after the finishing of the
rereading can further decrease the reduction of the reading rate.

Next, when a reading-error occurs at a position 3/4 rotation away from the
top of T2, reproducing beams 51, 52, 53, 54, light receiving elements 41, 42, 43,
44, and reproducing circuits 71, 72, 73, 74 are respectively assigned to T2, T3, T4,
T5, and T5 is an unread track, the following result is derived. In this case, the
reading rate of the unread track during the rereading operation is about 1/4 of
the normal rate, because data on only one track of four simultaneously readable
tracks can be read out. It is assumed that the error-occurrence-address at the
position 3/4 rotation away from the top of T2 is successfully reread, a track-jump
is performed, and reproducing beams 51, 52, 53, 54 are respectively assigned to
T4, T5, T6, T7. Because T4 has been already read, the reproducing rate during
1/4 rotation is 3/4 of the normal rate. After the 1/4 rotation, the reproducing rate
is 1/1 because it is positioned at the top of T6. When the track-jump is
performed during the rereading, the read data is considered invalid because data
passed during the track-jump cannot be read out until the disk rotates once. An
average rate from the beginning of the rereading to the finishing of one rotation
is (3/4) * (1/4) = 3/16 of the normal rate. This value is lower than the reading
rate 1/4 derived when of no track-jump is performed after rereading, and
therefore, performing no track-jump just after the finishing of the rereading can
further decrease the reduction of the reading rate.

When reading rates between the case that the track-jump is performed
and the case that no track-jump is performed are equal to each other after the
finishing of the rereading, the data cannot be read during the track-jump, and
therefore, the method in which no track-jump is performed further increases the

reading rate.
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that no reading error occurs can be assigned to the unread tracks, and larger
number of reading means than that during the rereading can be assigned to the
unread tracks. When number of error-occurrence-addresses is two or more, a
similar effect is obtainable by performing the track-jump after the finishing of
the rereading of all error-occurrence-addresses. However, if the track-jump is
performed from the beginning of the rereading before the finishing of the reading
of the data for one disk rotation, the already read data on the unread track must
be abandoned. That is because the disk continues to rotate even during the
track-jump, a part passed during the track-jump on the unread track cannot be
read until the finishing of one disk rotation after the track-jump, and therefore,
the data on the already read part must also be reread. Therefore, on the
precondition that the data on the unread track which is read during the
rereading of the error-occurrence-address is abandoned after the track-jump, and
on the basis of number of unread tracks and the error occurrence position on the
track, a method that further decreases the reduction of the reading rate must be
selected from the following two methods:

(1) The track-jump is performed just after the finishing of the rereading of
the error-occurrence-address;

(2) The reading of the track being read is continued until the finishing of
the reading of the data for one disk rotation.
In addition, by combining the method with the track-jump during the rereading

of the error-occurrence-address in the embodiments 1, 2, 3, 4, a more effective

operation can be expected.
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(1) The track-jump is performed just after the finishing of the rereading of
the error-occurrence-address, and larger number of reading means are assigned
to the unread track;

(2) The reading of the data on the track being read is continued.

Therefore, the reduction of the reading rates due to the rereading can be

minimized.

(Preferred embodiment 6)

The embodiment 6 of the present invention is described hereinafter.
When number of error-occurrence-addresses is two or more, estimation of the
reading rate becomes complicated. The simplest method is to evaluate whether
the track-jump is performed or not after the finishing of the rereading of all
error-occurrence-addresses. However, for further decreasing the reduction of
the reading rate, the following evaluation is performed.

It is assumed that reading errors occur at a position 1/2 rotation away
from the top of T2 and a position 3/4 rotation away from the top of T4,
reproducing beams 51, 52, 53, 54, light receiving elements 41, 42, 43, 44, and
reproducing circuits 71, 72, 78, 74 are respectively assigned to T2, T3, T4, T5,
and T5 is an unread track. When the reading-error-occurrence-address at the
position 1/2 rotation away from the top of T2 is successfully reread and then a
track-jump is performed, the other reading-error-occurrence-address of T4 exists
after more 1/4 rotation, and therefore reproducing beams 51, 52, 53, 54 can be
respectively assigned to T4, T5, T6, T7. Because T4 has been already read, the
reproducing rate during the subsequent 1/2 rotation is 3/4 of the normal rate,

and the reproducing rate after the 1/2 rotation becomes 1/1 because T4 is
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positioned at the top of T5. The data on T5 read before the track-jump becomes

invalid, and an average reading rate between the beginning of the rereading and

the finishing of one rotation becomes (3/4) * (1/2) = 3/8 of the normal rate. This

value is higher than the reading rate 1/4 derived when no track-jump is

performed after rereading, and therefore, performing of the track-jump just after

the finishing of the rereading can further decrease the reduction of the reading

rate. After that, when rereading of the error-occurrence-address on T4 is-
finished, the reading rate for one rotation is recalculated similarly to the case of

T2 based on the error-occurrence-address on T2, and whether track-jump is

performed after rereading of T4 is determined.

The basic operation is the same as the method for performing the track-
jump after the rereading of the reading-error-occurrence-address as described in
the embodiment 5. When reading errors occur on a plurality of tracks,
depending on the positional relation among the error-occurrence-addresses, the
following method may be expected to increase the reading rate:

(1) The track-jump is f)erformed after the finishing of the rereading of all
error-occurrence-addresses on the last tailing error-occurrence-track; and

(2) Larger number of reading means are assigned to the unread track.
For example, it is the case that reading errors occur near the top of a track
assigned to the last tailing reading means (positioned on the innermost radius
side) and at the rear part on a track assigned to the earliest heading reading
means (positioned on the outermost radius side). In this case, the reading
means cannot be assigned to the unread tracks during the rereading of the
error-occurrence-addresses.

When the track-jump is performed just after the finishing of the rereading
of the error-occurrence-address (positioned on the innermost radius side) on the

last tailing track so as to assign the last tailing reading means (positioned on the
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(number of simultaneously readable tracks — 1) of tracks can be assigned to the
unread tracks. Even in other cases, reading rates in the cases that the track-
jump is performed and that no track-jump is performed are estimated based on
the number of the unread tracks and the error-occurrence-addresses on the
tracks, and one of the following processes is selected every finishing of all
reading-error-occurrence-addresses on the track assigned to the last tailing
reading means (positioned on the innermost radius side) :

(1) The track-jump is performed;

(2) The reading of the track being read is continued.
In addition, by combining the process with the track-jump during the rereading
of the error-occurrence-address in the embodiments 1, 2, 3, 4, more effective
operation can be expected.

| Even when number of simultaneously readable tracks is larger or smaller

in all embodiments discussed above, a similar process can be carried out.

In these embodiments, descriptions about an optical disk are given. For a
magnetic disk, a magnetic head can used instead of optical pickup 5.

The estimating methods of the reproducing rate depending on whether the
track-jump is performed or not are not restricted to the embodiments discussed
above. In each systems, an estimating method can be selected in which
improvement of the reproducing rate can be expected.

In the embodiments discussed above, examples using the optical disk are
descried. A similar effect is expectable for an information disk system such as
the magnetic disk or a magneto-optical disk.

While the cases that data is recorded from the inner radius to the outer
radius on the disk are illustrated in the embodiments 1 to 6, the similar method

can be carried out even for a disk on which data 1is recorded from the outer radius
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track, the reproducing beams, the light receiving elements, and the reproducing
circuits in this case is reverse to the disk on which the data is recorded from the

inner radius to the outer radius.

INDUSTRIAL APPLICABILITY

In a reading-error recovery method in the present invention, a heading
reading means can read data on unread tracks even during rereading of an
error-occurrence-address, and therefore, reduction of the reading rate during the
rereading of the reading-error-occurrence-address can be minimized.

In the reading-error recovery method, an optimal track-jump can be
performed during the rereading of the reading-error-occurrence-address on a
disk on which tracks are concentrically formed. Thus, when the track-jump is
performed, the heading reading means can continue to read the data on the
unread tracks even during the rereading of the error-occurrence-address. When
no track-jump is performed, a period when the data cannot be read due to the
track-jump is eliminated, and therefore the reduction of the reading rate during
the rereading of the reading-error-occurrence-address can be minimized.

In the reading-error recovery method, an optimal track-jump can be
performed during the rereading of the reading-error-occurrence-address even
when reading errors occur at two or more positions. As a result, the reduction of
the reading rate during the rereading of the reading-error-occurrence-address
can be minimized.

In the reading-error recovery method, larger number of reading means are
assigned to the unread tracks after the finishing of the rereading of the error-
occurrence-address. As a result, the reduction of the reading rate just after the

finishing of the rereading of the reading-error-occurrence-address can be
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minimized.

In the reading-error recovery method, an optimal track-jump can be
performed after the finishing of the rereading of the reading-error-occurrence-
address. When the track-jump causes reduction of the reading rate, no track-
jump is performed after the finishing of the rereading. When the track-jump is
expected to improve the reading rate, the track-jump is performed, and larger
number of reading means are assigned to the unread tracks. Therefore, the
reduction of the reading rates due to the rereading of the reading-error-
occurrence-address can be minimized.

In the reading-error recovery method, an optimal track-jump can be
performed after the finishing of the rereading of the reading-error-occurrence-
address, even when reading-errors occur on a plurality of tracks. Therefore, the
reduction of the reading rates due to the rereading of the reading-error-
occurrence-address can be minimized.

In the embodiments in the present invention, examples using the optical disk are
descried. However, the similar effect is expectable for an information disk

system such as a magnetic disk or a magneto-optical disk.
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CLAIMS
1. A method of performing error recovery when one or more
reading errors occur while at least substantially simultaneously and in
parallel reading data from a plurality of tracks on a disk, the method
comprising the steps of:

(a) storing reading error occurrence addresses which
corresponds to respective locations on said disk at which said one or
more errors occurred; and

(b) determining b-1) whether to perform said track
jump based upon the reading error occurrence addresses and b-2) if
said track jump is to be performed, then how to perform said track
jump based upon the reading error occurrence address in order to

increase reading speed of said disk.

2. A method of performing error recovery according to claim 1,

wherein the tracks are spirally recorded.

3. A method of performing error recovery according to claim 1,

wherein the tracks are concentrically recorded.

4. A method of performing error recovery according to claim 1,
wherein step (b) further comprises the steps of:
causing a rear portion of a reading head to jump to one of an
error-occurrence-track which is one of said tracks having said error
and a track after one of the error-occurrence-addresses on the disk;
rereading the one of the error-occurrence-addresses using at
least a portion of said rear portion of said head; and simultaneously

reading a track remaining to be read using a front portion of
said head.
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5. A method of performing error recovery according to claim 1,
‘said method further comprising the step of reading said one of said
tracks being reproduced after the error occurs, until the reading of

said tracks is finished.

6. A method of performing error recovery according to claim 1,

said method further comprising the steps of:

continuing to read data without performing a track-jump after
the error occurs;

rereading the one of the error-occurrence-addresses using a
rear portion of a reading head reading data from said disk after
reading an error-occurrence-track which is one of said tracks having
said error; and simultaneously

reading a further one of said tracks remaining to be read using

a front portion of said reading head.

7. A method of performing error recovery according to claim 1,
said method further comprising the steps of:
causing a rear portion of said reading head to jump to one of
an error-occurrence-track which is one of said tracks having said error
and a track tailing after the error-occurrence-address on the disk,
causing the rear portion of the reading head to reread one of the error-
occurrence-addresses, and simultaneously causing a front portion of
the reading head to read one of said tracks remaining to be read; and
continuing to read data without any track-jump after the error
occurs, rereading the error-occurrence-address using said rear portion
of the reading head after the error-occurrence-track, and
simultaneously reading the one of the tracks remaining to be read

with the front portion of the reading head.
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8. The error recovery method according to claim 1, said method
further comprising the steps of:
causing a rear portion of said reading head to jump to one of an
error-occurrence-track which is one of said tracks where said error
occurred and a track following error-occurrence-address on the disk,
causing the rear portion of said reading head to reread the error-
occurrence-address, and simultaneously making a front portion of
said reading head read a further track remaining to be read; and
continuing to read the data without any trackjump after the
error occurs, and rereading the error-occurrence-address with the

reading head for the error-occurrence-track.

9. A method of performing error recovery according to claim 1,
wherein said track-jump is performed just after the rereading of all
error-occurrence-addresses on at least the last tailing error-occurrence-

track of the error-occurrence-addresses is finished.

10. A method of performing error recovery according to claim
1, said method further comprising the steps of:
performing a track-jump just after rereading of all the error-
occurrence-addresses is finished; and
assigning more of the reading head to tracks remaining to be

read than during the rereading of the error-occurrence-addresses.

11. A method of performing error recovery according to claim
1, said method further comprising the step of selectively switching
between an immediate track-jump and no track-jump, after the

" rereading of the data in all error-occurrence-addresses on at least the



| 9T109& ()- | z10%& ()-1 z109% ()- (X dEnbCO! Oy109%& ()- . 10%& ()-

S-109%& ()-  F+ 10%& ()- )10%& ()- | 10%& ()-: @dYNCO! 10 10 10

. -10% ()- 3 "910% ()- 510% ()- 4-10% ()- S2I 10% ()-~"dEYNCO!

109& ()-  L109& ()- 10% ()-  L10%& ()- -5 JUN 2003
27

last tailing error-occurrence-track of the error-occurrence-addresses is
finished.

12. A method of performing error recovery according to claim
1, said method further comprising the steps of:
performing a trackjump just after the rereading of all the
error-occurrence-addresses is finished, and assigning more of the
reading head to the tracks remaining to be read than during the
rereading of the error-occurrence-addresses; and
continuing to reproduce the tracks being read without any

track-jump.

13. A method of performing error recovery according to claim
1, wherein when a number of reading-error-occurrence-addresses is
two or more, using the reading error-occurrence-address closest to the
top of the last tailing track as a reference of a track-jump for reading-

€Iror recovery.

14. A method of performing error recovery according to claim
1, said method further comprising the steps of:
performing a track-jump just after the rereading of all error-
occurrence-addresses is finished, and assigning more of the reading
head to tracks remaining to be read than during the rereading of the
error-occurrence-addresses; and
continuing to reproduce the tracks being read without any

track-jump.

15. A method of performing error recovery according to claim

1, wherein reading switches between an immediate track-jump and no
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track-jump, after the rereading of the data in all error-occurrence-

addresses on the last tailing error-occurrence-track is finished.

16. A multi-track disk reproducing apparatus for at least
substantially simultaneously rereading a plurality of tracks on a disk,
said multi-track disk reproducing apparatus comprising:

reading means for at least substantially simultaneously reading
data in a plurality of tracks in parallel;

means for storing a reading-error-occurrence-address which
corresponds to a location at which an error occurs; and

means for determining movement of a reading head reading

said disk after the error occurs, based on the address stored.



