METHOD OF AND APPARATUS FOR RECORDI NG AND REPRODUCI NG DATA AND TRANSM TTI NG
DATA BACKGROUND OF THE | NVENTION Field of the Invention: The, -G
invention rélates to a nmethod of and an apparatus for rg%g? nb
reprodu0|ngfﬁata and trans- mtting data.j Description JY%k % Y

Opti cal “di sks whi ch have heretofore been proposed |ncludefafﬂpgi.uoogp\cal
di sk, an OptICMEIﬂODKOHSAHDpAHBRRATMﬁnEGRWQRDING\MNDW,' DRI
read-only optical disk, etc. These optical disks can roughly b > ¢
into witabl e disks and r ead- onIyuﬂﬂ§M§nﬁmﬂT21quPATAveiéecto -LSWQe
on a magnetoop- tical disk as a witable disk in a dlsk‘ﬁéthfylng'd§ncess
at the tinme it is manufactured, then a sector positioned a&df’aseq '
defective sector is used as a repl acement sector for_ the defest®we sector
and information as to the repF%ﬁé%ﬁBﬁ QFo [THEs INVEYNTEON i n a given area on

t he magne- togptical .disk._Wen the magnetooptical disk is played back, the
repl acenent sgg?gﬁ tﬁ%dI?YER¥%Rbe the defec- tive sector. 1f a new -

def dpegd f
shi Sﬁtehveasreééf’éc'eieﬁ[ U piRebhE TRESRL %SH%%GS%?%% BRsa, R ped o
a region dEd'SﬁtS%PBPQtﬁQeféfpféééfEEHg ?kg Secfoahﬁ tggﬁQEd in

the defector sect I's recorded 1n the'rep ac
information ifpigesagdadead @ given area on

Description of the Related Art:

| Optical disks which have heretofore been proposed
.include a magnetoopticai disk, an optical disk as a phase-
change medium, a write-once disk, a read-only optical disk,
etc. These optical disks can roughly be classified into
wrltable disks and read-only disks.

If a defective sector is detected on a magnetoop—
tical disk as a writable disk in a disk certifying process
at the time it is manufacfured, then a sector positioned
adjacent to the defective sector is used as a replacement
sector for the defective sector, and ihformation as to the
replacement sector is recorded in a given area on the magne~
toopticél disk. When the magnetooptical disk is played
back, the replacement sector is used instead of the defec-
tive sector. If a new defective sector is produced on the
magﬁetoéptical disk after it is shipped, a replacement sec- '
tor for the defective sector is established in a region
dedicated for the replacement sector, and data to be re-

corded in the defector sector is recorded in the replacement



t he magnet ooptical disk. No data are recorded on a read-only optical disk
by an optical disk drive. As well known in the art, when a read-only
optical disk is manufactured, data are recorded on the read- only optical

di sk; and’é?ter it is shlpped the data regorded on the read-only optical
disk at the time it is manufactured are réad only. Wen data are recorded
on a magnet oopectek,dand hysainbfpitmaeioni bk rbdorded idntan givenr ageaded oh a
read-only optical disk when it is manufactured, parity bits such as
error-correct ithg paghegoppticahddisker-checking parity bits such as CRC
(cyclic redundancy check) bits are added to the data. When the recorded:
data are reproduced fronNPhéakagpte ¥reeprded|oniareadtonly aptrigaly diski cal
di sk, the data are subjected.to an, error-checking process _and an error-
correcting prb¥eé®: BEFﬁSa%hglﬁlér‘?F&"%rtsAs Lk dm thhes @ditenWhenga
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bi nary data sgklﬁgﬁug&@thgahea}grrégg én. nbols to assune W t hout the
parity bits, .there are 2k binary data strings available for the k

synbol s to assune. The Whehl datAakYe recorded on a magnetooptical disk

by an optical disk drive or data are recorded on a read-only
optiéal disk when it is manufactured, parity bits such as
error-correcting parity bits and error-checking parity bits
such as CRC (cyclic redundancy check) bits are added to the
data. When the recorded data are reproduced from the magne-
tooptical disk or the read-only optical disk, the data are .
subjected to an error-checking proCess and an error-
correctinglgrocess using the parity bits.
One known parity system is a Reed-Solomon code.
According to the Reed-Solomon code, if one symbol is com-~
posed of eight bits and data of k symbols, then a parity bit
is added to the k symbols, resulting in a_code of n symbois.
The term.which'repreéénts the correcting ability.qf_the er-
ror-correcting code is “minimum distance”. |
For example, if one symbol is represeﬂted by one
bit, then the n symbols are represented by n bits, and hence
there are 2" binary data strings available for the n symbols

to assume. Without the parity bits, there are 2* binary data



data strings are taken fromthe [err] binary data strings, and if there are.
different d bits between any. two data strings, then "d" is‘referred to as a
"di stance". *A ni ninum one of the distances determined with respect to al
the -2k bihary data strings is referred to. gs a "mninumdistance”. The term
"m ni rum di stance" w.ll hereinafter be referred to as a "distance". The

di stance d Of-@tiﬁ&yEJ#H'IHEI@?QB&”thlk?E Ab815St8e r '
satisfy the f%llovvl ng féerJ la (1): [err] ?f t he di sﬁ%ﬁéﬁ |E§wlz;qglé

exanpl e, thenjdta istifingEaird Takehe feode then2t Gimnly Wada stringeo! andThe
code is also capable of detecting errors as well as correcting errors. If
the nunber ofifrthere tdare didiferentedebiitd betweeneanyrtwetdata ngrwipgsi ity
of the code is t2, then the nunber t2 of detectable errors is expressed by

t he foll ow ngﬂ&fudtd"ori-% Tefaryed tPoaseraftgietanae” nunbeninimen ong raft abl e
errors and the nunper t2 of_ detectable errors in the case where the
di stance d ist %jd1§ﬁ4PQﬁﬁ/ qQ¥mﬂQ§dePFBwFﬁ§P?§BI§°1a1b §9¢nﬁﬁ binary

correction. correctlon tl = = 14 2 synbol

correction. cﬁqta_ sztr:tngs_ sz rgf%:ﬁg& tOoABe Bt BN impus d:.%{-.arg%e = 10the syrrbol
correction. . {4 #niditnm dlstanc%"swﬂﬂl nGPeiRSELD pa! fefePred 25 &5 a

“distance”.
: Thé distance 4 of a codé for correcting tl1 errors -

is generally required to satisfy the following formula (1):

d.a 2tl + 1. ' cee (1)

If the distance d is #177, for example, then tl
is 8.. That is, the code can correct up to 8 symbols.

The_code is also capable of detecting errors as
well as correcting errors. If the number of errors that can
be detectgd by the error-detecting capability of the code is
t2, then the number t2 of detectable errors is expressed by
the following equation (25: |

t2 = d - (2t1 + 1) (t2 = 0). | e (2)

For example, the number tl of correctable errors
and the number t2 of detectable errors in the case where the
distance 4 is “17” are given in the following table 1:

0 symbol cori-ection---tl =0, t2 = 16

1 symbol correction---tl = 1, t2

14

symbol.correction---tl =2, t2 = 12

]
w
-

2
3 symbol correction:---tl t2 = 10
4

symbol correction-+-tl = 4, t2 = 8



6 synbol correction...tl =6, t2 = 4 7 synbol correction...t1 =7, t2 =2 8
synbol correction...t1l =8, t2 = 0...(Table 1) As can be seen fromthe
table 1 aboVe, since the nunber of detectable errors is "0" for the 8.
synbol gorrec- tion, it will not be able t,o detect errors properly if er-
rors of 9 synbols or nore are generated for the 8 synbol correction. If the

di stance d isof an incrgagiﬁbdfﬂ¢5rréégﬁbﬂ;hetquEbgg eh degectable errors
i's increased while keeping the ability to detect errors. The Reed- Sol onon

code thus constructed i'séaspibdEfcorrsbtioms a1l &6, kt2d #DC

(1 ong-di stance code), which is so called because the ‘dis- tance d is
relatively large. On naghesymipdl cadrmbcetidon read- enl?y &Rt =c2l di sks, or the
|'i ke, data are recorded after the above Reed- Sol onon code has been
constructed. Wen the reBosymolgerrgetian- piddec8d, tRardOmr e(Tab3eol) a
burst of errors having a_ | ength depending on the distance d, the number t1
of correctable errors, ah¥ ¢8R BRiARSN (ExoR the ¢abds d eabp¥es 8iRCBether -

rected by the Reed- SoLogon code. As can he ersto fromthe table 1
above, if the™3PRELR ég%%Ft QTR HE %@%bgprbgggoprﬁ Bl eCRFLeC D s

2oi 2 T Yiha MELSLELE pd o M O RUSCSIRLS BEEBERILIERE.

o s FoFCREIPELS oy Y Nh M I ERRHN 0oP BRECS BydS? Do
correction. If the distance d is of an increased value,
then the number of detectable errors is increased while
keeping the ability to detect errors. The Reed-Solomon code
thﬁs constructed is also referred to as an (n, k, d) LDC
(long-distance code), which is so called because the dis-
tance d is relatively large.

On magnetoopticai disks, read-only optical disks,
or the like, data are recorded after the above Reed-Solomon
code has been constructed. When the récorded déta are re-
produced, random errors or a burst of errors having a length

.depending on the distance 4, the number tl of correctable
errors, and the number t2 of detectable errors can be cor-
rected by the Reed-Solomon code.

As can be unaérstood from the table 1 above,.if
‘the distahce‘d is #17”, then the number of correctable er-
rors is 8 at maximum. Therefore, if ﬁ burst of 9 successive
errors or mbre occufs, then the.errérs cannot be gorrected,

and data with the errors are reproduced as they are.



According to one process, if there is a defective sector on a witable
disk, it is replaced with a replacenent sector, and data are recorded in

t he repl acefrent sector so.that they will be reproduced properly. According
to another process, in order to cope withg burst of errors, a parity
sector is included in each circunferential track or every set of cir-

cunferential tracks on avaribaldl erfbslcorfsbtitld proddistcd’ fravdlpeen il
data in other sectors in each circunferential track or every set

circunferenti ployedcksraweitalsie sdiskOrattnias mynetodpticaledpsksly
sector. When a burst of errors occurs in data, the burst of errors is

corrected basadcondihg parohg pedecessadif rihenehdspar idefestdver sedbor dat a
to be processed on a real-tine basis, such as novi ng-i nage data, are

handl ed, the aowmitablecdisknhithisisteplagedioshinGg geplacempoteseatpreobl em
in that the processing speed is_slowed by the use of replacenment sec- tors.
The latter praBdsgasp aser ELEPHEERriRrhe replacament; gectoy sp khak phevty
sectors is al sqQ_di sadvantageous in th the tine required to correct a '
burst of erroMllsPRoREPEEEUGed RFPPE Yur ACHTEAGH O I profedfea

conposed of sectars in.a circunferential track or every set. of circum
ferential tradls ,°r T §°n888§sg?‘§][‘t% ?"éﬁ%t a‘?jﬁi%ﬁ%@'dé{é’#r%% f"'ﬁgtgfgé,s and
o oe, by on e b ScRoa e e P AR Pkt e gLy
replacement sepmeePentiad £eadiR! 8y C8 whitdBiHURIK Oland Palkity Aakd’ prolf

' duced when data in other sectors in each circumferential

track or every set circumferential tracks are éxclusive—ORed
are recorded in the parity sector. When a burst of errors
occurs in data, the burst of errors is corrected based on

the parity data read from the paiity sector.

‘ When data to be processed on a real-time basis, -
such as moving-image data, are handled, the forﬁer process
which uées feplacement sectoré poses a problem in that the
processing speed is slowed by the use of replacement seé4
tors. The latter ?roéess of correcting errors on the wri-
table disk with parity sectors is also diéadvantagéous in
_thatlthe time required to correct a burst of errors is long
because when a burst of errors occurs in an area composed of
sectors in a circumferential track or every set of circum-
ferential tracks, it is necessary to read agaih the data
from the area, and correct the burst of erforé based on the
data read agafn and the parity data recorded in the parity

. sector.



errors occur when data are reproduced froma read-only opti- cal disk, then
the errors need to be corrected with an in- creased distance d or parity
sectors insdfar as only a pre- recorded error-correcting code is relied
upon: The in- creased distance d has problggens in that it increases the
redundancy of the code and the processing tine. The in-- creased redundancy -

of the code results in aoaoreLaPONLY NoptisHICididks,n noheepapneembytokethe
read-only optical disk to record data. Correcting errors on the read-only

optical disk wotrh canibg employedi s Hf skanmjes adraxisagachs asnat barstheft i ne
required to process a burst of errors is |ong because when a burst of
errors occurserpnors ereudr cwhgn statafare aeproduced irovuaf readtonlytoptk-or
every set of circunferential tracks, it is necessary to reproduce again the
dat a from thecatediskndtlen reke errons meeditabeocorrgssgdowitheataln-re-

produced again and the, ariégtdata recorded in the parity sector. SUMVARY
OF THE | NVENTFERRPRd; dishanes A o5, PG ek Setarse 1psedar: agnoahY &iBFeto

provi de a net hod gf $nd an_a angtus for ecor%jgg@ nd repro@gcimg data and
bransm tting HSCEraPdi SFERETSPLTE G, TS, 1% e 1e8) PBaR cd ThR g~ |
transmtted %&QQH&drﬁggﬁéH%et@enﬁé‘gggfdﬁJ}’enﬁ{ il e%‘i{?@‘l@ in‘a;esasaé ngur st of
errors oc- curs. ~77Accordrng to an aspect "of the present rnvention,

there is provigd énaaﬂsghaé o E6@E Uil MY PRl ity ¢ idRt 2. ThERALSI NY
the steps of (a) generating first error-

‘creased redundancy of the code results in a corresponding
reduction in the capacity of the read-only optical disk to
record data. Correcting errors on the read-only optical
disk with parity sectors is also disadvantageous in that the
time required to process a burst of errors is long because
when a burst of errors occurs in an area composed of sectors
in a circumferential track or every set of circumferential
tracks, it is necessary to reproduce again the data from the’
area, and correct the burst of errors based on the daté re-
produced'again and the parity data recorded in the parity
Sector.

SUMMARY OF THE INVENTION
It is therefore an object of the present inven-
tion to provide a method of and an apparatus for recording

" and reproducing data and transmitting data efficiently to
allow data to be reproduced and transmitted without reducing
the capacity to record data even if a burst of errors oc-

curs.



processing data with respect to a predeterm ned anount of data, and
generating second error-processing data with re- spect to each of a
plurality of blocks produced by dividing the predeterm ned anount of data,
(b) generating data of record units fromthe predeterm ned anount of data,
the first error-processing data, and the second error-processing data, (c)

recording the data of rexdddkditid To0am aspeetdogtiedpyasend) ineoneite] ng
the data of record units on the re- cording nmedium (e) correcting errors

i n the predetghietencib prowvided adakihod bifie reeprdiingeandatepoddueciwy d units
with the first error-processing data with respect to each of the record
units, (f) ifdataprecompmnimiing)d-heostepseofi fa)hgepesptinyg, fiarst camsror~
detecting errors in the predeterm ned amount of data in each of the bl ocks
wi th the secoprpcessing slakse s&ithy respectate agprefdehernined ameunfet@Eted in
N (Nis a positive integer) successive blocks, regarding all data in at

| east one bl dd&tanidMl jdenpfiating SegoRd SLTOR-PRACEESLRE fApty Crtthxe-

Shﬁﬁﬁf | ogsdgte%é‘?af (68 S AF i BRI, R ﬁﬁ%@%ﬁe%?eéﬁﬁ?&ﬁﬁiéﬁ%l‘%ﬁ%,
nvent ¢ on, OSBRI R " BB, TN, BbpdRRRTha atd o TO7T

the steps of (adofif\EiAld "thdd tHe YreRierdrRARRA! dlount Sof AhaLd) L ing espect

to a predeterm ned anount ‘dat a, “and generating second errorZprocessing

S?; 3e¥v'e$h r esppeit t Orfeklpicassiny ddta), ahdokaeksebbadueedoPypHbyéss gyt he
: data, (c) recording the data of record units on a recording
medium, (d) reproducing-the data of record units on the re-
cording medium, (e) correcting errors in the predetermined
amoun£ of data in the reproduced data of record units with
the first error-proceSsing data with respect to each of the
record units, (f) if errors cannot be corrected in the step
(e), at least detécting errors in the predetermined amount
of data in each of the.blocks with the second error-
processing data, and (g) when errors are detected in N (N is
a positive integer) successive blocks, regarding all data in
at least one block which is not positioned at an end of the
N successivé blocks, as being erased, theréby corrécting
errors in the predetermihed amount of data in the record
units with the first error-processing data, thus'producing
reproduced data. | _
According to another aspect of the present inveﬁ;

tion, there is provided a method of transmitting data, com-

prising the steps of (a) generating first error-processing



m ned anount of data, (b) generating transm ssion data of units fromthe
predet erm ned anount of data, the first er- ror-processing data, and the
second erroft-processing data, (c) transmtting the transm ssion the data of
units, (d) correcting errors in the transngssion data of units which have
been transmtted with the first error-processing data with respect to each
of the transnghtgdwiBht fespsdt i fo & IPFSaHYMInE afidun®C b2ddaRal h8ndt €p
(d), at least detecting er- rors inthe transmtted data in each of the

bl ocks with t geneeatiflgeseSondrenxssiptpdbising@hta withe Fegpeetstdr eadn-
tected in N (Nis an integer of at |east 3) successive blocks, regarding
all data in abfl eaapluvakibyock bhocks i producembdiyt idividiag heecpiedételme N
successive bl ocks, as be- ing erased, thereby correcting errors in the

pr edet er m nedminednamonntaef datahe(k) generating tinansyissione datasofer -
ror-processing data. According to sti|l another aspect of the present

i nvention, th8pdtesIped,thedrhedaipamined anpunte Qf dat@ atde fdrssuerng

data, conprising error-processing data generat-_ing neans for ,generating '
first error-prO&sPEPRESEARY aﬁPﬂ'r%%%e e geepnd lﬂqﬂﬁfséﬁgGhsaﬁP'data,

d d - Lhg data with '
b1 ocks. pr oduc 8oy SARIRSERGITnEnS, LA TR TGP iR FE 6 Al g 4P uni
data generat | ug, ran3pbOLOBPE" 1 i Uet Anomih Mo 'SR belilitd LAlhNe

pr edet er m ned “amoun error-processing data, a

tsﬁgoggt :r ror - paleCbebhdt#ahdmitE6Q Wit aid £ERIO BT gRIEs iy Gatar di ng

with respect to each of the transmitted units, (e) if errors
cannot be corrected in the step (d), at least detecting er-
rors in the transmitted data iﬂ each of the blocks with the
second error-processing data, and (f) when errors are de-
tected in N (N is an integer of at least 3) successive
blocks, regarding all data in at least one block which is

~ not positioned at an end of the N successive blocks,. as be-
ing erased, thereby correcting errors in the predetermined
amount of data in the transmitted units with the first er-
ror-processing data. -

According to still another aspect of the present
invention, there is provided an apparatus for recording and
reproducing data, comprising_error—précessing data generat-
ing means for generating first error-processing data with
respect to a predetermined amount of déta, and second error-
prodessing data with respect to each of a plurality of
blocks ptoduced by dividing the predetermined amount of

data, record unit data generating means for generating data



of record units on a recording medi um and reproducing the data of record
units on the recording nmedium and error cor- recting nmeans for correcting
errors in the predetermnm ned anount of data in the data of record units
reproduced by the recording and reproducing neans with the .first error-
processing data with respect to each of the record units, and if errors

cannot be corgecissordiuntas ety hd PredeterhihBdl ARoRh8d8E st A8 degarount
of data in each of the blocks with thé second error-processing data, and

when errors afgrsleteficc-prodedding datagsiandy ehenb@gond eHE6LSPioCeds DIKS,
regarding all data in at |east one block which is not posi- tioned-at an
end of the N datagssecerdinglend aeproduringamednst fiorebgcovdingttigy. datar s
in the predeterm ned anpunt of data in the record units with the first
error- procesef ngeerrd uniktsHron @y nesorsding medinmoandr rappeducyngt e pre-
sent invention, there is provided an apparatus for transmt- ting dat a,
conpri si ng er 88k pPHcERGOHY WRkES Qhdha Hegording PEA1RBnARE RETPF rSPr-
error-processingtdata Wi th respect to.a predeternin annuat of dat&,-and

second err or - BROEERS PRARR LIV I, QFECEECHHOEEQ BFEASFEFIBPI bl ocks
produced by ChebOkDdod 6Pl LSS P Yccth Uity LERIHLISh R Cehe
P eceLer o BBRIng oA e BILL s i S8 FAOSESRLRCL 2
transm ssion Lbgdakeng bl Wit RIbEdY P daRh I theARecbel GALESSLI NG
and if errors cannot be correéted, at least detectipg errors
in the predetermined amount of daﬁa in each of the blocks
with the second error-processing data, and when errors are
detected in N (N is a positive integét) successive blocks,
regarding all data in at least one block which is not posi-
tioned at an end of the N successive blocks, as being
eraéed, thereby correcting errors in the predetermined
amount of data in the récord units with the first error-
processing data.
According to yet still another aspect of the pre-
sent invention} there is provided an apparatus fo; transmit-
'ting daﬁa, comprising error-processing data generating means
for generating first error-processing data with respect to a
predetermined amount of data, and second error-processing
data witﬁ respect to.each of a plurality of biocks produced
by dividing the predetermined amount of data, transmission
data generating means for generating transmission data of

units from the predetermined amount of data,. the first er-



errors in the transm ssion data of units which have been transmtted with
the first error-processing data with re- spect to each of the transmtted
units, and if errors cannot be corrected, at |east detecting errors in the.
transmtted data in each of the bl ocks mﬁtqi}he second error-processing
data, and when errors are detected in N (Ni's an integer of at '|east 3)
successi ve bl peksprocgesihddtald, dald the dedopdseredbe-preeksuingdata ot
positioned at an end of the N successive bl ocks, as belng erased, thereby
correcting ertransmittind anearescfor Hrmacrdrauing ehedéransmisbtonrehsnm tt ed
units with the first error-processing data. According to a further aspect
of the presendata-ofcunits, andrerinor movedddng meansofiouf cospectimgng
data, conprising the steps of (a) reproducing data of record units froma
recor di ng nedPLRPER Wi Ebe tiransmiss o sladdy of yndys- whichi haveaheent of
data, first error data gener- ated with respect to

) i h
predeterninedtﬁﬂﬂﬁﬁigéggééf 1 Bhey (?FﬁqqﬂPIBF8§§§§BnQaH§tHiﬁgnﬁ?ated
ith tt f | it f bl qck .0d d by .di vi di th
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each of the rggpadinnbidn 6£)thd 5¥6é¥§5ﬁﬁ%ﬂ“ﬂheb%e&ﬁh&eEEEQrLBrﬁééséiﬁ.
(b), at least detecting errors in the predeterm ned anount™of data Tn

each of the bhgaehs uhahwhde éﬁRS’f@' £fd YetidREP InW (& ds aﬁdiﬁéé?é@eef
errors are detected in N(Nis a positive integer) suc- cessive blocks,

regardi ng all agaleass 3) seeSdésoive bIwdks, regarding all data in at

least one block which is not positioned at an end of the N
successive blockén-as being erased, thereby correcting er-
rors in the predetermined amount of data in the transmitted
units with the first error-processing data.

Acdording to a further aspect of the present in-
vention, there is provided a method of rejroducing data,
_comprising the steps of (a) reproducing data of record units
from a recording medium on which there are recorded a prede-
termined amount of data, first error-processing data gener-
ated with respect to the predetermihed amount of data, and
second grror—processing data generated”with réspect to each
of a plurality of plocks produced by dividing the predeter-
mined amount of data, making up the data of record units,
(b) correcting errors in the predetermined amount of data in

~ the reproduced data of record units with the first error-
processing data with respect to each of the record units,

(c) if errors cannot be corrected in the step (b), at least



which is not positioned at an end of the N successive bl ocks, as being
erased, thereby correcting errors in the predeterm ned anount of data in
the record Units with the first error-processing data, thus producing
reproduced data. According to a still further aspect of the pres- ent

I nvention, there is provided a nethod of transmtting data, conprising the
steps of (a) HedeBedih§i SfrdFa Nt e Pratiiteriiined amowhitC Bfanats 00886 of
a predeterm ned amount of data, first error-processing data generated with
respect to thefpthdebbocksewitiothie sdcoiil rvidprecess iay’ datapr aagssdng
data generated with respect to each of a plural- ity of blocks produced by
di vi di ng t he whedeéerrarsecarendetectstd diat N (M)isca pestitiyecintegerh she-
transnission data in the units which are transmtted with respect to each
of the transncesedvenbleckse)regaxding saklrdata ia @i deassdone bheckt ep
(b), at least detecting errors in the transm ssion data in each of the

bl ocks with twBishcéfdnetrppsitieradal amiend afd the Nusugcessdve are

detected in N.(N js an integer of %% | east .3) successive bl ocks, regarding
all data in aPLPEk8y BRCDBLEEKeTRRS | NORRDY, SHUHEHIRg LEFRTEN Hothehe. N
- Si bl ock bei , b ti ' h '
o edet er ni neaPIRGRTErRinad, SoThE REE, adfR i 1l et AT b e £he®
: . . e th
oresent | nvenfigst bRror-plocebEaid dd ) hud iprtdddind HeptbglRB bath, | "¢

conprising reproduci ng MRapsrfighg’ €8 AUEITT FRtenel ddpRid diithe pramLa

recordi ng medi um on which there
ent invention, there is provided a method of transmitting

data, domprising the steps of (a) transmitting transmission
data of units which are composed of a predetermined amount
of data, first error-processing data generatéd with respect
to the predetermined amount of data, and second error-
processing data generated with respect to each of a plural-
ity of blocks produced by dividing the predetermined amount
of data, (b) correcting errors in the transmission data in
the units‘which are transmitted with respect to each of the
transmitted'ﬁnits, (c) if errors cannot be corrected in the
step (b), at least detecting errors in the transmission data
~ in each of the biocks with the second error-processing data,
and (d) when errors are detected in N (N is an intgger of at
least 3) successive blocks, regarding all data in at least
one block which is not positioned at an end of the N succes-
sive blocks,.as being erased, thereby correcting errors in
the predetermined amount of data in the transmitted units

with the first error-processing data.



are recorded a predeterm ned anount of data, first error- processing data
generated with respect to the predetern ned anount of data, and second
error-processing data generated with respect to each of a plurality of

bl ocks produced by dividing the predeterm pgd anount of data, naking up the
data of record units, error correcting neans for correcting errors in the
predeterm ned anount of Aeterding o datyetfstiddofdrthersaspecbdotethdy t he
reproduci ng neans, with the first error-processing data with respect to
each of the rpresenti1nwenxlqnujﬁhenammwsucunded be apparatus, for remsh- de-
tecting errors in the predeterm ned amount of data in each of the bl ocks
with the secofécing giatnooRDTiPiRg Fepredugiag aerapssfererepredeeingn N (N
is a positive_integér) suc- cessive blocks, reg ardhﬁa all data,in at |east

one bl ock MM|@%t¢S°$uﬁe$RE9tqQ%R§i@ﬂpmhﬁ-éﬁ@qﬁﬂlpﬁe éBEc@EstéC%I¥k%§? as

b d, _thereb t th det t _of dat
n Che r ocor RHR FECrARH 3 bretibe %rw%éfede”@mp%& c8efng BEFSE SEROFDI ng 1 0

For recordl nPateet g R aeRited Bk meBkEek, F@ﬁ'%}élﬁg@ge@?‘ﬁ%f@%‘ﬁg -
generat i ng Meggs, LT BSREERL | A 4 in dREARERSLIAoIA Pa Ll Beod REC!

to a predetern1ne anoun a, and second®error cessing data

Wi th respect {9rgapbspbce b abn tor ¥ PhAGhS Y eAusaschY gt&adbaa bye

predet er mi ned anount ‘of data, record unit data generating neans

generating daggvedingcend prédstérmindd anvutecr datag aARkAG ﬁf: ﬁnéa,_ t he
data of record units, error correcting means for correcting
errors in the predetermined amount of data'in the data of
record units reproduced by the reproducing means, with the
first error-processing data with respect to each of the rec-
ord units, and if errors cannot be corrected, at least de-
tecting errors in the predetermined amount of data in each
of the blocks with the:second errer—processing data, and
when errors are detected in N (N is a positive integer) suc-
cessive blocks, regarding all data in at least one block
which is not positioned at an end of the N successive
blocks, as being erased, thereby correcting errors in the
predetermined amount of data in the record unite with the
first error-processing data.

According to another aspect of the present inven-
tion, there ie provided an apparatus for recording'and re-
producing data, comprising error-processing data generating
means for generafing first error-processing data with re-

spect to a predetermined amount of data, and second error-



first error-processing data, and.the second.error-processing data,
recordi ng and reproduci ng neans for recording the data of record units on a
recordi ng nedi um and reproducing the data of record units on the recording
medi um _error detect- ing neans for detectijag an error status, in each of

t he bl ocks, of a reproduced signal indicative the data of record units

whi ch are rep?ﬁduésdiﬁxy d&ea 'eDEH Gttt e RaeBuOfNg pRaraligsed on a
video | evel of the reproduced signal, and error correcting neans for
correcting erbhoeksnptddugeddsy diridimy the predetetatiacdnambantdadf of
record units repro- duced by the recording and reproduci ng neans, with the
first error-pdatassrecordtunik idatae ganaratingaieans €or geperdtingtdatand
if errors cannot be corrected with the first er- ror-processing data with
respect to eaff BECPR@ wREES (CXPMm tthe Ruedekermided gawryngsofr Aaka, bkBed on
the error status detected by the, error detecting neans,. and when N éN,is a
poSi 11 ve. i nt eELFFLSREEQETPRRCORTING I GHTEF e FESOE: PETOT-PEGRPRFART al |

d i | bl k whi i iti d , Of

taesai e b Gakar "EedpRding i Aol Sludiiy WeRE flr 3Bo6RsRG HHS, fata
det i d _of i ¥ i 4. i i.[ St -

P ocesei ng qaPt, PabR8 ulftE of & Hecdiiiy Widitat s FRGrbGS10T LRE

invention, thghe, §fpfeabﬂﬁduﬂﬁ@merawsréé&diw Mhpgogégafeae Etsi ng

reproduci ng neans for reproducing data of record-units cordi ng

nmedi um on whi gfigt feafisaf6r' GetEGEIRG #n SRt Fuavi dampeachobfdeéha, first
error- processing data generated with respect to the predeterm ned

blocks, of a reproduced signal indicative the data of record

units which are reproduced by the recording and reproducing
means, based on a video level of the reproduced signal, and
error correcting means-for correcting-errors in the prede- |
termined amount of data in the data of record units repro-
duced by the recording and réproducing means, with the first
error—processing data with respect to each of the record
units, and if errors cannot be corrected with the first er-
'ror—processing data with respect to each of the record
‘units, determining blocks as errors based on the error
status detected by the error detecting means, and when.N (N
is a éositive integer) successive blocks are determined as
errors, regarding all data in at least one block which is
not positioned at an end of the N successive blocks, as be-
ing erased, thereby correcting errors in the predetermined
amount of data in the record units with the first error-

processing data.



anount of data, and second error-processing data generated wth respect to
each of a plurality of blocks produced by dividing the predeterm ned anpunt
of data, nmeking up the data of record units, error detecting neans for
detecting an error status, in each of the {jocks, of a reproduced signa
I-ndi cative the data of record units which are reproduced by the reproducing

means, based on a video Acv@tdialg tde swElNoandthed aspaat, ofnghér ppésent
correcting means for correcting er- rors in the predeterm ned anount of

data in the doteentionc-them: us tpxrovededd anedpparahesr £or oreproduedmgs,
with the first error-processing data with respect to each of the rec- ord
units, and ifdakaorecRpIifing eproduciag, meensr fioni ngpupdecingsdata vf
based on the error_status detected by the error detecting neans, and when N
(N is a posi t¥eQO¥Gt WS fsﬁ%@séﬁﬂ?@rﬂléékﬁleéigmd@ﬂeWhiﬁgdth%r%ram sre-

regarding-all data,in at | east one bl ock which is ngt positioned at an end
of the N succ‘é%’é‘%% 3| Rfgdeterninad, amqunt, of fiﬁgﬁeb%lﬁgF-eFE%FTng errors in

Lhe P et o A BT 0 (et e Uk b bSalbeBhneq.
P ock, % 29 kbt abladed ik Aty 2650501 Packast G SRERSGlnbBYED), o
S Tve Sredin et 8 AP P PIThe] COLISLLS bRy o8 |
dividing the predetermined amount of data, making up the
data of récord-units; error detecting means for detecting an
. error status, in each of the blocks, of a reproduced signal
indicétive the data of record units which are reproduced by
the reproducing means, based oh a video level of the repro-.
duced signal, and error correcting means for correcting er-
rors in the predetermined amount of data in the data of rec-
ord units reproduced by the reproducing means, with the
first error-processing data with respect to éédh of the rec-
ord units, and if errors cannot be cofrected, detérmining
‘blocks as errors based on the error status'detected.by the
error detecting means, and when N (N is a positive integer)
successive blocks are determined as errors} regarding éll
data in at least one block which is- not positioned at an end
of the N successive blocks, as being erased, thereby cor-.
recting errors in the predetermined amount of data in the
recofd.units with the first_errbr-processing data. -

BRIEF DESCRIPTION OF THE DRAWINGS



di sk-according to the present invention;. FIG 5 s a diagram show ng areas
on the optical disk showmn in FIG 4 and data clock frequencies used in the
areas; FIGS. 6A, 6B, and 6C are diagrans showi ng a sec- tor format of the

optical ,disk shown in FIG 4; FIG 7 is a ggagramillustrative of addition
of parlty data as a second ECC in a pattern of 7 lines - 8 lines - 7 lines

on an optical disk accorpri@g 1oid e mrcgﬂerulagﬂwbtfoan bpGic8li gigkdi agram
showi ng how to process a burst of errors which occurs in a sector; FIG 9

I s a di agram dhiwve nacduwdimg pioddss prggent dakvenyioh;bursts of errors occur
in a sector; FIG 10 is a flowhart of a process of operation of the
control | er shown in Fl GFB. {rigraduksindidgramn gfnar dgiveuconbrolber eof
by the optical disk drive shown in FIG i; FI.LG 11 is a flowchart of
subroutines ointhke ppleical Sl duive ghowm in FIG.Fles. ‘12 and 13 are

bl ock i agr am of a1 ovel FEBt 315 St (ELAE A Oher combamen: 1ar ting
Pt TeenbEeal B ofutind BB BTG @ oo roler ac- cording

FIG. 4 is a view showing a format of an optical
disk according to the present invention;.

FIG. 5 is a diagram showing areas on ihe optical

- disk shown in FIG. 4 and data clock frequencies used in the
areas;

FIGS. 67, 6B, and 6C are diagrams showing a sec-
tor format of the optical disk shown in FIG. 4;. |

| FIG. 7 is a diagram illustrative of addition of
parity data as a second ECC in a pattern of 7 lines =~ 8 |
lines - 7 lines on an optical disk according to the present
invention;

FIG. 8 is a diagram showing how to process a .
burst of errors whlch occurs in a sector; |

FIG. 9 is a dlagram show1ng how to.process a plu~
rality of bursts of errors occur ‘in a sector:

FIG. 10 is.a flowchart.of'a_prbceés of'operation
of the controller shown iﬁ FIG. 3, for processing data upon
reproduction thereof by the optical-disk drive shown in FIG.
1; | . |

FIG. 11 is a flowchart of subroutinesnof the

process shown in FIG. 10;



FIG"16 is a flowhart of operation of the con- troller shown in FIG 15.
DETAI LED DESCRI-PTI ON OF THE' PREFERRED EMBODI MENTS FIG 1 shows, by way of
exanpl e, arf arrangenment of an optical disk drive according to the present

i nvention. The optical disk drive is capabhé of recording data on and
reproduci ng data from a nagnetooptical disk and a wite-once disk, reading
data froma read-only oiGsl I sind W3 tareg fdewehartandfr aasiubgouleine foPHm a
writabl e/readabl e area on a so-called partial ROM and reading data froma
read-only aredxe)rpmaﬁssaqjmwnaﬂn BOG. A9j;shown in FIG 1, the optical disk
drive in- cludes a drive 1 for recording data on and readln data from an
optical disk 4, a drive EEht rid 138 2 Black diagsam ﬁé fhéeve véetecm a
host conputer 3 conpected to the drive . .con- trol 2 throu a SCSI (Smal l
Conput er Syst3FROFGIRG f%é)nqtrm ebosiment, gtk o BFes‘FBF \5%%%4- 7t he

| di sk h h | | .2 h
ggtr;o(r:?se :ismagnfat (r)gg'?i C;Pf% E Con&%%&herd&lagfgﬁ'g gptﬁhéggtfﬁiﬁﬁﬁ ?r%%i um a

\rlvreiagleo(r)ﬂn)c/ear ea&’(zﬁ!&ikta read‘;‘hﬁ% -opt1ca i 90% Wéét E&S?ﬂ-&eﬁ%%g i

conprises a | gggi ng nmechanism 5 for | oadi ng the optical disk 4, a spindle
motor 6 for rotating the optical disk 4 which has been | oaded by the

| oadi ng mechani sm5, a deigeri6 i9ra eNeswiiEro dfheperiatdon &Et ene6coﬁn
optical block 8, a driver 14 for energizing a |aser diode
- troller shown in FIG. 15.
DETAILED DESGR]'ZPTION. OF 'fHE Pli,EFERRED EMBODIMENTS
~FIG. 1 shows, by way of example, an arrangement
of an.optical disk drive_according to the, present invention.
The optical disk drive is capable of recording data on and
reproducing data from a magnetooétiCal disk and a write-once
'disk, reading data from a read—onlj optical disk, writing
data in and reading data.from a writable/readablé area on a
so-called partial ROM, and reading data from a read-only
area on such a partial RQM._' _
"As shown in FIG. 1, the optical disk drlve in-
cludes a drive 1 for recording data on and reading data from
An optical disk 4, a drive controller 2 for controlling the
drive 1, and a host computer 3 connected to the drive con-
troller 2 through a SCSI (Small Computer Systems Interface)
input/output terminal iol, for_accessing the optical disk 4
through the drive controller 2.
| The optical disk 4 may comprise a magnetooptical

disk, an optical disk as a phase-change'medium, a write-once



13 in the optical block 8 an I-V/matrix anplifier 16 for converting a
reproduced signal fromthe optical block 8 froma current signal into a
vol t age signal, and supplying the voltage signal to a plurality of systens,
a magnetic head 17 for applying a magnetic,fjield to the optical disk 4, and
a driver 18 for energizing the magnetic head 17. The |- V/matrix anplifier

16 produces afidif, s grattidld diskVRavingnat aeitabaé) aségNpRaMy £edd ni ng: a
plurality of output signals froma photodetector 15 in the optical block 8.
The optical htead-dhlyprareés RMY ,0l) eeddvendyf optipal yidigka drsehe Heie & 0
the optical disk 4 and applying a |l aser beamreflected fromthe optical
disk 4 to a photode- tecfhe disives Is|damprisesr aldoadingomeabanhemoht ferl
block 8 radially with respect to the optical disk 4, a gal vanoneter notor
11 for trackl¥@P@*ﬁ9cﬁh¢(Qﬂtﬂﬂﬁiﬂ§¥§klérfécﬁ@laéiéam@tOIZGf@@rftetétxggthe

| aser beam on the optical, disk a- ser diode 13 for emtting the |aser.

beam to be apTo‘I“P Pl digh |4C<¥h1$hs hag P?ePhé°BQF€cPYth9 1‘%@-‘&9

phot odet ect or for d ectl theZI er bean1en1ttgﬁ 9é£ ser di ode
OO TRt T RISRISRARE. tHE AP1HATS BORRE Ged
through an i ngyto ﬁ%. b ]1#)% éo LU AVERLY of 8hr 8h8aLi 20040 ilgseldw&de

controller en- érgrzingt

Comec o6 | ¥y RY oheleq s et mbatlan g5 20
out put. t er m ngbgvdPding 2. réfrodukedl sligmallo frd@lthe optical block 8 from -
a current signal into a voltage signal, and supplying the
voltage signal to a plurality of systems, a magnetic head 17
for applying a magnetic field to the optical disk 4, and a
driver 18 for energizing the magnetic. head 17. 'The I-
_ V/matfix amplifier 16.produces an RF signal and an MO
(magnetooptical) signal by combining a plurality of output
signals from a photodeteétor 15 in the optical block 8.
The optical block 8 comprises an objective 9 for
applying a laser beam to £he optical disk 4 and applying a
laser beam reflected from the optical disk 4 to a photode-
tector 15, a slide motofllo for moving the obtical block 8
radially with respect to the optical disk 4; a éalvanometer
motor 11 for tracking the optical block 8, a focus actuator
12 for focusing the laser beam on the optical disk 4, a la-
ser diode 13 for emitting the laser beam to be applied to
the optical disk 4 by the objective 9, and a photodetector
15 -for detecting the laser beam emitted from the laser diode

13.



termnals 2il, 212, 2i3, 214, 2i5 of the drive controller 2. The focus
actuator 12 is connected through an input termnal 1i4 to an out put *
term nal 204 of the drive controller 2. The gal vanoneter nmotor 11 is
connected through an input ter- mnal 1i5 ég an out put terminal 205 of the
drive controller 2. The slide nmotor 10 is nnected through an input term -
nal 1i6 to an output tersy s f ' : r ' 7
for energizing the spin eéﬁioﬁlé%%%ss@%Sn%é%¥§39$ﬂ§ogg%e%?1&?%p%k?/lgéu%%ﬁ{’]
term nal 1i 07jd Qéifhddtitd /tHficRidh ber Tnpak 2behiRal { 1£1 Ofb Van CORPEYE | ir2.
The .| oadi ng necha- nism5 is connected through an input termnal |17 to an
out- put ternmiwdl 201 Gf e drive econtiollier 2. Arheodebeef 014 tfANEALti ng
and receiving conmands and data is carried out by the drive controller 2.
For re- cordiexgizimg the ldtsere dioder i3l ds 2oaddet&RCrhrouvglininput ter-
error-correcting code to data fromthe host conputer 3, and transmts the
data to the dminald.liy Yishrtedwaitpptddesminhdsd2ole 203t0bithe driverects
errors in data fromthe drive 1, and transfer only user data to the host
conputer 3. \eeatxoblemi2. arthe dcd @8k rixd apppisierelt ipccomneetedn- .

19 troller 2 issues commands to a servo _control _systemand the various

bl ocks in thetlFeygh output terminads dods 10¢,1wAQ3ef 1@4andPe, tainput

t of th [ t . ' Fl . As,sh ' G
rarGerent o Lhe fve O TR o0 8 S LLFLE A f8 SRR S 2
data for the jp. 365,41 Q& e WY b RHRRE THRBLERYah" PP Ae LhhAa1

si gnal

1i4 to an output terminal 204 of the drive controller 2.

The galvanometer motor 11 is connected through an input ter-
minal 1i5 to an output terminal 205 of the drive controller
2. The slide motor 10 is connected through -an input termi-
nal 1i6 to an output terminal 206 of the drive controller 2.
The driver 7 for energizing the spindle motor 6 is connected
through an input/output terminal 1197 to an input/output
terminal 2io7 of the drive controller 2. The loading mecha-
nism 5 is éonnected thfough an input terminal 1i7 to an out-
put terminal 207 of the drive controller 2.

A process for transmitting and receiving commands
and data is carried out by the drive .controller 2. For re-
cording data, the drive controller 2 adds CRC bits and an
error—corrécting code to data from the host computer 3, and
transmits the data to the drive 1. For reproducing data,
the drive controller 2 corrects errors in data from the
'drive 1, &nd transfer only user data to the host computer 3.

When the data are recorded and reproduced, the drive con-'. .



processor 53 through a bus 43, through a D/A converter 32 and the output
termnal 202 to the driver 14 shown in-FIG 1. The drive controller 2 also
has a selector/clanp circuit 33 for selecting output signals supplied from
the {-V/imatrix anplifier 16 (FIG 1) through the input termnals 2i1, 2i2
based on a timng signal froma servo cont®8l systemtining generator 40,

and clanpi ng fregheet 20; 85088 comtkids %‘_WQW%&%ﬁ@yﬁ@&lﬁeEh& £fle

out put. signal fromthe selec- tor/clanp circuit 33 into digital data based
on a servo SygariotiBCblekksi imatherdeivieil, system cl ock signal sel ected by
and supplied froma clock selector 41. A data system cl ock generator 35
generates a data system FIGek2sijbastbatesl, diy awvagerofd examipda,clamclarsi gnal
froma servo systemclock generator 39. A data systemtim ing generator 36
gener at es a dzaagepentnofi thegdsive atonkiaklem 2 ishasa dnsFIGemlel ock

signal . Based on reference phase data extracted fromreproduced data from
the A/ D converter 34, a 88t §heWasEncBEEr o, chhe drivey qonhinadilen RehggaaR of

t he data systen1cl?ck signal fromthe data system clock gen- erator 35,
suppl i es the PRRYE/CBEPRE| FIECHALE 3%\ Ee% FUR ng ha§%n4§%$ for theclfrng

| ock si I .eqdi ng/ wrjti Lr- ' . ol h f
Wi'ing pos (PR BoFR L?glsi“%hééﬂf e et bl 4, o ARg AL a ony
tputs t - 40 i 4 ' I, hath
out put ter mi nBESEB0SChnaR SHPAaSh ATRE Ah ORGP o B T e R 2210

38 responds tgny %ﬁQUSﬁEpﬁ£QEé£miﬁQf‘ﬁofoﬂﬁrfﬁéfﬁerEr 14 shown in FIG.

1. The drive controller 2 also.has a selector/clamp circuit
33 for selecting output signals supplied ffom the I-V/matrix
amplifier 16 (FIG. 1) through the input terminals 2il, 2i2
based oﬁ a timing signal from a servo control sysﬁem_timing
generator 40, and clamping a selected output signal. An A/D
converter 34 converts an output signal from the selec-
tor/clamp circuit 33 into digital data based on a servo sys-
tem clock signal or a data system clock signal selected by
and supplied from a clock selector 4l. |

A data systeﬁ.clock generator 35 generates a data
system clock signal based on a servo system clock signal
from a servo system clock generator 39. A data system tim-
ing generator 36 generates a data system timing signal based
on the data system clock signal. Based on reference phase
data extracted érom réproduced data from the A/D converter
'34, a data phase control circuit 37 controls the phase of
the data system clock signal fiom the data éystem clock gen~

erator 35, supplies the phase-controlled data system clock



to supply output data fromthe A/D converter 34 to the con- troller 44
based on the data system clock signal- fromthe data system cl ock generator
35 and the data systemtinng signal fromthe data systemtim ng generator
36, @utputting an acknow edgnent signal. Wpgn data are recorded, the read-
ing/witing circuit 38 responds to a request signal fromthe controller 44
to supply datgidn®indder GEHdRld otk BlgRINtbhE PEAQYAgIREIEIRG &Pd- and

the input terminal 1il1 shown in FIG 1 td the driver 18. The servo system

cl ock -gener ateiiBBYL oL A LIRT gmasxeswrracw&iﬁbgpabiﬁ@m &bgeel put
data fromthe A/D converter 34, and supplies the generated servo system

cl ock signal s$ibghak foeow ol teadingrwig tgagercdroni®0384 handl oukpats echer
41, and an address decoder 42. The servo systemtining generator 40
generates a sphagesgentrolled wridiipespasdiddenogontyodesignay sthroeghckhe
signal supplied fromthe servo systemclock generator 39, supplies the
gener at ed serQetRYEtE¥FMinahZolignal to the clock selector 41, the address

decoder. 42, and the selector/¢lanp circuit 33, and_al so syppl, es.the
generated servo system tVhehFa%3 Axe reprodugedgihe,ce B{WFéFﬁPﬂal 203

150 10 el IS e MonkiH o bl el i b Coerg ik
SUPPLYI 10 2 TEAnkyASEy (GHLAREA R Ul BB AP Ebuobtal: o8, LOCHRy e
termnal s 2i 3prdifler24p HASHR IdF thieV/dHd 99t E chbtk 48gh8128réhTkhe

converter 46.
data system clock generator 35 and the data system timing

signal from the data SYStem timing generator 36, outputting
an acknowledgment signal. When data are recorded, the read-
ing/writing eircuit 38 responds to a request signal from the
.controller 44 to sﬁpply data from the controller 44 through
the output terminal 20l and the input terminal 1il shown in
FIG. 1 to the driver 18.
The servo system elock generator 39 generates a

servo system clock signal from the output data from the A/D
converter 34, and supplies the generated servo system clock
signal to the servo system timing generator 40,-the clock
selector 41, and an address decoder 42. The servo system
timing generator 40 generates a servo system timing signal
based on the servo system clock-signal supplied ;rom the

_ servo system clock generator 39, supplies the ‘generated
servo system timing signal to the cleck selector 41; the
address decoder 42, and the selector/clamp circuit 33, and

also supplies the generated servo system timing signal -



An input/output circuit 47 supplies output data fromthe A/ D converter 46
through the bus 43 to the digital signal proc- essor 53. A PW

(pul se-wi dt’h-nodul ation) circuit 48 serves to nodul ate data for actuating
the optjcal block 8 which have been supplieghfromthe digital signal
processor 53 through the bus 43. The drive controller 2 also has drivers
49, 50, 51 fothe£seghi €hedoltput Atetniardll Fo¥ ahd theGinpht tBem@abya1i3
noneter notor 10 (FIG 1), and the slide nmotor 11 (FIG 1), respectively,
based on the (PGl al pdtdatke fadwivdihel £ \Worcithe QaiserddiodeeldrLi ver 49 is
connected to the focus actuator 12 through the output term nal 204 and the
i nput term nal 1li4 shownThe @&tidd.cderaltlerr2 Shrtherorimeindest a mhatdal -
vanoneter notor 10 through the output term nal 205 and the input term nal
1i 5 shown i n Plexer 4Fhfonrsupplping a denthdPCed ausomagicl powerocon~10

t hrough the output term npal 206 and the input termnal 1i6 showp in_FI G 1.
An i nput/ out ptFQd) r 8ignaly a forue LEQK iSigndly- and aspydil-dn eigRalhe
digital signal processor 53 to the spindle mytor .6 (FIG 1) through, the
hout fout pot - PEPRLIER " Chrasah e TERpeCH e Rt Fermnatp2 sy Jihe
digital signal,.prqcess 5 ves. 1o i L0 ner gi the variou

bl ocks descri Bé‘g §5§§eg§ﬁriﬁgﬁ?ﬁ%u%‘ﬁ%ﬁa%ir€ t%o%vg@?@dcpgvgﬁéer EG'
control l er 44,the i Rej. Gaf.eds Py, £ ' in oyR i | G
2" eapons AN $5HE/Bublife CLEHEYPiadnti ik Bheily Bdea 3r3l o) R/D |
4 mounted on EBAveptBE! §6"hPbudh P¥he bus 43 to the digital signal proc-

essor 53. A PWM (pulse-width-~-modulation) circuit 48 serves

to modulate data for actuatihg the optical block 8 which
have been supplied from the digital signal processor 53
through the bus 43.

The drive controller 2 also has drivers 49, 50,
51 for energiiing the focus actuator 12 (FIG. 1), the galva-
nometer motor 10 (FIG. 1), and the slide motor 11 (FIG. 1),
respectively, based on the modulated data from the PWM cir-
cuit 48. The driver 49 is cdnnected to the focus actuator
12 through the output terminal 204 and the input terminal
1i4 shown in FIG 1. The driver 50 is connected to the gal-
vanometer motor 10 through the output terminal ‘205 and the
input terminal 1i5 shown in FIG 1. The driver 51 is con-
nected to the slide motor 10 through the output terminal 206
and the input terminal 1i6 shown in FIG 1.

An input/output circuit 52 supplies a drive sig-
nal supplied from the digital signal processor 53 to the

spindle motor 6 (FIG. 1) through the input/output terminal



t he lI'oadi ng nmechanism 5, or when the optical disk 4 is |oaded by the

| oadi ng nmechanism5 in an automatic spin-up node, the digital signal
processor 53 issues a comand through the input/output circuit 52 to the
driver 7 to ener- gize the spindle notor @2 Wien the rotational speed of
the spindle notor 6 reaches a predeterm ned rotational speed, the driver 7

out- puts a l-qgk75i @Rl hAdi BHeCAtEvéP T herfb oIt SIHEAigitdAesighal 53
that the rotational speed of the spindle notor is stabilized. Daring this

time, the di giprelessorab3pseLeés oto SContSE sand erldigitid ahd vagibascont rol
the driver 50 to position the |aser beamfromthe | aser diode 13 outside of
a user area oblokksodescalibddsabdye athiraligly tlrelidams 148 RN disr conneéBetio
control the driver 51 to nove the optical block 8 radially inwardly or -
outwardly of thoethgt controliRr444|throegh & buspcndigated dyudbe thicke user
area, the data of the optical disk 4 which is highly sensitive would

possi bly be ef2ddd lAnegr pBPWRSLACEIGheZoptical block 8 is noved out of the
user area and the | aser beamis fo cused o tsi%aggf t he user area

QW

such erroneous data erasEEerP§pBP§%eE?eéir9ﬂEﬂsY Wi éffﬁid?mﬁnﬁﬁré@é?
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the opt1cal MR Ta oy orkigatohi &R 4 poRfesa Gn THE SA AR mordl by, o1

for the |aser t‘ﬂeoq.%aélgill\%@\%ﬂgn&gﬁ 5N oPURASH IO ST qikidnd sighe DA

converter 32 to the |
loaded by the loading mechanism 5 in an automatic spin-up

mode, the digital signal processor 53 issues a command
through the input/output circuit 52 to the driver 7 to ener-
gize the spindle motor 6.

when the rotational speed of the spindle motor 6
reaches a predétermined rotational speed, the driver 7 out-
éuts a lock signal to_indicaﬁe to the digital signal proces-

~ sor 53 that the rotational speed of the spindle motor 6 is

stabilized. During this time, the digital signal processor
53 causes the PWM circuit 48 to control the:driver 50 to
position the laser;beam from the laser diode 13 outside of a
user area of the optical disk 4, and also causes the PWM
circuit 48 to control the driver 51 to move the optical
block 8 radially inwardly or outwardly of the optical disk
a. | |

If the laser beam were focused in the user area,
the data of the optical disk 4 which is highly sensitive |
would possibly be érased in error. Since the optical block

8 is moved out of the user area and the laser beam is fo-



14, and outputs a conmand to the servo systemtimng genera- tor 40 to turn
on the laser diode 13 to emt a | aser beam The |laser beamemtted fromthe
| aser diod€ 13 is applied to the photodetector 15 in the optical block 8,
and 1t he, photodetector 15 converts the | asezzbeaminto a corre- sponding

el ectric signal. The electric signal fromthe pho- todetector 15 is

suppl i ed as acesédchehig BE Wggrdert ardas bu¥hmBribiesd®! Aitereddsurdi ch
converts the detected output signal .into a voltage signal that is then

suppl i ed as aisrpméveiieds gnal to the nultipl exer 45. The front APC signal
applied to the nmultiplexer 45 is tinme-divisjon-nultiplexed thereby, and

t hen converted by the A/Whennthe tspintble matar @& gotaltesi ghah, cohstants sup-
plied through the input/output circuit 47 and the bus 43 to the digital

si gnal pr ocesspeed AndHehejiqptigals bjiagk § dsemovedr radiadiygoutwardly of
intensity of the |aser beamenitted fromthe |l aser di ode 13 based on_the
digital frontth@erRricahdiskty Fheydigital; signal: Precaeser 23t supplies

| cul ated b digital filt t .sh .z h {he i / out put ci it
31 and the DI BERTCTEEreny Tar (FF JARR Aipdeo 13, theGubRoehe S8l Vor 1
t trol th | x -
Then, the di gPPATORRRGIC arahit o B e A coRbaRker 37 1T S ks 1

S ourrent g e ShaGivdhd o SABUAY &1l et foelBRiBiathY bkl 1
mode. At thisgbinge tderhasSn harnYide @i 3t ke enitCal 1aser beam.
The laser beam emitted from the laser diode 13 is
applied to the pho;odetéctor 15 in the optical block 8, and
the photodetector 15 converts the laser beam into a corre-
sponding.electric signal. The electric signal from the pho-
todetector 15 is supplied as a detected output signal to the
. I-V/matrix amplifier 16, which converts the detected output
signal into a volfage signal that is'fhen supplied as a
front APC signal to-thé'mdltiplexer 45.
- The front APC signal applied to the multiplexer
45 is time-division—multiplexed thereby, and then converted
by the A/D converter 46 into a digitél signal, which is sup-
plied through the'input/output circuit 47 and the bus 43 to
the digital signal processor 53. The digital signal proces-
sor 53 recognizes the intensity of the laser beam emitted
from the laser aiode 13 based on the digital front APC sig-
_nal, and sends back intensity contrb; data calculated by a -
digital filter (not shown) through the input/output circuit

31 and the D/A converter 32 to the driver 14 to enable the



disk-4 is applied to a light-detecting surface of the pho-- todetector 15.
The | aser beam detected by the photodetector 15 is converted into an

el ectric signal, which is supplied as a detected output signal to the

| -V/matrix anplifier 16. The I-V/imatrix anglifier 16 converts the supplied
signal into a voltage signal and anplifies the voltage signal. The

anplified vol 4agges! 98atol EohbLSL SLIW! 148bs 1B 3 toVpFelbibs aMBbhii er 16
as a focus error signal to.the multi- plexer 45. The foCus error signal is

ti me-divi si ongtapkt labexeBednopdwer. W th the front APC signal by the nulti-
pl exer 45, and then converted by the A/D converter 46 into a digital

signal. The digital focwhen;rbthesdijgital ssignyl iprbddwsomrgls3t kentrols

i nput/output circuit 47 and the bus 43 to the digital signal processor 53.
The digital stheaPWMroircudt 48 togsupply 4 icuryentt o dihgi daliveocd® €oror
signal thereby to produce focus control data and feed the focus control
data fromtheth ¥r enprgigingckhe ofeers ;retuatom 12 Har ébyegtdeadi dd—a
focus control servyo | oop, \Wen the focused con- dition of the | aser beamis

Stabi | i zed | nTeREIPBCES BEARGHES SOCHERCLRAFIT 12 o uEpeuecdeRTEM t he
photodet et o aetndr AYECH D il LRI IR e tO iBscly
CovertaLn Pl gkl B B IELEL ok Bk A bl RTRE b
this time hasf%d%&%%tb%“&BQQ The laser beam detected by the photodetector
15 is converted.info an electric signal, which ié éupplied
as a detected output signal to the I-V/matrix amplifier 16.
The I-V/matrix amplifier 16 converts the supplied signal
into a vol#age signal andﬂamblifies the voltage signal. The
amplifiéd voltage signal is then supplied from the I-
V/matrix amplifier 16 as a focus error signal to the multi~
plexer 45.
Thé focus error signal is time-division-
multiplexed together with the front APC signal by the multi-
'plexer 45, and then convertéd by the A/D_converter 46 into a
digital signal. The digital focus error signal is supplied
through the input/output circuit 47 and the bus 43 to the
digitél signal processor 53. The digital signal processor
53 digitally filters the digitallfocus_error signal thereby
to produce focus control data and feed the focus control
data from the PWM circuit 48 back to the driver 49, thereby
_providing a focus control servo loop. When the focused con-

dition of the laser beam is stabilized in the focus search



frequency of the servo systemclock generator 39. Timng pul ses for

cl anping signals with the selector/clanmp circuit 33 are produced by
frequency-dividing the free-running fre- quency of the servo system cl ock
generator 39. The servo system clock generator 39 checks a pat- tern of
pits formed on the optical disk 4 by determ ning an anplitude difference of

the digital Rmodegnah RFodiigral byutphetéed frxow alies phdtodetectder @By and
searching for a pattern which is the same as a pit train in a servo area.

Wien the patt produsefiothdpughetber IV Amatrix cdnplk fjerclst has3a sabstans! s
the clock selector 41 to open a window in a position where a next pattern
i s to appear, tindlyogenskanthanpbityde. tAfter dde KRisdignadchast beenagai n
in the window _If the above oEe[ation i s, confirnmed successively in,a |
certai n nunbeFlgPPefnEQ, at FRRtRLin; ROtRREIRL R theysalector/Fdalps cdrruibck
generator 39 i,§ | ocked.to.the -pattern of pits on t qpti.cal, di gk.4. Phase
i nf or mati on iéiﬂrggﬁcgﬁ B&gﬂa}e+ﬁ1%9?¥ﬁ¥ﬂ€ LA l%égwééﬂ ePY the
anpl i tudes at t ' f bble pits in the servo area. By addi ng phase
i nformation pﬁgghgggbgigﬁ?b8¥? of two wobble pits, a gain 26 variation
caused by a change in angl| [ . : d L S .
absorbed. Wen the servg’&s?gtgg% g?@@éﬂggge?g%%% ?‘SH% (r)%l?e}%,% #u"gﬁplp I tions
of segment l“Ufféq%bﬁc§a€§ theagephd §§§t€ﬁ§é1¢éﬁ“§éﬂéﬁ§%ﬂfﬁ%@.”aﬁﬁmﬂh on
the optical disk 4 canh be recognized.” RF signals are sanpled at a plurality
of positions pulsed ZorAcIampifgigna®s PRLth the HIRIEtoRamp circuit

33 are produced by frequency-dividing the free-running fre-

quency of the servo system clock generator-39.

The servo system clock generator 39 checks a pat-
tern of pits formed on the optical disk 4 by determihihg an
amplitude difference of the digital RF signal produced by
the A/D converter 34, for thereby searching for a pattern
which is the same as a pit train in a servo area. When the
pattern is found, the servo system clock generator 39 con-
trols the clock selector 41 to open a window in a position
where a next pattern is to appear, and confirms whether pat-
terns agree with each other again in the window.

If the above operation is confirmed successively
in a certain number of times, then it is determined that the
servo system clock generator 39 is locked to the pattern of
pits on the optical disk 4. Phase information is produced
by determining the‘differenée between the amplitudes at both

sides of wobble pits in the servo area. By adding phase

information produded from both of two wobble pits, a gain



pits, address mark pits, sector flag 1 pits, and sector flag 2 pits, and
one of the positions where the anplitude of the sanpled RF signal is

maxi num i s ‘searched for. If the positionis Arl, then it represents an
address, mark, and its segnent is an addre®gp segnent, nmaeking it possible to
recogni ze the starting end of a frane. Therefore, franes can be
synchroni zed bgrtation ngausdd e « @hdrye inf ampd itudeedependimgsen the 14
segnents, then the clock selector 41 i's controlled to open a wi ndow in
every 14 segntnackingdpésibon s hsorbed.on is judged as being | ocked when
the segnments can be successively recogni zed as _an_address mark. Wen franes
are synchroni zed, the poBhenchie F#RFEC RiFtem cdogke genezadey 38 dBe optica
di sk 4 can be_recog- njzed. Consequent track ,addr esses .and_frane codes

|y,
aag decoded b¥ofkedadthesRogktRng Qﬁlsgéﬂ?ngddﬁ¥55§ azeomafe,91garoard track
d d b hecki -, t t . . ' h
P or o o bR DBaiEfoRs At rHcamanty MU Hi gy fhe OOLAPAL AR A chrs
tt , t. i i nt d i 27
Do eonent i oy FecBaRt8a; * e (PRI i WhaBh SRS o TLITRE | P
i nverted deDe%EEﬂiﬂHs“ﬂfiP%ﬁ-ﬁ%i‘ M witif Sespelit! Tol Seghent maPk-

Rot ati onal sy ronizationis regard%d as being achieved whén a frame code
that is decodgdibi,r 8§ar&ssonseR pidsd, tdectorr M agPunipAits,2aninBeLEdL ¥Rhye

obtained by incre- nenting the franme counter for each franme is conpared
with an 2 pits, and one of the positions where the amplitude of the
sampled RF signal is maximum is searched for.
If the position is Arl, then it represents an
.addréss mark, and its segment is an address segment,.making
it possible to recognize the starting end of a frame. |
Therefore, frames can be synchronized by clearing a frame
counter. If one frame is compésed.of 14 segments, then the
clock selector 41 is controlled to open a window in.evefy 14
segments,.and frame synchronization is judged as being
locked when the segments can be successivély recognized as
an address mark. B
When frames are sfnchronized, the positions where
addresses are recorded on the optical disk 4 can be recog-
nized. Consequently,'track addresses and frame codes are
decoded by the address decoder 42. The address decoder 42
decodes track.addresses and frame codes by checking agfee-
ment between patterns in the form of gray.cédés each of 4

‘bits and a gray code table. Since the entire patterns, not

just 4 bits, are converted into gray codes, not simple



actually reproduced frane, and it is confirned that nuneri- cal values
agree successively with actually reproduced franes. Thereaftef, nunerical
val ues produced by the frame counter are returned as frane codes to the

di gital, signal processor 53 for preventingzgrane positions from being rec-
ognized in error even when certain defects“are present. The digital signa
processor 53 agreaiaheswitlk theecthbile tie chckes, blutcicobpalribenr £adimadet he
track ad- dresses in the formof gray codes, and causes the PWMcir- cuit
48 to control witkh thedbabbeoind€ridd tdepenstinglonbwheithert LSBudh hlighdri ver
51 for thereby noving the optical block 8 to a desired track on the optical
di sk 4. When oméespéi batsbiackl8 @o<1QTonal |y reaches the desired track on

the optical disk 4, the optical block 8 enters a tracking node. A tracking
error signal is producedRefatienaki sYRghrerizatiqn df regariesh ashbeing

3imgjiji ;Fdifgﬁ%é&t%‘x% ?%l o858 GF51Da1 9999 1A% ‘i, AacReRt haTatr o8 §§§3e9a|- to
Cause he PWPRLPoaTe S5a08 Sondher & biieric, MAHe e gRReRe by ghere?
energizing t hﬁ\eﬁﬁlﬂﬁgn@ﬁst ﬂ'aﬂgteéu&@efnftgf'%él?ﬁ 'f}?&meblfz,%c I&oﬁpﬁ?eﬁf’%&:ﬁl an
variations in oW frequency conponents and also to eftect tracking control

e Cantofof SCBRAS OpobReahSad’ cgay) o 29 44 Qe thall aifobi-! |
being thus undan walaksnageeat sebcesftval i with AR 1Y eeprodced detects
| framgs. Thereafter, numerical values produced by the frame

counter are returned as frame codes to the digital signal
proceésor 53 for preventiné frame positions from being rec-
ognized in error even when certain defects are present.

The digital signal processor 53 calculates the
speed of the optical block 8 while reading the track ad-
dresses in the form of gray codes, and causes the PWM cir-
cuit 48 to control the slide motor 10 of the optical block 8
through the driver 51 for“thereby moving the optical block 8
to a desired track on the.optical disk 4.

when the optical block 8 positionally reaches the
desired track on the optical disk 4, the optical block 8
enﬁers a tracking mode. A tracking error signal is produced
by determining the difference between the amplitudes of RF
signals from two wobble pits in the_servo'area{ The digital
signal proceséor 53 digitally filers the tracking error sig-
nal to produce tracking cohtrol dat#, and supplies the

tracking control data to cause the PWM circuit 48 to control



the position of the start of a desired track. The segnment at the start of
each sector and a segnent preceding the seg- nent are associated with
sector marKs. The clock selector 41 is controlled to open a wi ndow i n each
of the above four positions Arl, Ar2, Ar3,,4r4, and when the position with
t he maxi num anplitude anong RF signals sanpled at the four posi- tions Arl,
Ar2, Ar3, Ari4the dhivensHQ ifior Aherebyclenesgtizingather galvanomatehemaeament
at the start of a sector, and when the position_w th the maxi num anplitude
i s the positibh 3theeptiqak hlogk |8 tepconsred VAEL3EEABAL 1RhI®Wpr ecedes
the start of a sector. Basicall t he segnent at the start of a secfor is

determi ned byTERANRATY RPERPRARYS AN AL tg) ¢Efesh tRacking eonkiebte

Sector bel angEoR bR B caRh 9% Pl A dec nede BALREPRC TEP: FB bOYRE t o
bet ons | hat” |
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sl | The data system chpke ORHE GO0 HIRRK ¥ 43 BedBl? thlgCknabonal by

mul tiplying, by MN, a frane- synchroni zed servo clFock signa
produced fron{hek$RE VEortFol | ¥R | P4 GANYidmAN PPocaBdok B3l Betébes
generated data clock™signal to the data systémtimng generator 36 and the
read- ing/writhagpési€ion S8.the starc wiliadevided tirackeadirhe/ setieny
circuit 38 is supplied with data to be recorded-fromthe host com* puter 3
through t he cabtthél stary. off heacleaskictgnvand g seigment preceding the seg-

. ment are associated with sector marks. The clock selector
41 is controlled to open a window in each of the above four
positions Afl, Ar2, Ar3, Ar4, and when the position with the
maximum amplitude among RF signals sampled at the four posi-
tions Arl, Ar2, Ar3, Ar4d is the pbsitioﬂ Ar2, each sector
mark represents the segment at the start of a sector, and
when the position.with the maximum amplitude is the positipn
Ar3, each sector mark represents the segment that precedes
the start of a sector. Basically, the segment at thé start
of a sector is determined by éonverting én sector address
given by the host computer 3 into a physical sector and cal-
culating which 'segment of which track the sectorhbelongs to.
The probability that the sector marks of the above two types
will simultaneously be defective is very small, and hence
the probability that defective.sectots will be produced
thereby is also very small.

The data system ciock generator 35 generates a

data clock signal by multiplying, by M/N, a frame-



cuit 38 then adds random nunbers over 127 periods, for exam ple, to the
supplied data by exlusive-ORing them thereby scranbling the data in each
sector accdrding to [err] 1, and nodul ates the scranbled data into NRZ
data in_syn- chronismwith a data clock sigmpl . At this time, the read-
ing/witing circuit 38 sets an initial value to "0" for each segment, and
suppl i es t he apnchetrized gretva el signadr ipredudgdt firblsethegaetvo spsd
17. The magnetic head 17 generates a nagnetic field depending on the
nmodul at ed si ghem, chmkaweatqmé%mgmig idmpairdisd the gengratededabe eheck
optical disk 4 which has been heated to the Curie tenperature bK the | aser
beam emi tt ed PLGRALNEC| BRQ Ak Ry stem fhming Geperates, dbngndntherreadat a
on the optical,_disk.4, In_a reproguci ng node, an MO signal or an RF sig-
nal produced 599{H51F4Q$ﬁ%}¥?§£%. ifier 16 based on a de- tected output

The sel ector /ol anp ol rcutt Sorosptiig MR, che BaftBy s ERbdappeabae o
il %0 curP 3a7stpE 18 LN Ratd Vo e HURRIYER, ehcl EpbCACERICthr | "9

digital reprogyeed 51 ERBbugh ' EHe (dBht¥dl X \W.! eirhdd raadingdcReihg ir-
partial .response, and reproduces NRZI data based on Viterbi" decoding. After

havi ng conver tadtt Be tifgh sad$ ravidomhmiRiys ioveandl27s pentbls,t fer exam-
reading/witing cir- cuit 38 descranbles the NRZ data in each sector,
converts the giegraobthd sapplied cdateprimd edhsives-ORing tthemsf thereby
' scrambling the data in each sector according to Y = X" + X +
'.1, and modulates the scrambled data into NRZI data in syn-
chronism with a data clock signal. At this time, the read-
ing/writing'circuit.38 sets an initial value to #0" for each
segment, and supplies the modulated signal through the
driver 18 to the magnetic head 17.

The magnetic head 17 generates a magnetic field
depending on the modulated signal, and applies the magneﬁic
field to a data area of the optical disk 4 which has been
heated to the Curie temperature by the laser beam emitted
from the léser diode 13, for thereby recotding the NRZI.data
on the opticai disk 4.

In a reproducing mode, an MO signal or an RF sig-
nal produced by the I-V/matrix amplifier 16 based on a de-
tected outpﬁt signal from the photodetector 15 is clamped to
a predetermined potential by the selector/clamp circuit 33,

and thereafter converted by the A/D converter 34 into a |

digital signal that is supplied to the reading/writing cir-



reproduced data through the controller 44 to the host com puter 3. The MO
signal and the RF signal are produced by conbi ning a nunber of output
sighals fromthe photodetectors 15 in different conbinations. FIG 3 shows,
by way of exanple, an arrangenent of the cggtroller 44 shown in FIG 2. As
shown in FIG 3, the controller 44 has a CPU 60,. a bus 61 connected to the
CPU 60 and cospbee3Bof The atkadimywritinga cdataibuss didicalDptfiltdbs, a
ROM 62 for stor- ing various programdata, paraneter data, etc. for

ef f ecti ng varthe sdjgicak seeprioduded redgnadyfrom thdeA/R ediwéBtépr3disacas a
work storage area for storing programdata, paraneter data, etc. which are
stored in t hecRABZ, taml RArtinl F@sponssut apdr reprodygescBREI oflata 44 al so
has a decoder 67 for effecting errgor correction and error checking on
repro- duced Pa%ed o BHedrh:k daeqdimdyendfternhapang gon¥ertafdt khe MREEL to
data supplied . fromthe host_ conputer and addi ng.t he nerated parity data
to the suppl i S@t@atto fqatka 7 %ﬁﬁ%aﬁ? wi XDE ??ggl?ﬂZWF&R£%9,° ¥
RAM 63, the in-. ut / t he .decod t he_encoder 68,

thebu e 7093 Y ST A R, G éﬁ%‘_‘@&ﬁﬁe&f’ﬂ&#ﬁr PRECBES GERvanE"
com 15 4L Sedna MO A Sl ST IAC bipe,

reading/ witing crrcu novabl € con

switch 66. Theeshbdtbedtudes thidudif Y cdiitrol1e2084eEbeEnbOnast | p1il

term nal of the“decoder 67, and another fixed contact "b" connected to an
output term nphtéf 8he TRé a®rsithal and the RF signal are produced by

combining a number of output signals from the photodetectors
15 in differeﬁt combinations. | |

FIG. 3 shows, by way of example, an arrangement
of the controller 44 shown in FIG. 2.

as shown in FIG. 3, the controller 44 has a CPU
60, a bus 61 connected to the CPU 60 and composed of an ad-
dress bus, a data bus, and a control bus, a ROM 62 for stor-
ing various program data, parameter dafa,“etc. for effecting
various processes in the reproducing mode, a RAM 63 for use
as a work storage area for storing program data, parameﬁef
data, etc; which are stored in the ROM 62, and an in-
put/output port 64. The controller 44 also has a decoder 67
for effecting error correction and error checking on repro-
duced data, an encoder 68 for generating parity data with
respect to data supplied from the host computer 3 and adding
the generated p&rity data to the supplied data, a buffer 70,

and an interface 71. The ROM 62, the RAM 63, the in-



The decoder 67 has a data output terminal con- nected to a fixed tern nal
"a" of a switch 69, and the en- coder 68 has an input termnal connected to
another fixXed terminal "b" of the switch 69. The switch 69 has a novable
contact. "c" connected to an input/output 3ermnal of the buffer 70 whose
anot her input/output termnal is connected to an input/output term nal of

t he i nterf aceput/odtput rpexrt G4cdhel dessoderobier thepentodepu68} ethe nal
connected through the input/output termnal iol to the input/output

term nal of theffest7@ongnrd &heg igrtemface FilGare. conpedbeddbe the dhisclk.
error detection on repro- duced data supplied through the switch 66 using a
first ECC, effects errorTB%é@?ﬂ?ﬁ?lﬁﬁ?ﬁéﬁ%ﬁiﬁSQﬁaﬁhéﬁ inpuk/eBEPULf teEmi-

tected nber, of hat t b - Lected, and
of focts. er ror b 681 FOMTRTA 4 S HPRams et CAPBoFTahae (30 ceham The
decoder 67 i - .ef, 67¢ f i
roproduced darios: B e f Fhcenly Blact TN S8k Hetkhn ds. b prigen’ N
using the LDGgg eﬁ?g%ca £xE@" cSMeeH “Qa'“%g?gxe%%d ’ aﬁ”fﬂnﬁ{xg‘r’{:egﬁil Cﬁ&:[. 'hgf'

usi ng the second upon occurrence of burst of errors

error correctifs a8doddf 67/ dnd HdtHEL ?f“i%éd’%Bh%ﬁbitveb"EéBHnQEté§eE§'g‘g’B

67a, 67b has a storage capacity for storing one sector (conposed o

bytes in thi sagngagpienterind ErsOditiee britider #8J various data generated in
an error de- tecting process and an error checking process described | ater

on. . The decoder 67 has a data output terminal con-

nected to a fixed terminal *a” of a switch 69, and the en-
coder 68 has an input terminal connected to another fixed
terminal “b” of the switch 69. The switch 69 has a mbvable
contact “c” connected to an input/output terminal of the
buffer 70 whose another input/output terminal is connected
to an input/output terminal of the interface 71. The inter-
face 71 has another input[output terminal connected through
the ipput/output terminal iol to the input/dutput terminal
of the host computer 3 shown in FIG. 1. .

The decoder 67 effects error detection oﬁ repré—
duced data supplied through the switch 66 using a first ECC}
effects error chécking using the CRC when the number of de-
tected errors reaches a number of errors that cannot be cor-
rected, and effects error detection using a second ECC when
errors are detected. |

The'decoder 67 comp;ises RAMs 67a, 67b and a RAM
controller 67c for controlling reproduced data stored in the

RAMs 67a, 67b to effect error correction using the LDC, er-



The decoder 67 supplies output data through the switch 69 to the buffer 70.
Thersgcond ECC is parity data recorded in a given area of a sector next to
the sector-"be- i ng recorded, anong ECC parity data generated by the data in
t he sector being recorded. The second ECC 85 also parity data which is used
upon decoding to detect the position of an error in data in a sector when

error correctrop chetktngdai®ing theCRC Pland erzor’ Metbtishnispagi thedat a
as the first ECC or an error is detected as occurring upon error checking

usi ng the CRCseéendhB@@ upolr|l &c\irrence of addurst oinprirees Bokbwhieh 68b
each having a storage capacity for storing one sec- tor, and a RAM
control | er 68theoercont correeiommnd they ennore¢heckiing RARE i68ffedBiveo
generate parity data as the first ECC, parity data as the CRC,_ parity data
as the secondERER, ofbhe RAMS 67AnATR hag @ SW\ﬁQ\%FaPPﬁétKnéﬁéeFteBlaﬂds

da édzﬂeaiié'r blienSkPede! [eomEsedd, of 2 3 FidepCin V“fgﬁlear SaBEgamet) 25@333
68

and al 50 adas “PAEREPSd, oty Ao PASEN hhery lﬁgﬁeérﬁégpﬁ%t or
to the data. IQStRﬁé' %i‘ogééé %xg% &t r%ﬁ% e% Ba&!elslé for

error correction ca e recor on a nmegne OOp I cal

disk, a witeqgpe® 8hsk. and a partial disk by the optical disk drive shown
in FIG 1. These par- '

The decoder 67 supplies output data through the
switch 69 to the buffer 70. The second ECC is parity data
recorded in a giveﬂ_area of a sector next to the sector be-
inglrecorded, among ECC parity data generated by the data in
the sector being recorded. The second ECC is also parity
data which is used upon decoding to detect the position of
an error in data in a sector when error correction on the
data is impossible to carry out using parity data as the
first ECC or an error.is detected as occurring upon error
cheéking using the CRC. |

As shown in FIG. 3, the encoder 68 comprises RAMs
68a, 68b each having a storage capacity for storing one sec-
tor, and a RAM controller 68c for controlling'input data

' storgd in the RAMs 68a, 68b to generate barity data as the
first ECC, parity data as the CRC, parity data as the second
ECC, and add these parity'défa. However, the encoder 68
adds only the parity daﬁa generated as the second ECC with

.respect to the user data in a certain area to the user data

in a next area..



ity data are recorded in a read-only area on a read-only optical disk or a
partial disk when the disk is manufac- tured. An input/output termnal 72
connected t'o the in- put/output port 64 is connected to the bus 43 of the
digital, signal processor 53 shown in FIG33. An input/output term- nal 73
connected to the input/output port 64 i's connected to an acknow edgnent
signal input termnal ofThéecencsdbr i68)/alddd ithese pawity38ashowo theFd&ta?.
An input/output termnal 74 connected to the input/output port 64 is con-
nected to an tegneférredufrom cthd hnfst loompaiernd/ andt ahgocaddsai th&8pahewn
in FIG 2. A process of recording data transferred fromthe host conputer 3
on the opticalityi data as|thecsetzand BMY ipe theoprevediopusectenppdi thea
switching control signal through the input/output port 64 to the switches
66, 69 to condat@.the novable contacts "c" of the switches 66, 69 to the

fixed contacts "b" thereof. Data to_be recorded which. ., 34 gre .transferred
fromthe host conputer STB?eP?E%HquQﬁﬂtfk?tﬁHWQ£'cﬂ?Fkéﬁﬁ PﬂarEHFtBPrltY

anderror - colfiBa: PR BHHRE FOITEL R Feurie aaeaRted {8 dorEibRbIE pRE 0

Feadi nglwri (i 88 B PEAPECaBBLRR, dby B gt nde TS ol WophEELaL o
in the user ap§ayOhy!PfieOBhtfsA1 Ufdk Yirive shown in FIG. 1. These par-
ity data are recorded in a read-only area on a read-only
" optical disk or a partial disk when the disk is manufac-
tured. |

An input/output terminal 72 connécted to the in-
put/oﬁtput port 64 is connected to the bus 43 of the digital

| signal processor 53'shown in FIG. 2. An input/output termi-
nal 73 connected to the input/butput port 64 is connected to
.an acknowledgment signal input terminal of the read-
ing/writing circuit 38 shown in FIG. 2. An input/output
terminal 74 connected to the input/output port 64 is con-
nected to an request inpqt signal of the reading/writing
circuit 38 shown in FIG. 2.

A process qf recording data transferred from the
host computer 3 on the optical disk 4 will be described be-
low. | |

The CPU 60 supplies a switching control signal
through the input/output port 64 to the switches 66, 69 to
connect the movable contacts “c” of the switchés 66, 69 to

~the fixed contacts “b” thereof. Data to be recorded which



At this time, the encoder 68 adds parity data to data of a certain sector
(Nth sector) stored in the RAM 68a. Wien data processing for recording is
finished, the encoder 68 supplies the data of the Nth sector with the
parity data added thereto through the switgh 63 to the input/output ter-

m nal 65, and supplies-a signal indicative of the outputting of the data to
the CPU 60 t haxaigtrdarnefemnmad /fimenp tthep hiost64éompdtébel base 6tead herdiltd now
instructs the read- ing/witing circuit 38 shown in FIG 2 to record the
data, and corbuffer tih Wnd ahergaften isuppdiedf tbrought the eseiteh nEktta nput
data. In this manner, all data of the Nth sector are supplied to the drive
1 and recor deth®renerdes6& yhighsjadgs @rrPxgdekeehingnandeREXP¥put data are
stored as data of a npext sector [err] . in the RAM 68b. To re&;oduce dat a

recorldedhon tf\@?ﬁ‘ik’%ﬂ"}ﬂ%@ ko tthe @atago ?E]}Sﬁﬁﬁge& shhectrtd aem -
[ ' | 66, 69 .
]ES 'hgnﬁox;b{ gugwltf%fi Robenty Bglf%”%‘ﬁg{é’d ¥, o 28e” ShbSRIn TRt ke B SAT 6
. S R et
ciroutt ae (hE FISedn R A i3 Bown 2R RERT' 27 BE iy
the decoder 6y¢pe %%ﬁi‘ dere Cf%rc%gd ded ﬁx&su%%@ QQEE\EBES-thr?g@ﬂ:&ﬂ&ﬁslé o

repr oduced data, suppltes t rep uced data throu e swmtc
the buffer 704 the interface 71, and the input/output termnal iol to the
host conputer 3 shown in FIG 1. At this tinme, -when the decoder 67 corrects

errors with parity data g thisttff&, e dnadey’ $8VadasCparngyi Guta to
data of a certain sector (Nth sector) stored in the RAM 68a.
When data processing for recording is finished, the encoder
68 supplies the data of the Nth sector with the parity data
added thereto through the switch 63 to the input/output ter-
minal 65, and supplies a signal indicative of the outputting
of the data to the CPU 60 through the input/output port 64
and the bus. 61. The CPU 60 now instructs the read-
ing/writing circuit 38 shown in FIG. 2 to record the data,
and controls ﬁhe.buffer 70 and the interface 71 to receive
next input data. In this manner, all data of the Nth ﬁector
are supplied to the drive 1 and recorded on the optical disk
4, during which time next input data are stored as data of a
next sector ((N+1l)th sector) in the RAM 68b.

- To reproduce data recorded on the optical disk 4,
the CPU 60 supplies a switching control signal through the
input/output port 64 to the switches 66, 69 to connect the
movéble contacts “c” to the.fixed contacts “a”. Reprodﬁced

data read from the optical disk 4 and suppiied through the



data, or fails to correct errors because of a burst of er- rors, in the
data of the Nth sector stored in the RAM 67a, the decoder .67 reads parity
data as second ECC fromthe data of the [err] sector stored in the RAM 67b,
and 'detects the position of errors using the parity data as the second ECC.
After having recogni zed the position of errd?s, the decoder 67 corrects the
errors wth tieadingAwriddimg asirchdtf 385t tBECinputdoutputt berminal 085 he Nt h
sector, and then checks er- rors with the CRC parity data. \Wen the above
repr oduci ng partcehe iswitigh fAfcare suppddedetoctheudeceder he7 datthefde-he Nt h
sector, and sup- plies a signal indicative of the finishing of the
reproduc- i nCoieR &k dakaqte and G@rﬂ?ﬂ&égﬁrFﬁﬁsl #puthe ureproduced glatmd

t he bus. 61. The, CPU 0, now_i nstructs e [ ead- /writin perU|t 38 shown
in FIG 2 to Wby %t@%ﬁeyrmegeéeﬁ thOHARSthanSertoh 9 yzthe of

(Ni2)th sect dfEEE Thoind’s ﬁr‘ff@g%r 35 3. Fhe nBrrLERERS e e,
36 The optica} {i d{éﬁé\ﬁb§¥1 LwhNpuUphe3 yBy conpri'se a

read-only optlcal av n P a fead-only area such as a

partial disk or the |ikey atl&’iékt:ﬂ@" %éh “Mh'et %b%dé&eéﬂ Eo§9€b£§°8r£8r§

read-only area, a disk having only a read- on| y area such
magnet 0opt i Cajrih SParBeyVddter A¥ € idistk Ece, thecki keroos ﬁldhstndaayaﬁﬂt

readable area in.addition to a wite-only area. FIG 4 shows, by way o
exanpl e, a fodaea, odrifwils to correct errors because of a burst of er-
rors, in the data of the Nth sector stored in the RaM 67a,
the decoder 67 reads parity data as second ECC from.the data
of the (N+1)th sector stored in the RAM 67b, and detects the
position of errors using the parity data as the second ECC.
After hav1ng recognized the position of errors, the decoder
67 corrects the errors with the parity data as the first ECC
to correct the déta of the Nth sector, and then checks er-
- rors with the CRC éarity data.
| When the above reproducing process is finished,
the decoder 67 outputs the data of the Nth sector; and sup-
plies a signal indicative_of the finishing of the reproduc-
ing process to the CPU 60 through the input/output port 64
and the bus 61. The CPU 60 now instructs the read-
1ng/wr1ting circuit 38 shown in FIG. 2 to reproduce data of
a next sector. In this manner, all data of the sector are
supplied to the buffer 70, after which reproduced data of an
(N+2)th sector read from the optical disk 4 are supplied to.

the RAM 67a.



optical disk 4. As shown in FIG 4, the optical disk 4 has a GCP (gray code
part) area in which disk type data, etc. are re- corded, a CTL (control)
area, a TEST area, a BAND O, BAND 1, **, BAND 15, a TEST area, a CTL area,
and a GCP area which are arranged successideéel y radially inwardly fromthe
outer- nost circunferential zone to the innernost circunferential zone. The
GCP area-is an area in mmhehopﬂﬂcalomﬁskidﬁbmmnﬂunhndmaﬁHGﬁddﬂe&brough 3
information are recorded, and in which pit patterns are represented by gray
codes. The |mﬂﬁrﬁﬁmpﬁhsﬁeéorﬁédh¢niyrﬁptlgalﬂdaﬁkbaﬁ'@éskegavévsnonﬁYaaseek

node.. The CITL area is an area in which information i ndicative of the nmedi um

type is recorEééd'ﬁﬁaytﬂ§e¢Eﬁﬁc%r%%.?§9%§F¥ﬁ¥x9#§% QHﬁqheh&iﬁgvaatﬁéFBin on
atrial basis, FLG 5 sho a eci fj or- mat of the
oot i cal drok haRiifan S HEEFRDLS e Pl SERTG aﬁ 4—& e 35BRer Aost

the opt f?ZFO”Q 4héﬂ§ﬁ“f¥e%9§a&m SR il Y Bl Bopt a1
succes- &H@Eﬁtgﬁcép&ﬂf‘)s&r tomed d dih 'ﬁwgﬁ%ﬁpy) g cor-

respond respectlvély to the areas arfanged successively ra- I'nwar dl y

fromthe outergRghpibl apahei fNhaai L8RS Ca WS tdLBHIP Hred. ! cunt erenti al
zone on the optical disk 4 shown in FIG 4. In this éxanple, the optical

disk 4 is a zone CAV di sikxGglher shews, By ﬁ&pwfléxﬂﬁeﬁatﬂtﬁnﬂﬂi DI epek
fre- quency varies fromzone to zone.
optical disk 4.
As shown in FIG. 4, the optical disk 4 has a GCP
(gray code part) aréa in which disk type data, etc. are re-
" corded, a CTL (control) area, a TEST area, a BAND 0, BAND 1,
-, BAND 15, a TEST area, a CTL\area, and a GCP area which
are artanged-successively radially inwardly from the outer-
most circumferential zone to the innermost circumferential
zone. The GCP .area is an area in which additional informa—
tion and address information are recorded, and in which pit
patterns are represented by gray codes. The information
" recorded in the GCP area can be read even in a seek mode.
The CTL area is an area in which 1nformat10n 1nd1cat1ve of
the medium type is recorded, and the TEST area is an area
for writing data therein on a trial basis.
FIG. 5 shows, by way of example, a specific for-
mat of the optical'diSk 4 shown in FIG. 4. 1In FIG. 5, the
GCP area in the uppermost row corresponds to the GCP area on

the outermost circumferential zone of the optical disk 4

shown in FIG. 4, and the bands and areas arranged succes-



FIGS. 6A,. 6B, and 6C show, by way of exanple, a sector format of the
optical disk 4. The contents of one sector are illustrated in FIGS. 6A, 6B,
and 6C. In FIGS. 6A, 6B, and 6C, i denotes a code word ("line" in FIGS. B6A,
6B, ‘and. 6C), and j denotes a byte. The soli3g-line arrow represents the
direction in which data are witten. Data indicated by DO - D2047 represent
user data, dagiwveélylifxomcths Uppermesk rowPibwaPdtihechowermbdsparow Yookt a
with respect to the user data DO ~ D127, ... D1920 ~ D2047 i ndicated
respectivel y hgspond I3specit2irely tao thel@reas, atzangeddsvatesisivelira<?)
represent parity data with respect to the parity data Pl - P36, data

i ndi cated by @@llmnwwlaseﬁﬁonpmet PUtermogitt ﬁlrsupéeren‘el@hechmltq dat a
P1 - P36 and the parity data (QL , .and data indjcated, by CRC1 ~ CRC8
represent - errEPech%ﬂﬁﬁmgﬁEmﬁ#ﬁ%PW§9§§QH¥ﬂH ﬁ@nesBBth?oophécﬁ%eﬁlﬁﬁlﬁ DO ~
D2047. Data i |catedHR¥ (Eé ~ (E16, 16)represent parity data of the
Reed- Sol onon & ﬁ@nw%? Gsert to t he user data DO - D2047 indicated

espectvely BT = Scs g Wl PSS BE 5% e
A et B P 5 % b e o

I cated t he
dat a ‘i ndi cat e fies fr ohe 5g3daa@posed of the parity data (E2, 1)
~ (E2, 16) argupar- Y?y eata‘ﬂ?%% respect to the data indicated by j =1, i

= 130 ~ 0. Simlar parityrdel acay e6m, 4y ter tdlﬁmpt_w waly"®¥ example, a
sector format of the'optical disk 4. Thé contents of one |
sector are illuétrated in FIGS. 6A, 6B, and 6C.

In FIGS. 6A, 6B, and 6C, i denotes a code word
(“1line” in FIGS. 6A, 6B, and 6C), and j denoteé a byte. The
solid-line érrow represents the diregtion in which data are
written. Data indicated by DO ~ D2047 represent user data,
data indicated by (P1, P2) ~ (P35, f36) represent parity
data with respect to the user data DO ~ D127, «-- D1920 ~
D2047 indicated respectively by i = 130 ~ 123, -+ i = 10 ~
3, data indicated by (Q1l, Q2) represent parity data with
respect to the paiity data Pl ~ P36, data indicated by (Q3,
'Q4) represént-parity data with respect to tﬁe parity data Pl .
~ P36 and the parity data (Ql1, Q2), and data indicated by
CRC1 ~ CRC8 reéresent error—checkiné parity data with re-
spect to the user data DO ~ D2047.

Data indicated by (El, 1) ~ (E1l6, 16). represent
parity data of the Reed-Solomon code with respect to the

user data D0 ~ D2047 indicated respectively by j = 0 ~ j =



As described above with reference to FIGS. 6A, 6B, and 6C, if Reed- Sol onon
codes are constructed with re- spect to the data of the lines indicated by

i = 147 - - 16, each of the distances is 17. Therefore, as can be seen from
Tabl'e 1, above, up to 8 successive errors cgg) be detected and corrected, but
9 or nore successive errors cannot be cor- rected. In this exanple, the
parity.data HAB, 66 paxittye dedaoRd ECE36¢r apdrbthe cpaxkinglatal CRAY ect i on
with respect to the data indicated by i =130, j =0 ~i =3, j =15, i =

0, j = 15 ~ iCRC8. 1@pgcifirallye §hReParitiyadatasio=viheeompesediraf the
reproduced. Since the parity data &El, 1) ~ (E16, 16) each have a vertica

| ength of 147P3kAtE datd (Fia WedgfBlinlbheat@r PREAFY HatkR tyHh Jresractyser

Sgt ZdFSn;,t 1P (e SR O éLt-iy-aﬁféﬁé?LEa%&??S?‘%%f?% fahigdigd i '

t t ' 17, ’ A

Recd- Sol m)f 10t ST G B8 eB BakR Foadddsed By 12 1 h5d e
o : O s | ribed at .

S D nes wi th 18dibdself Be” i papteyt aalds B2) £ 1-olnd, J6F9re has 0

6C wi |- be depgoyidpch With 1RIsPRC e ¢hkl Gatd- iﬁaieaee@enfgfrafrpraaG 7,

parity data. P1,” P2 are generated with respect to all the ‘data conposed of 7
lines rangingi3gomo. = Sidillayr patkivyo@atianareGgiven t6Bthanstiér Dines.y

data P3; P4 are generated with respect to all the
: As described above with reference to FIGS. 6A,

6B, and 6C, if Reed-Solomon codesfare constructed with re-
spect to the data of the lines indicated by i = 147 ~ - 16;
each of the distances is 17. Therefore, as can be ‘seen from
Table 1 aﬁove, up to 8 successive errors can be detected and
corrected, but 9 or more successive errors cannot be cor-
rected.

In this example, the parity data Pl ~ §36 as the

second ECC for error checking and correction with respect to

the data indicated by i = 130, j=0~1i=3, j =15, i =0,

§=15~41i =~ 16, j = 15 are generated and used when data
are reproduced.

Since the parity data (E1, 1) ~ (El6, 16) each
have a vertical length of i47 bytes, the data length in the
vertical direction of the user data DO ~ D2047 to which the

. parity data are added is of 131 bytes, and the data length

in the vertical direction of the patity data is of 16 bytes,

the distance is 17, and hence they make up a (147, 131, 17j



data conposed of 8 lines ranging fromi = 123 to 116 shown in FIGS. 6A, 6B,
and 6C, and parity data P5, P6 are gener- ated with respect to all the data
conposed of 7 lines rang- ing fromi = 115 to 109 shown in FIGS. 6A 6B,
and 6C..Simlarly, parity data are generatgg successively in the order of 7
lines, 8 lines, and 7 lines. Upon generation of the parity data P1 - P40,
three sets ofRé@deSEMON Caiaies Onenpodedword( 1840f108e Byte( 13Xs de3, 3),
and (114, 112, 3) are successively produced. According to this exanple, as
descri bed aboserihgkribpney ane sestoFedsoet: A6 bytesak WEk=R23Barbytesiat a
as the first ECC for error-correcting the data, parity data as the CRC for
checking the data, and tTRe RAtYSEHAT Tad NG sefoAdNEEC-aV c14BRBIWLER i n
the pattern of 7 lines - n es. |f tical disk 4 cogfrises

8 |j - 7. 1i ) h d
oo only GFRFPEGh ISR (TR sakA T, Ehe SECERE ShOWRALRCEISSe ShccTRodAd o
ti | i 1)t h t f ol | ] -t th
Poti cal i sk 68 wiiLf bl Heddhef \er] SlaedteRe™Balklarolr L0 Goia to be
cal disk 9 t 3B BIRSEEFFS: “An€dfr |
eproduct i oh of data. ! s TN Yo | doil Lﬁ&“@%i?rﬁ?ﬁ?ﬁ"ﬁ?rgéﬁa?%%%’éﬁﬁfg
of coping wthrs Srdtdd twittn %‘éﬁe’%ﬁ""ﬂd aﬁ%hggﬁcahésdcéﬂbs%d Rfe78 shows

how t o process a bur'st of successive errors occurs Ih a certaln

sector. In Flfinés f&uegEimj efrfit & Gh a3 ity 1 29EChoRAr RACREGS. S6A] 06B, daxt t he
reference characters SEC represent de- : _
6C, parity data P3, P4 are generated with respect to all the
data composed of 8 lines ranging from i = 123 to 116 shown
in FIGS. 6A, 6B, and 6C, and parity data P5, P6 are gener-
ated with respect to all the data cgmposed of 7 lines rang-
ing from i = 115 to 109 shown in FIGS. 6;, 6B, and 6C.
. Similarly, parity data are generated successively in the
order of 7 lines, 8 lines, énd 7 lines.
Upon generation of the parity data Pl ~ P40,

three sets of Reed-Solomon codes composed of (114, 112, 3),
(130, 128,.3), and (114, 112, 3) are successively produced.

‘ According to this example, as described above,
when data are recorded 6n the optical disk 4, parity data as
the first ECC for error—corrgcting the data, parity;data as
the CRC for checking the data, and the parity data as the
second ECC are generated in the pattern of 7 lines ~ 8 lines
- 7 lines. If the optical disk 4 comprises a read-only
_disk, only the.parity data.as the second ECC are recorded in
a particular area in an (n+l)th sector following an nth sec-

tor on the optical disk 4.



tails of the sector. The sector SEC, SEC is based on the use of the
pattern of 7 lines - 8 lines - 7 lines which has been descri bed above with
reference to FIG 7. Goups of data conposed of* 7 lines and 8 lines will
herei nafter re- ferred to as blocks. It is gpsuned that all the data
contained in an area, shown hatched, in the sector SEC shown in FIG 8 suf-

fer a burst of errors. \Yidre deh ad possibiafitgr ForSunesréctabléedses e
SEC, it cannot be detected using the parity data LDC as the first ECC

because t he e ipnodistesl Idepearlinige oni the mM&Mneanninewkich up huxrsk raf emf 8
bytes since its dis- tance d is "17". However, errors in a certain block
can be det ect¥ersdeaunshaipody inepredugtion of4data.t WEhe crerspmECEomrahaiun
be erasure-corrected by regarding the block contain- ing the errors as

bei ng erased.a RPSIHAL et procgsyre gf| caping with nwachiadurst t hat
can be erasure-corrected ar maxi n1ogg%5 | i nes when the burst of errors

ext ends exact®f KEQTS retid ﬁqegégesg;& PWmes. For a pattern 41
composed of only 8 L1 MeSerd % Pl My 4 SRBCBRATH Pl AEHER RS ye
(e 511, Elord hLAE b S ok BafPBRRRR, o 1115, then 11
o TR Repar vy et i T RSB T AR RSAESB el e oty
Invention, 1talSe@eSs) -and the reference characters SEC’ represent de-
tails of the sector. The sector SEC, SEC’ is based on the
ﬁée of the pattern of 7 lines - 8 lines - 7 lines which has
" been described above with reference to FIG. 7. Groups of
data composed of 7 lines and 8 lines will hereinafter re-
ferred to as blocks. |
It is assumed thét all the data contained in an
area, shown hatched, in the sector SEC shown in FIG. 8 suf-
fer a burst of errors. When such a burst of errors occurs
in the sector SEC, it cannot be detected using the parity
data LDC as the first_ECC because the parity data LDC as the
first ECC can detect up to errors of 8 bytes since its dis-
tance d is #177. However, errors in a certain block can be
detected using the parity data P1 ~ P40 as the second ECC,
and can be erasure-corrected by regarding the block contain-
ing the errérg as being erased. For the pattern of 7 lines
- 8 lines - 7 lines, the data that can be erasure-corrected
are a makimum_of 15 lines when the burst of errors extends

exactly over the 7 lines and the 8 lines. For a pattern



ble to correct such a burst of errors that extends over 3 successive

bl ocks, e.g., the 7-line block, the 8-1ine block, and the 7-line block. In
t he .above exanple, specifically, the errors are detected using the parity
data PL ~ P40 as the second ECC, and thereg{ter, 8 lines are erasure-
corrected using the parity data LDC as the first ECC by re- garding the
central 8 |i reompsisedhiof mllveﬁngiaeaseuheaddtahbhetr@ax‘s be eexhrwre-ed and
corrected with the remaining 4 bytes. Alternatively, the errors are

det ect ed usi PENRCHRY are ¢ompoped-of,135,341pR8. second ECC, and thereafter,

(8+L) lines are erasure- c rrected usi the parit ata LDC as first
ECC %)y regardi ng the cer:l[( diheg “lrﬁé’s° ge(‘f&'f’ﬁ aﬁﬁtéﬂgsl\f’ﬁ’?ﬁegh%f;g]a*%e above

ot ect ed and s e, BeER Ay P, TR Eh8 ThEogR g orlioRtd *'°
above er 107 GoF IO Rl L1k US! AlcoBhkYocRARSUAE S84 B 20 Filibe

4-1ine detection correcti I nes,

42 10(8 + 1 'f‘ei 2pye ﬁﬁq_n*é%l)o‘% leh:g?u%aéa fobPéd. ' ofh I Of4 b’@? st 'fTrH’ene

detection cortection ... l'i"nes, 8 I nes, above an ow)

erasure corretrdwrbaﬁfb@*dé @&a&tr@cbb&&ee%aee%ﬁnwnh thd 4. éti\?gf,délf’dB + 3
ecC

| i nes, above and below)-line erasure correction and 1-line ‘det I on
correction Pl.~ B0 ldshahe detohd( &ce.4 |ines, above and bel ow)-1ine

erasure correction : .16 lines.
According to the present 1nventlon, it is possi-
ble to correct such a burst of errors that extends over 3
successive blocks, e.g., the 7-line block, the 8-line block,
and the 7-line block. In the above example, specifically,
the errors are detected using the parity data P1 ~ P40 as
- the second ECC, aﬁd thereafter, 8 lines are erasure-
corrected using the parity data ILDC as thé first ECC by.re-
garding the central 8 lines of data as being erased, and the
errors are detected and corrected with the remaining 4
bytes. Alternatively, the errors are detected using the
. parity data Pl ~ P40 as the second ECC, and thereafter,
-(8+L) lines are erasure-corrected using the parity data LDC
' aé the first ECC by regarding the central 8 lines of data
and the N lines of data, above and below the central 8 lines
of data, as being erased, and the errors are detected and
corrected with the remainihg M bytes. The patterns of the
above error correction are given_below.

8-line erasure correction and 4-line detection

correction ' : se¢12 lines,



If the central block is conposed of 7 lines, the patterns of the error
correction are as follows: 7-line erasure correction and 4-line detection
correction’ ...11 lines, 9(7 + 1 line,
above and below)-line erasure cor- rection42nd 3-1ine detection correction
...12 lines, 11(7 + 2 lines, above and below)-line erasure correction and
2-1ine detection correctlioq8 + 1 lihe,l abese aid/beldw)+hite almmerercbr~
bel ow)-line erasure correction and 1-1ine detection correction ... 14

| i nes, and 13fection landsS~-linevdetadtihohooprireckien asur el3akimes,; on

...15 Iines. Any of the above patterns is based on the assunp- tion that
the distance d is "17" &20& re 2dddneshatbeyg aadchbelevw)elin erAsusR ced
"17" lines. FIG 9 shows how tqQ prqcess a plurality, of bursts_of_errors

occur in a sé&‘iﬁe.c"—mnﬁmdn'ZFﬂGnngeFﬁStFEge?Eﬁ’é%c HR act ef §* BEC 18P esent
details of a sector. Th tor, SEC i s based on,the,us f the pattern of 7
lines - 8 lines - 7 Iingsfﬁi*'ch" ﬁ‘&é’eﬁ‘éeﬁg&ggc?f‘gege?iﬁgg'éf%@?he’F W®Rnce to
FIG 7. Int I [ I u ; ors in c f 8

l i nes occursnﬁﬁﬁéﬁgg§§}?@ﬁﬁaﬁﬁgﬁgbgﬁFgFﬁgog é?%%%égféé Iinééffgngfﬁﬁgéts of

errors occur%#hrespective two positions each in a block of 7 lines, both
spaced fromthe position in which the burst of errors in excess of 8

16(8 + 4 lines, above and below)fline erasure
cérrection ' *++16 lines.
If the central block is composed of 7 lines, thé
patterns of the error correction are as follows:l
7-line erasure correctibn and 4-line detection
correction +++11 lines,
9(7 + 1 line, above and below)-line e:ésure cor-
rection and 3-line detection correction +¢-+¢12 lines, |
| 11(7 + 2 lines, above and below)-line erasure
correction and 2-line detection éorrection *++13 lines,
13(7 + 3 lines, above and below)-lihe erasure
correction and 1l-line detection correction +++14 lines,
and |
15(7 + 4 1ines; above and below)-line erasure
correction o »++15 lines.
‘Any of the above patterns is based on the assump-
tion that the distance d is “17” and the data that can be
corrected do not exceed ”17" lines.
' FIG. 9 shows how to process a plurality of bursts

of errors occur in a sector.



lines occurs. Therefore, three bursts of errors occur in spaced positions,
respectively. Wien three bursts of ‘errors occur in spaced posi- tions,
respectlvely, the errors are detected u5|ng the par- ity data P1 - P40 as
the second ECC, and if the number of error, flags obtained as a result of
the error detection is "3" and the error fi*%a ags are detected as being
successive, then it is aEBuREG. thatthehrmefanences chharacters SECurepresented
positions, respectively, and the data of any one of the blocks are regarded
as bei ng er aséetails efick 9ekAr<- The sestex, SERdishbasedoen thetwgeddfa in
the other blocks are detected.and corrected. In.this exanple, the data in
the bl ock of BPejpREterA@fihdlines pudd i®esery dr 41Bp8 W@Qﬁpdﬁﬂsageﬁﬁlng

erased, and s b ected ta 8-1ing .eras re correc n, .and the data in the two
bl ocks each ofeFcFihed ékﬁ?%ﬂ$ﬁﬂ‘t E#g *of "errors are subj ected

to 4-line detection porrgﬁt{__ﬁg exand ?g@ %tﬁ?f&m QN goghgg!g By b3 QL

errors nmy not conpri se SUCCGSS Ise 2 SUCCG Slve

bl ocks and 1 gdgpeggenir g %neézlﬁu D 30 48 iicioahawlahpgeﬁem@fa

operation of e contr shown 1n processing data upon

reproduct i on biﬂsafeo&fby mﬁegptaﬂ‘@lbﬁsﬁdg s r'iﬁ@%cbﬁﬂ@ réspdBeipeocess
of operation of the controller for process- i ng data upon reproduction

thereof will bﬁodﬁéﬁitﬂ@ﬂs beadh in td) BIdck ST T 1dnesGSbotl spaee@hfiamas
wel | as FIGS. rough 3. The flowchart shown in FIG 10 contains subrou-
the position in which the burst of errors in excess of 8
lines occurs. _Therefore, three bursts of errors occur in
sbaced positions,_respectivély. |
When three bursts of errors occur in spaced posi-
tions, respectivély, the errors are detected uéing the par-
ity data P1 ~ P40 as the second ECC, and if the number of
error flags obtained as a result of the error detection is
#3” and the error flags are detected as being successive,
then it is assumed that three bursts of errors occur in
spaced'positions, respectively, and the data of any one of
the blocks are regarded as being erased and hence erasure-
corrected, and the errors in the data in the other blocks
are detected and corrected. |
In this example, the data in the biock of.8 lines
suffering the burst of errors are regarded as being erased,
and subjected to 8-line erasure correction, and the data in
the two blocks each of 7 lines suffering the other bu:sts of

errors are subjected to 4-line detection correction.



tines SUB1 ~ SUB3. These subroutines SUBL - SUB3 are in- cluded for

illustrative purpose only, and will not be gener- ated as subroutines in an
actual program It is determined in a step S1 whether there is a command or
not, i.e., whether a corimand conposed of g,sector nunber, sector |ength

the- | nputi out put ter- m TR DB miial Gk oy bacing BRoSFRBES) BaY o0
ange ai e suckoNEFyg S APAR AL Hddh, B pity cORERSER, 2 sBokEB o o7

I's read each Lﬁ_ﬁgﬁh@n&tfpilﬁgee‘;&@é@paﬁl%k.&eci fically, the CPU 60 of the

controller 44's I es a request sign through the output termnal 73 to
the readi ng/witing circpiés3810 Retrowih a FYHW a2 proessedEi ¥pbyatsaf from.
the optical disk 4 until the sector |length indicatéd by the host conputer 3
i s reached.. Toe gnéacoretol e shwmopin @G .di3sk férapeogupplingddata4dpon

t hrough the reading/witing circuit 38 and the input term- nal 65 to the-
swi tch 66. TheefPbdGétiompthexeat sy tihe mptdiwalr diski drikvet showwn ini FI@es
66, 69 to connect the novable contacts "c" to .the fixed contacts "a"

t hereof . The iLeprThedprecesisitef wparatipr afinthee controlles for puppesed
through the switch 66 to the decoder 67. Then, control proceeds to a step
S3. In the stédpgsdatarupen EeRredicien tharedd mdddede,deggrihed below

Specifically, the CPU 60 instructs the de- coder, 67 to itect'and cgrrect
errors using yﬂghpgg gyeaggato FIGS. 10 through 12 as we as FIGS_

through.3. The flowchart shown in FIG. 10 contains subrou-

tines SUB1 ~ SUB3. These subroutines SUBl ~ SUB3 are in-
cluded for illustrative purpose only, and will ﬁot be gener-
ated as subroutinés in an actual program.

It is determinéd in a step S1 whether there is a
command or not, i.e., whether a command composed of é sector
nﬁmber, sector length data, etc. is supplied from the host
computer 3 to the controller 2 through the input/output ter-
minal iol, the interface 71, and thé input/output port 64.
If "YES",’then control goes to a step S2. .

Sectors in a requested range are successively
read in the step S2. Actuaily, however, one sector is read
each time the step S2 is executed. Specifically, the CPU 60
of the controller 44 supplies a request signal through the
output terminal 73 to the reading/writing circuit 38. Data
of a sector are successively read from the optical disk 4
until the sector length indicated by the host computer 3 is

reached. The data read from the optical disk 4 are supplied



(E1, 1) ~ (E16, 16). The decoder 67 now detects and cor- rects errors in
the data DO - D2047. Then, control proceeds to a step $S4. It is determ ned
in the step’ S4 whether the error correction is OK or not, i.e., whether _
errors have been cor- rected or not. If "3gS", then control goes to a step
S5, and if "NO', control goes to a step S7. It-is determned in the step S5
whet her CRC chbrkigh the Creadimgiwriting aiimenidr 38nasdr thei dnputeterniby
CRC checking or _not. If "YES', then control goes to a_step S6, and if "NO',
control goes P3la638ttp the switeh £fer FhaefH 66hsuppdiessavnswitehinge

proc- essing indicated,b he caommand, has been finished or not, i.e.,

whet her the r €RBFRGLOPIGNRLFR WhR (FiEGhes B8 £y &0r cqnBerkithy pAgable

d i tted. in th tep . S1 h b f.inished t. . If "YES", th
t ﬁ-Z“SEOC'Eé‘g?‘ntgfes'atﬁaﬁcﬁj €<36§e%r£ixefcﬁecgm' s Zaa"’{tp%%taef{ oA ssgfpaft“
oes bac o] A e [ OkhS ete ceprdin o]
?he second EcEPgﬁﬁdggFigE“é§£“%§d@%ﬁgéﬁ&%i%Fé§#ﬁ§?¥gﬁ8'éﬂépgaeﬁnggFBB? t he
d d 67 t teck ' €1t +B40 :
67 now det ect §15; FELLERT 66 TLITHED) dobodd o7 | R Sontreh prigsedacedn.

error flags. gpeeepi §Lly, the decoder 67 effects error detection qon each
bl ock. If there are errors in a block, then the decoder 67-regards the
block as being erased, amfl eHdssteplsy, i aricrs -arteGidtetited and edkretted
erased. For exanple, the decoder 67 ' -

using the LDC. Specifically, the CPU 60 instructs the de-

coder 67 to detect and correct errors using the parity data
(El, 1) ~ (E16, 16). The decodet 67 now detects and cor-
rects errors in the data DO ~ D2047. Then, controi proceeds
to a step S4. _ .

It is determined in the step S4 whether the error .
correctiqn is OK or-not, i.e., whether errors have been cor-
rected or not. If “YES”, then control goes to a step S5,
and if “NO”, control goes to a sﬁep s7.

It is determined in the step S5 whether CRC
checking is OK or not, i.e., whether an erfor is detected by
CRC checking or not. If “YES”, then control goes to a step
S6, and it “NO”, comntrol goes to a step S9.

It is determined in the step S6 whether the proc-
essing indicated by the command has been finished or not,
i.e., whether the reading of all the sectors in the range
réquested by the command inputted in the step S1 has been

finished or not. If “YES”, then the processing sequence



detects whether there are errors or not using the parity data P1, P2 with
respect to a block indicated by i = 130 - 124. If there are errors in'that
bl ock, then the decoder 67 adds a flag indicating that the block suffers a
burst of errors. The decoder 67 effects s%% processing on all the bl ocks.
Then, control proceeds to a step S8. It is determned in the step S8

whet her t he nocome$®ectocdn eemdy dndagst i“Nd"gr thef con@roll oy Biackt benthe
control goes to a step S9, and if "NO', then control junps to a step S1l.
In this exanpBtepsBhee errors cannot be corrected if bursts of errors occur
in four or nore blocks in one sector, the step S8 deternines whether the
nunber of error flags i sIBttheass%ep S7, /$¥¥9ﬁﬁnaresdﬁﬁ@?@&@eécﬂﬁ§ﬁlﬂﬁeto

nunber of error flags "o" se when t uMmrofewf s is "0O"

afterdlt he er rBLedé?g@?ﬁlioﬁc%sﬁFb‘ft FFarans -p1Spepifiga 5‘“ aﬂ%oﬂ%" ECC
f _th f h E1, 1

ie?%ia, fié)z 6b fapELiFts é’e%%%ﬁerr;i’@cz@s Yrect &ridre"Raihy, Bherpatsye

i s *di Lot S I

Speci 11 cal Ly, 0¥ BREAFR Spedt| MENGANS 6 O35k WatBcRLTrRols 1n che

the ROM 62 toghfig POSL ﬁ?GPi’tﬁioéh Wr‘m Bibdk SI%%V e‘i‘ne?ﬁ%%@gérw?gf%%st. he

di spl ay of the host conput er ssage |nag may con- tain

fol I owi ng mesgpaeificBEPUSEhERESHIUS 60 fidRs Brro2EEieBot SoRELNGREEND
AGAIN." In the step S10, the re-reading of the sector is
block. If there are errors in a block, then the decoder 67
regards the block as being erased, and adds a flag indicat- -
ing that the block:is e;ased. For example, the decoder 67
detects whether there are errors or not uéing the.parity
data P1, P2 with respect to a block indicated by i = 130 ~
124. If there are errors in that block, then the decoder 67
ﬁdds a flag indicaﬁing that the block suffers a burst of
errors. The decoder 67 effects such processing on all the
blocks. Then, control proceeds to a step S8.
it is determined in the step S8 whether the num-

ber of error flags is = 4 or 0. If “YES”, then control goes
to a step 89, and if “NO”, then control jumps to a step Sl1l.
In this example, since errors cannot be corrected if bursts
of errors occur in four or more blocks in one sector, the
step S8 determines whether the numbei of error flags is at
least “4”. An error is indicated when the number of errbr

- flags is “0” because whén the number of error flags is “0”
"after the error detéction using the parity data Pl ~ P40 as

the second ECC regardless of the detection of an error using



set. Thereafter, control goes back to the step S6. In the step S10, the CPU
60 supplies a request signal indicating the re-reading of the sector to the
reading/witing circuit 38 through the output terminal 73. The data of the
sector are read again fromthe optical di 5 4. It is determned in the step
S11 whether the num ber of error flags iS$ "3 or not. If "YES", then
control procegsts é&ﬂ:}ﬁtdﬁtasaaal,aflq M (BENE,, 16h9neieRét ObrEOE Sddect BifP
S100 which is a subroutine SUB2. The nunber "3" used as the criterion in
the step Sl1 psoddsms nisrbi exfrdr.ocks whi ch contain bursts of errors in one
sector., and is equal to the maxi num nunber of errors that can be
corrected. In the step SR exxon messageniisedinpdayed dhetberstep| 995 and 3
successive error flags or not, i.e., whether the blocks_to which the 3
error flags abReRRILERk el d&iSkePSdlks SpPeradficallyysin thecgtep
control goes to 48 a’'step S5Q which is a subroutine SUBL , and if_"NO',
then control $desth® GFY¢ %’l@%’\ﬁﬁ aessage daka,§tPred siBstheyROM 52 (1R

f ' , f.l . i.s_d I ped |
et or mi newhckBe NORE GRBRIeT i ST SHAnRAvE: 8 BPSBAPE, Uiaye eBcHR i e
te f S T ' :
Bl i ustrariay G O A Rl YLTR3R8 RRRLAUE  fAaqTh RS |

subroutine SUB];M {1, Pow. e ow. |If "YES" in the step S12 shown
in FIG 10, con% trd?bﬁanps $é§61ste S51 of the subroutine SUBL. In the

#BECAUSE ERROR HAS_OCCURREﬁ, THE SECTOR IS BEING

READ AGAIN.”

In the step S10, the re-reading of the sector is
set. Thereafter, control goes back to the step S6. In the
step S10, the CPU 60 supplies a request signal indicating
the re-réading of the sector to the reading/wfiting circuit
38 througﬁ the output terminal 73. The data df the sector
are read again from the optical disk 4. |

It is determined in the step S11 whether the num-
ber of error_flags is #3” or not. If “YES”, then control

- proceeds to a step Slz,-and'if “NO”, then control goes to a
step S100 which is a subroutine SUB2. The number “3” used .
as the criterion in the step S11 is the number of blocks
which contain bursts of errors in one sector, and is equal
to the maximum number of errors that can be corrected.

In the step S12, it is determined whether the
error flags are 3 successive error flags or not, i.e.,
whether the blocks to which the 3 error flags are added_are

3 successive blocks or not. If “YES”, then.con£r01 goes to



step S51,

the central block and one line, closer to the cen- tral bl ock,

each of the bl ocks before and after the cen- tral block are regarded as

bei

ng erased,

and errors are era- sure-corrected with the LDC, i.e., the

first ECCindicated by i = - 13 - - 16, and ggors are detected and
corrected. Then, control proceeds to a step Sb2. In the step S51, the

central

bei

ng erased,

and errors are erasure- corrected, and errors are detected

and correctedcuntrgﬂtgmese#auausuppMSiﬁwnmmlchf1sha sabroatihé 0SUB3S s
conposed of 7 lines, then a total of 9 lines conposed of the 7 lines and 1
li ne above arhejchemy the erromdilagse anenduS8CCOBBaVecErLor 8lags cor now

errors are detected and corrected u3|n the re- naining distance. In this

cas

and
byt

remai ning dis

correction is OK or not,pig€ 11 "Tﬁdﬁ ﬂéso_rt?leh%@f% gnggrg edsgﬁznot

"YES", then control Ieaves t he

step S5 in thgndlRvehaFicShpyn IFiddtG tHe s%'ﬂﬁ':ohftanOSUB‘ioﬁ 19l pgogs-to a

|

e, up to 31%y@%§e@&1=¥‘% e ordex
I s conposed of 8 ljines, then t ot al of 10 lines,conposed of the_8 |i
ISR RF 285 r 8epBFRES: EA°1of- 10

49 1 |
es, and er

FaRtaR FFRIFS 58 fEccepgize

FRELd, %@bge‘ﬁy%'? FEEAH BRI S65 pRER EAsER. "0, o

ou- tine oes balk to the

step S53. An error nessage is dlsplayed In the step S53, and then control

goes.to a stegcth¥ed IsTdwi cally, in the step S53, the CPU 60 supplies
nessage data stored in the ROM '

If “YES” in the step S12 shown in FIG. 10, con-
trol jumps to a step S51 of the subroutine SUBL. In the

step S51, the central block and one line, closer to the cen-'

.tral block, in each of the blocks before and after the cen-

tral block are regarded as being erased, and errors are era-
sure-corrected with the ILDC, i.e., the first ECC indicated
by i = - 13 ~ - 16, and errors are detected and corrected.
Then, control proceeds to a step §52. 1In the step S51, the

central block and 1 line above and below the central block

- are regarded. as being erased, and errors are erasure-

corrected, and errors are detected and corrected using the
remaining distance. If the central biock is composed of 7
lines, then a total of 9 lines composed of the 7 lines and 1
line above and below the 7 lines are erasure-corrected for 9
bytes, and errors are detected and corrected using the re-~

maining distance. 1In this case, up to 3 bytes can be de-

- tected and corrected. 'If the central block is composed of 8

lines, then a total of 10 lines composed of the 8 lines and

in

bl ocka agtlep 450 awtainly el s sudroutive suBL aandl DEk“Ro®e, regean ded as

erging. whgthers thacblacks Vhﬁm%ck



62 to the host conputer 3, which displays a nessage i mage on the display of
the host conputer 3. The nessage inmage may contain the foll ow ng nessage:

" BECAUSE UNCORRECTABLE BURST OF ERRORS HAS OC- CURRED, THE SECTOR | S ‘BEI NG
READ AGAIN." In.the step S54, the re-readi% of the sector is set. '
Thereafter, control goes back to the step S6 in the flowhart shown in FIG
10. In the st&plshd, abbve Ghndl dekoppthe s dinesuese ergsalreadrracted £ore
re-readi ng of the sector to the reading/witing circuit 38 through the

out put terni nd0 bgteFhecandterodrs mp sketdbbyhes axgd degectefr andt @oropt i cal
disk 4. The subroutine SUB2 will be descrjbed below If "NO" in the step
S11 shown i n Feetedousing: the Fempining Ai§tAN08L01 of the subroutine SUB2.

In the step S101, errors_are erasure-corrected with the L nd errors
50 are detected and corr &t 8. d?ﬁ%ﬁ‘,“lﬁ%‘itpbléfﬁ &R $ID eé’?'@ﬁ &heoermhe

step S101 is executed i;.the.nugger of error flags_ .is "2" or "ﬁéy i Sah
either if a bEP§_t CBELEFFOPE B2-YR 1% rb?/%'r v ml ,er0|err:pr§u g BFe

iaddi xely int t ' I b
oc “curs in ofSTpEcEel PR Hipk”S B SBE* 7\ tholl RtRerdl deaya”ehel slbrBRLL ©
or two blocksi3he &8 Qﬁﬁ §Se8ChAGk CESSEe b YH GInd tHef flowe :

erasure-corrected. Wth the“remaining distance,” errors are checEg if two
bl ocks are er ghedm ARIFEGL 016, aafid dEt CeliG, AehiaB e’ tvdf adBeell 868.1 S

erased. It is determned in the step S102 whet her the
: An error message is displayed in the step S53,
and then control goés to a step S54. Specifically, in the
step S53, ihé CPU 60 supplies message data stored in the ROM
62 to the host computer 3, which'displays a message image on
the display of the host computer 3. The message image may
contain the following message: |
“BECAUSE UNCORRECTABLE BURST OF ERRORS HAS OC-
CURRED, THE SECTOR IS BEING READ AGAIN.”

In the step S54, the re-reading of the sector is
set. Thereafter, control goes back to the step S$6 in the
flowchart shown in FIG. 10. In the step S54, the CPU 60
supplies a request signal indicating the re-reading of the
sector to the reading/writing circuit 38 through the output
terhinél 73. Thé data of the sector are read again from the
optical disk 4.

' The subroutine SUB2 will be described below.
If “NO” in the step S11 shown in FIG. 10, control
.jumps to a step S101 of the subroutine SUB2. 1In the step.'

S101, errors are erasure-corrected with the ILDC and errors



error correction is OK or not, i.e., .whether errors have been corrected or
not. If "YES", then control |eaves the subroutine SUB2 and goes back to the
step S5 in the flow chart shown in FIG 10, and if "NO', control goes to a
step S103. An error nessage is displayed %% the step S103, and then control
goes to a step S104. Specifically, in the“step S103; the CPU 60 supplies

nmessage data gteraetéstédeamNdrrddddle Mown,Codhkrdl provbeas €bsal ays a
nmessage im age on the display of the host conputer 3. The nessage im age

may contain tBeeposloi ngThe sstege ST 0ORREGkeBIEcAURETthE hRROEE OifSeBEGH
CORRECTED. HOWEVER, THE SECTOR | S BEI NG READ AGAI N BECAUSE OF ERROR I N
ERROR CHECKI NElagsnight2%tep ‘S1'04,1iehe redbhexdilfg aoburise ofcevrors ee+.
Thereafter, control goes back to the step S6 in the 51 flowhart shown

in FIG 10. |@urgec¥esptwaoalocks, G B0 bungslis ©f grregge9ccyrgnaspec-

i ndicating the re-reading of the sector to the reading/witing circuit 38 -
t hrough the oti¥eLYt aRnFWal semaratp Blocksy othd-fs@cbyrst, oL, e25OR8aPF-f r om

e Tho. 1 rBta) tay oRpoLacRe i 4he AL ighc BB Rl

the subr out | nGHEUBSOSRoTH PO riend and Sy Be BRihat BxRefolTartcs 1

and errors are erasure-corrected. With the.remainihg distance,
errors are checked if two blocks are erased, and errors are
detected and corrected if one block is erased. |

It is determined in the step S102 whether the
error correction is Ok or not, i.e., whether errors have
been correcﬁed or not. If “YES”, then control leaves the
subroutine SUB2 and goes back to the step S5 in.the flow-
chart shown in FIG. 10, and if “NO”, control goes to a step
$103.

An error message is displayed in the step S103,
and then control goes to a step S104. Spécitically, in the
step S103, the CPU 60 supplies message data stored in the
ROM 62 to the host computer 3, which displays a message im-
age on the display of the host computer 3. The message im-
age may contain the'following message: |

“CORRECTABLE BQRST OF ERRORS HAS BEEN CORRECTED.
HOWEVER, THE SECTOR IS BEING READ AGAIN BECAUSE OF ERROR IN
ERROR CHECKING.k

In the stép S104, the re-reading of the sector is

set. Thereafter, control goes back to the step S6 in the_



13 i.s based on the assunption that bursts of errors occur in three bl ocks,
with at | east one of the bl ocks being spaced fromthe other two bl ocks. If
8 bytes are‘regarded as being erased, then errors up to 4 bytes can be

detected and corrected with the remaining gipstance. In the step S151, the
first block, i.e., the up- pernost block in FIG 11, is regarded as being

erased, 'and erflowehart showin &nCPIGeCcled, Imdiiss rstfep HlD4ettiri PUaBO
corrected in the second and third blocks. In the second and third bl ocks,
errors up to 4uppldescanregudetesigoainindicatingtiche ne-readdageofi the in a
step S152 whether the error correction is OK or not. If "YES", then control
goes to the stagstss &0 the reedéna/vrihtng ¢hrquit 3® thrmenghl theooutpwén
control proceeds to a step S153.. In the steg S153, the sec- 52 ond

| o

block, i.e., eETHDAd d3pl oThesHakA Ph the; Sqqtor are read @gnis from ghe

erased, and erronsaagﬁ,ekgiure-corrected, and errors are detected and
corrected in (IR SEAIZKI%¢*hird blocks. In the first and third bl ocks,

errors up to 4 bytes can et.gc d. vkt et.erm in a
step S154 whether the er r%%sg‘o&?egﬁlgoggi %i%gﬁgﬁ%t#h%fs%tfq$§$cdontroI
goes to the st 1N Firle g?omchart shown in FIG 10, and.if "NO', then
control proceeds to a step 55. In the step S155, the third block, i.e.,

the | owernost bl ock showys kg Grrék: f18g5eHPE6REL 33 HEEEEE SIS hrcind

errors are erasure-corrected,
flags in the step S12 of the flowchart shown in FIG. 10,
then control goes to a step S151 of the subroutine SUB3
shown in FIG. 12. The flowchart illustrated in FIGS. 12 and
13 is based on the assumption that bursts of errors occur in
three blocks, with at least one of the blocks being spaced
from the other two blocké.

If 8 bytes are regarded as being erased, then
errors up to 4 bytes can be detected and corrected with the
remaining distance.

In the step S151, the first bibck, i.e., the up-
permost block in FIG. 11, is regarded as being erased, and
errors are erasure-corrected, and errors are detected and
corrected in the second and third blocks. In the second and
third blocks, errors up.to 4 bytes can be detected and cor-
rected.

It is determined in a step S152 whether the error
correction is OK or not. If “YES”, then conﬁrol goes to the

step S5 of the flowchart shown in FIG. 10, and if “NO”, then

control proceeds to a step S153. In the step S153, the sec-



and errors are detected and corrected in the first and sec- ond bl ocks. In
the first and second bl ocks, errors up to 4 bytes can be detected.and
corrected. Tt is determned in a step S156 whether the error correction is
K or npt. If "YES', then control goes to tghe step S5 of the flowhart
shown in FIG 10, and if "NO'", then control proceeds to a step S160. In the

step S160, itohd PRbEX )i Dodl. yWhehid aiiddiey D1vck ZhouwnCcansFIG.blockes tee.
whet her two of the three bl ocks are successive blocks or not. If "YES",

t hen control gaedefloas béing Sfdsedncand eryOrs alrenerasurelcpumpeted, a step
S166. In the step S161, data which correspond to one bl ock and extend over
two bl ocks ar endegurdrs axeketrrtediand conrested: 4n ghehdirskapndnyhinda
are detected and corrected. Errors up_.to 4 bﬁges can-be detected and cor-

53 rected in bheckfta IR the £k &R PLocksoPITOESr YRdtes4hBY kS

erased. Thereafte[, control .goes to a step S162. The step S162 det erni nes
whet her error§aﬂa§8 g@%ﬁcﬁﬁgé@WidF?ﬁr?ﬁﬁeé%f "YES", then control goes to a

SLep SIe0 11 NOT hehecsthel dRERod o4 & e Hiba Mighies\AB, SHr

PLoP S0, IBORSBLEAEN 56 BRSO Ak LR, ARSI LorRUBI0LREk, BACkREc

the step S161g¢bl E8EoE! Ehe SEPAwchdlfe Ro¥tvn Ofh ¥1d.Naolakad 3 £SbbWedeReR
control proceeds to a step S155. In the step S155, the
third block, i.e., the lowermost block shown in FIG. 11, is
regarded as being erased, and errors are erasure-corrected,
and errors are detected and corrected in the first and sec-
ond blocks. In the first and second blocks, errofs up to 4
bytes can be detected and corrected. |

It is determined in a step S156 whether the error

correction is OK or not.  If “YES”, then control goes tolthe
step S5 of the flowchart shown in FIG. 10, and if ~No-~, then
control proceeds to a step S160. '

In the step S160, it is determined whether there
are 2 successive blocks, i.e., whether two of the three
blocks are successive blocks 6r_not. If “YES”, then control
goes to a step S161, and if “NO”, then control jumps to a
step S166.

In the sté§ S161, data which correspond to one
block and extend over two blocks’are_regarded as being

erésed, and errors in the remaining data are detected and

corrected. Errors up to 4 bytes can be detected and cor-



|l i ne because there is an instance where errors may be cor- rected by’
shifting the position of the block that is re- garded as being erased. It
is determinéd in the step S165 whether the error correction is OK or not.
If "YESY, then control goes to the step S5.8f the flowhart shown in FIG
10, and if "NO', then control-proceeds to a step S166. An error nessage is
di splayed in rdaetedem&im datral irhathes vt dlogksswhich arepnét6regarded
Specifically, in the step S166, the CPU 60 supplies nessage data stored in
the ROM 62 toashbeh@@tetﬁﬁﬁﬁﬁEHTHFrQﬂﬁVﬁrnmqukayi gogestaga Bhepafl62dn the

di splay of the host conputer 3. The message im a may contain the
fol | owi ng nessage: " CORRERT Bkep fRI6Y detamyines Hg& eGGQREC‘FEEﬁ been

HONEVER, THE SECTOR |I'S BEI NG R USE OF N ERROR
CORRECTI ON. " et%ﬁt?‘h ‘P:Fle“‘%'EEpEIQEG Gﬁhe%“r EORERG ogo?ﬁetgef’}t 8FePs set.

10, 1n the st Bp8167E0: ORI ST PR doLar SErBnSRBRAd: cating the
re-readi ng of the sector ﬁotﬁgesfﬁéqéf§§vwéﬁér&kfﬂf Wil I E%E h-the
ec

output termnal 73. The ata of orare rea again from e optica

di sk 4. The renpRadbage bl PRoSE&dP LI e F165d out only in the step
S10, and if an error occurs I n other steps, ‘re-reading of the sector may

not be carried out, but fhetReOS€SHi SD6ARYLHE poEition Of ehelata whith

recovery, from _ : |
correspond to one block and are regarded as being erased is
shifted one 1ine.' Then, control gées back to the step S161.
In the step S164, the position of the data is shifted one
line because there is an instance where .errors may be cor-
rected by'shifting the"position of the block that is re-
garded as being erased. _

It is determined in the step S165 whetﬁer the
error correction is OK or not. If “YES”, then control goes
to the step S5 of the flowchart shoﬁn in FIG. 10, and if
“NO”, then control prdceeds to a step S166.

An error message is displayed in the step S166,
and then control goes to a step'8167. Specificaliy, in the
step S166, the CPU 60 supplies message.data stored in the
ROM 62 to the host computer 3, which displays -a message im-
age on the display of the host computer 3. The message-imé
age may contain the following message:

“CORRECTABLE BURST OF ERRORS HAS BEEN CORRECTED.
HOWEVER, THE SECTOR IS BEING READ AGAIN BECAUSE OF ERROR IN

ERROR CORRECTION.”



an error can be made when the sector is re-read in the steps S54, S104,
S167, then since the optical disk drive may pos- sibly have failed or a
consi derable burst of errors may pos- sibly have occurred, the processing
may sufter looping, re- sulting in a possipjlity of fallure to rempve the
optical disk 4. Alternatively, if an error occurs even after the re-reading
of the sector has been co rtlssl stidp (91635 ttheese-rbadihheofiptheasediok iive
may supply the host conputer 3 with nessage data representing a nessage

" OPTI CAL Dl Sksét | | HierasfiiexRGEONBFGAUSBeS-bREESLE! the YstEp UBECRRATI\BL E
BURST OF ERRORS OR FAI LURE OF OPTICAL DI SK DRI VE.", and then dis- charge
the optical dfbdwehart Ghown showWGs 1dsel Inetbet stepc8b6di nghe oCRIAH-6Ot her
enbodi ment of the present invention, which is neces- sary to detect the -
| ength and po%‘FEP:bl@%fa Feanest @flgaarloeéldlcasensytaet Eerregding et | e

I nstead of pari

t the ec- LECC ysed.in enbodi ment .
The drive corﬁ?%%/‘?’eat%h n@/ "’f gl ﬁ&FﬁHé%: 3Fegg r°'d‘éil‘e*g$? g ERY e ui t
200 connected ec- r e
gener at or 35 fh)la}"lt;%esﬁont rT da(é 4@{'_ evetggef-’l;e:gt F%gam %%ﬁt%%%
have an interggé %%q£% g as shomn in FIG. 14. In FIG 14, the |eve
detecting cir t 0 has an input terminal 201 for being supplied with an

RF signal,. before beingp af@sﬂea&i 3t &1L st ay"PeClheribd3utan

i nput term nal 202 for belng supplied wth the data syStem clock signal
fromthe dat acRygt £ €hé CdeiP BI R} GindB3f & edfor occurs in other steps,

re—feading of the sector may not be carried out, but the
processing may be ended. For example, if no recovery from
an error can be made when the sector is re-read in the steps
S54, S104, S167, then since the optical disk drive may pos-
sibly have failed or a considerable burst of errors may,pes—
sibly have occurred, the processing may suffer looping, re-
sulting in a possibility of failgre to remove. the optical
disk 4. Alternatively, if an errorloccurs even after the-
re-reading of the sector has been carried out three times,

" then the optical disk drivé may supply the host computer 3 -
with message data representing a message #OPTICAL DISK WILL
BE DISCHARGED BECAUSE OF POSSIBILITY OF UNCORRECTABLE BURST
OF ERRORS OR FAILURE OF OPTICAL DISK. DRIVE.”, and then dis-
charge the optical disk 4.

FIG. 14 shows a level detector according to an-
other embodiment of the present invention, which is neces-'

sary to detect the length and position of a burst of errors



out put term nal 207 connected to the controller 44. The | evel detecting
circuit 200 also has an averaging circuit 203 for averaging the RF signal
suppl.ied through the input terminal 201 in tined relation to the data
system cl ock sig- nal supplied through thesd nput termnal 202, producing a
DC voltage signal. The DC vol tage signal generated by the av- eraging
circuit 203 i bysdepeceiingoan RBnpevel aindshd wf pgaritypdata betRE€ gettage.
signal with a reference voltage froma reference power supply 205 connected
to the conpar endr EQ04used insthel precious smhadiment.i s easy to obtain, in
advance, a representative |evel upon a reduction of the RF |evel which is
caused by a tracking err&heddeive eeptreblextshownmcidbRIGi t2s mayatingdade
formed one byte_per_ahout 20 bytes of data. Therefore, the reference )
vol tage from Bhéevelefetecting fLEchthnet0 gaanecked &oihe selec-a | evel

| ower than the RE lLevel in a,copdition free of tracking errors. Th

conpar at or Zogoﬁdeﬁpg ﬁﬁr§V+Br§€ngEﬁ ta]?yﬁﬁﬁﬁ14;9§%D§EPSF?§8§ Spgnal
fromthe averagisn [ | | S4S r f I e om
the r ef er once S39aenes EEHFboDEE:' 42 arhE 14N devd e BIEEatE 28 may

circuit 206, yaehadehavarhle 5&9(?%1?%&@4 Novih PGS g 0f 41 me cor-

responding to the processing tine mai n si gnal's, and sup--plies the

del ayed signal to the cofhr elrber 144 ¥HENEVED! detdd IRy Wil it 2odPhaguced
data. FIG 15 shows a controller according to the other enbodi ment of the

present i nventanodnpher téenenalnPo1 heot ebeing asppidsd wdrthofana RFUBIGnal ,.

errors by detecting an RF '
before being clamped, from the selector/clamp circuit 33, an
input terminal 202 for being supplied with the data system
clock signal from the data system'clock,generator 35, and an
output terminal 207 eonnected to the controller 44. The
level detecting circuit 200_é1so has an averaginglcircuit
203 for averaging the RF°signa1 supplied through the input
terminal 201 in timed relation to the.data system clock sig-~
nal supplied through the input terminal 202, producing a DC
voltage signal. The DC voltage signal generated by tﬁe av-
eraging circuit 203 is supplied to a compafator 204, which
compares the DC voltage signal with a reference voltage from
a reference power supply 205 connected to.the comparator
204, In a semple sexrvo system, it is easy to obtain, in
.advance, a representative level upon a reduction of the RF
level which is'cauEed'by a tracking error due to the dropoﬁt
of wobble pits that are formed one byte pef about 20 bytes

of data. Therefore, the reference voltage from the refer-



| evel instead of parity data as the second ECC. The con- troller shown in
FIG 15 may be incorporated in a drive con- troller which differs fromthe
drive controller shown in FIG 2 except that the |level detecting circuit
200 is i.n- cluded. The controller shown in EEG 15 is simlar to the
controller shown in FIG 3, and those parts shown in FIG 15 which are

i dentiical to heeepdbernsupply 208 shouldabe ket deIvdied owerdehanl thel |
As shown in FIG 15, the controller has an in- put/output term nal 65

connected to uhseﬁeidiagbmnditﬁgncfreedcittfﬁbkingMeﬁnbﬁa.G. 2 and a novable
contact "c" of a switch 66. The switch 66 has a fixed contact "a" connected
to an input termnal of Fheccowparabor 204 autpuks dn exror sEgnainodfct’l”b"
connected to an output term nal of an encoder 301. The decoder 300 has a
dat a out put t@mﬁPn§BecBﬁ vaitage ?bgﬁalii%%mt%#ﬁﬁ¢¥9r39$nqnc¥¥Q9ﬂtt89369§
and the en- coder, _.301 has an |n$Et term nal connected to another fixed

termnal "b" SMaldersihan,the referenre vokair EPWH?R%NF??%%%H%&:Poﬁer

ted t ' t t f h buf f wh th
nput/ out put SOFR ? ¢ ohhreBEEe, bidhad nfe SiRRTARY (84 @ Aeleg Spguit

connect ed  r 2051 18 .npuiﬁﬁ 0 BEPOP I AEbnAl T '€ etod MR cor-
L " ke | IRoRAISETH, EhopaRfa L rod e BT Y S8
the swtch  plies the delayed signal to the controller 44 when-errors
'.are detected in reproduced. data.
| FIG: 15 shows a controller according to the other
embodiment of the present invention, for detecting the
length and position of a burst of errors by detecting an RF
level instead of parity data és the second ECC. The con-
troller shown in FIG. 15 may be incorporated in a drive con-
troller which differs from the drive controller shown in
- FIG. 2 except that the level detecting circuit 200 is in-
cluded. The controller shown in FIG. 15 is similar to the
controller shown in FIG. 3, and those parts shown in FIG. 15
which are identical to those shown in FIG. 3 will not be
'deséribed in detail below. |
As shown in FIG. 15, the controller has an in-
put/output terminal 65 connected to.the reading/writing cir-
‘cuit 38 shown in FIG. 2 and a movable contact “c” of a
switch 66. The switch 66 has a fixed contact “a” connected

to an input terminal of a decoder 300, and another fixed



66, and effects error correction based on the result of de- tection by a
burst detecting circuit 302 if there is a re- quest fromthe CPU 60 through
the input/output port. The deceder 300 conprises a RAM 300a having a
storage.capacity of 2 sectors and a RAM controller 300b for controlling re-
produced data stored in the RAM 300a to ef f8ét error correc- tion usi ng the

LDC, error chegfivet9iprg confecRed 880afr HQREPELT E&EhikHI Ust Nth diddir t Y
data of the LDC upon occurrence of a burst of errors for which the error

correction and@alhe error checking are ineffective, based on the result of
de- tection by the burst detecting circuit 302. The encoder 301 conprises a
RAM 30l1a havi ng a st or ag&heagiedodero302 best ar dabadout Rt/ ternindl erorsdlb
for 58 controlling input data stored in the RAM 30la to generate parity
data as the fineftedoto gafiixeddiezmisalhéatref arswikrh t6bs anshrihe et a.
The encoder 301 adds the parity data for error detection, the parity data
as the CRC forCQQ*erIb@%S’F’@claino@P&ﬁdtﬁm991d§?ﬁn%%t?¢met9 i‘?flﬁt}%c faxaght a

R e o e B R AR
{hrough (e, SUALES I i acted shank FeneBly Blefl ol A o
et S hen. GeRMEAS D WA Wkt SaguRpc BRETERAL Sy Sstherteq
decoder are i ny®lapdirpiic /APt R@rffinal of the interface 71. The inter-
face 71 has another inpuf/output terminal connected through
the input/output terminal iol'to the input/output terminal
of the host computer 3 shown in FIG. 1.
The decoder 300 effects error detection and error ,
correction on réproduced data supplied through the switch
66, and effects error correctioﬁ based on the result of de-
tection by a burst detecting circuit 302 if there is a re-
quest from the CPU 60 through the input/outpﬁt poft..'The
decoder 300 comprises a RAM 300a having a storage capacity
of 2 sectors and a RAM controller 300b for controlling re-
produced data stored in the RAM 300a to effect error correc-

. tion using the LDC, error checking using the CRC, and error
correction using fhe parity data of the LDC upon 6ccurrence
of a burst of errors for which the error correction and the
error checking are inefféctive, based on the result of de-
tection by the burst detecting circuit 302.

The encoder 301 comprises a RAM 30la having a

storage capacity of 2 sectors and a RAM controller 301b for



the data on these disks. For reading data froma read-only area on a
read-only optical disk or a partial disk, the en- coder is not involved,

but only the decoder is involved be- cause the parity data and ot her data
are recerded when the disk is manufactured. The burst detecting circuit 302
detects the nmag- nitude and position of a b3Bst of errors when it occurs,
based on the cestroldfingetiaputodaby sberédvin ied RAM B 1A o Yénerage shown
in FIG 14, and supplies a signal indicative of the detected nagnitude and
posi tion thropgritye data pst tbet ﬁﬁrspoEccﬁ@amtmeﬂam'mc&Bartm.@Rdvajam
aspects of operation of the controller shown in FIG 15 will be descri bed
bel ow. 59 R &hesguparisyofatd-data fromthe optical disk 4, the CPU 60
supplies a switching control signal through the in ut/output ort 64 to the
swi tches 66, 69 to connedh& @@%&P@lcé}a@acwe"e LY (GRER KL IR W5, 69

to the fixed contact,s "a" _thereqf Re roduced dat ead from t'he opt.i cal
disk 4 and suSHHSEFOMoSHR BAELEY.BRRG) AF| ENRGCRS A0 (CHRST (GRFredtion,

300 After or FOIL BRI, S8 48P0 BB AR ECRPT ob SR Bt é{f'?vgedﬂ%%‘?edﬁét a
Che buffor 70 TRE SRt ace"'y}‘f“é DABHRCBRREHPPY | koS kg W HlrEae 2D

the buffer the ouf puf port ost

conputer 3. Atzg mtﬁd‘igwth@ﬁ&n@aﬂdeé 390 ?é&&cfﬁoxﬁ‘rﬂ% K rer ejo O%rﬂ‘ the
data of one of the two sectors stored in the

supplied through the swltch 69 for being recorded. -

In the optical disk drive shown in FIG. 1, the
parity data for error checking ;nd_the parity data for error
correction can written in writable areas oﬁ a magnetooptical
disk, a write-once disk, and a partial disk, and hence both
the encoder and the decoder are involved for recording of
the data on these disks. For reading data from a read-only
area on a read-only optical disk or a partial disk, the en-
coder is not involved, but only the décoder is involved be-
cause the parity data and other data are recorded when the
disk is manufactured.

The burst detecting circuit 302 detects the mag-
nitude and position of a burst of errors when it occurs,
based on the resuit.of detection by the level detecting cir-
cuit 200 shown in FIG. 14, and supplies a signal indicative
of the detected magnitude and position through the in-
put/output port 64 to the decoder 300.

Major aspects of ope:ation of the controller

shown in FIG. 15 will be descfibed below.



RAM 67a, using the parity data as the first ECC, and effects error checking
on the sane_data using the parity data as the CRC. If a burst of errors .
occurs, making it inmpossible to effect such error correction and error
checki ng, then the decoder 300 recognizes,%ge magni tude and position of the
burst of errors based on the result of det®Ction by the burst detecting

circuit 302; and thereaf pgr repteGhade cté@orded 'did Frou thee oftlieadl diBR
sector using the parity data as the first ECC, and effects error checking

on the data ofs,t Bhesepyo60usupplide pagwitchiain contiddd €RGnadf throufh.
processing of the reproduced data is finished, the decoder 300 outputs the
data of the stbheoinpubdoutippti psrt &4 gralthendivtidicdhes 669 69t pot congect t he
data through the in- 60 put/output port 64 and the bus 61 to the CPU 60.
The CPU 60 t h&hei novahiescontaetadfaf/of i thegwitches 693 $0ke therfixed to
reproduce a next sector. Al the data of the above sector are supplied to
the buffer 70CORtREESWARCHTReERBELCRePERINGD Hatde nead from &her pREirALM

the optical digk 4 lied.to th 300a. . FI 16 .sh
of operat 1 on GsKn4 EBA- SBPBIEEA SREGROR /the G nalr IR, flrguitodpe: o

o101 PO L5 R4 B0 s 2Ly OB AP ORY SR R WS SRR
Shown | I s P SeEleR S0 A Lab!&2oed oty S SR Gl 020
fro”‘i"UStraEh&QeéE@BSinSEﬁQSréBP&GuéQdFﬁé%a]ﬂ&‘¥ﬂéﬂaéﬂaﬁer-300, the
reproduced data are'supplied.thrdugh the'switgh 69, the
buffer 70, the interface 71, and the input/output port iol
to the host computer 3.
At this time, the decoder 300 effects error cor-
rection on the data of one of the two sectors stored in the
-RAM 67a, using the parity data as the first ECC, and effects
error checking'on the same data using the parity data as the
CRC. If a burst of errors occurs, making it impossible to
effect such error correction.and error checking, then the
decoder 300 recognizes the magnitude and position of the
burst of errors bﬁsed on the result of detection by the
_burst detecting circuit 302, and thereafter effects error
correction on the data of the sector using the parity data
as the first ECC, and effects error chécking on the data of
the sector using the parity data as the CRC. After the.
processing of the reproduced data is finished, the decoder
300 outputs the déta of the sector, - and suppiies a signal

indicating the .outputting of the data through the in- -



I dentical to those shown in FIG 10 are denoted by identical step nunbers,
and will not be described in detail below If the errors cannot be
corrected as determined in the step S4, then control goes to a step S200
whi ch de- termines the | engths and positio% of bursts of errors fromthe
detected RF | evel. Thereafter, control proceeds to a step S201. In the step

S200, the bur putdeuepuitngoetr 64i &nd0Ehé BwE 61 #d @hel THiRtey.M MHe PG 60
nunber, |engths, and positions of bursts of errors in one sector based on

the result of thenednistrubyst bhel eeadingswritiny cimiit 28 sHowan inn FEGG.

14. 1t is determined in the step S201 whether the error correction is OK or
not. If "YES'2 tieexreproduce gosext secton.t hRlbtihe SHtamf ithe' @bovecont r ol
goes to a step S202. In the step S202, errors are determ ned as being
Uncor- rect ablS@GtEn: REengupRLied barshe BRLfeF ofQ, jaftare WEah reprogucedast
"4" . The step S202. determ nes whether the pupber of bursts of errors is "3"
or not. |f "viasa from,the,pe3k 3pEtorctaddbrom thg, opipical, disk 4 Roe

t hen. control goes.t.0 {he ep 0 ich is the subroutine SUB2. The number
"3" used as t%@ﬂﬁ%lﬁgrf8hi%ﬁ Fgé SP@%'SZOZ is essentially the same as the

nunber of error flags inl},ﬁfgi R %haus gn‘ggghggg;-of “osé(\%&ga%iuc?}gtos?%e 'dodS -

determ ned whether the b s of éerror succes errors

Lo e SO RIS pROEe15) KBt SERPIY Mgt of Uhvors,
upon reproduction of data, by detecting an RF level instead
of the second ECC. The flowchart shown in FIG. 16 corre-
sponds to the flowchart shown in FIG. 10, and contains sub-
routines that are identical to those shown in fiGS. 11
through 13. Therefore, these subroutines will be omitted
from illustration. Thosé steps shown in FIG. 16 thch afe
identical to those shown in FIG. 10 are denoted by identical
siep numbers, and will not be described in detail below.

' If the errors cénnot be corrected as determined
in the step S4, then control goes to a step S200 which de-
termines the lengths and positions of'butsts of errors from
the detected RF level. ‘Thereafter, control proceedé to a
step S201. 1In the step S200, the burst detecting circuit
302 shown in FIG. 15 determines the numﬁer, lengths, and
.positions of bursts of errors in one sector based on the
result of detection by the levél detecting circuit 200 shown
in FIG. 14. _

It is détermined in the step S201 whether the

error correction is OK or not. If “YES”, then control goes



S50 which is the subroutine SUBL. The processing in the subroutines SUBL,
SUB2, SUB3 is the sane as that in the previous enbodinment. The rate of
error correction can be increased by not using the second ECC. In this
enbodi ment, the parity data P1 - P40 as thgjsecond ECC are recorded in the
sanme manner as with the previous enbodi nent. Wen they are used upon

reproduction g6 €Béastépes®)nded f “NO'ES ddhtirolagoes €et ackedpandogor -
rected using the LDC can be increased up to 16 at maxi nrum According to the

present invenLhothedatepcS202; rerroxs e ckstierminedoas beihgcanoor-be
corrected with an in- tersynbol m ninum distance of first error-processing
data can be rrectable. if Thee aiumbker doff durstsh ofoerxionrsainupner sectét is

62 rectable burst of errors can be recovered through a sinple process,
resulting in ak leasta¥tB-error-correcting capabil- ity for reliable data
reproduction. Furthernore, the gresent invention nmakes it pos- sible to

i ncrease the error- corr eSPENEtER3202 | dgtermines shakher the sumbezc QL i ng
| it f b ks, |f | it f bl ock
Then tho dat abUFsEs PLaStEoRE. 184t Th ol Ml e o 1 R Bl PonsFoR BEo-

o ks 200 nepdth2,81ah %o 08 2R 16 I g, BERLRITEARA 83 PR

erased, and errors are corr st error-processi ng

Consequent |y, sEE?a?ibérw%liﬁggﬁtéﬁ@ mﬂirgé’ suB2t.he The Rmbadt «§v g5aq

occur over a plu Ity O S Is Increased. Therefore, errors can be
as the criterion in the step S202 is essentially the same as

the number of error flags in the previous embodiment. )

In the siep 8203, it is deteimined whether the
bursts of errors are 3 successive bursts of errors or not;
If “YES”, then control goes to the'step S150 which is the
subrqutineISUB3, and if “NO”, then control goes to the'step
S50 which is the subroutine SUB1. |

The processing in the subroutines SUBl, SUB2,
SUB3 is the same as that in the previoqs embodiment. The
rate of error éorrection can be increased by not using the -
second ECC. In this embodiment, the parity data Pl ~ P40 as
the second ECC are recorded in the same manner as with the
previous embodiment. 'When they are used upon reproduction
Of'data, the number of bytes that can be detected and cor-
rected using the LDC can be increased up to 16 at maximum.

" According to the present invention, data contain-

' ing successive errors that cannot be corrected with an in-
tersymbol minimum distance of first error-processing data

can be recovered. Therefore, data which contain an uncor-
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corrected efficiently for reproducing recorded data well, and the recording
capacity of a recording nediumis pre- vented from bei ng | owered. .Al t hough
certain preferred enbodi nents of the present invention have been shown and
described in detail, it should be underst t hat various changes and.

nodi fica- tions. my be nmade therein wi'thout departing fromthe scope of the
appended clegitable bugst\Whiit ersors acambeé wecoveketetthdugh acsdmpglag and
reproduci ng data, conprising the steps of: (a) generating first

er ror - pr o@Foseng ,dxegulkingr 48 pant increaged datranvicoattestimgt capatidfia, and
generating second error-processing data wth respect to each of a plu-
rality of WodRE Feddable d3tai repreduetienoredet erni ned anmount of data; -
(b) generating data of record unitggfron1said, predet er mi_ned anpunt of

data, said first errEMESREEEOERgTRG BreSeREt SRRt Makasy ity P98essi ng
dat a; - . ' id d f d it - [ di d
opr ool A5L8 Foudnazepokfe CCEFFT CORt et g dbaiig e dr e ) O
[ ' i.d e ) f, d I h d d
Gata of 1 &YSE G BRrRRERoBGRESHRYPVEF & B B BIBeRE 1 Teapect o

each Of sai d record-&QiE§iors occur over a plurality of blocks, then

the data of at least one, which is subgtantially-central, of
the blocks and the data of blocks adjacent to the block are
regarded as being'erased, and errors are corrected using the
first error-processing data. Consequently; the error-
correcting capability in the event,that'érrors occur over a
plurality of blocks is increased. fherefore, errors can be
corrected efficientiy for reprodﬁcing recorded data well,
and the recording capacity of a recording medium is pré-
vented from being lowered.

Although certain preferred embodiments of the
present invention have beén-shoﬁn and described in detail,
it shbuld be understood that various changes and.modifica-
tions may be made therein without departing from the scope7

of the appended claims.



(f) if errors cannot be corrected in the step (e), at |east detecting
errors in said predeterm ned anount of data in each of said blocks with

said second error- processing data; and (g) if errors aLe\QQLEELSg-in N (N
is a positive integer) successive blocks, gggarding all/ data in 4{%&&%7
i v

one bl ock which is not positioned at an end of the N suciﬂ!ﬂ e 1.
bl ocks, as bei n@hatadsd claimedbyseorrecting errors in th ﬂy/’llm@fl ”l
amount of data in the record units with said first error-protessi

t hus producing reproduced data. 2. A nmethod according to claim1, wherein

said second error-processing data generated in_.said ste a% com prise a
Slgrality Sf pgr;ty dat a iﬁ‘aAdpfﬁgP oﬁ%gﬁ?Fgggﬁ?ﬁ-a?%gP?éFt %H%rﬂa?ﬁ'
ata reproduce rom. . recor ‘me- dium wi respect to sai :
pr edet er mi ned aﬁﬁﬂé£%§§d%afﬁg §ggﬂgn§?hod according to claim1, wherein

said step (g) conprises thf@t ?%n%&a‘iﬁﬁ@r ?iggtaéffgflér&@éé‘é%x:x%g{éstagn

bl ock which is not positio an end“of the N successive

portions of dataHpdiodes aagirederbrh9nsadl Smétnt G361 dL0E, LARS KyerRS-a18iqg
erased, thereby correcting errors in the predeterm ned .anount of data iI'n

the record unit saddid eirdriiprocesbing- 4288 cGstRIrdapdct 4o odmt Wd a plu-
according to claim1, wherein said step (g) conprises the step of, if

errors are det eatsiditiyh dfvblockee prodackiobisdivigingi $gid apredardmenrrri ng
to one bl ock and extending over said two successive blocks as being
amount of data; : o

(b) generating data of record units from said .
predetermined amount of data, said first error-processing
data, and said second errbf—processing data;

(¢) recording said data of record units on a re-
cording medium;

(d) reproducing said data of .record units on said
recording medium;

(e) correcting errors in said predetermined
amount of data in the reproduced data of record units with
said first error-processing data with respect to each of
said record units; | |

(£f) if errors cannot be corrected in the step
(e), at least detecting errors in said predetermined amount
of data in eéch of_éaid blocks with said second error-
processing data; and

(g) if errors are detected in N (N is a positive

integer) successive blocks, regarding all data in at least

one block which is not positioned at an end of the N succes-~



erased: thereby correcting errors in the predeterm ned a '
the record units with said first error- processing data, ﬂmﬂ ! % "H“L
when the ertors cannot be corrected, positionally shifti

bl ock which 65 i s regarded as being eraifd, and correcting errors again
with said first error-processing data. 5. %ret hod of transmtting data,
conpri si ng the $twdPIYck,2)asiBednat edgsell, Stharéedy - fOPEESEING abtdrsM i
respect to a predeternined anount of- data, and generating second

error - pr ocessi nghd Predetdrmiorge amonnte athdataaipl ther aécoyd oinbt®ckith
produced by dividing said predeterm ned amount of data; (b) generating
transm ssi on dataidffirgt efmoamprecessisdetiatai ntbuanpueducing arepreduced
first error- processing data, and said second error-processing data; (c)
transmitting sadatasansnission said data of units; (d) correcting errors in
said transm ssion data of units which have been transmtted with said first
error- processing data with respect to each of the transmtted units; (e)

SIS camer be correcs o i S betal @ biath, I gRbLAG.cHgEe 10
error-processi ”Qe&'&ﬁ&‘?eﬁ&iﬂﬁodéssﬁh@%%tﬁr Geﬂfékﬁﬁéﬁdih”s%é'\ycépai‘ai NSRS

prise a plurality of parity data in a direction correspond-

ing to the order of data reproduced from said recording me-

dium, with respect to said predetermined amount éf data.

3. A method according to claim 1, wherein said
step (g) comprises the stép of regarding all data in a£
least one block which is not positioned at an end of the N
successive blocks and'portions of data.of blocks adjacent £6 '
said at least one block, aé-being,erased, thereby éorrecting
errors in the predetermined amount of data in the record

units with said first error-processing data.

4. A method aécording to claim 1, wherein said
step (g) comprises the step of, if errors are detected in
two successive blocks, regarding data corresponding to one
block and extending over said two éuccessive blocks as being
erased, thereby correcting errors in the predetermined
amount of data in the record units with said first error-

_ processing data, and the steps of, when the errors cannot bé

corrected, positionally shifting the data of one block which



—

of at |east 3) successive blocks, regarding all data inem‘H st_one bl ock
I
c E@

which is not positioned at an end of the N successive. a'wﬂmmml
6. A

erased, theteby correcting er- 66 rors in the predet !
data in.the transmtted units with said first error-processing data.
met hod according to claimb, wher ei n* sai d &kcond error-processing data

generated in saigl ded agOBeibfi 8€adef] Uandli tYroécPirid lore@tsa ddatn
direction correspond- ing to the order of data which are transmtted, with
respect to sai riphedaiicl Ifired emwort-pobcdasing7datanet hod according to
claim5, wherein said step (f) conprises the step of regarding all data in
at | east one block which is not positioned at an end of the N successive

bl ocks and portions of data of blocks adjacent to said at |east one bl ock,
as being erased, thereby dorPeamethgdeofotransnittipgedatar nfoaopr isbugt thvé
data in the transmt- ted units with said first error-processing data. 8. A
nmet hod accordiﬁ}QR§(9§ﬂrn5, wherein said step (f) conprises the step of,

if errors are detected in t successi ve _hl ocks, regarding data .

corresponding to one b|oc%4$;9%ﬁﬁﬁ§§&Pﬁg?&68 §5F8rfﬁﬁogﬁg§%§gigﬁtﬁlﬂ&kg as

el 00" Psed AR S Bl Rhnayl SpbUAcPEOBLeLT A58 SRR Ely 0ot

e or e oy SR el eftacoLe rhegaLiond LG ILE L e

rors again wt 88 fdff P10 prdiaeeasbyddieiding said predetermined
amount of_data; |

(bj generating transmission‘data of units from
said predetermined amount of data, said first error-
proéessing data, and said second error-processing data;

| (c) transmitting said tr;nsmission said data of
units;

(d) correcting errors in said transmission data
of units which have been transmitted with said first error-
processing data with respect to each of the transmitted
units;

(e) if errors cannot be corrected in the step
(d), at least detecting errors in the t:ansmitted data in
each of said biocks with said second error—proceésing data}
and | '

(f) if errors are détected in N (N is an integer
of at least 3) suécessive blocks, regarding all data in at
least one block which is not positioned at an end of the N

successive blocks, as being erased, thereby correcting er-



error-processi.ng data generating means for gener- ating mnmnu%u”ml
error-processing data with respect to a prede- ternined nd
second error-processing data with respect ke each of a plurallty of Bl otks
produced by dividing said predeternm ned anount of data; record unit data
gener at i ng neansofsrimethsr predettandineld amoandt ofi datar dm shedtransmitted
predet erm ned amount of data, said first error-processing data, and said
second error- pnmmtsswxgpcﬁﬂxﬂ fiasdr @nrprapagocegsavgcdaganeans for
recording said data of record units on a recording nedium and repro- ducing
said data of record units on said recording nmedium and error correcting
means for correcting error in said redet er,m ned anoynt of data.in the
data of record units reprofuck QéL%FQQ£ﬂ%Qﬂ ﬁ& g%élmeﬁonUSFﬁénnﬁéﬁg

th said first d ta wth el i d
ni U, and | 1 cPROPE SRRt BHS % Aoy d'ea oSPBEek oo BorrAg PP, (of 1% g

ecel 1120 M) ol 4y bl 1R WA 288 0oone-

inte- ger) succgs §Iﬁ/@ PhO Difder e&ardaﬁw wiicndata ikRadbmlieash, ouﬁtﬁl P&pect
which is not positlioned at an end of the N successive bl ocks, as being

erased, t hereby €6r§££d i PedstOBingd didunt of data.

67 9. An apparatus for recording and reproducing data, Cﬂ

7. A method according to claim 5, wherein said
étep (fi comprises_the step of regarding all data in at
least one block which is not positioned at an end of the N
successive blocks and portions of data of blocks adjacent to
said at.least one block, as being erased, thereby correcting:
errors in the predetermined amount of data in the transmit-

ted units with said first error-processing data.

8. A method according to claim 5, wherein said -
step (f) cémpriseslthe step of, if errors are detected in
two successive blocks, regaiding data corresponding to one
block and extending over said two successive blocks as being
erased, thereby correcting efrors in the predetermined
amount of data in the transmitted units with said first er-
ror-processing data, and the steps_of, when the errofs can-—
not be corrected, positionally shifting the.data of one
block which is regarded as being erased, and correcting er-

rors again with said first error-processing data.



68 predeterm ned anount of data in the record units with said first
error-processing data. 10. An apparatus according to claim9, wherein said

error,-processi ng data generating nmeans conpri ses neans l ﬂlﬂﬂ '

said seeond error-processing data a plu- rality of pari uﬁm,mﬁ”m
direction corresponding to the order of daﬁﬂ.reproduced rom sai @ recofdi ng
medium wth respect to said predeterm ned anount of data. 11. An apparatus
according to claim9, wherein said error correcting neans conpri ses nmeans
for regarding all data in %t Areappanadtus dok weceomdingnandpseprognedngt an
end of the N successive bl ocks and portions of data of blocks adjacent to
said at |east ot RIPEEP g erased, thereby correcting errors in'the
predet erm ned anount of data in the record units with said first

error-processing data. 12 STEPERFQCSATRINE CBR ERLSaLARgnsaninEPE; HeBeFd
error correcting neans. canprises neans for, Jif _errors are detected_in. two

successi ve bl oc %nQeihﬁéﬁrﬁf%ﬁﬁf Eﬂﬁéig}%gpgﬁgﬁnglgé bREPHF cgoaﬁdp?ede'-

ext endi ng over W | (o]} a LAY e

correcting err o?%ﬁlﬁ%e pr ege?ef\r/%aﬁ']ead g‘%rrlgu%?Egbadggga?nsfﬁgagégggddﬁﬁ?t S

W th said firstyBék FedBNeSY RARE a2pdurBansyf OF, b%@ﬂstﬁﬂggﬁééd%y

cannot be corrected, positionally shifting the data of one

dividing said predetermined amount of data;

record unit data generating means for generating
data ‘'of record units from said predetermined amount of data,
said first errof—processing data, and said second error-
processing data} _ '

recording and reproducing means for recording
said data of record units on a recording medium and repro-
ducing said data of record units on said recofding medium;
and

error correcting means for correcting errors in
said predetermined amount of data in the data of record
units reproduced by said recording and reproducing means
with said first error-processing data with respect to each
of said reéord units, and if.errors cannot be corrected, at
least detecting errors in said predeterﬁined amount of data
in each of said blocks with said second error-processiﬁg
data; and if errors are detected in N (N is a positive inte-
ger) successive blocks, regérding all data in at least one
block which is not positioned at an end of the N successive

blocks, as being erased, thereby correcting errors in the



bl ock which is regarded as being erased,. and correcting er- Wit h
said first error-processing data. 13. An apparatus forﬂ" :)Ii ﬁ jﬂ
conpris- ing: error-processing data generating neans f irst

error-processing data with respect to a prggle- term ned anount of data, and
second error-processing data with respect to each of a plurality of bl ocks
produced by di vpuedgtemningd caleduntyi ol cdlatrmuint tife dmcowrd namiss swithn sddtia
generating means for generating transm ssion data of units fromsaid
predet er m ned afdGAE SFrEBrBroGRsSing rdatay ror- processing data, and said
second er- ror-processing data; transmtting neans for transmtting said
trans- mssion said data of units; and error correcting neans for
correcting errors in said ﬁaan m ssi on dat a_ of JtS whi ch have been
transmitted with saidfirs BP%E%E‘%?@C%%H R 1§ t9 ¢ ¥hexed

t he transnitted

b d,
det ecting error# ﬁ ?ﬁ’ég gﬁgﬁ%%%rbgsa‘g? né]?é]eréeg%%ojé{gegﬁ%&’sn%&qé%ﬁelshn?m

second error-pr S | d

> oner Cor °u '1 8557 Bbies Rl A0sala et ARl A § Y
one bl ock whi chrh3 89t oROBhEiLPCEatd A £Whirictith NHERBHMMP IS the aS
bei ng erased, -.thereby correctinhg errors in the 70 predeterm ned anount
of data in the brasgnbkt @dtanréprofiuded af tbit i dld efdcdrdinRf efeiitth, datidh

respect to said predetermined amount of data.

11. An apparatus according to claim 9, wherein
said errorcorrecting means comprises means for regarding
all data in at least one block which is not positioned at an
end of the N successive blocks and portions of data of
blocks adjacent to said at least one block,.as being erased,
thereby correcting errors in the predetermined amount of .
data in the record units with said.first error-processing .

data.

12. an apparatus according to claim 9, wherein
said error correcting means comprises means for, if errors
are detected in two successive blocks, regarding data corre-
sponding to one block and extending over said two successive
blocks as being erased, thereby correcting errors in the |
predetefmined amount of data in the record units with said
first error-processing data, and means for, when the erfors

cannot be corrected, positionally shifting the data of one



14. An apparatus according to claim 13, wherein said er - rocéggTﬁﬁ_Hafa
generating means conprises means for generating as sai ﬂ'ﬁ E’!ﬂ"ﬂu”ﬂ”
error-processing-data a plu- rality of parity data in ay I"" :
correspending to the order of data which are transmtted, Wi th Mespect to
sai d predeterm ned anount of data. 15. An éﬁbaratus according to claim13,

wherein said erbbockowhibeh i i repnieed My ibedngrexasetior andgabdiregtihy data
in at | east one block which is not positioned at an end of the N successive
bl ocks and portirons afatmtweitdi sdist sl ageor-prosassiag desst. one bl ock,
as being erased, thereby correcting errors-in the predeterm ned anount of
data in the transmtted units with said first error- processing data. 16.
An apparatus according to ¢laim 13, wherein said error correcting nmeans
conprises neans for, if er}drPBrIPRATHUSEN HASSTHEEIRg dats ocrapris—
regardi ng data ¢orre- sponding to one block and extendi ng over said two
successi ve bl ock®9%s bei ng erased, thereby correcting errors in the

det er m ned t of d ' ridted i N nd 1
G101 - i ocessi g dat a, and RESHE TGS iEh e o P s (sl bepes-
0% oraLLY, SPELagOeLes i or oo e Aot Chopect Ry dfrsde-

error- processi ngegit Aed 1modh TR Ak, TR GEeDInRY ed0R-pTOERELS hBJahES
steps of: (a) reproducing data of record units froma re- ,
with respect to each of a plurality of blocks produced by
dividing said predetermined amount of data;
iransmission data generating means for generating
transmission data of units from said predetermined amount of
data,'said first error-processing data, and said second er-
ror-processing data;
transmitting means for transmitting said tfans—
mission said data of units;'and
error correcting means for correcting errors in
said transmission data of unité which have been transmitted
with said first error-processing data with respect to each
of the transmitted units, and if errors cannot be corrected,
at least detecting errors in the tfansmitted data in each of
said blocks with said second error-processing data, and if
errors are detected in N (N is an integer of at le&st 3)
successive blocks, regarding all data in at leaét one block
which is not positioned at an end of the N successive

blocks, as being erased, thereby correcting errors in the



cordi ng nmedi um on which there are recorded a predeternine

first error-processing data generated with respect to sai g mpﬂﬂtumr“m;lclm
amount of data, and second error-proce55|ng data gener at ed*w respest to
each of. a plurality of blocks produced by vi di ng said predéterm ned
anount of data, nmking up said data of record units; (b) correcting errors
in said predet pradetdraiinedt ambudat efi dataeinephe ducansmibttedfuntronditi ts
with said first error-processing data with respect to each of said record
units; (c) if eadst £icstnerrbe-povocessidgi dathe step (b), at |east
detecting errors in said predeterm ned anmount of data in each of said

bl ocks with said second error- processing data; and (d) if errors are

detected in N (N is a positive integer) successiye bl ocks, .regardi ng al
data in at |east one bl.ock4h®happaxatusoePFPEReRdatOaflai® Lf Yﬁ@?@lﬂ
succes- sive bl ock as bei ggﬁerased ereb correctl gﬁerrors

pr edet er m ned CIHPIIRELCLRS LAY P@%ﬁraeﬁ FELNP PR dc?W?E%ses 'Wans
error-processn¥bfk§#?e%ﬁq pQQdHQ 95&88 d&fférﬁ?f@cess;Z& e geﬁE%POd

according to clarm in sal second error ocessi ng at ed

in said step (Pa16Q¢ JH 'p'ah%yphai:a' ihYaOhiPastiyn dabaré @n&’ix’i&céé Othe

correspond- ing to the order 0f data reproduced fronlsalﬁprecordlng nme-

dium wth respatierd @S dataPiwbdehehibnedansnitte@] WatR. réépeé‘cr@é%d
according to claim17, wherein said

predetermined amount of data.

'15. An apparatus according to claim 13, wherein
said error correcting means comprises means for regarding
- all data in at least one block which is not'positioned_at an’
end of the N successive blocks and portions of data of
blocks adjacent to said at least one block, as being e;ased,
thereby correcting errors in the predetermined amount of
data in fhe transmitted units .with said first error-

processing data.

16. An apparatus according to claim 13, wherein
said error correcting means comprises means for, if errors
" are detected in two successive bipcks, regarding data corre-
sponding to one block and extending 6ver said two successive
blocks as being erased, theréby correcting errors in the
predetermined amount of data in the transmitted units with
said first error-processing data, and means for, when the

errors cannot be corrected, positionally shifting the data



step (d) conprises the step of regarding all data in at |eas _
which is not positioned at an end of the N successive bl ocksmgiﬁmﬂmwﬂll”“‘
of data of blocks adjacent to said at |east one block, as be s o+
thereby.correcting errors in the predeternyged amount of data in the record
units with said first error-processing data. 20. A nethod according to
claim 17, wher @fnone HlecEpwhilchchapregasdedecastlsping erdsedd s @l aroxrrect-
detected in two successive bl ocks, regarding data corresponding to one
bl ock and ext eddioh@raess eghdnt wbtBusaid sfixst|extar-prinsssing atad .
thereby correcting errors in the predeterm ned anount of data in the record
units with said first error- processing data, and the steps of, when the
errors cannot be corrected, positionaIL¥ shifting,the_data of onge bl ock

~co

which is regarded as bei nd’er AsBEERQAGOL oF PBEPTRGLRY rd7%2 o OTPTHIHE Sihe

first error-pro %i%i%%fdata. 73 21. A nethod-of transmtting data,
conprising the“stéps of: (a) transmitting transm ssion.data of units which

are conposed of a predeter(t@)[‘gggglgg%&ng‘;gg@&?‘ofBiéé&r&rﬁx? £s QfP&ﬁséidﬂQ-

data generated with respec pre erm ned anount of data, an

second error- prd&%ﬁﬁi?”ﬂle@%.hﬁi Sﬁ”ﬁh%éﬁdtﬂéfé £§ép€ééof&é&a&fbﬂ§dé\:é¥iﬂggﬁﬂdty :

of bl ocks produced by dividing said predeterm ned anount of data;
correcting err Qinfount oF daltagNFHrsE eﬂrdalprb@eémd@mé@a Verdr el with

transmtted with respect to each of the transmtted units;"
respect to said predetermined amount of data, and second
error-processing data generated with'respectzto each of a
plurality of blocks produced by dividing said predetermined
amount of data, making up said data of record units;

_ (b) correcting errors in said predetermined
amount of data in the reproduced data of record units with
éaid first error-processipg data with respect to each of
said record units;

(c) if errors cannot be corrected in the step
(b), at least detecting errors in said predetefmined-amount
of data in each.of said blocks with said second error-
processing data; and
(d) if errors are detected in N (N is a positive
integer) successive blocks; regarding all data in at least
" one block which is not positioned at an end of the N succes-
sive blocks, as being erased, thereby correcting errors in
the predetermined amount of data in the record units with
said first error-processing data, thus prqducigg réproduced,

data.



(c) if errors cannot be corrected in the step (b), at least d [
errors in said transm ssion data in each of said blocks with q mHm‘““““mm
error-processing data; and (d) if errors are detected in N (N'i's an int egey *
of at least 3) successive blocks, regarding all data in at |east one bl ock

whi ch is not positioned at an end of the N&uccessivebl ocks, as being

erased, thereby correcting er- rors in the.predeterm ned anount of data in

the transmtted units with said first error-processing data. 22. An g
apparatus for reproduci ngl8at & meshpdi accPrR@ing ke gelleing! heavkerein said
reproduci ng data of record units froma recordi ng nmedj umon_which there are
recorded a prefECERM REFOENBLACSSF1AG datd IR -1 Qi HePRIkS <OMry

generated with respect to_said predetermned anpunt of data, and second
error- processi Pd‘j%% g Béﬁgﬁii"gﬁ thBaF%gbe 3 Jom e Hﬁb'fe%“pcl*br%ﬁzfﬁf’ﬁﬁnd’

bl ocks produce I yhdi | dePkEs ) t..of ' _up
sai d data of rg'é‘%?/ é"q,usr{{'lhtg S;ngégogfcégif%gféﬁé&n@%%%%#IHC%E}:%%%(?\%ﬂ% sin
said predet er mdigeh AYRYR rebpdBtachNehlie PAldetlohfOd hrillide SERgAdiced by
said reproducing neans, wmth™said first error-processing data wth respect
to each of said record units, and if errors cannot be corrected, at |east
detecti.ng errors in said predeterm ned anount of data in each of said

bl ocks with said second enmsqr apie¢hsd Agcéetiangabd tlaghmr D7 s wherein said

%

step (&) comprises the step of regarding all data in at
least one block which is not positioned at an end of the N
successive blocks and portions of data of blocks adjacent to
said at least one block, as being erased, thereby correcting
errors in the predetermined amount of data in thé record

units with said first error-processing data.

20. A method according to claim 17, wherein said
step (d) comprises the step of, if errors are detected in
two successive blocks, regarding data corresponding to one
block and extending over said two successive blocks as being
erased, thereby correcting errors in the predetermined
amount of data in the record units with said first error-

- processing data, and the steps of, when the érrors cannot be
corrected, positionally shifting the data of one block which
is regarded as being erased, and correcting errors again

with said.first error-processing data.



T T

are detectedin N (Nis a positive integer) successive blocks. regarding "
all.data in at |east one block which is not positioned at: ; ﬂl”ﬁ,"ﬂlm, ;
successi ve bl ocks, as be- ing erased, thereby correcting e ,"'

pr edet er mi ned anount of data in the record its with said first errfors *

processing data. 23. An apparatus for recordi ng and reproduci ng data,
conprising: error-processiglg dahifodeoF tREnERABEIHGI ASLAS! colipt DEind eHe
error-processing data with respect to a prede- term ned anount of data, and
second error-praaggssSiofg data with respect to each of a plurality of blocks
produced by dividing said predeterm ned anount of dat a; record unit data
generating means for gener(@) ruyansmitdingetransmissionr datsapfi units which
predeterm ned anount of data, said first error-processing data, and said
second error- ‘ang GQeEpssed @it & Predgtgrmangddamepnt ofi dataeahitrsprerror-
recording said data of, record units on a neﬁordin nediun1§£d repro- ducing
TeERRd

sai d data of rmslﬁﬂ%_d@ﬁasgfale@ésﬁdma nEEPBRFE FP oF AR RETIF
Sonar e b o fnf gt AR B3R R RoRR BT u b Fal MdheiAted |
recording and regnoduel tnq__%n%,al&lls?(} qn iuif.h?% | §¥eh18&x aéijo%\?cpé@%ﬁpw
signal ; and er rOroEarT et hy means tor “cbrFectinyg errore-in Raj

pr edet er m ned %Mdma‘ &a@?&mﬂ%@dogmbﬁﬁersfua&égreproduce_d by said
recordi ng and reproducl ng nmeans, .

(b) correcting errors in said transmission data
in the units which are transmitted with réspect to each of
the transmitted units;. -

(c) if errors cannot be éqrrected in the step
(b), at least detecting errors in said transmission data in
each of said blocks with said second error-processing data;
and .

(d) if errors are detected in N (N is an integer
of at least 3) successive blocks, regarding all data in at
least one block which is not positioned at an end of the N
successivegblocks; as beihg erésed, thereby correcting er-
rors in the predetermined amount of data in the transmitted

units with said first error-processing data.

22. An apparatus for reproducing data, compris-
ing:
reproducing means for reproducing data of record
units from a recording medium on which there are recorded é

predetermined amount of data, first error-processing data



with said first error-processing data with respect to each of—sait+ecord.
units, and if errors cannot be corrected with said first - pProcessin
data with respect to each of said record units,.deterni r,m&!ﬁ[ilﬂjm ‘“JIF
errors based on the error status detected Qy.said error " ,
and when N (N is a positive integer) successive bl ocks are de- termned as
errors, regardgagephtedaivbth nrédpecnsio awidipraddedeiralined anoupdsofi aaed, at
an end of the N successive bl ocks, as being erased, thereby correcting
errors in the pnddseeominerrareprmcess iy aata tdemeradedd winht sespekrts &od
first error-processing data. =~ 76 24. An apparatus for reproducing data,
conpris- ing: eaghogficanplusahity of rkiecki@refutad byf dicvdddagusiaid prem a
recordi ng nedium on which there are_recorded a predeterm ned anount of
data, first erfgteppépedsangulhtef de? ataking MR &xdccdate oFf aecord
predet ermi ned anpunt of data, and second error-processing data generated
W th respect tBnégﬁﬁ of a plurality of blocks produced by dividing said
pre- determ ned anmount of , o |d data of record units: error
detecting neans for det ecf ?%é%aﬁggﬁregglsga@%és?s [ ﬁéfgaég%ro cctsleﬂ% SHESESs ot a
reproduced si 98alkgl refbfahYfied NEndthe Of (G0 th WHd QA Ot Febor
ai ase i deo 0

rep[oduced.by S eproduci ng-nmeans, on a v l'evel said re-
produced si gnalyn;a8dreprBHuE8d’ BF L $20d "Eehtod i i Wedld NN ¥a8d First

error—processiﬁg data with respect to each of said record

units, and if errors cannot be coirected, at least detecting
errors in said predeterﬁined amount of data in each of said
blocks with said second érror—procéssing data, and if errors
are detected in N (N is a positive integer) successive
blocks, regarding all data in at least one block which is
not positioned at an end of the N successive blocks, &s be-
ing erased, thereby correcting error§ in the predetermined
amount of data in the record units with said first error-

processing data. ' .

23. An apparatus for recording and reproducing
dﬁta, comprising:

error-processing data generating means for genexr-
ating first error-processing data with respect to a prede—
termined amount of data, and second error-processing data
with respect to eaéh of a plurality cf blocks produced by

dividing said predetermined amount of data;



—

sai d predet ernined anount of data in the data of record Lts fEBFBHUted~by

sai d reproduci ng neans, wWith said first error-processiné ﬂ”@' ct -
to each of said record units, and if errors cannot be c ; " ll’]gflm
determ ni ng bl ocks as errors based on the %rror status detectéd By saith

error detecting nmeans, and when N (N is a’Positive I nt eger) suc- cessive

bl ocks are determ ned as efkcors, undgaddtaggeherdaingimeais | £ost gomer bt Dok
which is not positioned at an end of the N successive bl ocks, as being
erased, therebylater odcriesgrdr nodssi fironespiddpredetennized anowit dot adta,
the record units with said first error-processing data,
said first error-processing data, and said second error-
processing data;
recording and'reproducing means for recording
said data of record units on a recording medium and repro-
ducing said data of record units on said recording medium;
error detecting means for deteéting an error
status, in each of said blocks, of a reproduced signal in-
dicative the data of record units which are reproduced by
said recording and reproducing means, .based on a vidéo level
of said reproduced signal; and
| error cofrecting means for correcting errors in
said predetermined émbunt of data in the data of record
units reproduced by said recording and reproducing means,
with said first error-processing data with respect to each
6f said recofd units, and if exrors cannot be corrected with
said'firstIerror-processing data with respect to each of
said record ﬁnits,.determining bloéks as errors-based on the
error status detected by said error detecting meéns, and
| when N (N is a positive integer) successive blocks are de-
termined as errors, regarding all data in at least one block
which is not positioned at an end of the N successive
blocks, as being_erased, thereby correcting errors in the

predetermined amount of data in the record units with said

first error-processing data.
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24. An apparatus for reproducing data, compris-
ing: |

reproducing means for reproducing data of record
units from a recording medium on which there are recorded a
predetermined amount of data, first error-processing data
generated with respect to said predetermined amount of data,
and secoﬂd error-processing data generated with respect to
each of a plurality of blocks produced by dividing said pre-
determined amount of data, making up said data of record
units: |

~ error detecting means for déetecting an error
statué, in each of said blocks, of a reproduced signal in-
dicative the data of record units which are.reproduced by
said reproducing means, based on a video level of said re-
produced signal; and
| error correcting means for correcting errors in

said predetermined amount of data in the data of record
units reproduced by said reprqgucing means, with said first
error-processing data with respect to each of said record
ﬁnits, and if errors cannot be corrected, determining blocks |
as errors based on the error status detected by said error
" detecting means,.aﬁd when N (N is a positive integer) suc-
cessiﬁe.blocks are determined as eriors, régarding all data
iﬁ at least one block which is not'positioned at an end of
the N successive blocks, as being erased, thereby correcting
errors in the éredetermined amount of data in the record

units with said first error-processing data.



