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DESCRI PTI ON RECORDI NG MEDI UM DATA TRANSM SSI ON METHOD AND
APPARATUS, ~AND DATA REPRODUCTT ON METHOD AND APPARATUS T
Technical Field 5 The present invention relates to a }
recordi ng nmedi um to which information in which a synchronization code

has been woessiddserted is recorded, to a data transm ssi pgy/ipieligete 2nd
apparatus for transmtting the i nfor mation to which said

synchroni zati on code has been inserted, and to a data 10 repr oduci ng
met hod and apparatus for reproducing t he transmtted

I nformati on. Background Art = 1 - Data recorded to a
magneti c di sk, optical disk, or ot her such recording nediumis
copventional |y nodul ated to 15 code . mords based on a codi ng net hod
havi ng specific coding rul es t-o-epakii rate readi ng during

repr oducti on. One of these coding rulés’is to insert a
syachroni zati on code at t he begi nni'ng of each frame, which is a data
unit containing a known constant anount” of data. The coded data
contai ning 20 RECORDINGMEDNTIH,S PATATRANSMISETONOMETROD ARDasENerdEdaAlp a
nodul ated signal, e.g., an NRZI (non-return to zero inverse) si gnal
whi ch is recor ®AFH REPREDYCTEON iMETHQRI 20W APPARATUS repr oducti on
apparatus digital/anal og converts the anal og reproduction signal to
obtain the NRZI signal, and then o

echni ield

5 The present invention relates to a recording medium
to which information in which a synchronization code has been
inserted is recorded, to a data transmission method and
apparatus for transmitting the information to which said
synchronization code has been inserted, and to a data

10 reproducing method and apparatus for reproducing the

transmitted information.

Background Art
Data recorded to a magnetic disk, optical disk, or
other such recording medium is conventionally modulated to
15 code words based on a coding method having specific coding
rules to enable accurate reading during reproduction. One
of these coding rules is to insert a synchronization code at
the beginning of each frame, which is a data unit containing
a known cohstant émount of data. The coded data containing
. 20 the inserted synchronization code is then copverted to a
modulated signal, e.g., an NRZI (non-return to zero inverse)
signal, which is recorded to the recording medium. The
reproduction aﬁparatus digital/analcg converts the analog

reproduction signal to obtain the NRZI signal, and then
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2 converts the-NRZ—signal te paral.lel—data to obtain the code-
sequence from which the code words are extracted synchroni zed to the
word cl ock. This word clock identifies the divisions bet ween code

words int sequence; the word clock phase 5 . is troll ed based
on the s éﬁ&gﬁ?zation code. - The extracted cS&i Yare then
decoded and error correction processing is applied to obtain the
processabl e dat a. The synchroni zation code is also witten
as a code pattern that will not- gppear in the coded data recorded to
the 10 recordi ng nmedium and can therefore be discrimnated fromthe

ot her (non-synchroni zation code) data. Mrre specifically, the codi ng
rules nornally define the maxi mum and, m ni mrum_nunbers of consecutiver
zeroes (0) bracRRRREEY e dRET) signal e pParalleladpbarte rekipiroidiec sade
word. The rul es_may further ohi hiit 1 t he maxi num nunper of )
consecutive zer BEITHIT &AM ﬁ%?rbu%ﬂﬁ-Feae w°:$g RTEHEXRTRECEY SyIghroRd zed
conjuncti on of ESORL JIBE HNLHS fiis worq AdCES thine | AflTHe H:4idions

expressing the data code (non- synchroni zation co par t

entire code acCHéeWéén lddde words S &HelkB8e! Seduerddlak heOUBEd SETKERT R EEM
i nversion interval 20 T[err] and m ninmuminversion interval T[err].

An exanpl e5of thss aodingd ledt hbalsed dre ER& (sympiHronizationt oeddelr t eerhe
nmodul ati on) nodul ati on net hod used with optical di sks. I n EFM coded
signal s, code sey¥rEreted wede iwrrds ays then deqededmand rexyoyi mexnecsienl

T[err] will not appear, consecuti yvel 25, .in.the NRZI sjgnal expressin
tLe nLn-synchroB?ggf?fﬁPQuﬁﬁeapplledyﬁﬁt%?ta%ﬁtquEﬁﬁpfﬁﬁﬁﬁb?etﬂ%taP )

SynChr oni zation code t herﬁeorsi?nchrgniz;ﬁ{]ﬂ)&%%el\l%l aﬂs«gnﬂ:ftéé}: Vgg %h ctogg

maxi mum i nversion i nterva
pattern that will not appear in the coded data recorded to the

10 recording medium, anq can therefore be discriminated from the
oﬁhgr (non-synchronization code) data. More specifically, the
coding rﬁles normally define the maximum and minimum numbers
of consecutive zeroes (0) bracketed by_ones (1) that can
appear in any one code word. The rules may further prohibit

15 the maximum number of consecutive zeroes that can be in series
separated by 1 at the conjunction of two or more words. As
a resﬁlt, the NRZI signal expressing the data code (non-
_éynchronizétion code) part of the entire code according to
said rules is a signal comprising maximum inversion interval

20 T

max and minimum inversion interval Tp;,.

An example of this coding method is the EFM (eight-
to-fourteen modulation) modulation method used with optical
disks. In EFM-codg@ signals, code segments inverting at the .
maximum inversion interval T_ ., will not appear consecutively

25 in.the NRZI signal expressing the non-synchronization.code
data. With EFM coding, the synchronization code thereiore

includes NRZI signals in which the maximum inversion interval
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- 3- ' T[err] occurs twi ce in succession. Fig. 20
shows—theprts—and—sigmal—wave Tecorded 1o a conventional opticat——
di sk for data containing a synchroniza- tion code according to the -
prior art. As shown in Fig. 20, 5 a synchronlzatlon code of signal

| engt h TSsvd éi1gdr cont ai ni ng two consecutive nBX|qqg%hQ%ﬁh§lon .
intervals T[err] of the NRZ signal is added to the beginning of

each frane of data other than the converted synchronizati on code.

The data to which t he synchroni zati on code was added is converted to
an NRzI 10 signal, and the NRZI-nodd&lated data is recorded to the

opti cal disk track by formng a pit of a length determ ned by the

HI GH | evel period of the NRZI signal, followed by a | and (space)

of"a length de&ern1gggﬁpg E$E éJgQ{s%yﬁgﬁgerlod of the NRZI si gnal .

15 1§%OMAng the relationship
bef ween the reproductlonp grw fh% t PRe 4543 GOIY i1Bh0Y @a 4
synchroni zati on code and %%prodjbedsfroﬁ1 e recoragg cont%ﬁnrecor ed tP t he
optical disk, anconventNidHalsogtidal Gaékffdu‘ndiaha containirRPa sitdHr@nizagnal .

Fig. 21 (a) shows the reproduction 20 signal reproduced fromthe
recorded cont efiionf cofie apedxding to thedpskorFagt 2 1A% byhoovist tHig .r €ad
clock generated at pi interval T. Fi (c) shows the NRZI signa

digitized?at @2 syncgr?ﬂ?%ﬁﬁ&ﬂQiQRQQMQf(Gﬁg&aghiégﬂﬁydT$%%@ﬁax\R9Qﬁﬁ%§ﬂ&9ng

h d | h he NRZI | d
28 "4 vari abFE8; RrRTeA makpbl 4 AYRyon nbervals O, OF e Wlat!
reproduction Sbﬁlgﬁgl rfgrﬁﬁgde‘iof £aa ﬁgflﬁxﬁﬁ@ ddeach frafi@BEYary other

optlcal di sk is an anal og signal as shown In
than the converted synchronization code. The data to which

the synchronization code was added is cohvert:ed to an NRZI
1o signal, and the NRZI-modulated data is recorded to the optical
disk track by forming a pit of a length determined by the HIGH
level period of the NRZI signal, followed by a land (space)
of a length determined by the 'LOW. level periéd of the NR2I
signal. |

15 ' Fig. 21 is a timing chart showing the relationship
between the reproduction signal for the data containing a
synchronization code and reproduced from the recorded content
of the optical disk, and the NRZI signal read from the
reproduction signal. Fig. 21 (a) shows the reproduction
20 signal reproduced from the recorded content of the optical
disk. Fig. 21 (b) shows the read clock generated at pit
interval T. Fig. 21 (c) shows the NRZI signal digitized at
. . a threshold value (or a threshold level) V0 according to the
read clock. Fig. 21 (d) shows the NRZI signal digitized at

25 a variable threshold value (V0+AV).
The reproduction signal reproduced from the recorded

content of the opt'ical disk is an analog signal as shown in
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-4- Fig. 21 {a)——~As=shown,—in Fig. 21—{b), this reproduction -
signal is then converted to a digital signal wherein val ues greater
than or equal to the threshold value VO are HGH, and - val ues bel ow
the thresh e VO are LOWN based on the read 5 cl Qg '

I nt erval %‘gm'sg%ihreshol d value may fluctuate, hom&é‘mmi ng to
the | ow frequency conponent of the recorded content of the optical

di sk. For exanple, when the signal. level is [err]V greater
than the threshold value VO as shown in Big. 21 (a), the HGH 10 | evel
interval of the NRZI signal obtained from D/ A conversion S
shortened (=T[err]-2T), and the LOWIlevel interval is | engt hened
(=T[err]+2T), as shown in Fig. 21 :d) Though not shown in the g
figure, when th&ig-grdl Kalel As sigt yFier r3ly (b)) tht’tsvve'ueprnéncmen

t hreshol d val ue V0, the H Ievel i nt erval o‘;. 15 t.he NRZ| gnal
obt ai ned from D/%% SsitOen SOPNRYtRdnkR, @ digital, gignad I‘_"WF JelValues

interval is Sho\ré Pt%thegﬁn?%’ 3 N WEfle thr sthcﬁrdr 55%883\7’6 Sde'HIBE, ang

I nversion inter gnal convérsion as

a result of thregiQlds ¥ahEd the threfshsiau?élwsvo ipe m Ngheb@NH RhESreha

t he synchroni zati on code 20 is still TS=2T[err], the other data can
t heref ore bg clockaotuhateintehwam’EUInnhfsithreshold value may Elaceuate,
cases, however, in which the nmaximum inversion interval T[err] of
the NRZI signal hawexnsr.taeeorgigg to theydowe fxequeacyuleampsmenite afodthe
nmet hod. When such codj 25 nmet hods are, used, the signal |ength
TS=2T[err] of tHe® Gontent of theopiicalq@ifkrural [y becomes | onger,

t 0o. When | ong

For example, when the signal level is AV greater
than the threshold value V0 as shown in Fig. 21 (a), the HIGH
10 level interval of the NRZI signal obtained from D/A conversion
is shortened (=Tmax-2T) , and the LOW | level interval is
lengthened (=Tpax+2T) . as shown in Fig. 21 (d). - Though not
shown in the figure, when the signal level is conversely AV
lower than the threshold value V0, the HIGH level interval of
1s the NRZI signal obtained from D/A conversion is lengthened,
and the LOW 1evel interval is shortened. However, even when
error occurs in the inversion interval qf__the NRZI signal
obtained by D/A conversion as a result of threshold wvalue
fluctuations, the signal length TS of the synchronization code

20 is st:.ll TS=2T

max+ and the other data can therefore be

accurately discriminated.

There are cases, howeve_r, in which the maximum
inversion interval Tnax of the NRZI signal is set to a large
value by the rules of the coding wmethod. When _such coding

25 methods are used, the signal length TS=2Tp 5 ©f the synchro-
_nization code naturally . becomes longer, too. When long

synchronization codes such as this are :_‘.requently recorded
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Wi t the—destred—Tformetion  as—ComTT ot T=—toT T epr oductiory the——
ratio of desired information to control data drops in the -
I nformation recorded to the recording nedium As a result, this

i nt er f er eswyiokBgsfPr OVi Ng the recording density of the h‘,ﬁ;j%@n an

opti cal disk. Recent research in optical I'ng and

recordi ng techni ques strives to transmt as nmuch information as

possi bl e while limting the NRZI signal inversion period to |ess

t han the upper frequency |limt -of the transm ssion path. The 10
result of this coding nethod is an increase in the maxi num i nversi on
interval T[err]. For exanpl e t he maxi num i nver si on interval T[err]

of the 515 coMHILERR JRMRSE SRETE) Lon & Conerpd dea for §e§?ﬁév&%§1'ff he
SYOhr oni 72l | OfyePYRe3b%s Jémeaomr%%&% i BR0ECHEESS S 858

15-bit pattern e sync ron?za i oncode

remai ns 2T[ err linFddmation rée@rdéuiltrw tb@ﬂ%bbsdgﬁgclﬁé&ﬂﬂn aboye Rreesuie,
retained, the synchroni.zati on code is expressed by an NRZI si gnal of

si gnal ltdrigt inter2é¥es swigh fingamivingl ahgeretbndind edenigingt dfengieh of
20 t he synchroni zati on code general |y used today. Di scl osure of
| nvention 3 data on an optigalfdEk. the pr| mary object of the

pr esent invention_is to.provide a,recor Lumto which infor-
mation is recorded usingt&® %%cﬁ?%ﬂ?&%fl &R EBBéc?ﬂaf’ ay@z@n Tegqring

discernible fr Q@cm?nqgégegtzﬁq’fe%r EBL ARt S5 Q\%l:ﬂglnformatlon as possible

while limiting the NRZI signal inversion period to less than
the upper frequency liﬁit of the.transmiSSion path. The
10 result of this coding method is én increase in the maximum
“inversion inﬁerval Tnax* Fbr example, the maximum inversion
“interval Tmax ©f the modulated NRZI éignal is defined as 14T
by the coding rules of the 8-15 conversioh method whereby
eight data bits other than ﬁhe éynchronization code are
15 converted to code words expfessed by a 15-.bit pattern. If the
signal length TS of the synchronization code remains 2Tpax and
the coding benefits 'described' above are retained, the
synchronization code is éxpressed by an NRZI signal of signal
length TS=28T, significahtly longer than the signal length of

20 the synchronization code generally used today.

Disclosure of Invention
Therefore, the priinary' objeci’: of the Present
invention is to provide a recording medium to which infor-
mation is recorded using a synchronization code that is
25 reliably discernible from the other information while being

recorded with a short signal length.
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further object of the invention is to provide new nmet hods for
transmtting and reproducing the information recorded with said
synchroni zati on code. To achi eve the aforenenti oned

obj ect s, aﬁoszﬂsﬂe 5 of manufacture according to thePEFEOSM8?? nyvention
conpri ses a reproducer usable optical disk having a reproducer

r eadabl e code enbodi ed therein. The reproducer readable code in the
article of manufacture conprises: synchrgnization codes provi ded
along a track with an interval between two synchron- 10 | zati on codes;
and data codes (non-synchronization codes) filled in the interval
bet ween two synchroni zati on codes. The data code is fornmed by a -
plurality of ON markings & dwrsdent phject of the inventimvdls vb prdwite meswode
and OFF mar ki ngs rggresefnti nl?ﬁﬂ . a second level of a binary code, a
maxi mum | engt h BEtEOAs 5 Tor CrAnSRidtdngs rant g TRRTCANGLRA £heodofasmatgon
limted to T[err . Hall | engt h_of continuous marking in
sai d data 51‘885%%%"&%5 aﬁrﬂs%@ﬂgloﬁﬁgﬁf’n ﬁogaesfynchroni-zation code is

formed by a plurality of N fedidvadtreeREeseRbhbdofed | s5ject | gMalef a
bi nary code and OFF nmar ki ngs relpresenti ng a seconc()j 20 ﬁjecf esv'elanof a cll(r%ary

code. TheSsynchfonanafacturs cantingsed the pressnt deAvédt ®in havtigid ses
continuous marking wth a predeterm ned | ength T[err]+nT in which n

is an integer egut¢Prxedugexrjusabde optical disk Rawing B repaoducer |ragiable
representing one ai natrné god ) . As a result, a code segnent
correspondi ng t §9Ffie®™28 1e%a§lﬁ"'€ﬁ}1“ar (e TERHORHERT cxgAdalie Fadfe in the
\?\%Pgﬂr?m‘ g?t}%g){lg%gggle of n%%’&%%%u%& acétr?;gfjisaerszl nts%\égal:oxlz{lzat.thfonar ec%dte%
provided along a track with an interval between two synchron-

10 ization codes; and data codes (non-synchronization codes)
:filled in the intexrval between two synchronization codes. The
data code is formed by a plurality of ON markings representing
a first level of a binary code and OFF markings representing
a second level of a binary code, a maximum length of a

15 continuous marking in said data codes being limited to Tmax’

| and a minimum length of a continuoﬁs marking in said data
codes being limited to Tp;,. The synéhx_'onization code is
formed by a bluralit&_ of ON markings representing a first
level of a binary code,: and OFF markings representing a second

20 level of a biﬁary code. The synghroniz;tion code comprises
an identifier having a continuous marking with a predetermined
length Tpax*nT in whiqh n is an ir_xt_eger..equal to or greater
than 2 and T is a unit length rep:eentif;g one binary code.

As a result, a code segment corresponding to the

25 particular code sequence expressing the synchronization code

appears at a regular interval in the area to which information

containing said synchronization code is recorded to the



containing said synchronlzatlon code is recorded to the WO
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-7- recorgdimg—TEedium — TS partrcar ar_code seqguence i s generar"ﬁ'——
to contain a bit string of the one binary value for which the
maxi mum nunber of consecutive bits is limted in a string | engt h at
| east two whbgafegyger than that maximumlimt, and 5 pdRScidele aPPEAr
in the code other than the synchronization code
("non-synchroni zati on code" or "data code™) in the error correction
range in which reading errors can be corrected. It is therefore
possi bl e for the reproduction apparatus7te . accurately discrimnate
t he synchroni zati on code fromthe 10 ot her codes whil e reproducing the
non- synchroni zati on code fromthe recording nmedium The

Product i t t | d the f b h
non- synchr oni » GECEREIES ME, F‘ma‘r’ﬁaﬁ R BECEHAG P e LA A

code thus to ésgesﬁﬁeai %egwﬁ .Jh 1R"ghR Binélgvn %,a&mCE AN Epecode

15 sequence can be set s orter than the conventi sync roni za-
tion code, whi axifumepoabes Of Gonsepatavedphysons lll;tueédt 8 a string
bi nary val ue opposite that for which the maxi num consecutive bi t
count is |imtdengah efuleateiwvaikditst lohgenfhamithat maximumoliwit,t lrad
synchroni zati on code i nformati on can be recorded 20 to the recording
nmedi um t Hus |ﬁk*%hé“ﬁgEEEGaFeéGr&PﬁgceéﬁsPFyer than Ehetﬁﬁn¢Q%RﬂkEQR}°n

di A h :
[ransmis. o098 SoART RGO ARIER R0y oan 8FF 4 e dath Cotaress

the St eRSrFectidn in( @hichOPYLETAd éﬁ#:% YU Pial
sequential data * co gggesald at a co% !EEIH ornedg ccoﬁ%ﬁnafion
of first It is therefore possible for the reproduction apparatus to

accurately discriminate the synchronization code from the

10 other codes while reproducing the non-synchronization code

"from the recording medium. The réproductioﬁ apparatus can

thus accurately read the first bit in the non-synchronization

code information based on the synchronization code thus

separated{ Because the length of'this synchronizétion code

15 sequence can be set shorter than the conventional synchroniza-

tion code, which is repeated twice'separated by one bit of the

binary value dpposite that for which.the maximum consecutive

bit count is 1imitedf an equivalent amount of information

other than synchronization'code informatioﬁ can be recorded

. 20 to the recording medium, “'thus increasing the recordi_ng density
of the recording medium.

Accorxrding to the presehi: ;invéntion; a data transmis-
sion method for transmitting an original daté comprises the
steps of:

25 (a) converting said originai data to sequential data
" codes, said data code being £6rméd'By a combination of first

level binary codes and second léVeI'binary co&es, a maximum



| evel binary codes and second | evel binary codes, a maxi num WO
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| engt h of a continuous binary codes of one level in said data codes
being limted to T[err], and a mninmumlength of a - conti nuous binary

codes of In said data codes being limted 1n.. 5
Q‘Q'ﬁ’lﬁg@ S P&ﬂﬂmﬁ on code

(b) genera ynchroni zati on code, said synchroniza-

being forned by a conbination of first |evel binary codes and second
| evel binary codes, said synchronization code conprising an

i dentifier having a continuous binary cades of . one level wth a
predeterm ned | ength Tnax+nT in which nis - 10 an integer equal to or
greater than 2 and Tis a unit length representing one binary code;
(c) inserting said synchronizafion code intermttently in said -
sequential dat 2Ry of a continuous binapy epdns@f enenteyrldansaidvdats on,

a data transm s- _ 15 .Sion.apparatus for trangmtting. an origi nal data
conpri ses: codés’ being ﬁ&&ﬁggﬁt 9% s #B &n@b’?’tq‘% i‘&ggt ri%i ndl -

dat a L) GRS pifhly (O oF bl WAL DER Wal s CBls e fug

conbi nati on of ry codes and second |ev
codes, a maxi MuMmAiEE Rtoofr gagontinuous bi nary codes 20 of one level in

sai d data codes being limi P88 to T[err], and a m ni mum | ength of a
cont i nuousShi nary colds genemetingel synmchronizatiendafist,aszidieynbhrogiza-
limted to T[err]; . ' enerating neans for generating a
synchroni zat i ontion °°dep88é?gsfd?’ﬂ“e§%./g¥h?cﬁﬁ“)§ﬁa§ri°@oﬁé bevaty leyedebingry
gggte)l&nat 'on 25('.'odesofatnfdI éesct:orluf \iglveP Ibni%rgéycggggs ,a ns(gli eé:}(r)r?c r!'oer}/iezlattyorlllacrzgde
comprising an identifier having a continuous binary codes of
one level with a predetermined length Tmax*nT in which n is
10 an integer equal to or greater than 2 and T is a unit length
representing one binary code;
{c} inserting said synchronization code intermittently
in said sequential data codes.
According to the present invention, a data transmis-
15 sion apparatus for transmitting an original data comprises:
converting means for converting said original data
to sequential data codes, said data code being formed by a
combination of first level binary codes and second level

binary codes, a maximum length of a continuous binary codes

20 of one level in said data codes being limited to T,

max’ and a

minimum length of a continuous binary codes of one level in
said_data codés being_limited to Tpiné
'generating means for generating a synthonization

code, said synchronization code being formed by a combination

25 of first level binary codes and second level binary codes,

said synchronization code comprising an identifier having a

continuous binary codes of one level with a predetermined



sai d synchroni zati on code conprising an identifier having a

conti nuous binary codes of one |level with a predeterm ned VO
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- 9- l ength [err] in which nis an integer equal to or greater

than 2 and T is a unit length representing one binary code; and

I nserting weess1880r i nserting said synchronization 5 ﬁw
intermttently in said sequential data codes. ' ccording to~
t he present invention, a data reproduc- tion nmethod for reproducing
an original data froma sequential data codes intermttently

I nserted with a synchroni zati on -c®de, said sequential data codes and
synchroni zati on codes 10 being stored in an optical disk,

said data code being forned by a conbination of - first level binary

codes and secon Vel pbi n - P Loum |l ength:of a
conti nuous bi na??hgggegm%*&gyneﬁfg@gcﬁ pots an Qgg{e%a%%%bg; L PBeigrgarer
limted to T[erthaand andimiiemn letd Nebagth 2kpResont idd Vi HinakY cades of

one level in said data codes being limted to T[err].
sai d synchroni zandlon code being forned by a conbi nati on of first
| evel binary codes and second | evel bi nary codes, said

synchroni zation code cofifiexiing mgans Kpr insgafingi sridmmepronizanions
by nary, codge of ol LAveltihery sp ofidlSER TS B 0T 1T
o oB"Eher 09,7he. Acgeraithr b iipans pveneicn. = o4 LeFFORE,
detecting saidtion met®hod ESH Qepriddieltig@fleriginaNadtdY ehom a sequential
data codes intemittently inserted with a synchronization
code, said sequential data codes and synchroniiation codes
10 being stored in an optical disk,
said data code being formed by a combination of
“first level binary codes and second level binary codes, a
maximum length of a continuous binary codes of one level in
said data codes being limited to Tpaxs 3nd a minimum length
15 of a continuous binary codes of one level in said data codes
being limited to Tpn.
said synchronization code being formed by a
combination of first level binary codes and .Second level.
binary cbdes, said synchronization code 'comprising an
20 identifier having continuous binary codes of one level with
a predetermined length Tmax+nT in which n is an integer equal
to or greater than 2 and T is a unit length representing one
binary code;
‘said method comprising the steps of:
25 (a) detecting said identifier by ~detecting said
continuous binary codes of one level; -

{b) separating said sYnchronization code from said data



(b) separating said synchronization code fromsaid data WO

96/ 31881 _ -~ -—PeT/JP96/ 00879

- 10 - code; and R (c) re-converting data code to

ori ginal data. According to the present invention, a data
r epr oduc- .on apparatus for reproducing an original data froma 5
sgguent I al wd)as{‘glé:d&des intermttently inserted with a syncﬁFE- /00879

ni zation code, said sequential data codes and synchroni zation codes
being stored in an optical disk, sai d data code being
formed by a conbi nation of first doevel binary codes and second | evel
bi nary codes, a 10 maxi mum | engt h of a conti nuous binary codes of one

| evel in said data codes being limted to T[err], and a m ni num

| engt h of a continuous binary codes of one level in said data codes °’
being |inited t&ofperppd . sai d synchroni zati on code being

formed by a 15 c I nation of first |evel_ binary cqdes and second | evel
bi nary codes, said s3§€hrfﬁﬁi%%ﬁ%ﬁ*legdgaﬁﬁnﬁﬁ¢%iﬁﬂ; ginal datfentifier '

havi ng continuous binary godtesetly 8% HEEELadht nvention? LRERE SR

length [err] in which nis an integer eq _ 0 or " greater an 2 and
T is a unit |engibnrespigefaeitisN0f6P€ repRodubifgl arC088iginal data from a
sai d apparatus conpri sing: detecting neans for detecting
sai d ident5fi er seguential didteectdag Hrtickmidnennliputndsrtad/ wieles Hindire-

| evel ; ) . separating neans for separating said
synchroni zat i onn125t1°r¥c‘?5?1£9_  EgAfsEeaentialcdaea apdes and synchronization

codes being stored in an optical disk,

| said data code being formed by a combination of
first level binary codes and second level binary codes, a
10 maximum length of a continuous binary codes of one level in
said data codes being limited to Tmax' and a minimum length
of a continuous binary codes of cne level in said data codes
being limited to Tyin.., |
said synchronization code being formed by a
15 combination of first level binary codes and second level
| | binary codes, said synchronization code comprising an
identifief having continucus binary codes of one level with
a predetermined length T, _.+nT in which n is an integer equal
to or greater than 2 and T ié a unit length representing one
20 binary codé;
said apparatus comprising:
detecting means for detecting said identifier by
detecting said continuous binary codes of one level;
separating means for separating said synchronization
25 code from said data code; and

re-converting means for re-converting data code to

original data.



re-converting neans for re-converting data code to original data.
WD 96/ 31881 PCT/ JP96/ 00879 _
=11 - Wem THhe transmtted t1ne-series information is
read fromthe recording nmedium as an anal og signal containing the
time-series information, and the code sequence containing the
synchr oni %) ¢¢pisgiode i s read fromthat anal og signal, PcraPRidbdrpuous code.
sequences two or nore bits |longer than the maxi mumbit limt will not
appear in any code sequence expressing the non-synchroni zati on code

I nformati on insofar as the read error of the read code sequence is
within the error correction rangetl Fhe data reproduction method of

the 10 present invention is therefore able to separate the synchroni -
zation code information fromthe non-synchronization code i nformation
with good precision int S piormation containin

t hese synchroni zation coggggegiueﬁg%ééﬂw&{: earsleecf 5n9? é%’e%?‘ﬁt%?fd" °
synchroni zati o t fbﬁgggg [ Pyt | ar
i nformation trgﬁp?thg Qeéspa%qm%&ljdglt gls;\b{‘lol I owi'ng t E&SS% roni zatﬂlﬁ
code. time-seriéBeipfex@iiiconypahdaiioorode HeqeshdepedndapARgche
Patent Applications No. 7-77974 filed April 3, 1995 and No. 7-267485
filed October Bynchgosizahsomnttode cdst emeadf fdreh tha® anerdoexpsimdly,

i ncor porated by reference herein. Brief Descrjption of Drawin s

The present i nRERGISHORS| F°9§c§ﬁ§“ﬁﬁ?§sfﬁ‘?’? yOT more Bifed S}RALY AR

detail ed descrlnp ; Il%r&mgll\{fp gglng W 1t hr?ot appear in any code sequence

expressing the non- synchrom.zat.ton code 1nformatlon insofar

as the read. efroi' of the read code sequence is within the

error correction range. The data reproduction method of the

20 present invention is therefore able to separate the synchroni-

zation code infbrmation from the non-synchroﬁization code

“information with good precision in time-series transmitted

information containing these synchronizatibn code sequences,

and based on the separated syrichfbhizatibn code, to reproduce

15 with good precision the particular information transmitted
immediately foliowing the synchronization code.

The present épplicétion is based upeon Japanese

Patent Applications No. 7-77974 filed April 3, 1995 and No.

7-267485 filed October 16, 1995, ‘the entire content of which

20 are expressly incorporated by reference herein.

Brief Descripti on of Drawindgs

The present' invention will become more fully
understood from the detailed descriptidns given below and the
accompanying diagrams wherein: R |

25 | Fig. 1 is a diagram showing the data and synchroni-

zation code as the data to be written to a recording medium



acconpanyi ng di agrans wherein: 25 Fig. 1 is a diagram show ng
the data and synchroni———- zat4on code.as—the data to be witten to a
recordi ng medi um VO 96/31881 '

PET/ JP96/ 00879 - 12 - according to

the first nt of the invention before nmodu

recordi ng; @31389{35'13 Fig. 2 is a conversion table Wanpl es of
8- 15 conversion used in the preferred enbodi nents of the 5

i nventi on; Fig. 3 is a conversion table show ng exanpl es of
8- 15 conversion used in the prefearyed enbodi nents of the

I nventi on; Fig. 4 is a diagramshow ng the data structure

of 10 t he synchronlzatlon codes Sl S4 in the preferred enbodi nments

of the invention; Fi g. is a dla%ranlshomnng t he ’
rel ati onshi p besgeerding to the fémstidm%mﬁpgn s cniant iono rhefiere

optical disk accordin ot present enbodi ment, and the NRZI
si gnal read 15m°dP}ﬁﬁ+??mi?%d?ﬁﬁﬁ%ﬁ S signal ; Fig. 6is

a table showing the type kid 0TIl Qedliversion traﬁfa SN 4B lbP0s (0% -

according of the preferre ment ues t he
corresponding cege ¥&Mwirsion used in the Mirkfekred fembSinamMcaNOYENGHee
nmet hod of selecting 20 type information code 1 or type information code
2inthe s iayenbion; zation code in the preferred enbodi ments of the

i nvention; Fig. 8 is a block diagramof an optical disk
recordi ng apparatus accorBisg 3 §st RecorverRiantall Aepowing gxamples of 8-

15 conversion used in the preferred embodiments of the

invention;

_ Fig. 4 is a diagram showing the data structure of
10 the éynchronization codes S1-S4 in the preferred embodiments

of the invention; |

Fig. 5 is a diagram showing the relationship between
the reproduction signal reproduced from an optical disk
according to the present embodiment, and the NRZI signal read

15 _from the reproduction signal;

Fig. 6 is a table showing the type information of
the synchronization code according of the preferred em-
bodiment, and the values of the cprresponding code words;

?ig. 7 is a diagram showing the method of selecting

20 type information code 1 or type information code 2 in the
synchronization code in the preferred embodiments of the
invention;

Fig. 8 is a block diagram of an optical disk
recording apparatus according to the second embodiment of the

25 present invention; .
Fig. 9 is a flow chart showing the process eiecuted

by the optical disk recording apparatus of the second



25 present invention; ' Fig. 9is a flow chart show ng the

process executed by the optical disk recording apparatus of the
-secont— ~—WWO—963188% ; T o

PCT/ JP96/ 00879 ' - 13 - enbodi nent ; °
Fig. 10 is a flow chart show ng the detail of the type information
sel ection %g@%?ﬁ I n steps S914, S920, S923, and WQ 9; 5
Fi.g. 11 is a block diagram of an optical disk reproduction
apparatus according to a third enbodi nent of the present invention;
Fig. 12 is a block diagram showi ng the detail of the synchroni zati on
code detector and read controller shownl3n 10 Fig. 11;

Fig. 13 is a block diagramof the shift register and det ect or shown
in Fig. 12; Fig. 14 is a flow chart show ng the data

r eépr oduc- _ .tion process executed by the optical disk reproduction
15 apparatus‘e d to the third enbodi nent of the present

i nvention; i Fhe. :1540 514, d ' }ﬁNH N h r ure
of” the synchroni zgtlgénhgoa% zcg%%?érlkgﬁitg@t e wgu?'th% gﬁg%g?rf?s%t&%
of the inventi ofijpe 3@ formation seledtiidn pPotsss iRl 8€kpsi sugMsshow SR 3,

nodi fi cation _ of the shift register and detector shown in Fig. 13;
Fig. 17A is a HmtlisaPéagmnafigf 8;read cl ock counter for counting the
read cl ock corresponding to a synchronization code identifier with a

signal length TS=18T; Fig. 11 is a block diagram of an optical disk
reproduction apparatus according to althird embodiment of the
© present invention; |
Fig. 12 is a block diagram showing the detail of the
synchronizatioh code detector and read controller shown in
10 Pig. 11;
Fig. 13 is a block diagram of the shift register and
“detector shown in Fig. 12;
Fig. 14 is a flow chart showing the data reproduc-
tion process executed by the opticai disk reproduction
15 apparatus according to the third embodiment of the present
invention; - |
Fig. 15 is a diagram.showing the data structure of
the synchroniZation code according to the fourth embodiment
" of the invention;
20 . Fig. 16 is a block diagram showing a mddification
of the shift register and detector shown in Fig. 13;
Fig; 17A is a block diagram of a read clock counter
"for counting the féadﬁclock corréspbnding5to»a synchronization
code identifier with a signal length TS=18T;
25 Fig. 17B is a block diagram showing a portion of
that shown in Fig. 17a;

Fig. 18 is a plan view of an dptical recording disk



25 Fig. 17B is a bl ock diagram show ng a portion of
that shown in Fig. 17A——— Fig—18 is a ptan view of an

optical recording disk WD 96/ 31881

PECT/ JP96/ 00879 . - 14 - of a
rewritabl rticularly show ng an arrangenent -of t he mar ki ngs
agcording%?é¥@ﬁgg€resent I nventi on; _ Fig. EEFQ%F@WTﬂan Vi ew
of an optical recording disk - of a non-rewitable type particularly
showi ng an arrangenent 5 of the markings according to the present

I nventi on; Fig. 20 i s aadiagram showi ng the pits and

si gnal wave recorded to a conventional optical disk for data

contai ning a synchroni zati on code according to the prior art; and 10

Fig. 21 is a diagramshow ng the reIatLonshiE . between the
reproduction sighat FerritablmitareoPEsticnyanly showing an ANANdesRNE0eE
and reproduced omthe. recorded .cont convgnt | onal optical

t f .
di sk, and the 3 gﬁwiﬁfonﬁﬂg gg-éh?fﬁfﬁégﬁpngWFP f°8f gnal according
to the prior art. 15 pidet 3yl gd Q‘iﬁﬁag{ Q'ilegnof’{ar{ '&‘fat?.ESﬁ.e{-é:?%m &gt s

A recording - medium acco di ng to “the -presen _ I nven ecords
non- synchroni zagf 04 Ktlardwifitablel efpe Wafticularly shoRXAf €S & iihgement

so-called run length linmted code sequences i n which the nmaxi num
nunber of Bits of the rrrikingsyalcgertiing t@0the rpnesemyednvennsenuti vel y
thereinis limted, with synchronjza- ti on code sequences inserted

thereto at regul ar inter\EBi%. 20 is a Thiaguam Fhawing the &ide cott fismad

code sequence OLa%Qe recorded to a conventional optical disk for data

containing a synchronization code according to the prior art;
and .

10 Fig. 21 1is a diagram showing the relationship
between the reproduction signal for the data containing a
synchronization code and reproduced from the recorded content
of a conventional optical disk, and the NRZI signal read from

the reproduction signal according to the prior art.

15  Detailed Description of the Preferred Embodiments
A recording medium according to the present
invention records non-synchronization code information, which
is expressed by so-called run length limited code sequences
in which the maximum qumber of bits of one binary value that
20 may appear consecutively therein is limited, with synchroniza-
. tion code sequences inserted thereto at regular intervals.
The synchronization code contains a code sequence of the
single binary value (0 or 1) for which the maximum number of
consecutive bits in the non-synchronization code information
25 is limited in a bit string at least two bits longer than said

maximum consecutive bit limit.



single binary value (0 or 1) for which the naxi num nunber of
consecutive bits in the non-synchronization code information 25 S
limted in a bit™sString at I eas WO DItsS Tonger than said maxi num
consecutive bit limt. WD 96/ 31881

PCT/ JP96/ 00879 - 15 - _

Ther ef or e, worve3kssx r ecor di ng nmedi um according to the PCTIGReg®ENt  Of
the present invention, a code segnent corre- sponding to the
particul ar code sequence identifying part of t he synchroni zati on
code appears at a regular interval in the 5 region to which information
al so containing the synchroniza- = 1% 6n code is recorded on the
recordi ng medium This code sequence is a consecutive bit string of
t he one binary val ue for which the maxi mum consecutive bit limt is

detined, and - has. al‘l@feéoﬁ'@gtth;hé %@Ebﬁéﬂ? méd%.l}mo gg&r&%ﬁ% t%aige

limt. 10 The reproduction apparatus reproduces an anal og si from
the recording npgbodimeyl sLaghe sphefaty GRAMLIVAYERCEJdeOBegment coRRe-
analog signal. Even if the threshold value varies at this tinme,
because the codeperdinmd® ithenpatrhioylahesiancequrnze- ldent:.fy:tng)pac'odeﬂ S
defined as the code sequence descri bed above, the . 15 code sequence

i denti fying thetg?rﬁ%ﬂé%¥9?&@?6h°BoERﬂ%MﬁHPeﬁ§F at a reg&éﬁﬁa%“??FYéialn the
non-synchrani zati on_caode i.nf orpatign_j nso read ﬁrrors of

the read c8de sEGIRPREA"E ﬁf‘%oﬁ\% it c??"s° °°ntaf:ﬁ?"|‘%c‘fe}feoﬁyr“§ ge8+he
synchroni zati on E ecbd SiQ'§ﬁEbE§%&tSH the recEE&ﬂﬁéhﬁea 7 SYNEREQNEEAL T on

code |nfornat|on entifies t separators in erte at a constant
interval in thge@@étece is a cORGHEHESFe BIY STTiRG bBetRONorRy e Fali@n
code information, and therefore also functions to identify the

| ocation of codBor which steer) axcdisuex goesetuyiparkitc uliawit rnfsodedtined, | and he
code

has a bit length at least two bits longer than said limit.

10 The reproduction apparatus reproduces an analog signal from

‘‘the recording medium, and reads a binai'y code seqﬁence from

“the analog signal. Even if the threshold value varies at this

time, because the code sequence identifying the synchroniza-

tion code is defined as the code sequence described above, the

15 code sequence identifying the synchronization code will not

appear in the non-synchronization code information insofar as

the read errors of the read code sequence are within the error

correction range. The synchronization code thus discriminated

from the non-synchronization code information identifies the

20 separators inserted at a constant interval in the code

sequences expressing the non-synchronization code information,

and therefore also functions to identify the location of code

sequences expressing particular information in the code
sequences containing the synchronization code.

25 - The recording medium according to the embodiment of

the present invention, the code sequence containing said

synchronization code is converted to a particular signal



sequences contai ning the synchroni zation code. 25 The

recordi ng medi um accord-Rg—+0 t he—ewbodi ment ef— +he present —

i nvention, the code sequence containing said = synchroni zation code is
converted to a particul ar si-gnal WO 96/ 31881

PCT/ JP96/ - 16 - ence.

Sai d signgpgégﬂﬁghce hol ds one of two signal |evels P?%?’@ﬁ@%%ode

val ue of which the maxi mum nunber of consecutive ' bits is limted, and
inverts to the other signal |evel from t he held signal |evel for

ot her code values. The recording 5 - sgates corresponding to each signal
| evel are recorded continuously to the recordi ng nmedi umaccording to
the tine the " level is held, and the area to which the synchronization
code I's recorded has a perlod in which the sane recording state

continues for t§8JeenGRy e%%@?ﬂ%ﬁ'deﬁeg‘hﬁ‘i"FQ elger pag ofjgwo s%ﬁ!ﬂ#ké—}?&ﬁéﬁng
to the maxi mum ons cutive blg .4? h th There {ore

conti nuous reco ‘a:f'n%‘est Q208 YRiye | yhich the maximum %B“‘BFFS cﬁ?d’@recﬁlﬁéﬁet he
Maxi MUm consecupiye étlidigéd an g‘anQQEQréoaihé SORSE Al il QNN IR0 he

regi on of the recor whi ch 1 nformationm contalning t

synchroni zati onthéSheld dlS 1eR@Qr €8¢ other code values. [Nfhd Q%!Hdi'ldﬁ.ﬁg
medi um according to the enbodi nent of the present invention, the

non-synchr éni zastanesodmnmfsppnda.ng to earcbn sigmdpr deved bgrre:ochecorded_
sequences for which maxi num and mninmumlimts are defined for the
nunber of conse€BRFiBUGHELY togthe rgrogAingrmadinm, rAGPYALRY (Féx thAtiTmFhe

code sequence ohever '1¥ ne1g, andIR30s" P L Thel PRI Eedilgn e
lengths of a g reEb{-éédcﬂgéeé%éilfoéeﬁP%‘ffcrﬁ%é‘ SHRP L ARG ekt e

sequence
continues for two or more bits longer than the period

10 corresponding to the maximum consecutive bit limit.

Therefore, a continuous recording state that is at
least two bits longer than the maximum consecutive bit limit
appears at a constant interval in the region of the recording
medium to.which'information containing the synchronization

15 code is recorded.

The recording medium according to the embodiment of
the present invention, the non-synchronization code informa-
tion is expressed by code sequences for which maximum and
minimum limits are defined_for the number of consecutive bits

20 bf one of two binary values that may appear therein, and the
synchronization code contains a particular code sequence of
a particular bit length equal to the sum of the lengths of a
first consecutive sequence and a second consecutive sequence
contained therein and separated by one bit of the other binary
25 value. Said first consecutive sequence is a bit string of the
one binary code value for which a maximum consecutive bit

limit is defined, and has a bit length at least two bits



contai ned therein and separated by one bit of the other binary 25 val ue.
Said first consecutive sequence is a bit string of the one binary
Tode vatruefor NSecut! Ve DI limt is—defined,” and
has a bit length at |east tw bits WO 96/ 31881 :
PCT/ JP96/ 00879 - 17 - | onger than
t he maxi mupgsgResuti ve bit Iimt. Said second coPéﬂﬁﬂkhMﬁ,sequence“
is.of alength within the maxi num consecutive bit [Imt
In addition to the effects of the recording nedium 5 of the enbodi nent
of the present invention, the length of the overall particular code
sequence in a recording nediumhas a - 17 - constant, known |ength even
when the threshold val ue varies due, for exanple, to noise produced
whil e reading the binary - code sequence fromthe anal og signa
reproduced. fror 1 ' i NOL e .the figst

qichGer Enan EAE ki EoAtTu R BE TpLLTHE. | S3H4 sasene

consecutive sequen € particu . .
seguence in whi gBnsecutivé h@ef@neadeiyabie £0NkhBYURS Jﬁhi&petﬂée%a%ﬁ.tmum t
code.

| ength in “the code sequence containing the synchroni zation The
code sequence cepnsepatilvecoito ltifweitparti cul ar code sequence 15 can
therefore be identified by finding the code sequence cont ai ni ng the

| ongest consecutive strinfp @dditdosnsobthe effiacts of thenreterdingl meddam
sequence_eéen iLFthg?agﬁgkgh@%&ngg“ag%drive : 'nvenéﬁf%d cannot be
synchroni z&d to% e _ eO% ttfe REESPRENT R h&heebrREtR &F 4R8I og
R L T e g e T A
code sequence, aBdstift] epSdih Oferidih @R4® when the threshold value varies
' due, for example, to noise produced while reading the binary
code sequence from the analog signal reproduced from the
10 recording medium. Note that the first consecutive seguence
"of the particular code sequence is the code sequence in which
"“the one code value continues for the greatest bit length in
the code sequence containing the synchronization code. The
' code sequence corresponding to the particular code seguence
15 can therefore be identified by finding the code sequence
contaihing'the'longest consecutive string of the one bit value
in the read code '.sequence even if the recording medium drive
speed cannot be syn_chfonized to reading the code sequence from
the reproduced analog signal when the reproduction apparatus
20 starts operating. _ |
The difference between the defiried overall length
of the particular code sequence, and the 1ength' of the code
sequence actually read as the code sequence corresponding to
the p’articuiar ‘code sequence, indicates that the recording
25 medium drive ‘speed is hot synchronized to reading the code
sequence from the analog signal. In other words, the

predéfined overall length of the paftiéular code sequence



sequence actually read as the code sequence corresponding to _ t he
particul ar code sequences—tndi cates—t hat the +ecording 25 medi um dri ve

speed is not synchronized to reading the code - - sequence fromthe
anal og signal. In other words, the predefined overall |ength of
the parti Cygdesi@de sedquence WD 96/ 31881

PCT/ HPO6/ 08\}879 ._ - 18 - PCTAPSOMR i ons as
a reference for correcting synchroni zation error bet ween code
sequence reading fromthe analog signal, and the = " drive speed of the
recordi ng medi um I n 4 e recordi ng nmedi um according to the
enbodi nent 5 of the invention, said second consecutive sequence is one
bi t | onger than the defined m ni mum nunber of consecutive bits.

When readi ng th%tbinar§ code seguence fromthe ] anal og si gna
reproduced fromtREF-EBE I FyTREGTERTE thay correcting syvaichyoriarbien serror

i stant t dj t | epgt h_of the .particul ar
Code. soquence, DeyeRn pate ‘(HRHEETktaq ity sronfE: irag RabPate S e
In the recordin@Iqa@iggég&C@Ecgﬁg;gégo&hgnﬁﬂgggi@mpt of the present

I nvention, said code sequence contai ning synchroni zation code is

converted to a particul arIsitgrakrecédbding a@itic &ccobdity YUBBE SRt
hol di ng one of two signal | evel s for the code val ue of which the

maxi num nurfber &F the inventiomsuskid srcand sohsetukilye awdniencer isngné bithe
T N R PO R N
the level Ts held. The armaeh o SERREASDRRE Y oald Opeduene gogm e
recorded conpri a@alagl aiytall | febrSditbCePm P4 He®ecording medium, the
recording medium is resistant to error reading the overall
10 length of the particular code sequence, even when the
threshold value varies due to noise.

In the recording medium according to the embodiment
of the present invention, said code sequence containing the
synchronization code is converted to a particular signal

15 ‘sequence, said signal sequence holding one of two signal
le.vels.for the code value of which the maximum number of
consecutive bits is limited, and inverting to the other signal
level from the held signal level for other code values. The
recording states corresponding to each | signal level are

20 recorded continuously to the recording medium according to the
time the level is held. The area to which the synchronization
code is récorded.comprises adjacent first and second periods,
and has a known length equal to the sum of the lengths of said
Eirst and second periods. Said first period records one

25 recording state for a period two or more bits longer than the

period corresponding to the maximum number of consecutive bits

allowed in the non-synchronization code information, and said



and has a known length equal to the sumof the |engths of said first

and second peri ods. Said first period records one. 25 recordi ng state
for a period tTwo or nore brts ronger than tne period correspondi ngto —
t he maxi num nunber of consecutive bits allowed in the -
non-synchroni zation code information, and said WO 96/ 31881

PCT/ JP96/ OW®B6/31881 - 19 - pergposiss Nd
period records another recording state for a period m??ﬁln t he

period correspondi ng to the maxi num nunber of consecutive bits
allowed in the non-synchronization code,, _ i nformation. 5

In the recordi ng nmedi um according to th& enbodi nent of the

i nvention, the code sequence expressing the information ot her than

t he synchroni zati on code is a code word sequence obt ai ned by 8-15

conversion, saideBedd perimd sterordy\éidthed recordifigi graedersequepeeibat o
code words conprising a 15-bit code 10 sequence inserted after every

ei ght digital déithintshe period correspondimg dava thearmanissino munbdwdof
according to the . invepti-on ongrises codi ng steﬁ for converting

t he non- CRRFRTHIE, 2P B é‘&g&?w At dfmaton PPY-E¥RELERR AR AN | AOARI ch
the maxi num nunpgg QfagQsecutive bits of one binary code 15 value is
limted; a synchronization code generating step for generating a
synchroni zgtion code contiy Bh8%rdesyRRAWHEd Hhm (RRording tgﬁo&h%?)ﬁr\@ﬁé‘e
that is two or nore bits |onger than said maxi num nunper o0
consecuti ve bi tsf alheoiadentidie thencode sequesyd @xipiessahhe @d€ormation

i nformation; and a transmi ssion step for 20 i nserting the generated
synchr oni zat i orPeRffe than Hden@ynchronizatinmhrende, disi en codée womfiosegtence at
2 regular Interudlys A by 525 EAIALTIOGRNS §oH SOOI 000u000E 00 @

said code sequence into code words comprising a 15-bit code

- 10 sequence inserted after every eight digital data bits.

The data transmission method according to the
+invention comprises a coding step for converting the non-
synchronization code information to code sequences in which
the maximum number of consecutive bits of one binary codé
15 value is limited; a synchronization code generating step for
generating a synchronization code containing a sequence of ché
one binary value that is two or more bits longer than said
maximum number of consecutive bits allowed in the non-
synchronization code information; and a transmission step for
20 inserting the generated synchronization code to the non-
synchronization code information at a regular interval, and

- transmitting the resulting bit sequence in a time series. The

data transmission method therefore has the following effects.

Any non-synchronization code  information is

25 converted by the coding step to code sequences in which the
maximum number :of consecutive bits of one binary code value

is limited. Next, the synchronization code generating step



data transm ssion nethod therefore has the follow ng effects.
Any non-synchroni zat ter——code J4nfornmation —s- 25 converted by the

coding step to code sequences in which the ~  nmaxi num nunber of
consecutive bits of one binary code val ue is. limted. Next, the
synchroni zgtl de generating step WO 96/ 31881

PéT/JPQG/ o9 7§B1set | ) - 20 -  PCTAPOGNRN ot es a
synchroni zati on code containing a sequence of the one binary val ue
that is two or nore bits |onger than said maxi mum nunber of
consecutive bits allowed in the non- - 29 - synchroni zati on code
information. Finally, the transmssion 5 step inserts the generated
synchroni zati on code to the non- synchroni zati on code information at
a regular interval, and transmts the resulting bit sequence in a y
time series. Th@enerateg®Syashycnszatiomarde: eanbyining tar sagquence of sthep
I's then extrag}ed by the reproducti on apparatuys, as an anal og si gnal

10  cont ai ni ng®PReP4BEFY T2 11T oF Rt i Hh. tWe | P Jhire RithhylongeF than sgidy s

occurring while b9 diBet0dgs S L L oM, 1. al,og signal_ are
wi thin the errorrnaggﬁ{rngct | oner%gngg, %%hﬁgggﬁtg'gcoﬁn?%cU?H/%w%&]odé'nseélﬁ nd® hat
is two bits | ongghchbenitdteion codeMNEBYHRELNSEC HINKE1D t thé M danilsd1Oh
appear in any code 15 sequence expressing informati on other than the
synchroni z& i onstep inseots.the generated synchironifetiltai acddeanritind Qion-
met hod according to the ~ ~ enbodinent, the coding step converts the

non- synchr oni zaB¥Bfhronizakign qafdeor Aafeomatirm atode regylancintervaihi end
maxi mum and 20 mJlimts are dg}ined for the nunber of bits of one

m ni )
bi nary val ue thﬁfaﬁﬁ§1€%p%%? TRAEORS Pafy SPAUBREe b -2 time series. The

code sequence transmitted by the transmission step is then

extracted by the reprbduction apparatus as an analog signal

10 containing the desired information. Insofar as any read

errors occurring while reading the .code sequence from the

analog signal are within the error correction range, the

lconlecutive code sequence that is two bits longer than the

maximum consecutive bit limit will not appear in any code

15 séquence expressing informétion other than the synchronization
code.

In the data transmission method according to the

embodiment, the coding step converts the non-synchronization

- code information to a code sequence for which maximum and

20 minimum limits are defined for the number of bits of one

binary wvalue that may appear consecutively in the non-

synchronization code information; and the synchronization code

generating step generates a synchrqnization code containing

a particular code sequence of a particular bit length equal

25 to _the sum of the lengths of a first consecutive sequence and

a second consecutive sequence contained therein and separated '

- by one bit of the other binary value, said first consecutive



synchroni zati on code information; and the synchroni zati on code

generating step generates a synchroni zati on code contai ni ng a
particutarToude SequeNnce of —a particurar-of t rengtirequal 25 to the sum
of the lengths of a first consecutive sequence and a second "
consecuti ve sequence contained therein and separated by one bit of

t he ot her yah pg¥nigaval ue, said first consecutive VerBéeness L

PCT/ JP96/ 00879 - 21 - sequence
being a bit string of the one binary code val ue for whi ch a maxi num
consecutive bit Iimt is defined, and having a bit length at | east
two bits |onger than the maxi num - 21censecutive bit Iimt, and said
second consecutive sequence 5 having a |l ength within the maxi mum
consecutive bit limt. The data transm ssion nethod of the above

therefore has th ol l ow.ng effects Ll - Any

non- synchr oni ngaﬁgﬁncgola%:{ng i%gd‘r;nﬁgrﬁﬂg of Lhe °ne-_b53ﬂ%r?%% B{AI4%e £03di ng
step to code sgguefiC s il : v e ' gy m ﬁ%a ers
of consecutive F?g g?méﬁhﬂﬁm(ggngg%ﬁg%égggleleélgg§ggﬁg¥lnltbéﬁi X ,Hgﬁe
synchroni zati oa Geite lengthgekerrddsty &h@PbieBednerd ShHicheRai fbkdigmcode
cont ai ni ng a particular code sequence of a bit length equal to the
sum of tkenkeaytine dbita ¥imist, cndseadtli secordueonseand v secwedcel5
consecutive sequence. contained therein and separated by one _  bit of

t he ot her bi naPfv¥Rg A 1eagth vithin £hRspRATUFE CoRgREHeEVe bit 1hmifg ThBit
string of the gne_binary code.value.far i a Xi pum consecutive
bit linmit is dgf'lgﬁecﬁr PREGPRg TE o gﬂ?emeatt SreoTe, g ¢ She

| onger than the.gayi, soRsautive 20 bit limt, and said second
consecuti ve sequence ving a | ength wi thin the maxi num consecutive

bit limt. The code Any non-synchronization code information is
converted by the coding step to. code secjuencés in which both

10 the maximum and minimum numbers of consecﬁt_ive bits of cone
‘binary code value are limited. Next, the synchrohization code
“generating step ge'neraf:es a synchronization code containing

a particular code_ sequence of a bit length equal to the sum

of the lengths of a first consecutive sequence and a second

is consecutive séquence contained therein and separéted by one
bit of the other binary value, said first consecutifre sequence

being a bit string of the one binary code value for which a
maximum consecutive bit limit is defihed, and having a bit

lengf:h at least two bits 'longer than the maximum consecutive

20 bit limit, and said second "consecutive sei;uence having a
length within the maximum consecutive bit limit. The code
sequence transmitted by the transmission step is then

- extracted by the reproduction apparatus as an ainaiog signal
containing the desired information, and even if the threshold

25 value fluctuates when reading the code sequenbe from the
analog signal, the defined overall length of the particular

code sequence contained in the synchronizatibn "code will



sequence transmtted by the transm ssion step is then extracted by

the reproduction apparatus—as -an -arat og si gnab—— contai ning the
desired information, and even if the threshold 25 value fluctuates when
r eadi ng the code sequence fromthe anal og signal, the defined

overal | the particul ar code sequence contalned in the
synchronlz gﬁﬁ%bde will WO 96/ 31881 PCT/IPI6/00879
PCT/JP96/00879 - 22 - remain

const ant. In the data transm ssion nethod of the

enbodi nent , sai d second consecutd w sequence is one bit |onger than
t he defi ned m ni nrum nunber of consecutive bits. Wen the code 5

sequence transmitted by the transmission step is then
extracted by the reproduction apparatus as an anal og signal

cont ai ni ng t he HEBRARBACPRFEATHRt i on, and t he threshold val ue - varies
when readi ng the code squgn e fronlthe anal og sig the defi ned
l ength of the particul ar énEEaﬂfT¥s§ﬁ?n.ﬂ@th°dr€§|%?%ﬂ¥m§Q§Hm9¥E:ng .

error, and the exgaaggcmgég}hﬁc Se sequeifL! LEULAL SO0 sequense caq be

set short. ata rep

enbodi ment i s adeeihed mOhith@R’ DEhiSd ) 0o Olsrsatit iRl Eftbon When tHeOWRde
information fromtransmtted ti ne-series infornmation, salg

time-serie$ inf eequence bEranmpntitaesn byedtnétetrrmm\ieéﬁ.on step i tthen
non-synchroni zati on code informati on to code sequences I n which the
nmaxi mum nunber BFtEBﬁg%%uva%hQnIQP#ﬂduﬂﬁéoblﬁnpyratus as var Lenadlsod istignad,

and then inserting thereto at . interval a synchraonization
code cont ai ni ng Sgba?ﬁ’&%l%t‘?e c%%ﬁengetgo informatinRe #Mdsthe Yireshals yalareue

In abit stringyLPalsi$hdQeading the code sequence £rom the analog signal,

the defined length of the particular code sequence will be

10 resistant to reading errxor, and the overall length of the
particular code segquence can be set short.

The data reproduct_:ion method according to the
| embodiment is a method for reproducing non-synchronization
code information from transmitted time-series information,

15 said time-series information being transmitted after convert-
ing the non-synchronization code information to code sequences
in which the maximum number of consecutive bits of one binary
value is limited, and then inserting thereto at a regular
inte;:val a synchronization code containing a particular code

20 - sequence of said one_binary value in a bit string that is two
or more bit_s. longer than said maximum number of consecutive
bits. This data reproduction methcd comprises a discrimina-
tion step for identifying said particular code sequence in the
code sequences read from the transmitted time-series informa-

25 tion; and a particular information reading step for reading
the code sequence written to a particular position in the

identified particular code sequence as the code sequence



or nore bits |longer than said maxi num nunber of consecutive bits.

This data reproducti on nethod conprises a discrimna- tion step for
ident1fying sard particular code sequence T'mtune ‘code sequences read—
fromthe transmtted tinme-series informa- 25 tion; and a particul ar
information reading step for reading the code sequence witten to a
parti cul arwpesgtsspn in the I dentified particul ar cp@ﬁmce as

t he code sequence WO 96/ 31881 _
PCT/ JP96/ 00879 - 23 - expressi ng
particul ar information. The data reproduction nethod
according to the embodi ment thas28perates as fol l ows. The .

di scrim nation st ep identifies the particular code sequence in the
code sequences read fromthe transmtted tine-series information.

The partéﬁ%ﬁ-é’éslﬂg 7R 0Tl Al daReR L hen reads the code

sequence written'to a par |cu ar positron 1n the identified .
particul ar code sequence The t8£t£03RpIBAUEPESH O HEDH ngccord pPapt |
i nformati on. The "code sequence witten to a 10 part J[a% posiiTton
in the identidnkatinent: bubasperaums as folld:m,uemne"d:lsi:xa.lmmddieﬁsste
expressed by type information in the synchroni zati on code, a code
wor d i medi at el PeRtifieshEhe partionlgancede mceode tmal:oﬁlaese@dmm d

equence startin at code word. The data
feglrjoductl%n rre’f%‘% gé’%‘&dﬁ*ﬁg {:5 angmitted tl‘éﬁtﬁﬁh”r?@nt ipfoxmafeiabd f GFhe
reproduci ng nOT[ba?ﬁHl@i'ﬂ%Q-' Zﬂzf&‘?natz.o r&é’cﬁjﬁx | ”fs{?égﬁ}tgx‘;ﬁﬁaﬁ%p%re?ﬁsmcode

time-series infornation i es

transmtted af tsquesiteckiritten to aﬂﬁai:tbﬂ:ﬂ@}' PH2aREBAI Zat {:Ré‘ fcﬁ’éiﬁtlfxed
I nformati on to code sequences 20 I n which the maxi mum and m ninu

nunbers of conganhiicudali teode sequence as the code sequence expressing

particular information. The "code sequence written to a

10 particular position in the identified pafticular .code

~sequence" is an address expressed by type information in the

synchronization code, a code word immediately after the
synchronization code, and the code woid sequence starting from
that code woxd.

15 The data repro‘duction method according to the
embodiment is a method for reproducing non-synchronization
code information from transmitted time-series information,
said time-series information being transmitted after convert-
ing the non-synchronization code information to code sequences

20 in which the maximum and minimum numbers of consecutive bits
of one binary value are limited, and then inserting thereto
at a regular interval a synchronization code containing a par-
ticular cdde'sequence,' said particular code sequence having
a particular bit length equal to the sum of the lengths of a

25 first consecutive sequence and a second consecutive sequence
contained therein and separated by one bit of the other binary

value, the first consecutive sequence being a bit string of



of one binary value are limted, and then inserting thereto at a

regul ar interval a syneh#en+zat|0ﬂ—eede cont akHng a par - ticular
code sequence, said particul'ar code sequence having ~a particular bit
length equal to the sumof the lengths of a 25 first consecutive
sequence Qggggﬁégcond consecuti ve sequence contalnﬁg?hggyﬁhp and
separat ed hit of the other bi nary val ue, th I'f'S
consecutive sequence being a bit string of WO 96/ 31881

PCT/ JP96/ 00879 - 24 - t he one

bi nary code value for which a maxi numc@asecutive bit limt is
defined, and having a bit length at |east two bits | onger than the
maxi mnum consecutive bit limt, and the second consecuti ve sequence
having a length within the maxi num consecutive bit limt. Thi s

data reproduct it&® ORetRAry code B%lﬁ!ﬁ fé??swﬁlehs%rﬁ‘%lrm gAnseeptive bit

o110 S I et AR RIS LA s oRETER,
ticul

particular lon'g%grotﬁgﬁ'tﬁ{é magdinfid Sdride u‘%r Bgt”ﬂl dﬂ% %ﬁ‘detﬁ %i%é&‘ggd

witten 10 to a“particular position int entlfle articu

sequence as the c%%ecsemuen%mbesahmwral Clldn'y’tli NGQthin the M&kiMin
The data reproduction nmethod according to the enbodi ment t hus

operates as f ol lcomsecihévei skit mliatiton st€his 15ata i ceprofiucsiohe method
particular code sequence in the code sequences read fromthe
transmtted ti rrémanegs ianf&rsarimdpatiophstep for pgdantdfiving rﬁa@rdrm%n

readi ng step then reads e code uence witten to a |cI
position in the féﬁtiff iCSge seduengg, t"lncfﬁ E5tfe TEHTRFES a?a{éﬁett
sequence EXpres%r%gxsmltted time-series information, and a part:.cular
| information réading step for reading the code sequence written
10 to a particular position in the identified particular code
sequence as the code' sequence expressing particular infor-
mation. |
| The data reproducti'on method according to the
embodiment thus operates as follows. The di_scrimination step
15 identifies the partieula: code sequence in the code sequences
reed froml the transmitted .time-series information. The
particular information reading step then reads the code
sequeﬁce written to a perticular positioh in the identified
pafticular_ code sequence as the code sequence expressing
20 partieular information. The "code sequence written to a
particular poé_ition in the 1dent1f1ed partlcular code
.sequence" is an address expressed by type information in the
synchronlzatlon code, a code word iﬁmediatelf after the
synchronlzatlon code, and the code word sequence starting from
25 that code word.
The data reproduction _method _acco;:'ding to the

embodiment further comprises a clock generation step for



20 particul ar information. The "code sequence witten to a
particular position in the identified particular code

sequence" is an address expressed by Type rmrormation in the——— I
synchroni zati on code, a code word imediately after the -
synchroni zation code, and the code word sequence starting from 25 t hat

code word ' The data reproduction nethod Ny to the
enbodi nenthl?f? .g} conprises a clock generation step for M‘W’M@
96/ 31881 - PCT/ JP96/ 00879
- 25- generating a read clock; a read step for reading the time-
series binary code sequence fromthe timEs series information
transmtted at a particular transm ssion speed synchroni zed to the
generated read clock; a counting step for counting in S the read

‘the one code_val ue- ' for which

tinme-series binar cod uence ‘
maxi mum and n1nﬁﬁ%ﬁF@5ﬁ§8c t F§8ApFLOFk i sTERR Step foxcreading c-hietwimene

th f th d th t bi t
oot onCL Lor, R UTLER08S Uide’ Seubpee £xom HHe &r}g‘%cafﬁ?scﬁfresfe%t#ﬁvﬁna'nd
a frequency conik@hsmifrea steR {’thfamarzoldfdﬁgmagsléﬁe dsfﬁﬁﬁ{b%

a

clock in the cl ock generation step so that. the co nte

a pr edet eonthedgentret dibh yetadelbbR; OH&EcaiﬂtirJgeaﬁEb ﬁérté‘&mtmg in
particul ar code sequence in the 'synchronization code. This - ata
reproduct i & nmethedreadchimerraniese hiparyheods sseguenea- thé Sone dodn1vaﬂap

I denti fyi ng theggartlcular code 'sequence from the " tinme-series binary

code sequence regd iPiahe PRI e?)“%fl“é?mum c°n§?@1‘¥#‘@qu%h‘éylwlts are
Feproducti on mePrsaral FRcHefOMAR (Hlom of the prrimpm comeqtiivgbit
First, the cl ogkufi@nghdttre céﬂéﬁbutive bit count on a particular side of
‘the maximum consecutive blt count and a frequency control
10 step for controlling the frequency of the read clock in the
“elock generation step so that the counted total matches a
“'predetermined value based on the overall length of the
particular code sequence in the synchronization code. This
data reproduction méthda is.characterited.by the discrimina-
15 tion step 1dentify1ng the particular code sequence from the
time-series binary code sequence read in the read step after
the frequency is controlled in the frequency control step.
| The data reproduction method of the enbodiment thus
| operates as follons. First, the hclock generation step
20 generates a read clock. The readistep then reads the time-
series binary code sequence from the time-series information
transmitted at a particuiar transmission speed synchronized
to the Qenerated read clock. The counting step then counts
the one COde value for which maximum and minimum consecutive
25 bit limits are defined in the read.tine—series binary code
sequence to determine the sum of the maximum consecutive bit

count and the consecutive bit count on a particular side of



20 generates a read clock. The read step then reads the tine-

series binary code-sequence from-the-time-series— nformation

transnmitted at a particular transnission speed synchronized to the
generated read clock. The counting step then counts: t he one code

val ue for which nmaxi rum and m ni num consecutive 25 it limts are
defined | VOMBB¥ad tine-series binary code sequer?cg’wmﬁ'{’er i ne
tHhe sum of the naxi num consecutive bit count and the consecutive bit
count on a particular side of WO 96/ 31881

PCT/ JP96/ 00879 - 26 - - 26 - t he maxi mum
consecutive bit count. The difference between . this counted total and
a val ue predefined according to the overall length of the particular
code sequence expresses the synchroni zation error between the read

cl ock frequenc;tl’@ndnwum conaepsnsnesbnbncgpebd ofhenhdifference | between

I nformati on. fre nc contrqQl step erefore controls the

frequency of t H"é’“‘s counted, tﬂ fhdadisc Prﬁéﬁg?'ﬁ?‘? ORCSPEMED §Riothe he
count ed | Cg]atlgngts_ae Prtﬁgee gr@x@'ﬁgﬁi‘aéé'&e L tetl%r%gégléhe

| ength of the par Seque ce N e synch I'zat1on

After the read £ RHINiCAEEBAYer X BBEWOLH Bhel PeddFlock FrediSMEREN the
control step, the discrimnation step identifies the part’i cul ar code

sequence f§ om tthmardsmissien espaedavy e time-sesiEpieinformatiom. t heThead
step. - The data reproduction nethod of the enbodi nent 15
further conpri skeequencyyeontepl Mﬁ%hﬂ@@@ﬂ%@%@g frequenqgwe dfumire o

which the informatjon to he transpitted is recorded a reproduction
step for repr oo‘iﬁ'ﬂ%é’qé???‘aﬁé‘l G&er 8??85&?‘?%‘??“"“ steg §RalthRtofhEhgounted

recording medi uymhased, o, g e, dy reﬁe%ggsigned?‘ value based on the overall

length of the particular code sequence in the synchronization

10 code. After the read clock frequency is controlled in the

| frequency contrxol step, the discrimination step identifies the

pérticular .code sequence from the time-series binary code
sequence read in the read step.

The data reproduction method of the embodiment

15 further comprises a drive step for driving the recording

medium to which the information to be transmitted is recorded;

a reproduction step for reproducing an analog reproduction

signal from the recording medium based on the drive speed; a

clock generation step for generating a read clock; a read step

20 for reading the time-series binary code sequence from the

| analog reproduction signal synchronized to the generated read

clock; a counting step for counting in the read time-series

binary code seguence the one code value for which maximum and

minimum consecutive bit limits are defined to determine the

25 Sﬁm of the maximum consecutive bit count and the consecutive

bit count on a particular side of the maximum consecutive bit

count; and a drive speed control step for controlling the



cl ock generation step for generating a read clock; a read step 20 for

reading the tinme-series binary code sequence fromthe anal og :

TEpr oductiom STgmatr—Synchromnized To 1t he generated read ctock;, a —
counting step for counting in the read tine-series bi nary code -
sequence the one code val ue for which maxi mum and m ni num

consecut i Wyodkhiggl M ts are defined to determne the 25 Bcf, ¢ he

maxi mum consecutive bit count and the consecutive I't count” on a
particul ar side of the maxi num consecutive bit count; and a drive
speed control step for controlling the WD 96/ 31881

PCT/ JP96/ 00879 - 27 - -27- recordi ng

medi um drive speed in the drive step so that the "~ counted total.

mat ches a val ue predeterm ned based on the overall Ilength of the

particul ar code ence_ hroni zati on code. Thi s _data

' COde, SeOUECeh g LB e gpon SHICHEON 22O
reproduction mefABE*TERS BECEUR G SR "&ltthﬁe YEr BhFRafPo M e e fhe
i dentifying the,onreq pg%hiu'n%'i:cﬁgge aswe?é%%géﬁlﬁrfédmﬁas%d eSnPiLhary

code sequence read in the read step afte Ve speed 1s
control led in tgeegaive Rt CoPt rfhe ShaRticular code sequed®€ daf Athe
repr oducti on nethod according to the. 10 enbodi nent thus operates as

foll ows. Firstgyhteromizatisirepcode. dThies dabe resmrafiung ioedimeehad Whsch

the information to be transmtted is recorded. The reproduction step
t hen repro8uc- characterigedinhy odheepibiRiiminrtipgnster oitentifving dthy
medi um based on‘é]t.:he -dréve s&ﬁed. Tge cI'ogk %eneration siep generates
15 a read cl oRRFEHFFE3RaF90¢F e FEERERCT cSHY™ t RBSt FARES8FT LSS pPAaATY code

code sequence fLoQLLAE, a0ghao sneRHAUELLIPNsRLI N Aer SYNCHOUARRL speeq, P! N
generated read clock. The counting step then counts I'n the Tead
tine-series bingsytfOLifed i HHee drive 0O8geéddtdntrol step.
' The data reprodﬁction method according to the
10  embodiment thus 'o'perates'. as follows. ?irst, the drive step
“‘drives the recérding medium to which the information to be
“transmitted is recorded. The reproduction step then.reprodue—
es an analog reproduction signal ffom'the recording medium
based on the drive speed. The clock generation step generates
15 a read clock. The read sﬁep'then reads the time-series binary
code sequence from the analog reproduction signal synchronized
to the generated read clock. The couhting step then counts
in the read time-series binéry code sedﬁence the one code
value for which maximum and minimum consecutive bit limits are
20 defined to determine the sum of the maximum consecutive bit
count and the consecutive bit count on a particular side of
the maximum consecutive bit count. The differeﬁce between
this counted total and a value predefined according to the
overall length of'the pafﬁicular code séquence éxpresses the
25 synchronization error between the read clock frequency'and the
drive speed of the feCording'medium; The drive speed control

step therefore controls the recording medium drive speed in



val ue for which maxi rum and m ni nrum consecutive bit limts are 20

defined to determ ne the—stimof the- maxi num-eonsecutive bit count and
the consecutive bit count on a particular side of t he maxi mum
consecutive bit count. The difference between this counted total and
a value p d according to the overall |ength rticul ar
code sequéﬁ@ggééﬁﬁesses the 25 synchroni zati on error éﬁkﬁﬁ@ﬁgﬁhe r ead
cl'ock frequency and the drive speed of the recording nmedium The
drive speed control step therefore controls the recordi ng nmedi um
drive speed in WO 96/ 31881 . 28 -

PCT/ JP96/ 00879 - 28 - the drive
step so that the counted total matches a val ue predet erm ned based on

the overall length of the particular code sequence in the
synchroni zat i ontR®derixget @teph@irthat . the CQE@%Qﬂ §°§@htm@t¢h&5|ﬁ vadue

drive speed contro t di scrimnatjon I dentifies the
particul ar codepgﬁéﬁé?fgme‘;]%aﬁﬁdo g‘et PFFEr'%‘lLf i % rhy theyPaddcotas
read in the reag de sccﬁgéﬁg 1n t e %g%d%r”ﬁl£ %1on c Af £T, thﬁe%rll s

a data table shomnng a sync roni za |on cOo Wi tten
to a recording gpdeaMmis contr@iﬁ@EdN%Jéﬁétéﬁh4érd§e@@begﬁﬂﬁﬁi gtepherne

i nvention; the data synchroni zation code are shown before data
modul ati ons discrimination [afep iislentiifies thetbarovphilead cbidek segudata

bl ocks - (the error correction processing unit) of 168 x 168 bytes not
15 i ncl udi ngfrem Shachiversexiem kinRry duids sequengecyeredpipakhe read
data table shomnng the data in one data block in a hypothetic- al

t wo- di mensi onal S5FPay _ .

Embodlmgnt 1

Fig. 1 is a data table showing the data and
10 synchronization code to be written to a recording medium
according to the first embodimcnt of the invention; the data
and synchronization code are shown before data modulation.
Datc is written to the optical disk in data blocks
(the error correcfion processing unit) of 168 x 168 bytes not
15 including che synchronization code. Fig. 1 is a conceptual
data table showing the data in one data block in a hypothetic-
al two-dimensional array. | |
Each row 1n this 2D data block array is 1dent1ca11y
formatted. More spec1f1cally, each row in the block comprises
20 a synchronization code (2 bytes), data frame 1 (84 bytes},
another synchronization code (2 bytes), and data frame 2 (84
bytes). Each row starts with synchronization code 81, S2, or
83 written before data frame 1, to which data D1,1, D2,1,
D156,1 is written. Synchronization code S4 is then written
25 before datc frame 2, to which data D1,2, D2,2, ... D156,2 is
written. A 10-byte parity code P:_corresponding to the data

in the two frames written to the same row is written to the



Each row in this 2D data block array is identically formatted. More
specifically, each rowin the bl ock conprises 20 a synchroni zati on code
(2 bytes), data fTrane 184 byres), . anot ner_synchr onmization code (2
bytes), and data frane 2 (84 bytes). Each row starts with -
synchroni zati on code S1, S2, or S3 witten before data frame 1, to
~whi ch dat a woediaissi?, 1, D156,1 is witten. Synchron%wde 4 is
then witten 25 before data frame 2, to which data D1, 2, 2, ’
D156,2 is witten. A 10-byte parity code Pr -corresponding to the
dat a ' in the two franes witten to the sane rowis witten to the
WD 96/ 31881 - 29 - PCT/ JP96/ 00879
- 29 - | ast ten bytes of the data witten to data frane 2.
Each bl ock conprises twelve sectors SEC1- SEC12 each conpri sing
fourteen rows a o] [ L g. n this exappl e. The sector address
is witten at t?fgggeglgﬁm ‘gé%f%até% sdggf‘o?'nggen £% dar2 é;ff‘ﬁ'ea?ea of the
dat.a frame follow ng sync i 4O ; . _
Synchroni zation code Sl iF'i'sé&?/vrblq't@’tE uecn&imrlr?*r]i’alcﬁeast gﬁgfvg‘]ségt%f 8Fcezld%}f“%l% AR 1
in sector SECl abmpiéshrgifourtkerf roe as showd!ieCkkigand {RUshigeltdnfiies
the beginning of a data bl ock. 10 Synchroni zation code S2 is witften
i medi atel y bef 3he gegtor addreshr dgpwritdtent he tlgibuyimmial bbeeddh Hecteow i N
each sector_ ot her t han sector SECl1-at the beginning of the first
bl ock, and®  t° Fhenia%s &rexmeistheidasa afrd’meaf%g%ingmimﬁgn
code ' S3 | Lit i diately before data frane 1 in rows 2-14 of
15 every seckégg[%%dgﬁ é%??fies the start of each new row ot her
than the first row in. theslondbas$6h0 codgeoY 8NN ¢34 EPE immedi%%g?ys4
Is witten i medi ately before data frame 2 1 n every .

before data frame 1 in sector SEC1 at the beginning of the

block, and thus identifies the beginning of a data block.
10 Synchronization code S2 is written iﬁmediately before data
Jframe 1 at the beginning of the first row in each sector other
"“than sector SEC1 at the beginning of the first block, and
identifies the start of a data sector. Synchronization code
S3 is written immédiately before data frame 1 in rows 2-14 of .
15" every sector, and identifies the start of each new row other
than the first row in the block or sector. Synchronization
code S4 is written immediately before data frame 2 in every
row, and identifies the approximate middle of each row.
The fourteenth row of each sector is the column
20 parity row Pc. A 12-byte parity code is written fér each 156
“data bytes collected columnwise from rows 1-13 in each sector
(corresponding to 12 bytes per row {12x13=156)), and the seven
12-byte parity codes are written byte by byte to the parity
row Pcl-Pc24 (row 14) in the corresponding column. The parity
25 rows written to row 14 of each sector are used for error
correction processing after all data in one block is read.

The data blocks thus formatted are cohverted to code



row, and identifies the approximate m ddl e of each row
The fourteenth row of—each—sect or—s—~t he cal-um— 20 par+ty—+oew Pc. A

12-byte parity code is witten for each 156 =~  data bytes collected
col umMmwi se fron1roms 1-13 in each sector (corresponding to 12 bytes
per row ( and the seven 12-byte. parlty witten
byte by byteto t e parlty row Pcl -Pc24 (row 14) 5?%%@«%&?
correspondi ng colum. The parity 25 rows witten to rom114 of each
sector are used for error correction processing after all data in
one bl ock is read. The 30dat a bl ocks thus formatted are
converted to code WO 96/ 31881

PCT/ JP96/ 00879 - 30 - wor ds by
8-15 conversion descri_bed below,, and th modul ated with NRZ
nodul ation for \‘KFFSanblfo Bs350pFPRUPTRAYK as de%?rb‘i“’rf%r hedeyr di #ed nediem’

No h h S4 d
Soquencos of whiBRUIRBEAIN mar moRfeicl eor BEFERUM BB PACR Gl |
not appear in or othae q@c@z’iﬁﬁ?ﬁ reditm. U hetdatdndiel PR r 8GREAPGHization

according to, . the coding rulfes used for 8-15 conversion.
Figs. 2 and 3 aredesn\sirS4orareabd@sverttad Nt aode seqaEns®s codf whiehS-tie

conversion used in this enbodi nrent of the 10 i nvention.

As shown i ® Fi gddentifilles, is rexmrepsedobyeaspattern tharewidd néttdppear in
enbodi nment assigns at Iegst one, code word expr essed b{ a 15-hit
pattern for eac gata prawe( iifte)the data PﬁlpﬁerFEBFéeG ICeRrding i@ 3,

Che Ao o (e 4550k i, Wi, 15 BB, 2, Comnect
changed to 1 in Figs. 2 and 3 are conversion tables showing an
example of the 8-15 cohversion used in this embodiment of the
10 invention;
| As shown in Figs. 2 and 3, the 8-15 conversion
method of this embodiment assigns at least one code word
expressed by a 15-bit pattern fbr"eéch 8 data bits (1 byte).
In the table of Figs. 2 and 3, tﬁe MSB of the 15-bit pattern
15 serves as a merging bit fér connécting.the code words. All
thé merging bité are shown as 0, but can be changed to 1 in
accordance with a DC control. The detail of the DC control
is disclosed in U.s. Patent No. 4,728,929 to S. Tanaka issued
March 1, 1988, which is herein incorporated by reference.
20 The gode words convertéd by this 8-15 conversion
| method.are generated so that a maximﬁm of thirteen (or twelve)
and a minimum of two zeroes.[ol occur consecutively between
1s in any consecutive code word sequence. Thus, when the code
word sequence is expressed by the inversion periods of the
25 NRZI signals corresponding to the code words, the maximum
inversion period Tp,, is 14T (or 13T} and the minimum

inversion period Tpi, is 3T where T is the length of one code



accordance with a DC control. The detail of the DC control S
disclosed in U S. Patent No. 4,728,929 to S. Tanaka. i ssued March 1,

1988, which is hereimmtncorporated by rererence. 20 ~——The code

wor ds converted by this 8-15 conversion nmet hod are generated so that~
a maxi mum of thirteen (or twelve) and a m nimum of two zeroes [O0]

occur consgeYeaiesl Y bet ween 1s in any consecutive M,W

sequence. Thus, when the code ‘ word sequence is expressed by the

i nversion periods of the 25 NRZI signals corresponding to the code

wor ds, the maxi mum I nversion period T[err] is 14T (or 13T) and the
m ni mum i nversion period Tmn ~s38T-where T is the length of one
code WD 96/ 31881

PCT/ JP96/ 00879 - 31 - word bit.

Note that the c rds [.e | ed so t t he '

M ni num nunbers‘g% d\cgénseclg?ri vg% %é 5? Ygr ds art c?ﬁfzfg?&g?hse%ngg‘??e&‘f
and T[err] par apBtfifns CXED nPnii6mi HORbELAS of conse%ftweno@%

‘Fig. 4 is used to describe the data structure of th sync onlzatlon

codes S1-S4 igatidfys thegeo {nﬁgrﬁndojf tliﬁrametersléwltﬂrpl&he hahecidwg in
Fig. 4 "x" represents bits w code value of either zero (0) or
one (1). between codeTWerdgnchroni zati on codes S1-S4 have a data

| ength 10. of two bytes, expressed by a 30-bit code sequence. Each
synchroni zZ&ti on code confABsed Jénuﬁﬁérﬁ‘? BesFribe ‘HP%@PF% fletfucture ofithe t he

SAICIT O 22 O e AT LodEL iy T, WNPPcnio , arlREBL OB cne
synchr oni zat | ony AR sich | N§RB®harlln Fig. 4 "xn r;gg 9&%@ B8 i -3?00'6
sequence of fifteen zeroes (0) preceded and | owe one (1
each end, iI.e.,cdde value of either zero (0) or ome (1). _
The synchronization codes S1-5S4 have a.data length
10 of two bytes, expressed by a 30-bit code seqﬁence. Each
“*gynchronization code comprisee an identifier for discriminat-
*”ing the synchronization code from other data, and type
information 1dent1fy1ng the location in the data block to
which the synchronlzatlon code is 1nserted
15 The identifier is a code sequence of fifteen zeroces
(0) preceded and followed by a one.(l) on each end, i.e., is
expressed in the NRZI-modulated signal as inversion interval
TS=Tpax+2T (Or Tmax+3T)=iGTH Note that this code sequence and
inversion interval only appear'in.the synchronization code,
20 i.e;. do not appear in the code words ekpressing data other
than the synchronization codes (i.e., "non-synchronization
code'data") or in the corresponding NRZI signal.
The type information is expreséed'by the five bits
from bit 22 to bit 26 of the synchronization code. Note,
25 further, that only the type information may vary in the
synchfonizetion code, and all other perts'of the synchroniza-

tion code are fixed code sequences common to every synchroni-



expressed in the NRZI-nodul ated signal as inversion interval
TS=T[err] 2T (or T[err+3+H=+6T. Nete-that thi s—eede sequence and

inversion interval only appear in the synchronization code, 20 i.e., do
not appear in the code words expressing data ot her t han t he
synchroni zgtd e, es (i.e., "non-synchronization 0 ta') or in
t he correspon ng si gnal . The type i - nis
expressed by the flve bits frombit 22 to bit 26 of the
synchroni zati on code. Note, 25 further, that only the type
informati on may vary in the synehg@nizati on code, and all other
parts of the synchroniza- tion code are fixed code sequences common
to every synchroni - WO 96/ 31881

PCT/ JP96/ 00879 zation

code. The fixed EBEECReERMIcesThT fiFed cRde rﬁ%ﬁ‘t%‘ces are gisosfdefiipedgtos
conversion codi ng,tylL ngﬁglgr@%ﬁ%@¥g¥3%ncod1ng rulesTwép%gcggg and E%nl_

non- synchronl zation c

sequence occupyi patibg SO Hhd1dhe nor- synMrdrli&atidn BRk? é{:Q“mQQ eis a

code sequence selected that - al so exi sts as a code word generated by

8-15 conversion. This The 15-biit code =aflieRitee dctupPengOcite V¥ cbnd M1 £
smal | est data unit of the 8-15 conversion nethod, and the snall est

data read uRit ©f the gyndhxropizstionyeeds die ias coder séguence szeaftientdhat

15 bits. 10 éi a result, the 5-bit %ype i nformati on cannot be read
al one as ALERiFYATS agtx ‘i?t‘?Feggr grafraked Pyrémks F@P"Fﬁaﬁﬁmg E'hblst

code sequences i$ deflnln
code sequence inTt délgync I‘ggla{ég |on T6a6 52 %ne C dg"he small?\ﬁ?odatt%éméﬁde

wor ?hgog: ﬁ;[" ng gbg%rﬁ/rr?elsné&{mtél% fethdg, aha thersql?ﬂle%tt Esté e dTaR1e"
g 8-15 reverse conver si on I gha

reproduced from bhethecorid ngnvedsiléh is therefore alsc defined as 15 bits.

10 As a result, the 5-bit type information cannot be read alone

| as meaningful data unless a new data format for :eading 5-bit

code sequences is defined. Therefore, by defining the last

15-bit code sequence in the synchronization code as one code

word, the code word containing ﬁhe type information can be

15 read in thg same manner as the other data during 8-15 reverse

conversion of the signal reproduced from the recording medium.

| Instead of the 8-15 cénversion, it is possible to

use a 8-16 conversion

The selection of the b1t lengths T max and Tpi, will
20 be further explained below. _

When the NRZI signal, such as shown in Fig. 7 (c)

is recorded on an optical disk or other recording medium, a

pit or a marking is formed along a disk track correspondingly

to a HIGH level portion of the NRZI signal, and no pit or no

25 marking is formed correspondingly to a LOW level portion.

Since the pits or the markings are formed, for example, by the

laser beam, it is necessary to limit the length of such pits



I nstead of the 8-15 conversion, it is possible to use a 8-16

conver si on.

The selection of the bit lengths T[err] and

Terr wil 20 Pe Turthner expral ned DEr Ow. —WWen t he
NRZI signal, such as shown in Fig. 7 (c) is recorded on an optica

di sk or other recording nedium a pit or a marking is forned along a
di sk trackwoyeiesgpondi ngly to a HGH level portionpgfybdeesdiZ! )
signal, and no pit or no 25 mar ki ng i s fornmed correspondlngly to a LOWV

| evel portion.

exanpl e, by the

such pits
- 33 -

expl ai ned next.

"Also, if the |aser beamis radiatec or a relative

Since the pits or the markings are forned, for
| aser beam it is necessary to limt the length of
WD 96/ 31881 - 33 - PCT/ JP96/ 00879
or such markings and the interval |ength therebetween as

If the length of the marking or the marking i nterval
is relatively | , ] e RBLL contral necessary for
Iproquc! nlgvt hg rg’gg sc"f%gka%m?ﬁljf%%yﬁ‘gérég’ged',nlterga& ﬂ‘@gﬁtﬁ ptd"?’i? ta'&E}/* as
vactiation of thexpaasaddcRExsS! Ined Cti:lh‘éVQEng_t? of tHd ﬁ{aﬁihpgbrp@ﬁé dd 21

y short term ~no

pit or no marki dpteirvhlbis relativedynken®, thecsdabkli®y dfhehpi PLOcdHIYEINg

will be too snmall to read. 10

-For these and ot her

reasons, accor giergsearyhfor prodpedsgnthenventli elock piifllorben derdeasgdf,or

the data (such

or the

ma¥eREAE AR kIR gV gt YREARAOR of ¢

as . . vi deo, and/ or audi o dataﬁ has the maxi num pit |ength
?

repradyged signadi dieveilt

_ PR g TRTRECR OF 1904 LA des
Code has the pi CoFERGE iR RRPRIEILSE. A 86, Al HHF ek ERA e radiates

- for a relatively short term, no pit or no marking will be

10

is

20

25

formed on the disk, or the pit or marking will be too small
to read.

For these and other reasons, according to the

“Fpresent invention, a pit or a marking for the data (such as

"video and/ox éudio data) has the maximum pit length or the

maximum markihg lehgth Tmax ©f 14T (or 13T), a special pit or
a speéial marking for an idenﬁifier in the 5yhchronization
code has the'pit.length TS which is equal to Tﬁax+nT in which
n is an.ihteger eéuél to or greater than 2 and T is a unit
length represenﬁing' one binary code. According to one
embodiment, n=2, and according to a preferred embodiment, n=3.
By selecting the pit or marking length of the identifier
longer than any pit or marking in the data,.it is possible to

discriminate the identifier from the data.

also according to the present invention the minimum

pit leﬁgth or the minimum marking length Tmin for a pit or a

marking for data and for synchrénization code is determined
as 3T.
Fig. 5 is used to describe the relationship between

the reproduction signal reproduced from an optical disk



nis an integer equal to or greater than 2 and T is a unit | engt h
representing one bi nary—code. Accordi ng t -ore- enbodi nent, .n=2,
and according to a preferred enbodi nent, n=3. = By selecting the pit
ofr marking length of the identifier 20 | onger than any pit or marking in
t he dat a, *B%Bsgpsmble to discrimnate the identifier fromthe

dat a. 1 Al so according to the present i nvenPFHESABY ni num
pit length or the mininummarking length T[err] for a pit or a

marking for data and for synchronization code is determined 25 as 3T.

Fig. 5 is used to describe the relati ansdy p bet ween t he reproduction
signal reproduced froman optical disk WO 96/ 31881

PCT/ JP96/ 00879 - 34 - according to
the present enbodi ment, and the NRZI signal read fromthe

reproduction si @?&Prdlmg tg t(}m P§ﬁémtt¢@qdé-me@(§ucand the m&;nseggﬁhlread
r epr oduced for tx% chroni z |Qn code i ﬂ a dther d
t hreshol d val ue F t Fnys1igndy) Fig. 5 Woﬁé""t"ﬁe Eat=RY

lied at bit er c ar t
i ohal “when the SAES el cdfbadel for the, Sitfde I P M“

Mlerr]=V[err] arqfiiepytand&itthe Tead threélﬁBl@ Rawset {16 ﬁfgﬁefﬁﬂnablgbt §'
by sanpling the conparator out put si gnal shofin in Fi g. 5 (c) at the

read cl ock Showshows tBe readgeldek BupplEed. ad ¥iE) istteasrafllh@.coRpar as otc)
out put si gnal when the reproduction signal and a read threshol d
val ue Ve shewse dihry Fﬁ@%ﬁ@%n@‘é"—?%gé%%br whey e’-‘rhq +Fep¥q>dﬂ)cia#@1 _

input. Fig. 5 , f ovvst NRZI nal ., obt |ned I|n { he
coPrpar at o? s‘%gﬁ%‘d Fﬁ?\aﬁ' H°liag akug \? 1188 9 s fbwn

in 15 Fig. S(d()bEhowyoé}?e 3 L?Sngf Wa@&%ﬁ Byt%l%.r%n@he' Q&%éfator

output signal shown in Fig. 5 (c) at the read clock shown in
10 Fig. 5 (b). Fig. 5 (e) shows the comparator output signal
when the reproduction signal and a read threshold value Ve
exceéding.the tolerance range (Ve=Vg+aV) are input. Fig. 5
(£) shows the NRZI signal obtained by sampling the comparator
outpﬁt signal shoﬁn in Fig. 5 (e) at the read clock shown in
15 Fig. 5 (5). Note that thé comparator oufput signal inverts
to a HIGH level at the intersection of the reproduction signal
and the read threshold value V., and the NRZI signal in Fig.

5 (d) inverts from a LOW to a HIGH level at time tO.
The reproduction signal reproduced from the
20 recording mediﬁm is obtained as an analog signal as shown in
Fig. 5 (a). The reproduction signal is therefore converted
to a digital signal by means of the comparator converting
values egual to or greater-than the read threshold value Ve
to HIGH bits, and values below the read threshold value V_ to
25 LOW bits. The digitized comparator output signal is then
sampled at the read clock timing shown in Fig. 5 (b},

generating the NRZI signals shown in Figs. 5 (d) and (£). The



to a HHGH |l evel at the intersection of the reproduction signal and
the read threshold value Verr], and the NRZI signal in Fig. 5 (d)
i nverts—from a tONto Gt tever—ar trme to. “The =
reproduction signal reproduced fromthe 20 recordi ng nmediumis obtained-
as an anal og signal as shown in Fig. 5 (a). The reproduction signa

I s theref giPospiagiqert ed to a digital signal by ”ea'ii'rﬂﬁchp%s
conpar at or converting val ues equal to or greater than the read

t hreshol d val ue V[err] to HHGH bits, and -val ues bel ow the read
threshold value Verr] to 25  LOWDits. The digitized conparat or

out put signal is then sanpl ed at3% he read clock timng shown in Fig
5 (b), generating the NRZI signals shown in Figs. 5 (d) and (f). The
WD 96/ 31881 PCT/ JP96/ 00879

- 35 - r hase th 25 old,value are co 0 Ied so
that the conpaf?? &SF% fﬁn%? |¥ﬁﬁa ga?FFBﬁ|3fe °°ntr£iiﬁia
position, which S t wee t

read clock and t g %3% %ﬁ?ggk éxﬁ‘i‘m'ﬁe@l \?évelpve\fkggn\ﬁ?he% read ﬁw g}“lhol d
val ue V[err] i seferentablpnsitieh, whlch abs adeEhneat atelreof ag epnedusddizm
signal reading, the read threshold value Verr] will vary as shown
in Fig. 5 (a). befween the cyxyénst i veadncihekr @ad ttheshekd velade ciamk.]
appears. as of fset AT fromthe reference position of the timng at

whi ch the 5 10 HOVEZRpar%ieR Qﬁﬁ:ﬁﬁPds?Eﬁﬁﬂ hqlgh ¥aiye Vo is not stable, such pe

NRZI | sh h Lt . f I
21 Sional Shaut 4D ELg: ebstd) o BBl tn ssonen sSRRERS! 3h0 g,
read thr eshol d cyaleufio¥s Chifie: viIGLIAGEry as shovih o gV gy Inalmygad

errors do not occur) must be in®
: varlatlon in the read threshold value V appears as offset AT

from the reference position of the timing at which the
10- comparator output slgnal inverts.
If the NRZI sxgnal shown in Fig. 5 (d) is the result

cmin tO V

“*6f correct signal reading, the tolerance range V cmax

for variation in the read threshold value Vg {i.e., the range

in which NRZI signal read errors do not occur) must be in the

15 range -{T/2) <AT< (T/2), shown from time (t0-T) to time t0 in

Fig; 5 (a), where AT is the offset ffoh the reference position

of coﬁparator output signal inversion timing. As shown in

Fig. 5 {(c), the comparator output signal inversion timing is

within the tolerance range - (T/2)<ATs(T/2) from time (t0+15T)

20 to time (t0+16T), producing offset AT from the reference

position. The correct sampling value can therefore be
obtained by the read clock at time (tO0+16T).

' However, when the offset AT from the inversion

timing reference pbsitioﬁ of the comparator output signal

25 exceeds the tolerance range expressed as - (T/2)<ATs(T/2) due

to read threshold value V, fluctuation, the inversion interval

is offset (shifted] 2T at the NRZI signal rise and T at the




15 range -(T/2)<[err]T<(T/2), shown fromtinme (tOT) to tine tO in
Fig. 5 (a), where [er+}F+s—+the offset fromthe—+eference position

of conparator output signal inversion tinmng. As shown in Fig. 5
(¢), the conparator output signal inversion tining-is) wi thin the

t ol erance hﬁﬁgﬁ as T/ 2)<[err]T<(T/2) fromtime (t0+15T) 2 t i me
(tO+16T), pro ué?ﬁg of fset AT fromthe reference ngFPPHﬁW%’ The
correct sanpling value can therefore be obtai ned by the read cl ock
at time (tO0+16T). However, when the offset [err]T fromthe
I nver si on timng reference positi®g of the conparator output signal
25 exceeds the tol erance range expressed as -(T/2)<[err]T<(T/2) due

to read threshold value V[err] fluctuation, the inversion interval

Is of fset (shif%ﬁg T at &hg NRZI signal rise and [err]T at the VO -
96/ 31881 I signal drop. PCT/ JP96/ 00879

- 36 - i ' _Therefaore when th
reﬁgtive variatiyﬁzgnsiﬁgﬁbggéggre' “ﬂ?ﬂw§§ﬁoF81§5}Yﬁeé%éi%%!apolPﬁghe read

reproduction si @led¥TRONAIMEY v, to BXECEdprblifict £44 Eg'#géfo{:gmélg%%fily

V[err] tolerance range due, for % exanpl e, to nol se, I nver

position of the edtéleds ghel read thiedHoAs vaJuk e, sydldvnite? #hhgl 8Rde £
data shifts one bit (T). In other words, t e position of the 1 in the

code Sequaxampdfe .t ke poises puheliinyersdonvposii tsauefc ehehNRES 4idumal
to the adjacent code bit. There is a high probability that 10 data read
errors of this (SFFSERITge thEoF¥RFYreRtFatciary aoglet pad data ghifes come deit on

opt cal i sic opflict| Bh SERAF aPReol:  ene; pofbfYGR Pl chenn: i it avne

optical disk reproduction appara?u

sufficient 10 cQidgifenct BElthe correBbbhdihg ddie WBYA' SEQAWHi?Es 1 bit
occurring at a nornal o
to the adjacent code bit. There is a high probability that

10 data fead errors of thié type can be properly corrected by the
error correction process of the reproduction apparatus.
Conversely stated, if the optical disk reproduction apparatus
is_not designed with tolerance sufficient to correct 1-bit
éhifts in the inversion position occurring at a normal

15 frequenc? due to_noise.or other factor#, the optical disk
reproduction apparatus will not be able to withstand everyday
use. It can therefore_be assumed_that the inversion interval
éf the reproduced NRZI signal will virtually never shift 2T
or greater due to factors such as noise.

20 It is possible in this case that the maximum
inversion interval Tmax=14T in the NRZI signals for non-
synchronization code data may be read as an interval of 13T

~or 15T, but there is virtually no possibility that it will be
read as 12T or 16T. It is also possibie that the inversion

25 interval TS=16T of the synchronization code identifier will
be read as a 15T or 17T interval. In this case, however,

because there is no signal segment that inverts with an



15 frequency due to noise or other factors, the optical disk

reproducti on apparatus wll not be able to mﬁthstand ever yday use. It
Can therefrore be assumed tiat the imverstommervat— - of the
reproduced NRZI signal will virtually never shift 2T or greater due
to factors such as noise. 20 It is possible in this case

t hat the nwoigsisigs: I nversion interval T[err]=14T in tp&’m gnals
for non- synchroni zation code data may be read as anl of 13T
or 15T, but there is virtually no possibility that it wll be read as
12T or 16T. It is also possible that the inversion 25 interval TS=16T
of the synchronization code identifier 3|+ be read as a 15T or 17T

i nterval . In this case, however, because there is no signal segment
that inverts with an WD 96/ 31881
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interval of 16 %ﬁefﬁ¥§1ewnﬁﬁf%ﬁka$$§ﬂsgl8ﬁaﬁ§eater 1“e%ﬁ¥%s§$%§ S;anls
h
oSy o el iy VPG i, o g RROUEE

and synchronlzatlon codé can DBe correct

t hat any si gnal tixegmesde WwadabBaaand %yncHr'&&&Q&StQBn' @bﬁEV@anOfbéﬁIere&Ef}at er
i's a synchronization code i.dentifier. . The identifier

synchr oni zat i onidenteifiiedd by detemmimling THEtI rargr smalntsﬁgtﬁntvw;ltm(un be
valid at this tjne, but the invalidated synchroni zation code is
prevent ed r om m"ers"%i‘ﬂﬁe?‘é%?d °§slﬁ5 Rrsgheateniisaei synatugaidatiobycade

separate 10 ati I op, fere C|ng th per|0d|C|ty of the
synchroni zat i on%a;éon eJ'r'L'lllrr‘]i1 the Eﬂ‘lg et %or 2 syne ronzza%%\,%q e j¥eade

change in the rgagd, tahﬁ.g‘f‘hﬂln%f’ﬁdﬁeﬁnterval Vu%.qb%g{: di}of}b:l %gg rglﬂﬁl me

sustained at V[err]=V0+[err]V as s
in Fig. 5 (a), bt ek einwil idated synchronlzatn.on code is prevented from

being read as non-synchronization code data by a separate

10 determination crossQreferencing the periodicity of the
“*Synchronization code in the NRZI signal.

However, if the change in the read threshold value

V. above the tolerance range is sustalned at V_=V0+4V as shown

by the 'double- dot dash line in Flg 5 (a) a read error of

15~ inversion interval T will occur at the inversion part of the

NRZI signal at both ehds of the sYnchronization code iden-

tifier, and in the data folloiwing that synchronization code,

as shown in Fig. 5 (f). When.this happens, a signal segment

with a 16T inversion interval, i.e., a signal segment that

20 should not occur in the non-synchronization code data, occurs

in the non-synchronization code data. As a result, by

determining'ahy'signal segment with an inversion interval of

16T or greater to be the Synchronizatien code identifier, the

reproductibn apparatus determines an indeterminare part of

25 data that is not the.éyhdhrdnization code data to be the

beginning of some frame, thereby disrupting the data read

s?nchronization'timing, and preventing any subsequent data




15 inversion interval T will occur at the inversion part of the

NRZI signal at both erds—ef—the symehroni zatien code iden- tifier,
and in the data follow ng that synchroni zation code, . as shown in
Fig. 5 (f). Wen this happens, a signal segnent with a 16T inversion
I nterval , i.e. signal segnent that 20 shoul d not o i e
n_on-synchr%’nnlegggfﬁgm gode da'?a', occurs in the non-sﬁ%@wmgtion
code dat a. As a result, by determ ni ng any signal segnment with an
i nversion interval of 16T or greater to be the synchronization code
identifier, the reproducti on appaygat-us determnmines an i ndeterm nate

part of 25 data that is not the synchronization code data to be the
begi nni ng of some frame, thereby disrupting the data read

synchroni zation timng, and preventing any subsequent data WO
96/ 31881 from being read. Even if "thper mpdgzation is not dis-

| ¥
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process. As a result, opti rea etect ta‘rea

when plural sigrerreegiBAtproddds.aNas a resultsr 6pOicd i@ skakefbers Btlect
greater are detected, and execute an appropriate process.

By thus defi ni ng tdrtd emgadl pirobhemi mbensiplural sigmdkr segmdrof wibh an
synchroni zation code identifier as_ 10 TS=T[err]+2T or greater, the
synchroni zat i on AWEH8icRAntprval of IRTL grageedtey 3| detrated.f anthexrcute
non- synchroni zation code . . data within the data read range.
Furthermore, by 3FefPRFRBFIRE® P¥OC®88 gt h of the inversion interval TS of

the synchroni zation By thus defining the length of the inversion

interval TS of the synchronization code identifier as
10 TS=Tpaxt2T or greater, the synchronization code can be
| accurately discriminated from 'the non-synchronization code
data within the data read range. Furthermore, by defining the
length of the inversion interval TS of the synchronization
code identifier as TS=T, ., +2T or greater, the length of the
15 synchronization code identifier can be shortened compared with
an inversion interval TS of 2T,ax &8 in the synchronization
code of the prior art, and this difference can be used to
include ot_her type information adding a variety of other
functions .in the synchronization code. Moreover, because the
20 overall length of the synchronization code can be set to twice
the code word length, the first and second halves of the
s.ynchronization code can be separated i_n the same way as
reading thg code words expressiﬁg non-synchronization code
data, and the type information written to the code word
25 constituting the second half of the synchronization code can
be read in the same way the code words expressing the non-

synchronization code data can be read.



code identifier as TS=T[err]+2T or greater, the length of the 15
synchroni zati on code identifier can be shortened conpared wth an

i nversion interval—TSof 2Tferri—as rm tne syncnroni zation codé of
the prior art, and this difference can be used to i ncl ude other type-
i nformati on adding a variety of other functions in the

synchr oni % é¢piggiode. Moreover, because the 20  over al lpchrgidtiebgref t he
synchroni zati on code can be set to twce the code word I ength, the
first and second hal ves of the synchroni zati on code can be separated
In the sane way as readi ng the code words expressing

non- synchroni zati on code data,- @Fd-the type information witten to
the code word 25 constituting the second half of the synchronization

code can be read in the same way the code words expressing the non-

E%‘T‘f?égg; égts;gn code dat@ié:_a n.sbeisr eggé,thér data_ %ﬁgﬁ%ﬁgwjing the type

Fig. 6 is anot &ﬁkogaseiaﬁb g Sh Qg%éﬁ%&imgoﬁ codd 2%%%6?&:‘!1@“ 9F h

synchroni zati on code according of t present e 1 ment, and the
read val ues of prBgefier éMSeiMENT) and the OfSlAl WRNdes of the correspondihg
type information witten to the five bits from bit 22 to bit 26 of

t he synchroni zebdenwoodes S1-S4 formatted as shown in Fig. 4 identify
the location in the data block to which the synchronization code is

i nserted. 3Synchroni za- The tyRepAnégymation 1iitheds tphhke skite bits from

B ock, 1. o, abifng? t0 pityahiat ond BrLBreRlsacion SatR F A riRatied
| nfornation 1 géogéga’%zin FiéJ-r |4ypfdéﬂ%fi9mhjaoﬂo a%:(&pqi.]ipzjthe data block,

Synchroni zati on co | kew se i ndicates that sald synchronization
code S2 is- to which the synchronization code is inserted. Synchroniza-

tion code S1 indicates that said synchronization céde S1 is

10 inserted at the beginning of the data block, i.e., at the

' %%eginhing of sector SEC1l, by using type information 1 (1ob10)

- or type information 2 (oob10). Syﬁchronization code 82

likewise indicates that said synchronization; code S2 1is

inserted at the beginning of any sector othef than the first

15 sector in the data block, i.e., to sectors SEC2-SEC14, by

using type information 1 .(01001) or. typé information 2

(01000} . Synchronizatioh code S3 likewise indicates that the

syrichronization code is inserted at the.beginning of any row

other than the first.row in any sector by uéing type infor-

20 ° mation 1 (10001) or type information 2 (10000). Synchroniza-

tion code S4 indicaﬁes that the synchréniiation code is

inserted in the beginning of data frame 2 Startiné,from the

middle of any row by using type information 1 (00000} or type
information 2 (obooi). o |

© 25 ' As also shown in Fig. 6, the type information is

read by reading'the normal code word unit containing the type

information. For éxample, the type information 1 (10010) of



I nserted at the begi nning of any sector other than the first 15 sect or
in the data bl ock, i—e—~—te—sectors—SEC2- SEC14,—by using type
information 1 (01001) or type information 2 ~ ~ (01000). Synchronization
code S3 likew se indicates that the synchroni zation code is inserted
at the begigtd f any row other than the first roy.J n ector by
usi. ng type%@?gﬁ 20 mation 1 (10001) or type informat :Q‘S‘JHB?aWSOO)
Synchroni za- tion code S4 indicates that the synchronization code is
inserted in the beginning of data frane 2 starting fromthe m ddl e
of any row by using type information 1- (4@0000) or type I nformation 2
(00001). 25 As al so shown in Fig. 6, the type information is
read by reading the normal code word unit containing the type

i nformation. For ex%ngle, the type information 1 (10010) of WO
96/ 31881 synchronization code S1 is lnertpnggFg@(ﬁ;’g@ bits from bit

- 40 - nghr Qnj zay i ode Sl is inserted to the five bits, from
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type information 1 code (10010) in this synchronization code S1 is
(000100100£00013P01A80a09@200QQ00MNIH 040020001 0) pantl the code ddorideontaining
synchroni zati on ¢cqde S1 containing the type information : 1 code 10010

is read as 114 &8ishby¥Rei Irierration daeade 10100100 mive thisnsyadheonizatipn 2.
The code word part, of. a sy - i zation code S1 containing_the

type informati or‘foﬁaec%%lelsodg%i8?1°°1°q°sl° i'mi $%A §e_r°'8_ia' &he; cpdeueeid BFEE | f
the code word regdehe synchirBHEZLEI&h Yokt & Jo?z‘&g.g.ﬂﬁ.ﬁb%é Q%pgy{]xgpg&rgtzi%tnl on

code

1 code 10010 is read as 114 as shown in the 8-15 data
10 Iconversion table in Fig. 2. The code word part of a synchro-
nization code S1 containing the type information_z code 00010
is similarly read as a value of B6. 1f the co&e word read
immediately after recognizing the synchronization code
identifier is 114 or 86, the identifiea synchronization code
15 is known tq be the synchronization code S1 inserted to the
beginning of the block. Synchronization codes containing
other type information are recognized in the same manner.
Note that while type information codes 1 and 2
indicate the same synchronization code insertion position, the
20 number of ones contained in the five type information bits is
even in type information code 1, and odd in type information
code 2. | |
Fig. 7 is used to descxibe the method of selecting
type information code 1 or type information code 2 in the
25 synchronizatién code of this embodiment. Note that the method
for'selecting the type information codes 1 and 2 for synchro-

.nization code S4 is shown in Fig. 7 by way of example only,



identifier is 114 or 86, the identified synchronization code 15 S

known to be the synchronization code S1 inserted to the begi nni ng of
the brock.—Synchrontzatfon codes contal nrng . other type Tnformation
are recogni zed in the same nmanner. Note that while type )
i nformation codes 1 and 2 i ndi cate the same synchroni zation code
insertion RegédmEesl, the 20 nunber of ones contained i '?Ctl‘}]ﬁg ' type X
information bits is even in type information code 1, and odd in type

i nformation code 2. Fig. 7 is used to describe the
met hod of sel ecting type information code 1 or type information

code 2 in the 25 synchroni zation codd of this enmbodinent. Note that the
met hod for selecting the type information codes 1 and 2 for synchro-
nization code S4 is shown in Fig. 7 by way of exanple only, WO

96/ 31881 o - . ? ' ‘PCT/ JP96/ 00879 .
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codes 1 and 2 f @oga¥ns ir1bZ 8bi Wimc@deniRat fin Jded §§.5%3t Nfbte also that
synchroni zation code S4 is inserted between franes 1 and 2 as shown
in Fig. 1. 5 synchronizatidh Gode £a)ishimsertla BetkieddifiraimesCoramn 2 asal |

synchroni zation codes. Fig. 7 (b) shows the change in the di-gital
sum vari ati on (B89yYnwhBNFigpeli nformation code 1 is sel ected as the
type infornmation for synchronizati on code ig. 7 (c) shows the

4. Fig
change in tne digital sunf¥%@riati{dh EhYs the codgnhpattgre rRmBPRRtPoAldode
2 is selected a Ly i hfor- mat i.on,.f.or_.synchroni zati on,code $4.
The DSV is the \%Xb ggr%éfgahc;n RS 1S ’ob}t)aﬁbﬁecfr@"sag&len ‘;‘?ngf J'f‘hégﬁll'«’ZI
signal- wave is @igital shhGhtf¥Slon AEWAdhRH tdpt§ iAHGIANRH SoBel Ps

| evel , and

selected as the type information for synchronization code S4.
Fig. 7 (c) shows the change in the digital sum variation (DSV)
10 "when type information code 2 is selected as the type infor-
““wation for synchronization code S4. The DSV is the value per
"“unit time obtained by adding +1 if the NRZI signal wave is a
HIGH 1eire1, and adding “—1 if the wave is a LOW level, and
expresses the bias in the dc component of the NRZI signal.
15 Note also t:hat. the DSV is a value added cumulatively from a
particular pos"itio’n in the data to be recorded, e.g., from the
beginning of the data to be recorded, or frbm the beginning

of the block.
As shown in Fig. 1, synchronizat.ion code S4 is
20 inserted between data frames 1 and. 2 in each row; To
determine which type information 1 or 2 is appropriate to
synchronization code S4, the DSV value is added cumulatively
from the beginning of the data to be recdrded to the end of
the first framé, i;é., the position iﬁmediately before the
25 insertion point of synchronization code s4. A DSV memory
stores at time point' Tx (Fig. 7) the level of the NRZI signal

" and the DSV value, and in the case shown in Fig. 7, the DSV



expresses the bias in the dc conponent of the NRZI signal. 15 Not e al so

that the DSV is a walue—added cumiatively froma ~_particular
position in the data to be recorded, e.g., fromthe begi nni ng of the
data to be recorded, or fromthe begi nning of the bl ock.

As shown ip_Fi , synchronization code S4 is 20° I ns en data
frames 1 aﬁ&’fg*sﬁ}each r OW. To determ ne whi ch t?ﬁt’gﬁgﬁmtion 1
or 2 is appropriate to synchroni zati on code S4, the DSV value is
added cumul atively fromthe beginning of the data to be recorded to
the end of the first frame, i.e ,42the position imredi ately before
the 25 I nsertion point of synchronization code S4. A DSV nenory

stores at tine point Tx (Fig. 7) the level of the NRZl signal and
the DSV value, and in the case_shown in Fig. 7, the DSV VWO

96/ 31881 memory stores HIGH level and d=}2y/ jBbg/ PS¥7yalue dl at a
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as the type inf i | ds : L Z 3ty ; type
nformat]on 1 (0600828 YRR Attt S SRpen S nst Bty ers iRt s
substituted for chgee snf eypat iafiotmatidhn t he (ooooo)DSV g€ i oztnatabf BSV

conparison point in frane 2 is- cal cul ated: The cal cul ated DSV val ues
dl and d2 & e tHOQ001l) iscohparsubsthitthtelde foypeypaf dtnfatharion el diang tthe
| owest absol ute value of the DSV at the DSV conparison point in frame

10 2 is sel e®B¥d vIde R%r 8bd spddt REVs \eRmRasHisent iRfintodin Sirame 2 is

The DSV val ues up.to.the.fif bit .at .t he.begqj nni f frane 2 are 4
using type inf oFﬁ&Ff‘%ﬁpﬁdas \Mﬁ:ﬁlﬁur}‘aggd7sg‘{f vaTges_ 41 and d2 are then

compared, and the type information yielding the lowest
ébsolute value of the DSV at thé DSV comparison point in f£rame

10 2 is selected and inserted to the synchronization code S4.
The DSV values up to the £ifth bit at the beginning
of frame 2 are 4 using type information 1 as shown in Fig. 7
(b), and 6 using type infbxmation 2 as shown in Fig. 7 (c).
The DSV values continue to be calculated to the particular DSV
15 comparison position in frame 2, however, and the absolute
values of the DSV valﬁes are compared at the DSV comparison
point to select the type information whereby said absolute
value is smallest. As a result, bias in the dc component can
be suppressed when data is written to the recording medium
20 using the format shown in Fig. 1. Moreover, when compared
with the common method of sﬁppressing bias in the dc component
. by inserting to the data a separate code seguence for
suppressing dc component bias, dc component bias can be
suppressed using the type information expressing the synchro-
25 nization code type. The length of the code sequence inserted
for dc component bias suppression can therefore be shortened,

and the data storage area of the recording medium can be more



(b), and 6 using type information 2 as shown in Fig. 7 (c). The DSV
val ues continue to be calculated to the particular DSV 15 conpari son
positton in frame 2, NOWEVer, and tne apsol ute val ues—of—the DSV
val ues are conpared at the DSV conparison point to select the type
i nf or mati on whereby said absol ute - value is smallest. As a result,

bi as i n t hayvglgg/zaggrponent can be suppressed when daipgrispecifpdrpt €N t O
t he recordi ng nmedium 20 using the format shown in Fig. 1. Moreover,
when conpar ed wi th the comon nethod of suppressing bias in the dc
conponent by inserting to the data a separate code sequence for
suppressi ng dc conmponent bias, dc conpoh®nt bias can be suppr essed
using the type information expressing the synchro- 25 ni zati on code
type. The length of the code sequence inserted for dc conponent

bi as suppressio je f e shortened, ~ and the data storage
area of the recg‘ar |nézg'%§g§uﬁ1E§]ég§%% nor e WO 96/ 31881

PCT/ JP96/ 00879 As described , 43,5 P - ' y
utilized. - As descri beda%%‘(’)?/e, t_thﬁe%ee%rrood tfcftllogn a%%%%’%‘gés
accordi ng to thacqorsdnty itovahe presenteanveiticientad VeddEly ident¥ggidHd ng
of the data bl ock by readi ng synchroni zati on code 5 S1, and can

achi eve a robusteesingingopfetheofapa dekech rhy readingcayabhronizaision ddue
dat a mmitt%p togyuaégga.block as the error correction processing

uni t. TR | BCREPBR & FIRURL 1STXQF WAPEFEHEAD sREeesssing

address in that ls ' n...can. al so easi |y iden- ' tified by
r eadi ng synchrorﬁ%)a ?‘%%éx\ggg&@.Fhﬁgtalagét‘ﬁ’éftgffeonr Zto one é%f&iqqtﬂcé‘ A5 r&%d
the data from aesRes tberbbOfn igrcbednl unit. time even when a specific

bl ock is accessed and reading starts _ _
' 'The location of frame 1, to which each sector

address in that block is written, can also be easily iden-
‘10 tified by r'eadi_ng' synchronization cdde g2. It is thérefore
“#possible to read the data from a specific block in a short
‘time evén when a spécifid block is accessed and reading starts
from some midpoint' :.n 'that bloék by reading the sector address
following the synéhronization code S2 at the .begi:ining of the
is next immediate sector, temporarily buffering the data from
that sector to the last sector in the targeted block to
memory, then i'eading the data from the beginning of the
targeted block to the initially accessed sector (i.e., the
remaining sectors in that block), and ihsetting this data

20  before the data buffered tc memory. ..

Furthermore, because the location of the frame to
which the sector address is written can be easily identified,
the desired tracks can be accessed while i‘eéding only the

. addresses, and high speed searching can be achieved.
25 ' It is also possible with synchronizaﬁibn codes S1-S4
to recognize the first code word bit in each frame, and

correct bit shifting in the reproduced data resulting from bit




fromsonme mdpoint in that block by reading the sector address

foll ow ng the synchrenizat+en code S2—at the begthAning of the 15 next

i nhredi ate sector, tenporarily buffering the data from that sector to
the last sector in the targeted block to menory, then reading the
data from L, nni ng of the targeted block to t Initially
accessed sé@ﬁ%@ﬁ¥+}e., t he remai ni ng sectors in thQ?‘ﬁF%@wr? and

inserting this data 20 before the data buffered to nmenory.

Furt hernore, because the |location of the franme to whi ch the sector
address is witten can be easily identifigd, the desired tracks can
be accessed while reading only the addr esses, and hi gh speed searching
can be achieved. 25 It is also possible wi'th synchronization
codes S1-$4 to recognize the first code_word bit in each frame, and
correct bit shif¥9%ﬁ)q%?ﬁé%ebWeﬁﬂSGEQeGFﬁa?%Fr@&iﬂ%ﬂlﬁ?tPrG#PEPQUCtiona foxp
96/ 31881 1 . ' PCT/ JP96/ 00879
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identifier is THST[ef r¢ne WRZNASiMELN ¢oebdPon@ayigOto the syRtAFBhezhbishe

above enbodi nent, but a signal segnent in which said inversion
i nterval TSx(T[ erader3identdfinr aiseMeat(Tygly2T) has Useh dsed by tway refid
threshol d value V[err] tenporarily varies outside the tol erance

range, and the |S%AMRYSAD HReAPvesapbodimeny, buf 3 pignal sggnent dsawhiFy|

signals, the maxinum inversiaon . inferval TlLenr]l, of the NRZI sign
expr essing t he nsoanl-d.n inversion interval &g‘Y'Fmax*':ﬁr) way be alternati efy
used. Even if the read threshold value V., temporarily varies
outside the tolerance range, and the inversion interval shifts
10 +T in part of the read NRZI signals, the maximum inversion’
intexrval Tmax: ©f the NRZI signal expressipg the non-
synchronization code data will be
Tmax - T s Tmax' s Tmax + T, .

and the inversion interval TS’ of the NRZI signal read as the

is synchronization code identifier will be
Tmax * 2T s TS’ s Tpay + 4T.

The inversion interval TS of the NRZI signal
corresponding to the.SYnchronization code identifier can be
considered as the pit or marking length formed on a disk, or

20 as an interval length of such pité or markings. According to
| the present invenﬁion, the pit length TS of the identifier is

{T +2T) or greater, but is best when it is (T

max max*3T). as

explained below. |
During reading or writing (herein after only the
25 reading case is explained, but also applied to the writing
case) a pit or a marking (herein after generally referred to

as a marking, but understood as including both pit and marking



synchroni zati on code data wll be Tlerr] - T < T[err], < T[err]

+ T, and the inversion interval TS of the NRZI signal read as the
15— - synchrentzattom—code TdentTfTer Wit D¢ T[erT] + 2T ——TSF—
< T[err] + 4T. The inversion interval TS of the NRZI

si gnal corresponding to the synchroni zation code identifier can be
consi der eGy@s¢idleg Pit or marking length formed on a di sk,peqy: as an
interval length of such pits or markings. According to the present
invention, the pit length TS of the identifier is (T[err]+2T) or
greater, but is best when it is (T[err]+3T), as expl ai ned bel ow.
During reading or witing (herein after4dnty the 25 reading case is
expl ai ned, but also applied to the witing case) a pit or a marking
(herein after generally referred to ‘as a narking, but understood as

I ncl udi bot h Ki .- VO 96/ 3188
LE&Y?PQE?OOS?Q 5&& §H¥1 le 'Q%pe of markings sugh ag a pro;ectlon&nanaﬁge

ot her type of n S e Nk RS e o} | Sy
known t hat them%%§i|%gflgﬁg¥h T[e?éf& Eht ﬂazﬁihérﬁéngth e Sﬁﬁyreadégs
(T[err]T).: roneously reathen(T inmnklng l ength TS of the identifier is
5 (T[err]+2T), this can be. erroneously read as (T[err]+2T) T which

is equal to (T[err]+T) @hen( Eher maxking 1eﬂm&b|ﬂﬁknftthasadent1fler is
condition, _the maxi nrumdata . marking |l ength T[err] can erroneously

[ﬁed as (T?grr]ﬁ?maﬂﬁ3§ﬁ'l§héﬁu§intQP(eHRQQ§P“?}YOFead = (?ﬁﬂgéﬁT?t?)W?l¢h”
i s case, acce r ki in not_on
(T[err]+2T), ybu’f a éha?T err{p s The maxﬂaomdenﬁf'lgérqmqetrg {}‘ ogi'ﬁ)lg

to discrim natecoﬁﬁiﬁﬂﬁin the maximum data mark;ng length T ax can be
erroneously read as ( TmaxtT! wh;ch is equal to (Tp_,.-T) or
(Tpax*T) : In thls case, by accepting the markings with a

42T), but also (T +3T) as the

1o marking length not only (T max

max
“*5identifier, it is possible to discriminate between the

“"jdentifier markings and the maximum markings in the data with
a higher reliability than by accepting only the marking with

. a marking length (T, __+2T) as the identifier. In this case,

max

15" the identifier that has been erroneously read as (Tp,,+T) is
disregarded, because this can not be distinguished with the
maximum marking in the data that has been erroneously read as

(T,

max+T)

When the marking length TS of the identifier is

20 (T +3T)+T which

max+3T), this can be erroneously read as (T

max

is equal to (T,..+2T) or

max +4T) . And, under the same

(T, max

condition, the maximum data marking length Tnax can be

erroneously read as T,..+T which is equal to (T ,.-T) or

(Tpax*+T! - In this ease, the markings with a marking lengths
25 (Tyuu+2T), (Tpoyt3T) and (Tp,+4T) can be used as the iden-

tifier, and yet it is'possible'tb distinguish between the

identifier markings and the maximum markings in the data.



I dentifier markings and the maxi mum markings in the data with a
higher reliability than-by—aceepti-ng-only the marking with a mar ki ng
length (T[err]+2T) as the identifier. In this case, 15  the identifier
that has been erroneously read as (T[err]+T) is di sregarded, because
this can ng stingui shed wth the nBX|nun1nark|n in the data

t hat has bee%&g:’réH neousl y read as (T[err] +T). g”‘"’“ When
the marking length TS of the identifier is 20 (T[err]+3T), this can be
erroneously read as (T[err]+3T) T which is equal to (T[err]+2T) or
(T[err]+4T) And, under the sane - gendi tion, the maxi num data mar ki ng
| ength T[err] can be erroneously read as T[err]T which is equal to
(T[err]-T) or (T[err]+T). In this case, the markings with a marking
| engt hs 25 (T[err]+2T) (T[err]+3T) and (T[err]+4T) can be used as the -

i den- i fTNS, ghe gdec tmmafpb%%mww ghst ident Lfiewe maskingseand

identifier nmarki S ndtherra i.mum r | |nthe a VWO
96/ 31881 e Rimult may 1ngs q.% atapﬁpJSQGfrl@éS?ylth a higher
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and t he maxi num mar ki ngs in data“can

accuracy when ther 43Mg ﬂaeng&htﬁsnoi-r z-;dent ifier is made

(T[err]+3T) rather an (T[err]+2T). By determining the
signal seghent where tHBy determinirgsitiei ndignall afegmentr eatleNRZ| the
signal is (T[err]+2T) or reater to be the synchronization code
identifier, thetnve Si°nsmﬁ‘az&’tfl dhec 5gadc MRZ3e sesrlaéc@sy (Fingi+BBLi ened

Gynehroc 10 $FONETRETHENI SOREnRhBiatlin "SR, lenotFlan one
t he synchronization code can be correctly distinguished from the
non—syn'chronizatio:; _eode deta, the numbef of invalid synchro-
10 nization codes can  _be decreased, virtually all of the
' synchronizatidn co_des__ can be correctly identified, and the
start of the frame ,can be identified. It is therefore
possible to more pﬁ:ecisely correct any data bit shifting
resulting from code bit loss caused by, for example, signal
15 dropout during repreduction. When the read threshold value
Ve continues to range outside the tolerance range, it is also
possible to detect abnormal signal reading, i.e., a read
problem,. by detecting s.ignal segments in which the NRZI signal
inversion interval 1s (Tpax+5T) or greater.

20 It is to be noted that the five bit type information
described above _shell not be limited to the correspondence
between bit patterns end 'type informati‘on content as described
above. More _speci_f_i_cally, type information 1 and type
information 2 e_.:e_ bit pattern pairs in which one bit pattern

25 contains an odd number of ones (1) and the other pattern
contains an even number of ones (1) in a pattern of five bits,

and any patterns can be used insofar as the code word part of



synchroni zati on codes can be correctly identified, and the start of
the frame can be identified. It is therefore possible to nore
precisely Torrect any data bi't ShTTTing resulting fronrcode bit Foss—
caused by, for exanple, signal 15 dropout during reproduction. Wen :
the read threshol d val ue V[err] continues to range outside the

tol erance rpO9@3188t 1S al so possi bl e to detect abn : lghal ]
reading, i.e., a read probl em by detecting signal segnments in which

t he NRZI signal inversion interval is (T[err]+5T) or greater. 20

It is to be noted that the five bit type information descri bed above
shall not be limted to the correspondeng@ - between bit patterns and
type informati on content as descri bed above. More specifically,
type information 1 and type - information 2 are bit pattern pairs in

whi ch one bi - i ns .an_odd nunber._.of - , d the.
other pactern | EAE Symdikont AR RaglloB8ra TR e 1By st haPebion ofe

five bits, a XY that! S6N21 §Q R I0Ith8SO6&E rd BReeRYGsO the
part of 96/ 31881 y . .

PCT/ JP96/ 00879 type information may also be place@/ at the fronth®f the
synchroni zation code containing the type information is . a pattern
that is al so foukdentifiiiee.code word patterns. The type information
may al so be_placed at the_front of the ~ identifier. 5 -

It should aPso be noted t &t ShABLE\RLSS penpfigdhhat the sypecinfermat

descri bed above | cul.ates the .DSV val.ue fromthe begi nning of the

data to be recor%é%f%g;ag éngPgulgfc?lgeg aBB%?FF%%°$ﬂFE?&E$ﬁ%HR§V values

i mediately fol |'f¥’5nﬂg:h§ah3e§¥ﬂﬁmoé’@fzﬁhe data td bENr&8853dP t\g”hcﬁa%\gfcﬁ%aqe
d 1 er eby

information is inserted, and selects the type informatio

- the absol ut'e valptsiofidohén the frame immediately following the synchroniza-

tion code t.o which the type information is inserted, and

10 = selects the type information whexreby the absolute value of the

DSV is smallést_. The DSV calculation range that is the

“"reference for selecting the type information is not, however,

thus limited. |

Specifically, it is also possible to cumulatively

15 add the DSV Valuéé from the beginning of the block {(or from

the:'beginning: of thé frame immediately before the synchroniza-

tion code, or :Erbm a particular p'qt.sit'i'on in the £frame

immediately before the synchronization code) to immediately

before the synchronization code; calculate the DSV value to

20° a particullar position in the frame follbwing the synchroniza-

tion code using the synchronization code containing type

information 1 and then recalculating the DSV value using the

:synchronizai:ion code containing' type 'in'formatic':n 2; and then

select the type information whereby the ‘absolute value of the

25 DSV value calculated to a particuiér'positién in the frame
follow.ing' the synchronization code is smallest.

Figs. 18 and 19 show optical disks recorded with the



DSV is smal | est. The DSV cal cul ation range that. is the ref erence
for selecting the type—nfermati en—s not, however, = thus limted.
Specifically, it is also possible to cunulatlvely 15 add the DSV val ues
fromthe begrnnrng of the block (or from the begrnnrng of the frane
i medi at el y, ﬂ% t he synchroni za- tion code, Eﬁﬁn
particular pos lon in the franme I mredi ately be ore
synchroni zation code) to inmediately before the synchroni zation
code; calculate the DSV value to 20 a particular position in the frane
foll owi ng the synchroniza- tion- cg@le usi ng the synchroni zati on code
contai ni ng type i nformation 1 and then recal cul ati ng the DSV val ue
usi ng the synchroni zati on code containing type information 2; and
t hen select the type information whereby the absol ute val ue of the
25 DSV val ue NRALc GAGRBY RECRrPAT touLhe BB%%‘F%&WF&%W r anee °Pt1°al
d s smal | est

follow ng the sy c r ol atro cod
and 19 show opti %ﬂs?ém ecor%legL Witth %t ﬁgwrltable d% @c?/ éf@gi aﬁé t
PCT/ JP96/ 00879 optlcal disk shown in Fig. 19 is 48non-rewritablWZdisi %@l

according to the present invention. The optical di sk shown in Fig.

18 is a rewitabjorwi,sk.BD, (&A% ad iyt i sk. optical disk shown in Fig.
19 is a non-rewitable disk ND (CLV), i.e., a read only disk. 5
Referring t®» Fig. 18, thBeﬂaraing;t&pedFim t A8, the dagaristdrieddigk R®is
arranged as expl ai ned bilom1 A neM/remrrtabIe di sk RD

wi thout any recdeNmGakse disk RD if) fazadrgeq af eTSP%ab‘i‘?‘% beldg a track
A elredeterm ned - hogal! a1 (HHA%C BRLR- RS SEINE A% 3ddbeashs L1

embossed with pre-pits along a track at 'predetermined
locations. These pre-pits serve as addresses for accessing

10 the disk. The reqording is carried out by a laser beam which
makes QN and OFF.markings along the track. The_markings may

be done by changing the physical parameter, such as reflec-
tance, of the disk sﬁ:face. ON marking is the place where

such a physical change is added, and OFF marking is the place

15 where no such a bhysical change is added. As shown at the
bottom of Fig. 18, according to a preferred embodiment of the
present invenﬁion, the longest marking is the marking for the
identifier iD which has a length of 14T. It is to be noted

that in ?ig. 18, the identifier ID is shown as formed by ON

20 marking, but can be formed by OFF marking (a marking between

| two ON markings).

| As shown in Flg 18, in the rewritable disk RD, the
recorded codes along the tracks are: segtor_ address SA;
synchronization code S1; data (such as video and audio data)

25 and header codes D/H; synchronization code S4; data and parity
codes D/P; synchronization code S3; data D; ... sector address

SA; synchronization code 82; data and header D/H; synchroniza-



10 the disk. The recording is carried out by a |aser beam which

makes ON and OFF marki ngs along the track. The marki ngs may be done
by changi ng t he physical parameter, such as rerlec- —Tance, of the —
di sk surface. ON marking is the place where such a physi cal change

I s added, and OFF nmarking is the place 15 where no such a physi cal
change i s wolskiss1 As shown at the bottom of Fig. »ersspssd N0 to a
preferred enbodi nent of the present invention, the |ongest marking
is the marking for the identifier ID which has a length of 14T. It
is to be noted that in Fig. 18, the identifier IDis shown as forned
by ON 20 mar ki ng, but can be fornmedtdy OFF marki ng (a marki ng between
two ON mar ki ngs) . © As shown in Fig. 18, in the rewitable
di sk RD, the recorded codes along the tracks are: sector address SA

synchroni zatio %Qxd%oéé Sglat éf‘éﬁ-ﬂi %31-'&96%’% mdl o data chZ2oni and

header codes D/ sync ronf on co par'lt?

D/ P; synchroni wdeomcoslﬁdséarf@%daes p. sector address SA;
synchroni zati on code S2; data and header D/H, synchroniza- . WO

96/ 31881 ' According to a preferredPEhbddiment8dd the present
- 49 - tion code S4; data and parity codes DP;, ...
. synchr oni zat i odnventionedee &angest et 9f ddieemapkings in the synchroni-

- According to a _preferred enhodi nt, of the present . i nvention the
" longest emry GPTERB ﬁﬁaﬁf'nﬁ tﬁge’ém‘grﬁn which hag jthe depesh of he

I dentifier 1D, a 1 nd the .l on ntry of
the marking in }[ﬁﬁ‘é gl Ekégéhe‘r’ﬁﬁgg ']BQ{ ar?fi ﬁhfhélg§a’3%rloxhl %ﬁﬁ‘cé’g" Tis
limted to 11T¢hHer entte synchrohAH8n %Bhé¥ raarllm&leea% fithe' tﬁ@{] e

mar ki ng or OFF mar ki ng. shown in Fig.
non-rew it abl e ldngkshiEntry marking can be e:.ther ON marking or OFF marking.

As shown in Fig. 19, in the non-rewritable disk ND,
10~ the recorded codes along the tracks are: synéhroniiation code
‘#§1; data (such as video and audio data) and header codes D/H;
“synchronization code S4; data and parity codes D/P; synchroni-
zation code S3; data D; synchronization code S4; data and
parity codes D/P; synchronization code 83; data D;
15 - synchronization code $2; data and header codes D/H;
syhchronization code S4; and parity codes P.

According to a preferred embodiment of the present
invention, the longest entry of the pits in the synchroniza-
tion codes is the identifier ID, which hés the length of 14T,

20 ahd the longest entry of the pits in the disk other than in
the synchronization codes is limited to 11T. Here the longest
entry pits can be either an ON pit portion where the pits are
formed or an OFF pit portion which is an interval between the

| pits.

25 Embodiment 2

Fig. B8 is a block diagram of an optical disk

recording apparatus 800 described below as the second



10 t he recorded codes élong the tracks are: synchroni zation code
S1; data (such as vi des—and- audi o—data) and header codes B/ H;

synchroni zati on code S4; data and parity codes D/ P; synchroni- zation
code S3; data D; synchronization code S4; data and parity codes D/ P;
synchroni zg§4 'ﬁﬁfe S3; data b, ... 15 synchronizatg@h a2, data
and header codes H .. - synchroni zati on code S4; and parrty codes
P. : According to a preferred enbodi nent of the present

i nvention, the |l ongest entry of the pits in the synchroniza- tion
codes is the identifier ID, which has theolength of 14T, 20 and the

| ongest entry of the pits in the disk other than in t he

synchroni zation codes is limted to 11T. Here the | ongest entry pits

can be either aqﬂS&%PitnFortiog where the pits . are formed or an OFF
pit portion whic inent Ofr AP BESSRRN yMyention. ,its. 25 Enbodi ment
2 Fig. S | ack £i agram of . an Lcal .di sk .

recordi.ng apparatus 800 d%?cﬁﬁ§¥§;§§(£é 'S ?ﬁegé%%oﬁggiégf dg5§vtF§8f§1§%1
PCT/ JP96/ 00879 apparatus 800 comprises an input sedtion 801, wmeRBPRPdBEBNtaOf

the present invention. As shown-in Fig. 8, this optica
di sk recordi ng paritypganetarsoB080Bpnuadiayg amithpads seEIFON BYHfeTEBOBY
802, a parity generator 803, coding unit 804, FIFO buffer 805, 5

synchroni zaPi on syrghronigasdonr cede, im@rteyal 80Fat oPSV 80Rlculator 807,
synchroni zation cod attern nennrg 808, and DSV nenory 8

. 09.
The data to be rECTHERYFLRL BPAF RATTEHIMPROTHARS. and DSY pemesy 8Q8-
| nput section 801, which Wl 83:4 1% bOPHcSIHA 8% he optical disk is input

'throﬁgh the input section 801, which writes the input data one
frame at a time to a particular position (address) in the
10 memory 802.
The memory 802 stores non-synéhroniza;;on code data
formatted with é particular structure as shown in Fig. 1.
| The parity generator 803 generates parity data
corresponding to the row and column elements of the input data
15 written in the format shown in Fig. 1 to a known address in
the memory 802, and writes the generated parity data to a
known address in the memory 802.
| The codihg unit 804 reads the non-synchronization
code.data wfitten to the mqmdry-aoz sequentially from the
20  beginning of the block, converts the read data to code words
| according_ﬁo the 8;15 conversion table and conversion rules
shown in Figs. 2 and 3,.and then writes the converted code
wofds to thelFIFO buffer 805.
The synchronization code inserter 806 counts the
25 code words written to the FIFO buffer 805, and determines for
each frame the type of synchronization code to be inserted at

the beginning of each frame. After the synchronization code



frame at a tinme to a particular position (address) in the 10 menory 802.
The nmenory 802 stores non-synchroni zation code data - formatted with a
particul ar structure as shown tn Frg. L. ~The parity
generator 803 generates parity data corresponding to the row and
columm el enents of the input data 15 witten in the format shown in Fig.
1 to a knawoegsiggiess in - the menory 802, and WW|te§w§hﬁmﬂﬁe@rated
parity data to a known address in the nmenory 802.

The coding unit 804 reads the non-synchronization code data witten
to the nmenory 802 sequentially fromthe 20 begi nni ng of the bl ock,
converts the read data to code words - 31 - according to the 8-15
conversion table and conversion rul es shown in Figs. 2 and 3, and
then wites the converted code words to the FIFO buffer 805.

The Synchr on 2qlans GUEn LIRS 6l pBOR SN at e Shain AR oROLH ML O

to the FIFO bu eterm ne

synchroni zati ogxgeéent adethls¥Fimy Bhffer aost hf‘s beaneew& ¥y e8rd e
After the synchronization code WD 96/ 31881

PCT/ JP96/ 00879 calculator 807, the synchronization bdde inserter Hofaeads
information to be inserted at the beginning of the frame - witten to
t he FI FO buffemhsoseﬂgcseﬂecymg yfamatiew and thecgpéimgumatuﬁxn afthghe
synchronlzatlo e inserier 806 reads the selected ty

i nf or mat i oh an E?B’Eﬁ‘n?)é gdte &¥Re °Ph€at“§" °°dF:'| £EampEhe %ifn‘iqﬁé’mza'

synchroni zati og ggdr[glqldé %/Ql:tt%?:ns XlQﬁQ{'}? r‘H ndt £ é%g‘y rg%gg he_l gseyq}_lo 2%0808

and t hen generates fren-tod I nser type

i nformation tond REedRt&Sde by msé@ﬂe@ Qﬁé'tﬂ-’yﬁéﬁlhf‘ohﬁ&idxi(%g & e drrlel -of
t he synchronlzatlon

mined position in the fixed code part of the synchronization

code. After outputting the generated synchronization code,
10° the synchronization code inserter 806 reads and outputs the
““¥rame following said sYnchronization code from the FIFO buffer
“'8os. The frame and synchronization code output from the
synchroriiza_tion code inserter 806 is then converted to an NRZI
signal, and written to a particular address on the optical

is5° disk or other recordihg medium.

The DSV calculator 807 reads the coding pattern for
the fixed part of the synchronization code, and type infor-
mation 1 and 2 identifying the synchronization code type
determined by the synchronization code inserter 806, from the

20 synchronization code pattern memory 808, and generates the
code sequences of the synehronization codes to which type
information 1 and type information 2 are inserfed. It then
reads the code sequence input tb the FIFO buffer 805 from the

| beginning of the frame follow1ng said synchronization code to

25  the particular DSV comparison point in that frame, and
generates the code word sequence for the case in which a

synchroﬁization code containing type information 1 is inserted



code. After outputting the generated synchronization code, 10 t he

synchroni zati on code— Ase+ter 806 +eads and outputs the — frane
fol | owi ng said synchroni zat'i on code fromthe FIFO buffer 805. The
frame and synchroni zati on code output fromthe synchroni zati on code
I nserter 8 ' en converted to an NRZ signal, a ' to a
pa{ticularggﬁgggéﬁ on the optical 15 di sk or ot her re@%?ﬁ%h%ﬁﬁédiun1
The DSV cal cul ator 807 reads the coding pattern for the fixed part
of the synchroni zation code, and type infor- - mation 1 and 2

i dentifying the synchroni zation code typs2 - determ ned by the
synchroni zati on code inserter 806, fromthe 20 synchroni zati on code
pattern nmenory 808, and generates the code sequences of the

synchroni zati on codes to whic¢h tyEe information 1 and type =

information 2 ar® fheleginnipg phehhe read ¢odgiiand. SEEYENSEUechcEiNAbRE

to the FIFO buffer, 805 om t he . begi nni ng, of. the franme foll own
VoA Phsitce 1q liED RRERALRAE0E B SYRCEERnTgRFfon |

sai d synchroni za%?%n co

that frame, antode cont@GREhE! Eypd Nttt WBRI2 Sfﬂé@'{& ey .tthgefgggfmiﬂg

whi ch a synchroni zati onh code contalining type 1ntormation

i nserted of WheD@wedtiB8dbde word sequence.

PCT/ JP96/ 00879 ' : b2 - - to the

begi nning 0% the .read co@bewoPSV semlendetor 807l | &#hen conwvaiss whhed two
sequence i's- al so generated for a synchronization code containing type

i nformation 2 i rASARTAFe Pde WegAnfArAyences to,NRZJe sigralsogefapeaced to
sequence. tor 8

t wo E:r;enertal}eed3 19nsd \-%?e’a"[‘)?é/ﬁuckﬁécéﬂi o SRR Z?@‘t?fg?ed; tpg%gx\égh%idm%tggry
the signal levelggy, then Ngihuiﬁggéjtﬁ@(ﬁé%doEOtEQeNﬁf%/éﬁaﬂgﬁYcorresponding
'to the two code word sequences f?om the DSV value stored to
10 .the DSV memo?y 809. The DSV calculator 807 then compares the
absolute values of the two DSV calculation results at the end
of.the code word sequence, i.e., at the DSV comparison point
of the f;ame following the synchronizatiqn code, and selects
thé type informatioﬁ resulting in the DSV calculgtion result
15 with the smallest absoclute value at the DSV comparison point.
The DSV calculator 807 then updates the content stored to the
DSV memory 809 with the DSV calculation result having the
lowest absolute value at the DSV comparison point, and the
signal level at the DSV comparison pdint of the NRZI signal
20 in which the absolute value of the DSV calculation result is
lowest. Then, based on the contént stored to the updated DSV
memory 809,.the DSV calculatbr 807 again calculates the DSV
as described above from the DSV comparison point to the end
of the frame, and again updates the content of thg DSV memory
25 809 with that calculation result and the NRZI signal level at
the end of the frame.

The synchronization code pattern memory B08 stores



809, and cal cul ates the DSV of the NRZI signal corresponding to the
two code word sequences fromthe DSV value stored to 10 t he DSV nenory

809— The DSV cal ctutator—807then—conpares tne. absofute val ues of
the two DSV cal culation results at the end of the code word
sequence, i.e., at the DSV conparison point of the frame foll ow ng

t he synchrpwbgsiggion code, and sel ects the type i nfﬁw,r esulting.
in the DSV cal culation result 15 with the smal | est absol ute val ue at

the DSV conparison point. The DSV cal cul ator 807 then updates the
content stored to the DSV nenory 809 with the DSV cal cul ation result
havi ng t he | owest absol ute val uedat-the DSV conpari son point, and
t he signal level at the DSV conparison point of the NRZI signal 20
in which the absolute value of the DSV cal culation result is | owest .

Then, based on t.he content stored t he .updat ed, DS - nmory 809, the
DSV cal cul at or 857 %cb% i ecqéﬁe&ﬁeatogts%e%ﬁ&g part o stggsfwggﬁ°ﬁ%5‘ve“?’f om
the DSV conpari&of Rigin 9 #8§,€09 and the %-Hite Jh@Mens2BE QAL N;HRSIAL €s
the content of the DSV rrerr_ory'§25 aréOQ vﬁﬁ t%atpfacal.cﬁ atlgon eth] t and
the NRZI signalmdteivrl 1a4nd 2 correBpordingftd khel s@iPhronization code typelhe
synchroni zati on code pattern nenory 808 stores WD 96/ 31881

PCT/ JP96/ 00879 {S1-S4) shown in Fig. 6. The DSV mef®ry 809 stores$ hthe iRV

sequence of the fixed part _of the sgnchronization-= code shown in Fig.
4, and t he®5- bifalpe vppAted by \phe PRVofalculator AP, oand they level of the

correspondi ng to the synchropization gode type (S1-$4) shown in Fig.
6. The DSV m&g@reﬁ@gﬁ&gge@ﬁ%ﬁeswﬁ. 5 val ue updated by the DSV

cal cul ator- 807, and the b§¥e|§oist§eflow chaf%g%Fg%BQ”BEBSeEEQ%xé%&EEﬁ-to

Fig. 9 is a flow chart of tThe process execute
record the data containing a synchronization code thus

generated in an optical.disk recérding apparatus according to
10° *  the present embodiment of the inventioh.
The data'input to the input section 801 (step S$901)
“is sequentialiy written frame by frame to a known address in
the memory 802 (step S902). When all of the déta is written
to the memory 802 (step S903), parity data is generated for
15 °  the row and column elements of the daté stored to.the memoxry
B02 (step S904), and the generated parity data is then written
to a known address in the memory 802 (step S905).
The synchronization éode inéerter 806 initializes
each of the parémeters used to evaluate the t?pe of the
20 ° synchronization code to be inserted at the beginning of the
data read from the memory 802. The DSV calculator 807 also
initializes the content stored to the DSV memory 8089.
More specifically, the parameters i, j, and k are
initialized to the values i=0, j=i,.and k=1, where i is the
25 parameter for tracking whether the frame read fioﬁ the memory
802 is frame 1 (i=1) or frame 2 (i=2)} (the £frame count

parameter i); k (isksl4) is the parameter for counting the



record the data containing a synchronization code thus generated in
an optical disk recordi-rg—appar ates—accordi ng +e— 10 the present

enbodi ment of the invention. The data input to the input
section 801 (step S901) is sequentially witten frane by frame to a
known addr ' the nenory 802 (step S902). Wen data is
witten &3%"{"&"[ he nenory 802 (step S903), parity dat a%@'@éﬂé‘% ed for
15 the row and colum el enents of the data stored to the nmenory

802 (step S904), and the generated parity data is then witten to a
known address in the nenory 802 (step SHH)-. The
synchroni zati on code inserter 806 initializes each of the paraneters
used to evaluate the type of the 20 synchroni zati on code to be inserted
at the beginning of the data read fromthe nenory 802. The DSV i
cal cul ator 807 usber of rewg timyppshsiyane C(G#Feﬁt’ws‘t?‘!#fé'd HaGaF‘R§eD§V) et y

f | h '
|8(r2|9t ialized to tjhe“\fé':\éagg Spe%‘rﬁel %%r ﬁ‘ ttﬁre %g{;ﬁ}’? H\% sa%tor p’é‘f’@?ﬁﬁ er
for tracking Wheg E?Ers%g?t é?ﬁhéé?%idﬁé@@ktﬁ? r@%@”iﬁltlallza@Qé '§a£ﬁl4) o

(i=1) or frame 2 unt par anet er

the paraneter faheCSRBTI S{gHdle level and 842 96/i83i881DSV value stored to the
PCT/ JP96/ 00879 = 54 - " nunber of
rows in each fr a8y memoryoR0foawe,pioanexsmpke; HAW and zer¢ (Qk| <teypés-
the paraneter for cqunting the sector nunber (the sector count
‘parameter j). TrHeviedirt i(&FPPaPPRH val ues of t he NRZI signal | evel and

the initial DSV value sto

LOW and zero (0), respec- 28 nprocf?i?&‘idfg?e’be%gg% ¥n%Che a“{"'?“uy EOEX@P

8907),.the coding unit 804 reads one frame of data from the
memory 802 using a kpown data processing unit (step S908),
10 codes the read daté to code word sequences comprising a 15-bit
céde word for each eight bits of read data using 8-15
conversion, and writes the resulting_code woxrd seguence to the
FIFO buffer 805 (step S909).
| When a code word sequence forlone frame of data is
15. writtenn to the FIFO buffer 805, the synchronization code
inserter 806 increments the frame counter parameter i (step
§910) . _
If the frame count parameter i=1 (step S911), the
row count pafamete: k=1 (step S912), and the sector count
20 parameter j=1 (step 5918), the synchronization code inserter
806 determines that the type of the synchronization code that
should be inserted to thelbeginning of the frame written to
the FIFO buffer 805 is synchronization code Sl1, i.e., the
synchronization code indicating the beginning of a data block
25 (step S9189).
Using the synchronization code type (synchronization

code S1 in this example) determined by the synchronization



I f unprocessed data remains in the nenory 802 (step .S907), the

coding unit 804 reads one frane of data fromthe . . menory 802 using a
KNnown data procéssing unit (step S908), 10 codes the read data to cdode
wor d sequences conprising a 15-bit code word for each eight bits of
read data using 8-15 conversion, and wites the resulting code word
sequence twol9ss1881 FI FO buffer 805 (step S909). PCT/IPOG00879 Vhen a |
code word sequence for one frame of datais 15 witten to the FIFO

buffer 805, the synchronization code inserter 806 increnents the
frame counter paraneter i (step S910) . If the frame

count paraneter i=1 (step S911), the = 55 - row count paraneter k=1 (step
S912), and the sector count 20 paranmeter j=1 (step S918), the

synchroni zati on code inserter 806 determ nes that the type of the
synchroni zati on . i s.Shoul d - IS ed 1o the_beqgi nning, of the
frane witten tgtf::“('?tg'ie:’"II the E?Edﬂ?&%#grg g‘géh:ésgééﬁc ’fréﬁliogaff%'ﬂe 308595 en
i.e., the to SHHE IPIP0 B 3N 8080 er Rl Bistota Tl 141 88 el hca1d8

bl ock 25 (step S919). _ Usi ng .t he synchr oér%?fgt Fg%gc%%e
type (synchronithei B8V value apndeh&IDSN ¢dnpnrdsaappeintdetinr frand Dyukhag
synchroni zati on WO 96/ 31881

PCT/ JP96/ 00879 both type information 1 and type inform#tion 2 insertesbde the
i nserter 8Q6 inse{ted o the. begl-nnin of frane 1 witten, ° o the

t
FI FO buffeP 805°S1RE-9%y S¥RFBLPEL Bt £RER St cuPRfesselects the poype

R or mati on 1 ateteyRe i rRdthe bue 987, Jatid Wheh cne 13863 ¥BEqruce
SynChFOHiZatiOnvaE@Qea§1pheaﬂﬂVSEbﬁ§£§iséﬂ“?oiﬁﬁﬁﬁn frame | T QOB 1 8820) .
yielding the DSV value with the | owest absol ute .
; Note that the process executed in step S920 is described in
greater detail below with reference to Fig. 10.
10 - The synchronization code insérter 806 then generates
“'a synchronization code with the'type information selected by
" ""the DSV calculator 807 (step S921). |
The synchronization code inserter 806 then reads
frame 1 from the FIFO buffer 805, inserts the generated
15 ° synchronization code to the.béginning of the frame (step
' S916), outputs that frame (step S917), and then loops back to
step S907.
If in step S$911 the frame count parameter i=1 and
in step $912 the row count parameter k=1 and the sector count
- 20 parameter j=1 in.step_SSIB, the Synéhronizétidn code inserter
806 determines that the type of synchronization code to be
inserted to the beginning of the frame written to the FIFO
buffer 805 is synchronization code S2, i.e., the synchroniza-
tion code identifying the beginning of a sector (step 5922).
25 The DSV calculator 807 then selects the type
information of synchronization code S2 in step $922 using the

same process executed in step'8923.'



value at the DSV conparison point in frame 1 (step S920). Note that the
process executed in step—S920 is -described in- ‘greater detail bel ow
with reference to Fig. 10. 10 =~ "~ The synchroni zati on code
i-nserter 806 then generates a synchroni zation code with the type

I nformati on _sel ected by the DSV cal cul ator 807 (step S921).

The synchr89%21®bn code inserter 806 then reads fP Bm the
FIFO buffer 805, inserts the generated 15 synchroni zati on code to the
begi nning of the frane (step S916), outputs that frame (step S917),
and then | oops back to step S9Q7.5¢ - If in step S911
the frame count paraneter i=1 and in step S912 the row count
paranmeter k=1 and the sector count 20 parameter j[err]l in step S918,

t he synchroni zati on code inserter 806 determ nes that the type of
synchroni zati on code to bBhe synchrontzatimh codelhindegienns 06) thknt dendraanes
witten to the FIFO buffer 8Q5 is synchronization code S2, i.e., the

synchroni za- 2 SYRGIEORiZREIPHeAPALY STy dANEaiRdranithg JivRe skriomatsiony
S922). 25 Th | cul at or 7.the el ects. the, type
ot ol it on of SFAERESAILERe DYy AT aRbR a0 P ULl B2 dS) BB 10605 nech?

process execut eg¢q Bra&heforH23. WO 96/ 31881

PCT/ JP96/ 00879 ' - 56 - :

The synchra@ni zati on code 1fise@icweive?)bthé iedNCEBLEE parameted k»1 in step
synchroni zati on code S2 containing the type information sel ected by
the DSV cal cul aB8A280%hessepclsozatied lcodps ibsekter 806 detetmimesOthat 5
| f, however, the_ sector count paraneter k[err]l in step

the type of the synchronization code to be inserted to the
beginning of the frame written to the FIFO buffer B05 is
synchronigation code 83, i.e., the synchronization code

10 identifying the beginning of a row other than the first row
in the data block or sector (step S913).

The DSV calculator 807 then selects the type
information of synchronization code S3 in step S914 using the
same process executed in steé S$920.

15 Thg synchronization code inserter 806 then generates
a synchronization code S3 containing the type information
selected by the DSV calculator 807 (step S915), and loops back
to step S916.

If in step S911 the frame count parameter i=2, i.e.,

20 i=l, the synchronization code inserter B06 determines that the
type of synchronization code to be inserted to the beginning
of the frame written to the FIFO buffer aps-is synchronization
code S4, i.e., the synchronization code written to the middle
of each row and identifying the beginning of frame 2 (step

25 5925).

The DSV calculator 807 then selects the type

information of synchronization code S4 in step $926 using the



S912, the synchronization code inserter 806 determ nes that the type
of the synchronization code to be inserted to the : begi nning of the
framewitten tothe FrFObuffer—3805 15 Synchr oni zation code S3,
i.e., the synchronization code 10 i dentifying the beginning of a row
other than the first row in the data bl ock or sector (step S913).
The DSV c Lidsgy 807 then selects the type I nfor | .
synchroni§g§yon code S3 in step S914 using the saﬁgﬁﬁ?gcesg execut ed
in step S920. 15 The synchroni zati on code inserter 806 then
gener at es a synchroni zati on code S3 containing the type information
sel ected by the DSV cal cul ator 807 (step7S915), and | oops back to
step S916. " If in step S911 the frane count paraneter =2,
i.e., 20 i[err]l, the synchronization code inserter 806 determ nes that
t he type of synchronization cpde tao be inserted to the beginning

of the frame wiit® ”ﬁqul"i'ge?—‘FFbtﬁﬁfi‘r.érs@?S 59d4synchr oni zat i on code
S4, i.e., the synchroni zalthleo%qg n\g{rzlakéggs%oéﬁﬁt{g%&@eqlsgQg)then gg;lezea%:ehs row

and identifying the beginnrn ramne

The DSV cal cul af OpySOHréhsatIre doud N6y t ¥Bftaining t1d 0%% | 90 Qfmation

synchroni zati on code $S4 in step S926 using the o 6/ 31881
PCT/ JP96/ 00879 selected by the DSV calculator 807 {sbdp-5927). same
process executed in.step S914. ~The synchroni zati on code

i nserter 896 then gener affd¢ synchropizatfisin madeatingertede8®d Coen aresets t he
type informati.o sel ected by the DSV cal cul ator 807 (step S927). 5

The synchr oni zaqr}f%rfréﬁ‘&ec‘?‘ﬁ%%rﬂaé?amgﬁﬁrthé:ﬁ P_e?eﬁqs? » because the next frame

written to the FIFO buffer 805 will be fréﬁe 1 in the next
" row, and inéreménts'the sector count pafaﬁeter k (step 8929).
If the value of the row coﬁnﬁ parameter k is 14<k
10 (step S930), the next frame written to the FIFO buffer 805
“will be the first frame in the next sector, and the sector
“count parameter j'is therefore incfemented, and the row count
parameter k is reset to 1 (step S931). If step S930 returns
NO, i.e., if the fow count paraﬁetef k is not greater than 14,
15° the process skips forward to step S916.

I1f at.step §932 the sector.cdunt parameter j is also
- 12<j as thé reéult'of the increment at step S$931, the frame
next written to the FIFO buffer 805 will be the first frame
1 in the next data block. The secﬁor count parameter j is
20 ' therefore réset to jél (step 8933}, and the proéess returns
to step S901. o |
- ' Step 3916 loops back to step é907,'and if there is
no unprocessed data left in the memory 802,.£he éoding unit

804 terminates piodéséing. |
25 Fig. 10 is a flow chart of the type information

selection process executed in steps S914, S$920, $923, and S926

in Fig. 9.




the frame count paraneter i to O (i=0), because the next frame
witten to the FI FO bhuffer -805 will—be frapme +—n-the next row, and
increnents the sector count paraneter k (step S929) . | f
t-he val ue of the row count paraneter k is 14<k 10 (step S930), the next
frame witten to the FIFO buffer 805 will be the first frane in the
next sect oWO9%3HW8t he sector count paraneter j is t ?
i-ncrement ed, and the row count paraneter k is reset to 1 (step S931).
If step S930 returns NO i.e., if the row count paranmeter k is not
greater than 14, 15 the process skigg torward to step S916.

If at step S932 the sector count paraneter j is also 12<j as the
result of the increment at step S931, the frane next witten to the
FI FO buffer 805 will be the first frame 1 in the next data bl ock.

The sector count paranet €fhg DSV c2lculatber@bmeadssshet 5-pitl Kattyrn3083) ,
and the process returns to ste S916

. p.S901. . Step
| oops back to st¥pesmformardonliand @ irdicating gfhe type detespingd Py &be i n
the nenory 802, the, coding unit . 804t I nat.e rocessing.,.. 25
Fig. |10 1% a 1] BXAERERT BF-1FIh e iPAPBrRR, o i enB 85EH%, Bhuneh et
executed in stepfePifag PALE ofMre sPRNRIzation coll®, Hibm She sync codeO
96/ 31881 ' PCT/ JP96/ 00879
- 58 - 5 pattern mendey Hé oatewl 81001807 reads the 5-bit patterns of
type information 1 and 2 indicating the type determ ned by the
synchroni zati on code i nseFTher IBY6, cahdulakor o8Pidg phan ciaenekates at lppde
fixed part of the synchronization code, fromthe sync code )
sequence A expressing the synchronization code of a determined
type by inserting the read 5-bit pattern for type information
1 to bits 22-26 (the fixed part of the coding pattern) of the
10 simultaneously read synchronization code (step S1002).

The DSV calculator 807 likewise generates a code
Sequence B expressing the synchronization code of the
determined type by inserting the read 5-bit pattern for type
information 2 to 'bits 22-26 (the fixed part of the coding

15 pattern) in the simultaneously read synchronization code (step
S1003).

The DSV calculator 807 then reads the code word
sequence C from the beginning of the frame stored to the FIFO
buffer 805 to a predetermined DSV comparison point (step

20 $1004) .

The DSV calculator 807 then generates the two code
sequences A+C and B+C by inserting the synchronization code
sequences A and B generated in steps S1002 and S1003 to the
beginning of the code word sequence C of the frame read from

25 the FIFO buffer 805 (step S1005).
The DSV calculator 807 then generates NRZI signals

corresponding to the generated code sequences A+C and B+C



5 pattern nmenory 808 (step S1001). The DSV cal cul at or
807 then generates a code sequence A expressing the synchronization
Tode of a deternied type by Thsertinmg tieTead 5-brt—pattern for
type i nformation 1 to bits 22-26 (the fixed part of the coding
pattern) of the 10 si mul t aneously read synchroni zati on code (step
S1002) . The DSV cal cul ator 807 |ikew se ] a code
seqguence é"ggg?g§§|ng t he synchroni zati on code of the iﬁ?ﬁﬁﬁﬁéﬁ%ﬁ ned
type by inserting the read 5-bit pattern for type information 2 to
bits 22-26 (the fixed part of the coding 15 pattern) in the

si mul t aneousl y read synchroni zati on cedss(step S1003) .

The DSV cal cul ator 807 then reads the code word sequence C fromthe
begi nni ng of the frane stored to the FIFO buffer 805 to a

predeterm.ned - ari.so inf (step. 20 - S1004).
The DSV cal cul a 3? %gj“ Hﬁgﬂ ﬁ'ﬁé’ iwo Sk¥Rd in the %%\ﬁmmy AL, and

B+C by insertinggt ‘seguences_ A a
genergted in stgpgﬁgié%gg ggigéé9? ﬁéﬁgie the sypg Fﬁﬂ+?ﬁf%ﬁniﬂﬂgecéaﬁeﬂord
sequence C of té&eodgpne read from 25 the FIFO buffer 805 (step S1005).

The DSV cal cul ator 807 then generates NRZI signals corresponding to
the generated code sequermtes PeC sallcBtdtor 807 thél XH13AARtes the DSV
PCT/ JP96/ 00879 - 59 - based on

t he NRZI sﬁgnalvqtls%ﬁ faopt drhed NRZ Xt ﬁeggsﬂ/snemaysmmmg to codk Skqubntes
rediately begle be Sbion sal G U7 (SR or ene B %hmeatacery
- before the synchronization code as stored in the DSV memory

809 (step S1007).

The DSV calculator 807 then compares the absolute

10 values |dl| and |d2} where dl is the DSV calcuiation result

““4t the end of the NRZI signal generated for code sequence A+C

"&éontaining type information 1, and d2 is the DSV calculation
result at the end of the NRZI signal generated for code
sequence B4+C ébntaining type information 2.

15" If |41} s.ld2} (step S1008}, typé ihformation 1lis
selected (step S1009). The DSV calculator 807 then updates
the content of the DSV memory 809 by writing the NRZI signal
level at the end of the NRZI signal generaﬁed for code
sequenée A+C ccntaining type information 1, and DSV cal-

20 culation result di, to the DSV memory 809, and fefminates the
type information selection process (step $1010).

' However, if }di|>|d2|, i.e., step 51008 returns NO,
the DSV calculator 807 selects type information 2 (step
S1011). The DSV calculator 807 then updates'the content of

25 the DSV memory 809 by writing the NRZI Signalnlévei at the end
of the NRZI signal generated for code sequence B+C containing

type information 2, and DSV calculation result d2, to the DSV




5 val ues for the NRZI signals corresponding to code sequences A+C
and B+C based on the DS¥—walues oft—the bit inmrediately before the
synchroni zati on code as stored in the DSV nenory 809 (step S1007).
The DSV cal cul ator 807 then conpares the absolute 10 val ues | dil| and
| d2| where SI Ls_the DSV cal cul ation result at the ep f the NRZI

si gnal geﬁg 283 or code sequence A+C cont ai ni ng e mat i on
1, and d2 is the DSV cal cul ation result at the end of the NRZI
signal generated for code ' sequence B+C containing type information
2. 15 If |dl] < |d2| (stegpS1008), type information 1 is
sel ected (step S1009). The DSV cal cul ator 807 then updates t he
content of the DSV nenory 809 by witing the NRZI signal | evel at
the end of the NRZI signal generated for code sequence A+C

cont ai ni ng t ypeMEWPTY n@PPon and divymRgates thepkype cinfaxmations geleftiono
t he DSV nenory 809, and ternihate§ t he type information selection
process (step SEHEGSS (step S1012) . However, if |dl|>|d2|, i.e., step

S1008 returns NO, e; t S y IR or At 2
(step S1011). The {g\f%?%%f%%éégéft%éﬁ u dg‘{eeggtst %g (gcq)lr?t nt 55*?‘@ 25
the DSV nenory 8rBol¥mehit to8chiévéNRdal opt 06wl digketeddrdity 8BFaratus 809,

the NRZI signal generated for code sequence B+C contai ni ng type
infornmati o8 2, and ®dSecmtdiricatmethodeshetrefidr, tioxt hecbB¥ing to an df®ical
96/ 31881 ) ' ' . ] PCT/ JP96/ 00879

- 60 - Aiflror gudieranaceEding Mesiumeaty rontaisinat # FynsEinsstizen
process (step 8%925121) code that can be ac(.lufratltiltyhgggf ggfiggﬂ? Idb:‘ILsecrt')J‘}/mirxT:g%ré% of

the present

from the non-synchronization code data, and having various
functions.

10 It should be noted that the recording medium

| referenced above may be thought of as a transmission path for
trahsmitting said data and synchronization code sequence
recorded_ by said recording apparatus td the reproduction
apparatus. An alternative embodiment of the present invention

15 therefore provides a transmission method for transmitting to
a transmission path data containing a synchrbnization code
that can be accurately and reliably discriminated from the
nonfsynchroniza;ion code data, and having various functions,
as described in the first embodiment above.

20 _ Emoniment 3

Fig. 11 is a block diagram of an optical disk

reproduction apparatus 1100 acc_orc_l:_i.ng to a third embodiment
of the present invention. As shown in Fig. 11, this optical
disk reproduction apparatus 1100 comprises a synchronization

25 code detector 1101, a type information reader 1102, a read
controller 1103, a decoder 1104, an error correction processor

1105, and an output section 1106.



enbodi mrent to achieve an optical disk recording apparatus 800, 5 and a
recordi ng nethod therefor, for recording to an opti cal di sk or other
i runTdata contal N ng a synchroni za- ____ tion code that can be
accurately and reliably discrimnated fromthe non-synchronization
code data, and having various functions. 10 _ It . should
be noted whakmshe recording nedi um ref erenced aiayvIPosisdETebe .
t hought of as a transni ssion path for transmtting said data and
synchroni zati on code sequence recorded by said recordi ng appar at us
to the reproduction apparatus. An alternative enbodi nent of the
present invention 15 t herefore provdes a transmni ssion nethod for
transmtting to a transm ssion path data containing a
synchroni zati on code that can be accurately and reliably
di scrimnated fromthe - oni zaty .0 de i
various functions, Thaes_s eggflaéggg#ln&% f}%dfel raggggﬁggg%%ﬁln?%%gg\%\é. QHEO
Enbodi ment 3 gata containing &is§mchoh$zat Do ehadi 48 RBRibaA UYL 2kofll SK
reproduction apparatus 1100 according to a third enbodi nent of the
present inventighe dptiduwdliisk Ebgwhidh ithiis eptbrded as the dieplroduction
reproducti on apparatus 1100 conprises a synchroni zation 25 code
detector 1101, aigyak, | digikhzesn saddderephrgiuctiopegiignal, cewyeyts | she
1103, a decoder 1104, an error correction-prqcesior 1105, and_an
out put secBi on 4igitized signalyfospn dREI signal, demodulates said NRZI

PCT/ JP96/ 00879, _. . o o - - s _
synchroni zati onségra%l dt & F 89_e ﬂcﬁﬁd SSEAFAS St F_%aralqjel 83%3) _c‘f)on“fpaxl."_nsllrrl1 %15
synchroni zati onpgpdecas €68851 besa ab@Mudd B the tydte BFdredk idhSkeh8er
which it is recorded as the reproduction _

1102. The synchronization code detector 1101 also identifies

The

any signal segment in the demodulated NRZI signal in which the
X0 inversion interval is 16T or greéter aé the synchronization
“code identifier, and outputs a synchronization code detection
"““'signal to the type information reader 1102. When an NRZI
signal segment with a 16T or greater inversion interval is
discriminated, the synchronization code detector 1101 also

15 outputs a set signal to the read controller 1103.

The type information reader 1102 is; in practice,
identical to the decoder 1104, but reads as the data to be
processed the code word supplied from the synchronization code
detectoi 1101 immediately after the synchronization code

20 identifier is discriminated, i.e., the code word containing
the synchronization code typé information immediately
following the synéhronization code deteétioh signal output.
The read type information is output to the read controller
1103.

25 _ The read controller 1103 detects and corrects read
clock phase error at each inversion of the NRZI_ signal, and

synchronizes the first bit of the code word output from the



signal, digitizes said reproduction signal, converts the 5 digitized

signal to an NRZI sigral—denodul at-es sai d NRZ+— signal to a code word
sequence (parallel data) conprising 15- bit code words, and outputs
to the type information reader 1102. The synchroni zati on code

det ect or ﬁﬁg I dentifies any signal segnent inPEQ&HQﬁ&?gulated
NRZI signal 1'n Ich the 10 I'nversion interval is 16T or ‘greater as the
synchroni zat i on code identifier, and outputs a synchroni zation code
detection signal to the type information reader 1102. Wen an NRZ

signal segnment with a 16T or greater inv&@sion interval is

di scrim nated, the synchronization code detector 1101 also 15 out puts a
set signal to the read controller 1103. The type

i nformati on reader 1102 entical to the_decoder

1104, but reads S¥&° ﬁ8“aé?5??% g%gé detéciﬁ%c%%%%dt?hEh%oH¥pﬁo%H R
fromthe SynCthQEQQE'ESOEOQ§EP ti t%§t§§hQﬁréﬂ{gaé ‘Qd%EeHthﬁﬁgi %#Hi
co enti}

synchr oni zati on S er PSCT I nat
word contai ni ng ldentlfléga:hesﬁgﬁaﬁﬁahii’éﬁﬂfh céageidéﬂﬂaﬁleknt:prémt t88 NRZI
e

I medi ately follow ng t synchroni zati on: code detection S|gnal
out put . Bignandadegyeet iwheremihivensicn duitentval oT$416T)ead .eont ao ! dhey
1103. 25 The read controller 1103 detects and corrects read

cl ock phasé err getapigneh taBérgi onThg ¥erd NROtYOljezl 118Adthen reads the

3%?;?832' zes heo];llt:[a% bk tthef dtagg ggéjoedevg)gd gut p@ﬁcm j:ggf r?:{)nb%% to control Vge

eader 1102 cachPTRROREERh Mhecaleole SRt ol P Lo M ephRRhEL LT L

€ synchroni zation co
optical disk reproduction apparatus 1100.

The decoder 1104 1reverses the B8-15 conversion
10 process using a data processihg unit comprising a predeter-
mined quantity of the 15-bit code words supplied from the
synchronization code detector 1101, and writes the result to
a known address in a memory {(which is not shown).
. The error correction processor 1105 then reads the
is5 parity daté from the converted data written to said known
address in memory (which is_noﬁ shownf, and applies error
correction processing to each data block. The data stored to
memory is then updated using the érror corrected data.
The 6utput'section 1106 then sequentially reads and
20 outputs the error-corrected data from the.mempry not shown.
Fig. 12 is a block diagram showing a specific
hardware configuration of the synchronization code detector
1101 and read controller 1103 shown in Fig. 11.
The synchronization code_detector 1101 and read
25 controller 1103 comprise a comparator 1201, threshold level
generator 1202, clock extfactor 1203, bit synchronizer 1204,

shift register 1205, detector 1206, 1/15th_frequency divider



i dentifies the synchroni zation code identifier (i.e., the NRZI si gnal
segnent where inversion interval TS=16T), i.e., at the 5 set signal
Trmmng. The rea en reaas _ C € € da
decoded by the decoder 1104 to control the reproducti on operation
executed by the conponents of the optical disk reproduction apparatus
1100. wooeiesy  T1he decoder 1104 reverses the 8-15 wqipsgptefen 10
pr.ocess using a data processing unit conprising a predeter- m ned
gquantity of the 15-bit code words supplied fromthe synchroni zati on
code detector 1101, and wites the result to a known address in a
menory (which is not shown). - 63 - The error correction
processor 1105-then reads the 15 parity data fromthe converted data
witten to said known address in nmenory (which is not shown), and

applies error r LONL: R Ssi to each data bl ock. The data
stored to 12Hgﬁng§éi£§§ Q;%lggggﬁegéﬁging the error corrected data.

The output section 1106 thghcefgasatdRhby1 &itbarddteneg tepr88hEt'isn Hignal
error-corrected data fromthe nenory not shown. Fig~ 12
is a bl ock di agraprefovedEremstieeidpotdcal disk hdrttvelie readf thtéestiolnd 1efrellhe
synchroni zati on code detector - 1101 and read controller 1103 shown in
Fig. 11. input from thee thymeheddi kenelogensgdatart 2202 amd) Higidieread
25 contraller 1103 conprise a conparator. 1201, threshold | evel .
generator P202, FBRoLRPRX (FERROGNCESIB] sHyRak Y OB EFEiNg DBignal valueghing

register 1205, " geLeolgir Mol Widhd COYEREY e Yhflenceeaing MR 93LE581

PCT/ JP96/ 00879

latch circuit 1288eshold level to HIGH Bi€sC WHPERLAL1 hL1G0BRESE S H Sead
reproducti on signal

threshold lével to LOW biﬁs.

The threshold level generator 1202 generates the
10 read threshold level used by the comparator 1201.

The clock extractor 1203 is a phase-lock loop (PLL)
for generating the read clock from the output signal of the
comparator 1201; and synchronizing ﬁhe period and phase of
the read ciock so that the butput of the comparator 1201

15 inverts at the reference positioﬁ. which is the midpoint of
the PLL-generated read clock.

Thé bit.synchronizer'lzbé samples the comparator
output at the timing of the read ciock from the clock
extractor 1203, converts the reproduction signal to an NRZI

20 signal, and then demodulates the resulting NRZI signal to an
NRZ (non-return to zero) signal.

The shift register 1205 sequéntially inputs the NRZ
signal expressing the code word as serial data at the read
clock timing from the clock extractor 1203, converts 18 bits

25 of the NRZ signal to parallel data, and outputé the result to
the detector 1206. Fifteen consecutive bits in the shift

register output are also output to the latch circuit 1208.



reproduced fromthe optical disk with the read threshold | evel I nput
fromthe threshol d | evel—gener at o202, and—d+gitizes 5 t he i nput
reproduction signal by converting signal values in t he reproduction
signal equal to or exceeding the read threshold level to H GH bits,
and signal +§Wel ow t he read t hreshol d | evel to’%&@ﬁ'

The thresho generator 1202 generates the 10 reag ol d
|'evel used by the conparator 1201. The cl ock extractor
1203 is a phase-lock | oop (PLL) for generating the read clock from
t he output signal of the conpar at @@ 3201, and synchroni zing the

peri od and phase of the read clock so that the output of the
conparator 1201 15 inverts at the reference position, which is the

m dpoi nt of t he PLL-generated, read cl ock. The bit
synchroni zer 1204 sanpl es WHRP cB8mfRdd ofequence GErYgEPIRAERE oy Re ol 6The

read clock fromthe cloc e t Q3 onverts he [ roductlon
signal to an NRzr VSpete g.né:ﬁrval %ﬁ t?’ﬁe }25 at’es $he resu |ng

signal to an (100606 B8 d oo tdanzcarlﬁin Ianffllfteen bit run of zeH¥es
shift register 1205 sequentially inputs the signal expressing

the code word as (ep[i ok dab&detsbhaeneadcorresponﬂxn§<ﬁolﬂhﬁ)i7TNﬁﬁﬂ§rsﬂdm3k
extractor 1203, converts 18 bits 25 of the NRZ signal to parallel data,
and out put s5t he istervalo of the t NBZdeteignal,l12G6e., FEheeerodensmaudance

bits in the shift i ster ?utput are also output to the latch
circuit 1208. (1000009&9@&% containing a sixteen bit run of zeroces

PCT/ JP96/ 00879 - . - . .
Whien a code sequéfle 8 H%un PRy FEeFhe” 1H306 outfuits the synchronization

code detection signal indicating that the synchronization code
identifier was identified to the type information reader 1102

10 (not shown in Fig. 12). “.When the code sequence
(10000b00000000001) corresponding to the 16T inversion
intérval of the NRZI signal is input, a set signal is also
output to the 1/15th frequency divider 1207.

The 1/15?h frequen;y;divider 1207 generates the word
is ~ clock by_l/lSth frequency dividing the read clock. The 1/15th
: frequency divider 1207 also syncﬁronizes the word clock phase

so that the word clock rise (or fall) is output before the
third read clock from the set signal output, i.e., at the
twelfth reéd clock from the set ;ignal._

20 The laﬁch circuit 1208 holds the 15-bit parallel
data from the shift register 1205 at the word clock timing
from the 1/15th frequency_divider 1207, and outputs to the
decoder 1104.

Flg 13 is a block dlagram of the hardware con-
25l flguratlon of the shift reglster 1205 and detector 1206 shown

in Fig. 12. Note that in Fig. 13 the hlgh bit of the code

sequence output from the shift register 1205 is shown on the



inversion inter

val of the NRZI signal, i.e., the code sequence

(10000000000000001) containing a fifteen bit run of zeroes (0), or a
Code sequence corresponding to the L/7T Thverston 5  ~Tntervar of  the
NRZI signal, -i.e., the code sequence (100000000000000001)
containing a sixteen bit run of zeroes (0), is input, the detector
1206 out puivd dBfeggyNchroni zati on code detection si %Wati ng .
that the synchroni zati on code identifier was identifie 0 the type

i nformation reader 1102 10 (not shown in Fig. 12). When the

code sequence
i nver si on
output to the |

(10000000000000001) corresponding to the 16T

interval of the NRZI -sié@nal is input, a set signal is also

/15[ err] frequency divider 1207. The

1/ 15[ err] frequency divider 1207 generates the word 15 cl ock by

frequency o vi derotbort i 368 bER S S ke, iR ol oft isgon. che gEh

, _ e . . - q
that the word chogkdunted etohaite _hhgl_l;gk'% ﬁtthgﬁggf esfgt}tﬁ.vx\‘.ellc]g{xﬁ bidy rl& ggg

clock fromthe
fromthe set si
15-bit parallel

timng fROPeIOW- 1/ 15[ err] frequency divider 1207, and outputs to the
13 is a block diagram of the hardware
T il Fompxrdsesn@nd R cddre 123 shadn

output fromt heﬁéﬁlﬁe% ggﬁisztgéa%%ealt? gﬁg%t%ﬁ t%ﬁ’eggggg 1304&/\6”52%%%22(3

decoder 1184.

. : "~ Fig.
con- 25 figuration ofTh(ened%trﬁch

in Fig. 12. Not

PCT/ JP96/ 00879
the low bit is

10

set signal output, 1.8&., read
gugput X the shift registee Labshi<irefdirbnddfGd FidpliNBit

data fromthe shift register 1205 at the word cl ock

Bits 17 and 18 of the patdl%%& data output %Egmtthéﬂqd

on the left. In addition, the n[err
shift register 1205 are input to the OR gate 1301, which

outputs 1 when either of the inputs is 1.
Bit 1 of the parallelldata output from the shift

register 1205 is input to the inverter 1302, which inverts the

“bit and outputs the inverted bit.

15

20

25

Bits 1 through 16 of the par&llel data output from
the shift”fegister.lzos are inpﬁt to the NOR gate 1303, with
bit 1 input through the inverter 1302. If all.input bits are
0, the NOR gate 1303 outputs 1. o

The output from the NOR gate 1303, and bit 17 of the
parallel data output from the shift register 1205, are input
to the one AND gate.1304, which'outputs-i if both of the
inputs are 1. |

The oufputs from the NOR gate 1303 and the OR gate
1301 are input to the other AND gate 1305, which also outputs
1 if both of the inputs are 1. R

The overall operatidn.of.the prbcess executed by the
detector 1206 thus comprised is described in.greater detail
below. |

As shown in Fig. 13, bit 1 of the shift register



bit counted fromthe highest bit (nost significant bit) in the

output of the shift register-1205-is referenced as sinply bit n

bel ow. 5 The detector 1206 conprises an OR gate 1301, an
l-nverter 1302, a NOR gate 1303, and AND gates 1304 and 1305.

Bits 17 and 18 of the parallel data output fromthe hi ft reglster
1205 are i%?ﬂ”% the OR gate 1301, which out puts’fjmmer of
the inputs i's'1. 10 Bit 1 of the parallel data output from
t he shift register 1205 is input to the inverter 1302, which inverts
t he bit and outputs the investgg -bit. : Bits 1
through 16 of the parallel data output from the shift register 1205
are input to the NOR gate 1303, with 15 bit 1 input through the
inverter 1302. If all_ input bits are the NOR gate 1303 outputs
1. output ifHdRUL pOFoveh rﬁh@henm%tlé 02308bikmdinst 246 Giret he

' |l el dat f th f t 05, to th
e AD gt o AT HireERTy L e e hd st 5p08 e 2808 TR, £ng ok "
The out puts gacﬁ@ 5393%}9%55 11%%naﬂgttfelrgil'@ts@u t. FegléﬁQOf t[ﬁ:’e | pUt to

the other AND gate 1305, Which al so outputs nput s

are 1. 1 and bits 271& a@¢cadl | o opamat babpet £hen RPHECROR Sawculied by
the 25 detector 1206 thus conprised is described in greater detail

below. 5 and bit 17 fmn sﬁtta/\nshmﬁtFrgga.ataer 32051 agke fhpushtd tthec Nt er
WD 96/ 31881 PCT/ JP96/ 00879
- 66 - gate 1304. As a result, the AND gate 1304 outputs 1 only when
bits 1 and 17 of the shift register output are 1s, and all
bits 2-16 are 0s. |
This bit sequence corresponds to the code sequence
10' .for the synchronization code identifier expressed by an
inversion interval TS=16T in the NRZI signai. An output of
1 from the AND.gate 1304 indicates that the synchronization
code and other data were correctly read, and is used as the
set signal for synchronizing the phase of the 1/15th frequency
15 divider 1207. As a result, a 1 ié not output as the set
signal when TS=17T due to a T shift in the NRZI signal
inversion :interval TS caused by noise or other factor.
Bits 17 and 18 in the shift register output are
input to the OR gate 1301. The outputs from the NOR gate 1303
20 and OR gate 1301 are input to the AND gate 1305. ‘I‘he AND gate
1355 thué outputs 1 if bit 1 is 1, bits 2-16 are all 0, and
either bit 17 or 18 is 1 in the shift register output. Thus,
a 1 is output as the synchronization code detection signal
even when TS=17T due to a T shift in the NRZI signal
25 inversioh interval TS caused by noise or other factor. in
addition, an output of 1 £rom the AND gate 1305 indicates that

even if a slight read error occurs when reading the data



output is input through the inverter 1302, while bits 2-16 are I nput
directly, to the NOR gate 1303. As a result, the NOR gate 1303
outptts 1 when bHt—f—tmtte—shrft—Tegrster 1205 15 — I and bits 2-16
are all 0. The output fromthe NOR gate 1303 5 and bit 17 fromthe :
shift register 1205 are input to the AND gate 1304. As a result, the
AND gat e ¢ puts 1 only when . bits 1 and 17 OfikﬂﬁmﬁﬁMQE register .
out put aré§QS?6éﬁmj al | bits 2-16 are Os. his bit
sequence corresponds to the code sequence 10 for the synchronization
code identifier expressed by an ‘inversion interval TS=16T in the
NRZI signal. An output of 1 fr&m+he AND gate 1304 indicates that

t he synchroni zati on code and other data were correctly read, and is
used as the set signal for synchronizing the phase of the 1/15[err]
frequency 15 - divider, 1207.-. As .a-result,. a i s not output as the set
signal when TERFRRTHRS tHhe FYpalropdzpphion t‘r't?dﬁRZ%h% i%ﬁ’"mg&tl?’h\f-@f’?i on
interval TS |, S8 .0t | and
18" in the shitte Co3teeERy B et tiikeh i che orher data.apd e 3538 T1C
outputs fromdreNeRagabectshed 29 withdfde AR bR ckiBh asgatitiplof @nkhe AND

gaté 1305. The AND gate - 1305 thus outputs 1 if bit ' 1is 1, bits
2-16 are all €xraandorrectiomiprioeesbot . 1 Therouthits fiomntlihanphgdte nagbst er
out put. _ Thus, _ a 1 is output as the synchronization code detection
signal 5 i bbprafiere TEPRE Bodhe tyre infiormatiant rrader7R182 gmkhe2s
inversion interval TS caused. by npise qr other factor. In

addi ti on, anﬁ%ﬂﬁﬁﬁ?n&FailP?oﬁ?¥$éf L49PeSAFAL | ndi cat es t hat even

i f l'i ght d : ap ' : £ 96/31881
T a siight read error ReCuinchieh: oMl Goddl falfkisier can i 9Bk

detected even when TS=17T due to a T shift in the NR2I signal

inversion intexval TS céused.by noise pr'othér factor, and the

10 synchronization code type informatioh can be read. Further-

more, because it is not possible to detect whether the shift

in the inversion position.occurfed at the rise or fall of the

NRZI signal corresponding to the synchrénizaﬁion code

identifier when the NRZI signai inversion interval TS=17T, the

15 synchronization code of which the identifier has an inversion

interval TS of 17T in the NR2I signal is not suited for use

detecting the first bit in the code word. It is thérefore

possible to accurately read the code words of the data in the

- code word sequence by detecting the first code word.bit using

20 only the identifier of a synchronization code ih which read
error did not occur.

The réproductioﬁ process.éxecuted by the optical
disk reproductibn apparatus 1100 according to the present
embodiment of the invention is described in greater detail

25 below with reference to the flow.chArt thereof in Fig. 14.

The process starts when the reproduction signal of

the data and synchronization code recorded to the optical disk



contai ning the synchroni zati on code, the synchronization code was
correctly discrim nated—f+om t he ot-ker data, -and-the read error that
occurred is within the correction capacity of the error correction
processor. The output fromthe AND gate 1305 5 is therefore output to

the type i g,g@& on reader 1102 as the synchr oni Z‘S_Lliﬁgm&’?ﬁe
det ection ‘g{,gna .i , The synchroni zation co e’-l entifier can

thus be detected even when TS=17T due to a T shift in the NRZ

si gnal i nversion interval TS caused by noise or other factor, and
the 10 synchroni zati on code type é&hformati on can be read. Further-
nore, because it is not possible to detect whether the shift in the
i nversion position occurred at the rise or fall of the NRZI si gna

correspondi ng to, the. chroni zati on cogde i dentifjer when the NRZI -
si gnal inver gﬁ‘%ﬁlﬁsﬁf"&?’égl %?"ﬁe Fﬁ@rq‘g%ce‘i by, HRR (FRIRARNCE} OB oRBR} ofnhi ch
the identifi \NVErSi Q. .|t : 7T 1, the NRZI

signal is not(:al{ hs%ﬁ?pe%dolr ﬁl;'ssge %prOduaté#élgtlg%g%%%% ?Irlsqlo ’bi%&} n{]}%uethcoode
word. It is dlersineeonizatioR0sSdd dReerasCui i et a9 ar sloig .code words of
the data in the code word sequence by detecting the first code word
bit using 20 only the kdéntsyhichronizer sy2edirofii zhéi sgncheenizatdvrch

r ead -error did not occur. The reproduction process

execut ed> by tFREPLFEEFOT 1101 sawRles &heooniay oA rappeiacesperaboncdiidi ng
to the present, odinent. of the ipvention is described_ in greater

detail |25 ShEPEFERLIT ettt 1§ ERS AR c FAFTACHR ALIRER Fiqpaliy,
Tynchroor s, PR SH SRR RO LA BLIah s . convekls (3SR
PCT/ JP96/ 0087&ignal to an NRZ signal (step S1404), andf8utputs to the shift

’ register 1205 (step S140S).

10 The detéctor 1205 of the synchronization code
detectoxr 1101 constantly monitors each bit in rolling
sequences of 18 consecutive bits in the output from the shift
tegister 1205 to detect the code sequence in the NRZI signal
in which the inversion interval TS=16T, i.e., to detect the

15 NRZI signal segment corres?onding to the syﬁchronization,code
identifier by deﬁecﬁing the code sequence containing a 15 bit
run of zeroes (0). When the code sequence corresponding to
the NRZI signal inversion interval TS=16T is detected (step
81406), fhe detectbr 1206 outputs the.set signal to the 1/15th |

20 frequencf divider 1207. The 1/15th frequency divider 1207
then adjusts the word ciock rise (or fall) timing based on the
seﬁ signal (step 81407). | |

When a code sequence corresponding to the NRZI
signal inversion interval TS=18T is not detected in  step

25 S140s, ﬁhe detector 1206 looks for a co@e sequence correspon-
ding to a NRZI signal inversion intexval TS=17T,__ i.e., detects

a code sequence with a 16 bit run of zeroes (0) (step S1408).



as descri bed above are reproduced by the reproducti on head df t he

optical disk reproduction apparatus 1100, and input to t he
Symchroni zati on code detector 10T (Step o1401). — — The biT
synchroni zer 1204 of the synchronization 5 code detector 1101 sanples ~
the output fromthe conparator 1201 at the read clock timng (step
S1402) , expe aghgsan NRZI si gnal fromthe reproductpcpiipssiogsel (step
S1403), converts the NRZI signal to an NRZ signal (step S1404), and
outputs to the shift regi ster 1205 (step S1405). 10

The detector 1206 of the synchronization code detector 1101
constantly nonitors each bit in roltig® - sequences of 18 consecutive
bits in the output fromthe shift regi ster 1205 to detect the code
sequence in the NRZI si gnal in which the inversion interval TS=16T,

l.e., to det 1 si_agnal gnent .correspo ng to the
synchroni zat | on ngls és 17%"%4‘1 F%a'gﬁ’nﬁg Jd%t%%tﬁcﬁ'& EQ ﬁ}g“ @'
containing atk3nbibde detectitth High8hoes &Mput) chpe SRR
correspondi ng tg © ete% RZIlg?gnal |nvé?gion Fn?e?ggg S= Qﬁgn
detected (stepader 11051 Sthestlet atienr alddfe @équehset dreddporiaangl to
the 1/15[err] 20 frequency divider 1207. The .1/15[err] frequency

di vi der 1207to the NRﬁ:érﬁJeEi}a}stlswleh‘élmrwmm ﬂ'ﬁsé'l'(l‘oxsmd’tt Metiegitrg based

on the ,_set signal (st S1407) Wien a code
sequence® cor A8sF5AR %b‘l?% Hﬁmcess Sk"P%lB‘PFdYa’iqw\Fé’r §F8R FMPwval TS=16T

e A e R R R
s1508) det ect or fal1) %asWlaseaenss1yl sibr?allﬁs'ebb E¥M O, W93 tRLs (Step
PCT/ JP96/ 008tde flfteen bltS output from the shift register 1205 at the

' latch enable timing (step S1411). When a latéh enable is not

10 ' detected in step Si410, the process loops back to the
beéiﬁning (step S1401).

If a latch enable is detected, the type information
- yeader 1102 determines whether the iatch enable detected in
stép S1410 was detected immediately following the synchroniza-

15 tion code detection signal (step S1412). If it was, the
latched fifteen bits, i.e., the code word segment of the
synchronization code, is decoded and the type informaticn
read, and the tesult is cutput to the read cbntroller 1103
(step 31413); Next, the first fifteen bits of the synchroni-

20 zation code written to a buffer (not Qhoﬁn) in the decoder
1104 are erased (stép S1414), and the process steps.to step
S1418. |

If in step S1412 the latch enable detected in step
SlélO'is'detgtmined to have not occurred imﬁédiateiy f§llowing
25 = the synchronization code detection signal, the type infor-

mation reader 1102 transfers the latched fifteen bits to the

decoder 1104.



- 69 When this TS=17T code sequence is detected, the synchroniza-
tion code detection signal s output—-to the type information r eader
1102 (step S1409). Wien a code sequence corresponding to the NRZI
signal inversion interval TS=17T is not detected 5 in step S1408, the
process skips forward to step S1410. _ The LI cuit
1208 det echg’f’ﬁ@%\o,r_d clock rise (or fall) as a Ia{’%ﬁ%% si gnal
(step S1410), and | atches the fifteen bits output fromthe shift

regi ster 1205 at the | atch enable timng (step S1411). Wen a |atch
enable is not 10 detected in steppS1410, the process |oops back to

t he begi nning (step S1401). If a latch enable is
detected, the type information reader 1102 determ nes whet her the

| atch enabl e detected in step S1410 was detected i medi at el ‘
foll owi ng the synchroniThg degodexr 1ieoh . <derrdqfeeach éﬁ*b#ﬁnﬁPde(S@E% Sf412) .
If it was, the | at ched f.ifteen bits, i.e., the.code rd_segnent of
the P TS ASBPRESIAT " SRIdBIIEY A RAEL SUELTR oPRRAS RS

read, and th ' ' t t C o] 1103 ste
S1413). Next eu%{éé%fﬁését t?l:éf teg%ﬁkg}téf%%&?%é)%g% h%%ﬁzl[?' 20 'zatig)n cgde

witten to a buffer (nathesPesdll)cdrtrdledeti®instructs KM Gacederasesh (St ep
S1414), and the process steps to step S1418. ' If in

step S1432 t heo| alssdodenablferdeezamele, nocsillyp the syriShithizatdehercoded to

have not occurred inmrediately followi ng 25 the synchronization code

det ection si gegntifien.yphe sk number written imogddateipLaldovwingrthe he

L)aérf?ggesjl()gtggynen bklx:r.tosn:{[z%.ttirc])% code g(,:Odaenrd j%gé " sector addrevs\g ggéﬁéggr}

immediatély fellowing the synchronization code S2, to search

for the desired data (step S1418). When, for example, data

10 | reéding begins.from some midpoint in the sector to which the

desired data is written, the read controller 1103 stores the

address at which reading began, loops back to step S1401, and

.repeats from step S$1401 to S1417 to write the desired data

from the accessed address (the ntored address) to the end to

15 memory. After writing tne desired data from the accessed

address to the end to memory, the read controller 1103 again

searches for the first block of the desired data, and again

repgats from step S1401 to S1417 to w;ite the :emaining data

 from the beginning of the data block.to the stored address to

20 memory. Note that this data is inserted before the data
previously stored to memory, xresulting in the normal code

sequence from beginning to end. Error correction processing

is also applied by the error correction processor 1105 one

block at a time to the data written to memory. When erxor

25 correction processing of.the first block of desired data is

completed, thg errnr-corrected data is sequentially read from

memory and output.



- 70 - The decoder 1104 decodes each 15-bit code word of
the code sequence in the buffer to 8-bit digital data, and

t kereaf+er—the cont ret—passes—toStep SIZTIS: —The read
controller 1103 instructs the decoder 1104 5 to decode, for exanple,-
only the synchronization code i dentifier, the block nunmber

witten i | l'y foll ow ng the synchroni zati on BﬁM§&ﬂ9 and the
sector ad reggﬁ&?itten i medi ately foll owi ng the ggﬁc roni zati on
code S2, to search for the desired data (step S1418). When, for
exanple, data 10 readi ng begins fromsone mdpoint in the sector to

whi ch the desired data is w+ttlen, the read controller 1103 stores

t he address at which readi ng began, |oops back to step S1401, and
repeats fromstep S1401 to S1417 to wite the desired data fromthe

accessed address (the stored_address) to the end to 15 nory. After
witing the desired daf% :f’?oﬁ‘ﬁ?ﬁ %%e%%ﬁ}rﬁe By nERRSe SF Eg’et €8/8%t o
menory, the r as r 4 - '$§ﬁr o) LI bl ock
of the desi rgﬁ‘:ggat ggﬁgg& %55‘?‘%93 g%t%rogpggfsr _yorﬁfigg’ﬁa‘sﬁﬁ%%‘%&ﬁ&% to
wite the remediungddéha containihg Ol yacheshipatiowl cbde €aie BhRCket 0 the
stored address to 20 menory. Note that this data is inserted before
the data accupatelysidy rel baklly (i steriminated sixcdr hheinor+tsynehroal - code
sequence from beginning to end. Error correction processing is also
appl i ed Sy t RBLaPPOCESr r @2%3 on3PRoEHS MISLPHe functiongock Hr astine
to the data itten to nenpry. . \Wen. erro 25 orrection, processing of
the first bl CPRTBFORRRIRRILIS B| Boans of it reading RERRY bo. SEAFER cd

data is sequanll Abbird@AY LA data reclRliBAYed'kh BUERNEL gisk or ornedO

recording medium at high épeed, to correct read errors that
may occur with a_high error correction capébility, and output
10 - accurate data. |
Said recording medium may aiso be thought of as a
transmission path for transmitting to a reproduction apparatus
" the daté and synchrbnization'code.recorded by the recording
apparatus according to the present invenfion. It is therefore
1s possible by means of the present embodiment to achieve a
reading method for reading from a tiansmiséién path data
containing a synchronization code that can be accurately and
reliably discriminated from the non-synchronization code data,
and having various functions,  as described in the first
20 embodiment above according to the present invention.
- Embodiment 4
A synchronization code according to the fourth
embodiment of the invention described below achieves high
reliability recognition of non-synchronization code data while
25 using a short signal length as in the preceding embodiments
of the invention, thle also achieving resistance to varia-

tions in the threshold level of the wave shaping operation



- 71 - It is therefore possible by neans of the present
enbodi nent to achi eve—a—nethod for—+eadi ng frem-the recording medi um
data containing a synchronization code that can be accurately and
r-el i ably discrimnated fromthe non-synchroni - 5 zation code data,

and havin [ functions. It is therefore pogeh means of
this read?ﬂé%ﬁ#f)d to search and accurately reag dat"?’?‘g&cggr ded to
an optical disk or other recordi ng medi um at hi gh speed, to correct
read errors that may occur with a high error correction capability,
and output 10 accur at e dat a. - 72 - Sai d recordi ng nmedi um may
al so be thought of as a transm ssion path for transmtting to a
reproducti on appar at us the data and synchroni zati on code recorded by
t he recording apparat us according to the present invention. It is

therefore 158XtF3EE1RE e RAGHHAFED FRERSHIRRL M THTES ABRLCT FERIARFe a

readi ng met hod.faor r.eadi,ng from.a,transmi,ssi o at at .Gont ai.ni ng
a synchroni zat(:‘i"ll(? i SO atlhngom(?gﬁ :el eag"(? u i%*%"%ﬁ yg_%lﬁ%evm w;‘?u} eFPRbTY ional

di scri m nat ed ghtom-bRezR0068 Ydd¥LNi zat i on code data, and havi ng
various functions, as described in the first 20 " enbodi nent above

according to the presenfotévethawn.the dataEnieeshi neghchronization code A
synchroni zati on code according to the fourth enbodi ment of the

i nvent i orP des&ccbydingl b théi presenti gmbodiment; i mpnlated cesigd t8-36 of
non-synchroni zati on ¢ode, data whil e

25 usi.ng a short signal length_as in
t he precedingcﬁﬁHSHFﬁEﬁtgaseg-°n Qﬁlﬁrﬁ?qWﬁﬁ§+P%0ﬁ?%3ﬁiiék%J§?P¥ﬁﬁﬁ¥9ﬂaﬂg
resi stance toyvari ag e 4.9NS,0.N e | Y
shapi ng oper afEl On. SPec;flcaf% %é’ﬁ&d_%g% I‘:Dxﬁ éﬁ?&n%n%\églu% &Q&‘e V&feore
PCT/ JP96/ 0087 %odulation is converted to code words comprising a 14-bit code
sequence for each 8-bit data byte. The number of consecutive
10 zeroes (0) bracketed by ones (1) in each code word is a
| minimum of two (2) and a maximum of ten (10). When the 8-16
modulated code word sequence is then‘modula;ed to an NRZI

signal, the maximum inversion interval T ., of the NRZI signal

is Tpoy=11T, and the minimum inversion interval T

min 1S

15  Tpin=3T. In addition, the bits at the junction between code
words are éithei’ 00, D1, or 10 _so. that the number of con-
secutive zeroces at the junction betwéen code words is two or
more and.ten or less.

The modulated data and synchronization code is then

20 modﬁlated to an NRZI signal, and stored to an optical diék as
the recording medium of the present ihvention. Note that
while the B-16 code words express one data byte with fourteen
bilts, two bits, e.g., 00,. are inserted between the code worcs.
These two bits are therefore inglu_ded in each c_ode_ woxrd below,

25. a'nd the 8-16 moduléted code word sequence therefore effec-

tively expresses each data byte with sixteen bits.

By thus selecting the conjunction bits, the maximum



- 72 - extracting a digitized NRZI signal fromthe anal og reproduc-
tion signal conparable to that achieved with conventi onal
—syreht-ontzati-on codes—™— Norte tnat the data cum
synchroni zation code 5 according to the present enbodi ment is nodul ated °
usi ng 8- 16 conversion based on 8-14 conversion table like
convent i ORgg EFM Specifically, the data cum synchrggivipsddesss code \
bef ore nnaaﬂation is converted to code words conprising a 14-bit code
sequence for each 8-bit data byte. The nunber of consecutive 10 zer oes
(0) bracketed by ones (1) in each code word is a m ni mum of two (2)
and a maxi rum of ten (10). When the 8316 nodul at ed code word sequence
is then nodul ated to an NRZI signal, the nmaxi mum i nversion interval
T[err] of the NRZI signal is T[err]=11T, and the m nimuminversion

interval T[e 5. ad the bits.at th u tlon
bet ween codeg'hl'e*émr} i+ %e ar e:L e mam? 1%0 r@l ,"Tﬁ‘ sléweﬁgf“’f‘hénﬁﬁkﬂ

con- §ECULBY e cZRE Lefor wethé'nﬁkz?ns@gw@eaeseﬁfbwrQﬁm»é L¥Q Or
nmore and ten Bl ess. ul at ed data and

synchr oni zat satisPiled iin tthencodé worddénfundtionan Nla Yegwak, #Adast or ed
to an optical disk as _ the recording nmedi um of the present invention.
Note that  NRZI whghalt Witd- B® cuueensdods pqeed ckessiathamyméningmh
fourteen bits, two bits, e. 00, are inserted between the code
words. >  inyegsieq Mtsrvgl i 130r AF Aeceqt@d agber FheaRpESdechien
bel ow, 25 h nmpdul at ed co wor. d seguence t her ef

tively expresgglgaiea £ 35?’ BeForé\i %t f’isb‘l""-fl srhapeJ'an% ehe I%H

sel ecting thg;gra u ts, e
PCT/ JP96/ 00879 Wi8Bela! S cHeNerfPedibBion apparatus V@nABaFdEly

recognizes a read error and can take approprlate action.

y thus

Fig. 15 is used to describe the data structure of

10 - the synchronization code in this enbodiﬁent of the invention.

Note that in Fig. 15 *x* represénts bits with a code value of
either zero (0) orx 'oné (1). |

| The synéhroﬁizaﬁion code in this embodiment also has

‘a data length of two bytés, expfessed by a 32-bit code

15 sequence. Each synchi'onization code .comprises type infor-

“mation identifying the location in the data block to which the

synchrdnization code is inserted, and | aﬁ identifier for
discriminating the synchronization code from other data.

The ﬁype information Iis expreééed by the highest ten

20 °  Dbits from the beginning of the éynchronization code. As in

‘the embodiments dé.scribed above, two different code sequences

expressing the same address information are available for

selection as the type information. When the data and

synchronization cod'e'acco-rding to the preseni: invenﬁion are

_25 - recorded to the record:.ng medium, the type 1nformat:.o'1 code

sequence’ achlevn.ng the smallest absolute DSV value is selected

according to the DSV value calculated for the code seguence



- 73 - inversion interval T[err]=11T and m ni mum i nversi on

I nterval T[ er}=3T——condi ti-ehs of the—NRZl signal described above are
satisfied in the code word conjunctions. As a result, if an NRZI
signal with an inversion interval |less than mninum 5 i nver si on

I nt erval 5Lerr 3T is detected after the reproduction signﬁl from
the recor umis wave shaped and the NRZI racted,

f he reproductlon apparatus i medi ately recogni zes a read error and
can take appropriate action. Fig. 15 is used to describe
the data structure of 10 t he synchgoni zation code in this enbodi nent of
the i nvention. Note that in Fig. 15 "x" represents bits wth a code
val ue of either zero (0) or one (1). The
synchroni zati on code in this enbodi mrent al so has a data | ength of
two bytes, exppobtaiwring the3zypchropieation codequdipte thatclpecause the

synchronlzatlon code conpri ses_type inf or- i'on identif t he
| ocation in tF¥PRdF &°Po°%%§rﬁwr°nlzat§fncﬁ?%%@fm r"lngo%/% ?’%

i nserted, and ie di [ n on
code frornothefraggl‘llﬂﬁféﬁd 16°teh%its long] ﬁﬁé é&é@i thgﬁéﬁ ?%ﬁg%%ﬁgéged by
the highest tep e&fpresdi lsighiithhelPeGidv nﬁn@BrhEE;éﬁnCmml za3{ | egecode.
As in t he enbodi nents descri bed above, two different code sequences
expr essi 5g t hpreae@ingldreadodinentsat | OrHaweveavai whhte tppe of addekessti on
as the type information. When the data and synchroni zati on code

accordi ng to ERECPHRRLIGR Jlﬁ‘l\féﬁ'ﬁh@ﬁ amreased by eehe damps omﬂmaéeepdnng

nmedi um the type information uence achi_evi e snal |l est
Thol ut o oy YAE RSHBelan o0 558 Bresent, pBaP iga, @rtcﬂéu 5 RS CERAED) at ed

for the code tAQYESECis therefore omitted below.
The low 22 blts of the synchronization code
10 followxng the type 1nformat10n are a fixed code sequence
common to every synchronization code.

The lowesf 19 bits of this fixed code sequence form
the synchronization code identifier. The code seguence
pattern of the identifier, and the inversion pattern of the

15 correspondlng NRZI signal, are both pattérns that do not
| appear in the code words expressing the "non-synchronization
code data" or in the code word conjunctions. In the 19-bit

code sequence of the identifier, only bits 1, 15, and 19 will

have a.value of 1 while all other bits have a value of 0.

20  When the idenﬁifier_comprising this_19-bit code sequence is
modqlated.to an NRZI signal, the identifier is expressed by

a main segquence and an addendum. The main sequence is a HIGH

or LOW level bit sequence of a period 14T (=T +3T), after

max

which the bit level inverts and the addendum continues as a

25 LOW or HIGH level bit sequence of a period 4T (=T . +1T). The

m:Ln

length of the addendum can be T, +uT, wherein m is an integexr

equal to or greater than 0, and is preferably 1. Thus, the
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- 74 - cont ai ning the synchroni zation code. Note that because the
' | omrof—thre—syrchronirzat o Coudeaccordirng totThis
enbodiment is ten bits long, the type information can be used to

express significantly nore information than in the 5 precedi ng

enbodi Nentywg ogmsiPVeVEr, What type of address if@ﬂﬂw S
further expressed by the type information is not essential to the

present invention, and further discussion thereof is therefore
omtted bel ow ' The low 22 bits of the synchronization code
10 following the type information 3%e-a fi xed code sequence conmon
to every synchroni zation code. The |l owest 19 bits of this
fi xed code sequence form the synchroni zation code identifier. The

d t t i dentifi it f
The. 15 corPeR Aol a6 ko Ry pisnil sobTepditiag 6 ThE: terbrer | ¢
appear in the; ﬁ%é’%@? EXPE &S HAY 196%¢ ’1191'& §¥8ﬁ@£§f&:@%d%“seguaré SCOde

data" or in the code woid conjunctions. he 19 equence
of the identifier,  onl Bybthfis ladding amdaa&emixhrh whereat RAENRZYaEithal 1
while all other bi ts have a value of 0. 20 Wen the identifier

conpri si ng t hievello- i}i\tem&mqmenam sequencepdfl dthel iderrifidRZl as gnal ,
the identifier is expressed by a mai n sequence _and an addendum The
mai n seqtienc S in Epe 1dent1féPrL€f/V"r*§/§F'eBF{‘t sTtRRHMenss in Bgi dF 14T

=T 3T),,.,af t h the bit | nd th d
Cont | nuies ab HRE Feseri PRPSRER (v 'ea'ﬁseliauaﬁéiga?n EReThEFaECts |

\(I\A‘l;l,‘-l[’ glr :1] :nl ;r)s Oabr::-l%l‘rtnllteggeby dh%n%ltb&fd[ to or great er%atn hgfge '(I)'[sg(,,g] +4ﬁéc]t’s
preferably l.acHised B§ the conventional synchronization code descrlbed
above with reférence;to Figs. 20 and 21. In othexr words, when
10 - an error occurs in the NRZI signal inversion interval as a
reésult of fluctuations in the threshold value used for wave
shaping the reproduction Signal, an inversion interval longexr
than the maximum inversion interval Tmax oflﬁhe NRZI signal
segment express:i.hg the hon—synchronization éode data will only
15 appear in the part of the NRZI signal containing the synchfo-
nization code in the code sequence'corrésponding to the main
sequence of the identifier. 1In addition, the.total inversion
interval TS of the identifier, ihcluding the inversion
interval of the addendum following the main sequence, is
20 ‘controllea to precisely TS=18T so that error occurring in the
inversion interval of thée HIGH level side'of the NRZI signal,
and error occurring in the inversion interval of the:LOW level
side, cancel each other. |
It should be noted that code sequénées in which the
25 sum of the lengths of two consecutive inversion inter#éls in
the NR21 signal is 18T or greater may:also appear in the non-

synchronization code data. However, code sequences in which
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- 75 - wave-formof the NRZl signal -eerresponding to the
identifier inverts only once at bit 15 of the identifier code
sequence. By thus addi ng an addendum whereat the NRZ

si gnal | evel inverts .fromthe main sequence of the ] Lfler as S
shown in (W@ ifier of the present embodinent in Figsnégﬁahh&b t he
present enbodi nent achieves, in addition to the effects obt ai ned by
t he precedi ng enbodi nents, the sane effects achi eved by the
conventional synchroni zati on code desggi bed above with reference to
Figs. 20 and 21. In other words, when 10 an error occurs in the NRZ
signal inversion interval as a result of fluctuations in the

t hreshol d val ue used for wave shapi ng the reproduction signal, an

i nversi on i nt Byl thengum of the {}epghhe ehxtHAMTORFEFYLdVe| ANFRYEROT| er ]
of the NRZI signal . S nt _expressi ng the non-synchroni zati on, code
data will onl §lgti%"als ab’be&?’grﬁmtzﬁe %aﬁ’\a f* h%S'RIRfF td®%co nFRg the -

il IS A AR i h
O ke Wbty Bl e PEPee SURISRGRREIN g o 0

L=

mai n sequence of t

interval TS d6f nothecdugenild fiid , noh NéjridlirtthizhB€oni RodeSidita. More

i nterval of the addendum follow ng the nmain sequence, is 20 controlled
to preci $Sel y FSedBficadlyhatther maximonuinvexpion tinterval T lovecsuoming
interval of the H GH | evel side of the NRZI_ signal, and error
occurring in the they eReRoFYRIGhzan.ZRt 4PNt W@d@()/gﬂ’éw‘el and thexgfore chheel

each ot her. e noted that code sequences.in

. . . .t should
o oh the ~ 25iRVEESARR IRSRFYRIN G $RERG G Uof VESY nbEPSAGeF R B val s
in the; ABL 91 Nplei 5 1uhed S3h6EnTRY BES992PPERTL | Bet hErnge-
e data. : V 0 I C

synchroni zati on co wever, code“sequences In
less. As a result, even if two consecutive inversion
10 intervals with a combined length of 18T or less occur in the

non-synchronization code data of the NRZI signal, these will

not be confused with the identifier of the synchronization

code. At startup, the reproduction apparatus can therefore

reference the 18T signal length TS. of the identifier to

15 appropriately adjust the frequency of the read clock or the

drive (rotational) speed of the optical disk or other

recording medium. More specifically, the reproduction

.apparatus adjusts the frequency of the read clock or the drive

(rotatibnal)'spéed of the optical disk or other recording

20 medium so that the signal length of the identifier actually

read matches the lenéth of 18 bits in the 8-16 modulated code
seguence.

The .signal length of the synchronization code

identifier should also be as short as possible because it only

25 contains information identifying the synchronization code.

The run of zeroes (0) in the addendum should therefore also

be as short as possible. By setting the run of 0.in the
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- 76 - both the sum of the |lengths of two consecutive inversion
—+nterval s i n the NREA—sTgmat—s18T or greater, and the I NVEr si on
interval of the first code sequence is (T[err]+3T), do not occur in

t he non-synchroni zati on code dat a. More 5 specifically, the maximum

I nversi on ywobgsiggd Tnax occurring i N the non-synchrpgiypedodd code
data, and therefore the inversion interval in the first part of any
two inversion intervals with a conbined |ength TS of 18T, will be 11T
or | ess. As aresult, weven if two consecutive inversion 10
intervals with a conbined l.ength of ~18% or less occur in the

non-synchroni zati on code data of the NRZlI signal, these wll not be
confused with the identifier of the synchronization code. At startup,

‘the reproductj t Gyt 4 her gf or Lefer T, 81 ana!

| ength TS of t‘ﬁ%bl gen?i@,f ?'J"z‘r> to é.'lggép%?%psﬁogfg% %%Fﬁog %é%gégrélguency of
the read cl ock-18 nicdalated codd b¥Quéncd Alik0NdlchetRe8de PoddibI1@PELGBbt Kl Sk
or ot her recording nedium More specifically, the reproduction

appar at us adjarstiizswehe thequbeopfdtiahe effidctsoclofor the deomeentional
(rotational) speed of the optical disk or.other recording 20 medi um so
that the si gnBMFERRiFagionyeodgeanff pesyachgnigation codeidemtifiar t he

| ength of 18 bjts .in the 8-16 nodul.ated.cod - sequence.
The si gnél | SftRth W & grgﬁﬁ’éh?%?ﬁ’fgﬁ 5&988gelen9th' i dentifier should al so

be as short as possi bl g4 CoRYSR | I | . r ' -
i dentifying the synchr g‘nlgzat I on d(égdg.g the %épr?ﬁg%%ﬁ%##%?o@%%bqnﬁ t he
addendum shoudthd ey ahoi@aeidith of 00, D2 .3StHBOERoASdtOPpoEB Ble Bn LTI NG
the run of 0 in the _ _

zeroes, is low, however, resulting in easy shifting of the

inversion position on both sides of the corresponding NRZI
10 signal. In.particular,'when the inversion position at the end
ofthe addendum shifts, the overall signal length.TS of the
synchronization code identifiex fluctﬁates, creating'éroblems
when adjusting the clock frequency during reproduction
. apparatus startup. | |
15 The present embodiment thereforezdefines the zero
run length of the addendum of the sYnchfohization code
identifier to three bits, and can tolerate a shift of x1 bit
"in the position of the inversion bit-separating the main
sequence and addendum in the synchronizatibn code identifier.
20 . Note that when the 1 normally occﬁrring at.biﬁ 15 in fhe
synchronization code identifier shifts to bit 14 or bit 16,
the resulting identifier code pattern still does not occur in
either the non-synchronization code data or'ﬁhe code sequence
conjunctions. |
25 - ' -Data containing the synchronization code aécording
to the present embodiment can be recorded to an optical disk

or other recording medium by means of the optical disk
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- 77 - addendum-to-tw bits—i.e., -the shortest run—ef zeroes in
t he 8-16 nodul ated code sequence, it is therefore possible to both
achieve the beneficial effects of the conventional

synchroni zgti de and a synchronization code identifie “”*ﬁth t he
short est p&&%‘@qsi gnal | ength. The arrp:i'ﬁrﬂg’e - t he

reproduction signal correspon- ding to an addendum of 00, i.e., the
shortest possible run of zeroes, is low, however, resulting in easy
shifting of the © inversion posidi7@an-on both sides of the
correspondi ng NRZI 10 signal. In particular, when the inversion
position at the end of the addendum shifts, the overall signal

| ength TS of the ) synchroni zation code identifier fluctuates,
creating probl &f6°rding apRRRAERF 1899 n§heR 1% OBk f r BqBBAc Fhgumesgrding

reproduction pparatus startup. 15 . The.presen

enbodi nment theF%FSFggde F%%§E¥%e z%ﬁé?e' Wﬁﬂ&n F%Eé?ﬁsofl heﬁgaéenaﬁﬁ1of
the synchroni zagyheAréfR¥fation codd!GPHttler@l meokd’ 888Phbes ABE s@BrkoOkgrate
a shift of 1 bit in the position of the i'nversion bit separating the
mai n sepaeneenasHoan dendpig i ne | hisuts yirdtead zalores thde fiisteat icbher .
20 Note that when the 1 normally occurring at bit 15 in the

synchr oni Zat i ofegogrce drfhtthe synaihtanigationiqode showhpiin Fdg. 15, and hbe
resulting identifier code pattern still does not occur in . ei ther the
non- synchr oni z&PP6n EETRSRCES SXRIRSSIHHe tRRuetRebit typeoimfRemasASn 25

e cont 7. BUACERL 22 M1 S ARCHBons e o} OpbhEs PEg7ER
medi um by nmeangheimt be ©R . ¢al thé %ype information used in this embodiment
comprises two code patterns of type information 1 and 2 with
10 type infoﬁﬁation 1 or 2 selected based on the DSV value
calculéﬁed in a specific range including the synchronization
code. |

It should be further noted that while the recording
medium to which the data containing a synchronization code
15 according to the present invention is recorded by the optical
disk recording apparatus 800 has been_described as an optical
disk, the recording process executed by the optical disk
recoxding apparétus 800 can also be used to record data
containing said synchronization code to recording media other

20 | than optical disks. |
The data containing a synchronization code according
to the present invention can also be reproduced from an
optical disk recording medium by means of the reproduction
process executed by the opﬁical disk _repréduction apparatus
- 25 1100 shown in Fig. 11. In this case, howefrer, the structure
of the synchronization code detector 1101 shown in Fig. 12

will differ in the optical disk reproduction apparatus for
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- 78- recordi ng apparatus 800 shown in Fig. 8 and the recording
—process descri bed—above—Vheat—urffers——rs—that the—

synchroni zati on code pattern nmenory 808 does not store t he pattern

shown in Fig. 4, but instead stores the fixed code sequence of the

synchroni ode shown in Fig. 15, and the ﬁsﬁﬂﬁ%g
expr essi n@’ﬁ'gﬁfg bit type information descri bed gglgve W th the

synchroni zati on codes S1-S4 shown in Fig. 6, the type information
used in this enbodi nent conprises two code patterns of type
information 1 and 2 wwth 10 type im9fermation 1 or 2 sel ected based on
t he DSV val ue calculated in a specific range including the
synchroni zati on code. It should be further noted
that while the re medi umto which the data containin

synchr oni zat FSR‘-'B% %mgl%ata SRR ING o TMERTPRdZAE 1PN \R0HS éﬁ°P§g?‘g%or ded
by the opticgl, Fhs p{%kéﬁtreﬁ: i 89, appangl usy g%%éjlgﬁe?he O%{eelse%x;: Qﬁ as an

opti cal e recof |ng process exec I sk

recording apa%ahyén%mﬁcaaé Qiel&ecuaﬁ%ft ehb %‘;&r&ada&fsk reprodﬁeei&a ni ng
sai d synchroni zation code to recordi.ng nedi a other t han opti cal

di sks. apparatus ofﬂmmedpresentnembudﬂmeatsyan@rthe:eyucamonmdetﬂanord|ng
to the present invention can also be reproduced froman - optical disk
recordi iy nme&Pdfm @5tertars 1301t ﬁboveptrodi;et | 8@ are desqrmdebeéﬂecmw by

the optical égk re roductj on appar at us 1100 shown in Flg I n
this case, EFD ? heP F39ft and 16. 01N°£tﬁe to¢hc RPERPZERT B

det ect or 110;&% 1421091 cble detectd 'sholdh' ;.S rdd. ghe ¢ 9:&88&18'1:?3‘

reproduction
to 11ke components in Flg. 12 are referenced below by simply

adding a prime maxrk to'the_Fig. 12 reference. The structure
10 ° and discrimination process executed by ﬁhe shift register
1205* and detector 1206' are also described. in detail
referring to Fig. 16.
The 1/16th frequency divider 1207* of this em-
 bodiment may be achieved using a programmable divider, as may
15 the 1/1sth frequency dividexr 1207 in Fig. 12, but frequency
divides the clock from the clock exﬁractor 1263 to 1/16 rather
than 1/15, and outputs the resulting woxrd clock to the latch
circuit 1208‘. '
The laech circuit 1208’ aceoraingly latches the 16-
20 bit code word output from the shift reéister 12b5' at the word
clock timing. _
Fig. 16 is a block diagram showing the detailed
configuration of the shift fegister'ijus' and detector 1206°.
Note thet as seen in'Fig. 16 the high bit of the.code eequence
25 output from the shift register 1205’ is shown on the right,
and the low bit on the left. In addition, the nth bit counted

from the highest'bit in the 6utput of the shift register 1205’
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- 79 - repr.oduci ng data contai ni ng—a—synchroni zati on code

accordi ng to the present invention. The differences between the

synchroni zati on code detector of the optical disk reproduction

apparatus of the present enbodi ment, and the synchroni zat} code
i»&qmaa@?ve

det ector 1WOP6IWBLN in Fig. 12 are described bel ow with rence to
Figs. 12 and 16. Note that conponents of the synchroni zati on code
detector shown in Fig. 16 correspondi ng to Iike conponents in Fig.
12 are referenced below by sinply . gg -adding a prine mark to the Fig. 12
reference. The structure 10 and di scrimnation process executed by the
shift register 1205" and detector 1206' are al so described in detai
referring to Fig. 16. The 1/ 16[err] frequency divider

1207' of this i&mreferencefods neimplmypifenabhiewed using a programmabl e
divider, as may 15 the 1/%$%err] frequency di vi der 1207 in Fi 12, but
fr equency di vi deShengh (ﬂ?gfﬁs&ﬁﬁ 2021 RUCRRESr acforPib PRyt et 16

rather é&&” s%&éncé‘”d TRE! ﬁ.ﬁ%ﬁ pifs We t?.%l %&:C le96ls £ L geat ch

circuit 1208 CI rcui accordrngly &t ches

the 16- 20 N Oéq(ﬂst@dfzu@r GreubRtibutt rc@mﬁéle:ﬁy fl.ﬁféﬁﬁat%&{ ré28er 1alpat he

wor d timng Is a bl ock diagram
showi ng t%e detls Ityghe informaoidn gtusaaie:oumfz &badshtﬁé High et BHEARS'inand
det ect or 1206’ Note that as seen in Fig. 16 the high bit of the
code sequence'tHESShlféurﬁﬁist¢¥n94ﬂp@tsHh#@ tkejivalare pf0she| synglugmiza-t he
right, and th 8m1b|t on the ieft In addition, the nferr] bit
counted t’r%r‘ﬁ fedft SFkiaqn SREnRY FRM ShepARteFtORd 206t 5 byi Jh&r

1205 low sixteen bits of the output from the shift register 1205'

are output to the latch circuit 1208', and the low nineteen
10 bltS are output to the detectorx 1206' Note that bits 11, 12,
and 13 of the shift register output are not used.
The detector 1206’ comprises a first inverter 1601,
a second inverter 1602, a NOR gate 1603, AND gate 1604, OR
gétes 1605, 1606, and 1607, and NAND gate 1608.
15 The first inverter 1601 inverts bit 14 in the output
ffom the shift register 1205°. |
The second inverter 1602 inverts the lowest bit,
i.e., bit 32, in the output from the shift register 1205’'.
The thirteen bits from bit 14 to bit 26, and the
20 lowest three bits of the output from the shift register 1205’,
are input to the NOR gate 1603. Note that as above bit 14 is
input thereto through the first inverter 1601, and the lowest
bit (bit 32) is input thereto through the second inverter
1602. If all input bits are zero, the NOR gate 1603 outputs
25 1. .
The outputs from the NOR gate 1603 and NAND gate

1608 are input to the AND gate 1604, which outputs a 1 as the
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- 80 - Is referenced as sinply bit n bel ow. The
-shi-ft—regi ster 1205 outputs—a 32-Dr T pararr el dat a—sequence. The
high ten bits of the output fromthe shift regi ster 1205 are output’
to the type information reader 1102. 5 The type information reader
1102 readsyédb@gs0h ten bits in the shift regi st erpcalipéithogiohen t he
val ue of the synchroniza- tion code detection signal fromthe
detector 1206' is 1. The | ow sixteen bits of the output fromthe
shift register 1205 are output to the latch circuit 1208, and the
| ow ni neteen 10 bits are output- 88 the detector 1206'. Note that bits
11, 12, and 13 of the shift register output are not used.

The detector 1206' conprises a first inverter 1601, a second

and 1607, - an AYRARE B PR G obe, AbFeELSh WiSha1TKs porn R a8 %0010

inverts bit 14 in the i fitiree bits ff&&nﬂlfiezshtétb{@gﬂag"o%r theO08utput
The second inverter 1602 inverts the | owest bit, bit %2,

t he out put: f feomt hheskhift rneggister 1205' .are input to the ORTgatéhismEen
bits frombit 14 to bit 26, and the 20 | onest three bits of the output
fromthe shi ?’ﬂ-thegP%YelPltLZ@S inverted bgfere rimtng dnpms . NOREgald tlso®e Note
t hat as _above bit 14 is ~ipput there %hrou h the first jinverter
1601, afd t h&RPBheRits are zegp, ipg(. 38 opdy; Ryt gHe?ét&“f’hPBEﬁhbHﬁe

second |nver r 6 I te g3l 4 zero, the NOR gate 1603
out puts 29 ?nd 28 ard Q)Z tge Bﬁ %&Dﬁstolgut ?tgir:‘g?n he NOR gate 1603 and

l\lﬁND gat e 1608 e tipaut bi@stfrbﬁwcgabeté% 2Whiggheput Putsurd 1 as
e

from the shift register 1205’ are also input to the OR gate
1606, but with only bit 28 inverted before.being input. If
10 all three input bits are zerc, i.e., if 6n1y bit 28 ié 1 and
both bits 27 and 29 are 0, the OR gate 1606 outputs 0.
The three bits from bit 27 to bit 29 of the output
- from the shift register 1205‘ are also input to the OR gate
1607, but with only bit 27 inverted before being input. If
15 ‘all three input bits are 0, i.e., if only bit 27 is 1 and both
bits 28 and 29 are 0, the OR gate 1607 outputs 0.
The outputs from the three OR gates 1605, 1606, and
1607 are input to the NAND gate 1608, which outputs 1 when any
one of the inputs thereto is 0.

20 The NOR gate 1603 thus outputs 1 only when the code
sequence 1000000000000xxx001 appears from bit 14 to bit 32 in
the output from the shift register 1205’. Note that the three
bits from bit 27 to bit 29, indicated by "x" in the preceding
‘code sequence, are not input to the NOR gate 1603, and may

25 therefore be either 0 or 1. Note that the twelve consecutive
zeroes in the code sequence detected'by the NOR gate 1603 arxe

only one bit longer than the maximum eleven consecutive zerxoes
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- 81 - syRchronization code- detecti-en signal if both inputs are 1
The three bits frombit 27 to bit 29 of the output fromthe shift
regi ster 1205 are input to the OR gate 1605 with only bit 29

i nverted eing input. If all three 5 I nput bi o, I.e.

I f only bﬁ&g@ﬁa& 1 and both bits 27 and 28 are 0,@Mte 1605
out puts 0. The three bits frombit 27 to bit 29 of the

out put fromthe shift register 1205 are also input to the OR gate
1606, but with only bit 28 inverted-.-bgkore being input. If 10 all three
I nput bits are zero, i.e., if only bit 28 is 1 and both bits 27 and
29 are 0, the OR gate 1606 out puts O. The three bits from
bit 27 to bit 29 of the output - fromthe shift register 1205 are '

al so input toiph&hercgaee sequence (gfter pgtle PeALAREGH.t and isheudfeaobef or e
bei [ t. If 15 . 1t [ t bit 0, i.e., ILf only bit 27
1%and both ~ =pedp; dn Sany eS8 MHes “thih hbgamriseniaebie gode | °
The outputs fhﬂghggf LGP fdR RabeSolhlr £ s 2Bse a temﬂé%%&ﬁa%ﬁifngt

to the NAND gate 08, whi ch outputs 1 when any . one of the I nputs

thereto is 0. in2@he inversion pd¥Er MR cRAlthel QiET BigrRilt kY S desHipedhen
t he code ' sequence 1000000000000xxx001 appears frombit 14 to bit 32

in 5 t heabovput af aodet regRientce maghs ttavelv20Ponskgusivhakzerhest mage
bits frombit 27 to bit 29, indicated by "x" in the preceding code
sequence, ar e 9fEBT| AButheo PPRESKEFRRERREZAETD cade @RF2.25 To 3qREately be

either 0 or 1. Note,that the twelve consecutiV roes .in the,code
sequence detegfgar3§et€kf < 5F31f88§°3r%943 £rom SHFyoéﬁ T 5124 ‘ort§er St han

the maxi mum el gueRrEPPSRElELY¥Er#CEBCR1s0 detect the inversion position
between the main seguence and the addendum of the
10 synchronization code. _

.To accomplish this, the NAND gate 1608 outputs 1
only when one of_bits 27, 28, and 29 in the output from the
éhift register 1205’ is 1. One of bits 27, 28, and 29 in the
output from the shift register 1205’ will be 1 when the

15 inversion position of the NRZI signal, i.e., the normal
positibn of the 1 in the NRZI signal code sequence, is shifted
one bit due to noise or other factor as described above. When
this oécurs, the siénal length of the syn;hronization code
identifier Idoes not change, but the position of the

20 synchronization code identifier in the code sequence shifts

| one bit higher or lower as described with reference to Fig.
19. -

Therefore, the output of the AND gate 1604, i.e.,
the 1 output as the synchronizatiqn code detection signal,

25 | indicates.that the 32-bit output from the shift register 1205’
is the synchronization code while allowing.ﬁhe position of the

synchronization code identifier to shift one bit higher or
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- 82 - I n the code sequence after 8-16 nodul-ation, and shoul d not
—appear in any dataorther tiham The synchronl Zatton code. However, when

noi se or other factors cause a tenporary shift
signal as described 5 above, a code sequence with

occur in the non-synoippbeisakieon code

separate the synchroni zati on code fromthe other

position of the NRZ

twel ve CORpEGEEMBNE Z€r 0es nmay
data. To accurately -

data, it
bet ween

synchroni zati on code.
1608 outputs 1

fromthe
t he

S
t he

in the i nversion

t herefore necessary to al so detect the inversion position

main sequence and the addendum of the 10

- 8F0-acconplish this, the NAND gate
only when one of bits 27, 28, and 29 in the output

shift register 1205 is 1. One of -bits 27, 28, and 29 in

OUiM

si gnal | engt howtiputheof yuiEh O igazei dA0€oike 0, the 3idddti bﬁeputdtn&sm thed
the position of the 20 synchroni zati on code identifier

change,

in the code §ﬂﬁﬂ@hcer§EF$F§r
rence

with ref
t he AND

but

ate

1205'oneptﬁqlﬁﬁkyherméﬁcheﬁmartés de32rhiyed
Therefore, the output of

rqrlzation code; | an AND gate (BOF AHBPNIR bhE AATHERDds

f ter 1205' will be 1 when the 15
I nversion position {,fmli]éq%lﬁagl LE‘FE%Q ., the nornal position

of the 1 in the NRZI siga t5e06u Q&éﬂ,twm Ebed 1603 is NEndidnedue to
noi se or other factor as descri bed above. VWhen this occurs, the

det ecti on i gfalrer obtalfls SBhe M i psoézcé)' | B N B 1

regl ster

1205

nchr on code I'l € a omnn

position of t#ie NOR gate 1603 and the inverted output of the OR gate 1606

10

is-

20

25

to output the set signal to the 1/161:.h frequency divider
1207’. ~ Note that the 1/16th frequency divider 1207’ also
adjusts the phase of.the word clock to rise (or fall), the
word clock rise (or fall) being used as the latch enable
signal, at the timing of the set signal. The phase of the
frame clock described below is also adjusted based on the set
signal.

When the threshoid value used for wave-shaping the
NRZI signal. from the analcg reproduction signai fiuctuates.
the signal length TS of the synchronizatién code identifier
remains precisely 18T. Thé present embodiment therefore uses
this fact to adjust the drive speed of the recording medium
based on the signal length TS of the syhchronization code
identifier. |

When the optical disk reproduction apparatus starts
up, the read clock frequency and the rotational speed of the
optical disk are often not accurately synchronizedu When this
occurs, the NRZ signal obtained by Wavé'shaping the analog
reproduction signal will not necessary express the recorded

code sequence. A structure for counting the read clock of a



synchroni zati on code |dent|f|er to shift one bit higher or WO
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- 83 - Iomer in the code sequence. When t he
output fromthe NOR gate 1603 is 1 and the out put of the OR gate

1606 is O, -bit output fromthe shift reg|
precisely‘w%ﬁg? ks the 32-bit 5 synchroni zati on %§§QEM&§g AND
gate (not shown in the figures) t herefore obtains the | ogical
product (AND) of the output of the NOR gate 1603 and the inverted
out put of the OR gate 1606 to- g put the set signal to the 1/16[err]
frequency divi der 1207'. Note that the 1/16[err] frequency divider
1207" also 10 adj usts the phase of the word clock to rise (or fall),

t he word clock rise (or fall) being used as the |latch enable

signal, at th&Xeni AETEFRERe C§€F‘-’-§P§H§P‘9 e Eh%sesl@fchrﬁélzatmn feagee

cl ock: descrlb%h glgw S also ed based on the se na
When the t hr esSKSTT aFTe® sed gp Pﬁgessary e*@ﬁﬁsiﬁ%§1 he'from
the anal og re&re@ai%aorb&aegnaéq&éwé ue& €%herefore WaBcEifl 'yﬂleg%w *lh&% of

t he synchroni zation code identifier remal Nns precise

present enbodixefeirenier €0FagUSAYA. Becau#es thaclogtdcad) WElex Npedd g
speed of the recording nedium 20 based on the signal length TS of the
synchroniat i @djosted based énjentsyhicbreonization code signalhkengtie Ttdfcal

di sk reproductlon apparatus starts up,..the read _cl ock frequency and
the rotational®Tspeed™of Fﬁ@ventl°na¥uﬂﬁqﬁﬁald@éﬁkaFSPSP@Bﬁt¥ER %Rﬂﬂﬁﬂﬁﬂ§ly

haping t e ads] Gyt ehe poneBREHh S1od Kod s ShT N B

the recorded major components alone are described briefly below.

| Fig. 17A is a block diagram of a read clock counter

10 1700 fbr counting the read clock corresponding to a

synchronization code identifier with a signal length TS=18T.

The read clock counter 1700 comprises. a first
counter 1701, a first latch 1702, a comparator 1703, a second
latch 1704, énd a second counter 1705.

15 ~ The first counter 1701 counts the read clock CLK,
and clears the count at the drop (trailing edge) of the NRZ
signal 1. _

When the comparator 1703 outputs 1 and the NRZ
signal is 1, the first latch 1702 latches the count of the

20 | first counter 1701 at the rise (leading edge) of the NRZ
signal. Thus, the first counter 1701 latches the peak value
of the read clock CLK counted between the first 1 and the
éecond 1 of the NRZ signal.

The comparatoxr 1703 compares the count supplied from

25 the first counter 1701 énd the count stored by the first latch.
1702, and outputs 1 if the count of the first counter 1701 is |

equal to or greater than the count stored by.the first latch



code sequence. A structure for counting the read clock of a WO
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—84— - code SEUUETITE COTTespondi ng 1o the synchronization code
identifier fromthe NRZ signal not necessary expressing the recorded
code sequence is therefore described below wth reference to Fig.
17A.  Becjligssdipgt optical disk speed is 5 adj usted b

synchroni zation code signal |[ength TS of 2T[err] in a conventional
optical disk reproduction apparatus i n which the synchroni zation
code signal length TS=2Trmax, the mej or conponents al one are

descri bed briefly bel ow. - 85 -Fig. 17A is a block diagramof a
read cl ock counter 10 1700 for <counting the read clock
corresponding to a synchroni zation code identifier with a signal
|l ength TS=18T.,405. The read clock counter 1700 conprises a
first count er 1701 a first latch 1702, a conparator 1703, a second
latch 1704, and: a secon@HeOd8é6kd 16@2h 1764 latches the colh€ di kRk £OMH er
1701 counts the read cl ock CLK, and clears the count at the drop
(trailing edgeowitdrha7BMRZ which indigaaés khe number of the read\dZ6ck LK
conparator 1703 outputs 1 and the NRZ signal is 1, the first latch
1702 | at ches twmndemgt heo zhe lgngth edurkher symphranizagiphsecode

(1 eadi ng ﬁdgeé%é? signal. Thus, the first counter 1701

| at ches t of the read clock CLK counted between the

I:l):rf):[ar ;th gpdltﬂgg Conrrpar es the%c%,l?%z S‘Jl}%tp &S}forgg%o%s t:htehe:E rstCl(?(S:;JJ;n?er
1701 and the GgiEh SHa%rQﬂeb!éaﬁthpéi'i&i a|sai:ﬁ9 nominal period at which the
synchronization code app'éars 'in the code' sequence.I
When the second counter 1705 counts two frame
10 . clocks, counter 1705 produces a HIGH level from iﬁs temiﬁal
Q1. By this moment, the first latch 1702 has already stored
' the maximum inversion interval Tp..
Then, when the main sequenée of the idenﬁifier in
the NRZ signal comés', the first counter 1701 wil.l count up to

15 = a value greater than T that has been held in the first

max
" latch 1702. When the counted value of the first éounter 1701
exceeds the wvalue Tmax stored in the first latch 1702, the
comparator 1703 produces a HIGH level from its Q output.
Thereafter, in response to the leading edge‘ (rise) of the next
20 NRZ signai' 1 located between the main sequence and the
addendum, AND circuit 1713 produces a HIGH level so as to £lip
a flip-flop circuit 1706 which then pi'oducés a HIGH level.
Thus, in turn, AND circuit 1707 producéé a H.IGH ievel. This
'HIGH level is used as a clear prohibit éiénal. The HIGH level
25 - clear prohibit signal is applied to one input of OR circuit
1708 so that even when the dR circuit 1708 receives the

trailing edge (drop) of said NRZ signal 1, the output of the



1702, and outputs 1 if the count of the first counter 1701 is equal
to or greater than thg_egunL stored by the first-latch WO 96/ 31881
PCT/ JP96/ 00879 - - 85 - 1702.

The second | atch 1704 | atches the count of the first counter 1701
whi ch i nq] he nunber of the read clock CLK fRabasi ng to

t he IengSﬁSg%gﬁﬂ synchroni zati on code 5 identifierﬁ€ﬁ' ' '

The second counter 1705 counts the franme cl ock, whi ch has the sane
period as the nom nal period at which the synchroni zati on code
appears in the code seqguence. . - B6 - When the second counter 1705
counts two franme 10 cl ocks, counter 1705 produces a HHGH level fromits
t erm nal QL. By this nonent, the first latch 1702 has al ready stored
t he naxinun1i§ ersion, when the main .

sequence of t |&§ﬁPfF|é?5¥als haln“?+ﬁf$&@?s?gﬂg?Hc£ﬁ§§P t hERYS y sthe
counter 1701 abbe GRHee#P110) w31 bE plHIB U8R RIn EROL IR LANBbuRES Deen

held in the first | at c counte st
counter 1701 Thus, tﬁg@@@Q&_EbenuakU£7dieﬁﬂh abersﬁl¢1béﬂaa'éwe&t iEatRd

1702, the . conparator 1703 produces a HHGH I evel fromits Q out put .
Ther eaf ter, inaddesdgumsenes,tet ladingeedye countalp ofubhtaning oved thdRZ
signal 1 | ocat ed between the main sequence and the addendum_ AND

circuit $713 B?BH%C%EPQ¥Q4(gqﬂl§9th§oW%&Ptﬁ?qPPPEe Thenqaaﬁlﬁﬁefﬁaé frcuit
1706 which: th uces a H GH

AND
1707 produces RAR| whett the(ﬁeadﬁﬁPGﬁdpngFifgpuggdggg %?%fgggglt

prohi bit signg mgn;rfel Hbils! M cifeuit P1RABrBERLEDIH HEER V1S sBPPALED 1O
one input of [

Ircult
counted value of the flrst counter 1701, that is the count
effected continuously during the main sequence and the

10 'aﬂdenduﬁ is latched in the second latch 1704. Also, by the
leading edge (rise) of this NRZ signal 1, the flip-flop 1706
is flipped again to produce a LOW level, thus terminating the
clear prohibit signal. Then, by the trailing edge (drop) of
the NRZ signal 1,.thé first counter 1701 is cleared.

15 . When the rotational speed of the optical disk is
siowér than the speed requifed to syncinronize with the read
clock, tﬁe.number of consecutive zerces in the NRZ signal
obtained from the analog reproductioﬁ signal increases. In
the périod.of the data cum synchronization code containing the

20 synchronization code,nthe number of consecutive zeroes in the
NRZ signal reaches the greatest number in the main sequence
of the synchronization code identifiexr. The xead clock CLK
is therefore counted until the drop of the next 2 in the NRZ
signal immediately aftef the maximum number of consecutive

25 zeroeé in the NRZ signal is counted as the read clock CLX
count.

This count identifies the_number of the read clock



1708 so that even when the OR circuit 1708 receives the trailing

edge (drop) of said NRZ signal 1, the output of the WO 96/ 31881
PEFHIPI6+00879 - 80 - ORCircuit
1708 is maintained as a HGH |l evel. Thus, the first counter 1701
wi Il be prohibited fromclearing the count. Thus, the first counter
1701 wi | ywabehgsc! eared even if the addendum congecy/sPode®BNt i Nnues
to count up, cunulating over the 5 val ue counted during the main
sequence. Then, at the end of t he addendum where the | eadi ng edge
(rise) of the next NRZ signal 1 conmes, AND circuit 1714 produces a
H GH | evel so that counted val ueBdf-the first counter 1701, that is
t he count effected continuously during the main sequence and the

10 addendumis latched in the second latch 1704, Also, by the

| eadi ng edge (rg ' | g f h bkR- & 0Pl 136, 1.0 1S
flipped again t%ﬁg}:ggﬁggpgﬁ?_ It?vglf_l? ?%%%é% gre %blﬁgt ?%gpat%é& the syncﬁﬂég,r
prohi bit signalnizBtden by¥dé hiidntdifliery afg@eid & ealuefgreater thds MRGhehonal
1, the first counter 1701 is cleared. - 15 When the rotational
speed of the opthecaiotdtsknal speed ofs|thweroptisalt Héskpbedsiawry rdduknt ahe
synchroni ze with the read - clock,. the nunber of consecutive zeroes in
the NRZ signal rotationgj: gpeed 3% drhigic SIMEHSGRLZBESSRICE? dheixRRs clock

i ncreases..In

. the . [ -of the.dat Um, hroni zati on’
cont ai ni ng t he “%p*s P I r:jgfg%l‘fe&f%&é'ge?hfcrhu?hrs?yu%égg‘}nz Iﬁggﬁégcfd‘\‘e;éhe

zeroes in the opricailNIEski 4Rals RGN ehanN G 1Y %&oﬂgﬂb$kgga Tageéfﬁg% CLK

sequence of the synchronization code identifier. rea (
is therefore ceynchfotiiatidhaclenp féad R oRRXCLR id) poReidRE, this cofh@nal
I medi ately after the maxi mnum nunber of consecutive 25 zeroes in the

NRZ signal is desuntealus ldss tbad 18 oclBeCbl{se the signal length TS of the
synchronization code identifier is 18T even when the threshold
10- - value for wave shaping fiuctuaﬁes, the rotationai speed of the
‘optical disk is known to be slower f:han the rotétional speed
“at which synchronization to the read .clock CLK is possible
when the output from the second latch 1704 is la value greater
than 18. Likewise, the rotational speed of the optical disk
15 - - is known to be faster than the rotaﬁional speed at which
synchronization to the read clock 'CLK is possible when the

output from the second latch 1704 is a value less than i8.
As shown in Fig. 17A, the count stored by the second
latch 1704 is output. to, for example, a comparator 1711 which
20 compares the count from the latch 1704 with a predetermined
reference from a reference circuit 1712. The céﬁpared result
is applied to a voltége control oscillator 1710. The voltage
contxol oscillator adjusts th.e. frequencjr ot .the read clock CLK
so that the count of the read clock CLK inputu frolﬁ- t'.he second_

25 latch 1704 is synchronized to TS=1§T. | |

Alternatively, as shown in Fig. 17B, the count

stored by the second latch 1704 is output to, for example, a



count . This count identifies the nunber of the read cl ock.

WD 96/ 31881 _— : —— PCT/ JP96/ 00879

- 87 - CLK corresponding to the signal |ength TS=18T of the

synchr o- ni zation code identifier, and is a value greater than 18
when the rotational speed of the optlcal disk is s t he
rotatlona.lwﬁ’d’é’é!in t _which synchronization to the read cIo%QWEBQhH%pCLK S
possi bi e. Cbnversely, when the rotational speed of the optical disk
is faster than the rotational speed at which ~ synchroni zation to the
read clock CLK is possible, this count gg - Is a value | ess than 18.
Because the signal length TS of the synchroni zati on code identifier
is 18T even when the threshold 10- value for wave shaping fluctuates, the
rotational speed of the optical disk is known to be slower than the -

rotati onal spee%PmParawra%"%|V&4C§yﬁ€WW%FP6nc?@‘% kEomekRFall 3¢R2 LKA s
possi bl e t he out romthe second Jatch 1704

or eat er 3 IR STmiPEl Fete T e EEPR T G TERSs BTt 23R T calPei sk
15 i s known é§% h at.i.onal t h

synchroni zat i on&?n é;@?te&éﬂtt 35 gé:% J'| gl t;'):cb)sg l)tltﬁ-m\/\/‘ﬁglg d,mé}l,& cont%%n}:ﬁf
fromthe seconthizf ch Ikl lt&rﬁt&ﬁléle drase tbamcddller 1714 adjusts the -

shown in Fig. 17A, the count stored by the second | atch 1704 is
out put to,5for =xatplonala spespapéit bhe 1fddntehleh (i2@.. tbenpaies speedamint
fromthe latch 1704 with _a predeterm ned reference froma reference

circuit 1712. THe Fafeafdagreadiym) so that g Govatt Bfat%lxleééec%‘&ﬁ K
ool 12t 0 140kl 1% 0 pecen HOTRCHE S Bh e e
fromthe second 25  |abghch704,bsaSUDsEN WigREA 9768718k count of the
second éoﬁnter 1705 is cleared at the timing at which the
10 second latch 1704 latches the count of the first counter 1701.
If the count of the second_counter 1705 reaches -4 when the
second latch 1704 does not latch said count, the count of the
seéond counter 1705 is forcibly cleared. As a result, the
turntable.speed can be adjusted based on the count of the read
1s clock CLK counted between the next two frame clocks even when
the £irst latch 1702 latchés_an abnormally high values due, for
'example, to a 1 being dropped in the NRZ signal. This means
that the turntable.speed adjusted according to a wrong count
can be réédjusﬁed ﬁo the correct speed.
20 : By thus setting the signal length TS of the
synchronization code identifier to
TS = 14T [maih sequence) + 4T (addendum) ,
the ﬁresent embodiﬁeht of the invention can exprsss the
synchronization code with a signal length shortexr than that
25 of the conventional synchronization code, wherein the signal

length TS=2T

max (=2%¥11T). By further using a main sequence

signa; length of 14T (=T, +3T), the reproduction. .apparatus



Alternatively, as showmn in Fig. 17B, the count stored by the second
| atch 1704 is output to, for exanple, a WD..96/ 31881

—RCT/JP36/ 00879 - —88 - ~—  conparator
1715 which conparing the count fromlatch 1704 with a predetermned”
reference froma reference circuit 1716. The conpared result is
appl i ed tﬁnﬂTb%&Qtable drive controller 1714. Theripisitsa®! € drive
controlle adjusts the 5 rotational speed of the turntable
(1.e., the drive speed of - the recording nmedium so that the count of
t he read cl ock CLK I nput fromthe second latch 1704 is synchroni zed
to TS=18T. In this re@® <l ock counter 1700, the count of
t he second counter 1705 is cleared at the timng at which the 10
second latch 1704 | atches the count of the first counter 1701. | f

1764 ons not Plr SRESLEARUENG ol G EREN She’ SR RS2t e EE i 370

i's forcibly cleqsedn-sdfichrd :}t]mntg@d ga. &JAF %u%Q ed %ﬁ%us

adj ust ed based on the Tount o e rea CLK count et ween
the next two fifnghede@olks &£bEd toh@ldjust the rwhedf t16¢k Igtiaste bE82dl s aes an

abnormal |y high val ue due, for . exanple, to a 1 being dropped in the
NRZ signal . Thidentgiziied synch:tdiétzaithent waodeabl endpesah adicguratedy candi ng
to a wong count can .be readjusted to the correct speed. 20

By thus >set t¥oigaklYe regdghhe cv%gmdpse%ﬂ #hen bits a%ﬂ;/nkqﬁtomnz;ﬁhieon

code identifier 14T |n sequen ‘addendun)
the present en%oéﬁ n%%qu%}cet Hsé-‘ﬁ n&e‘fﬁ Eﬁ)e J ,_{

synchroni zati o Gg4e %Ek& %lloh%éﬁﬁel 2 thx%r Egﬁ fé]%f' thga&atga-ecorgﬁdt he

conventi onal synchronlzatl n e sl
to the recording medlum with good precision.

Furthermore, by adding an addendum of signal length

10: 4T (=T

min+*1T) to the main sequence of the synchronization

““code, the signal length TS of the cbmplete syhchronization
-code identifier will remain a precise 18T even when the wave
shaping threshold value fluctuatéé due fo noise or other
factor. As a 1result, the yeproduction apparatus £for
15 . reproducing data cum synchronization code according to the
present embodiment of thé invention can precisely adjust the
drive speed of the recording medium (or ﬁhe frequency of the
read clock) during startup of the reproducﬁion apparatus based
on the signal length TS=18T.of the éomplete synchronization
20 code identifier to'match the read clock frequency (or the
drive speed of the recording medium) .
The preseﬁt invention had the follcwing advantageous
effects. |
By means of the present invenﬁion, é code éegmen;
25 correéponding,to_the particﬁlér code sequence éxpressing the
synchronization code appears at a régular intervai in the area

to which information containing said synchronization code is



| ength TS=2T[err] (=2x11T). By further using a main sequence si gnal

| ength of 14T (=T[ err]+3P—+the reproducti on apparatus WO

96/ 31881 ’ o - PCT/ JP96/ 00879

--89 - can nore reliably distinguish the synchronization code from
t he non-sy Lzation code data. The reproduction appar gt S
therefore 3@$éaﬁbﬁadjust the word cl ock phase based on thgmﬂﬁnwmm"’
identified synchronization code, and can accurately and 5 reliably
read the code words even when bits are lost in the ' code sequence
due, for exanple, to signal dropout. -A®0a- result, the reproduction
apparatus can read the data recorded to the recording nediumwth
good preci sion. Furt hernore, by addi ng an addendum of

signal length 10 ﬁ; g:T[ rr]+*1T7) . to the _main seguence of the
synchroni zat i onTec0¥8ed  §ge the crecataing oMgELuTS of Thie SaFpievkar code
synchroni zati on code L4 I fher Wll remain . a.precise 18] even when
the wave *SRap; g ?%r@s gféééglé%_FPGE?bﬁtgb 2 YO IS S¥F oF %t AR
factor. = As abifsH)tvalueh@or Rl ¥hel ABxiRRRHAIHE: otkﬁ%onéécutive bits

reproduci ng data cum synchroni zati on code according to- pr esent
enbodi nent of the Liowitdd dm castpieg dehygtRdatiSled$e two bitdlNiongesPeREy Of
the recording nmedium (or the frequency of the read cl ock) during
startup of 3 he FBPF oBREiTWH Himidratars isleesd not appear tive tdiegriaforeayion
TS=18T of the cogﬁleE syqﬁgroni ation 20 code identifier to match the
read clock freqHehty ?’Bf’t[ synchronigationscedy (RopSYPEREPRI FR) HATUFOGS .

The present i nvﬁﬁféﬁﬁhﬁ%."t BE el aO0LE9n ﬁq'\sé'ggl%gn e Srror corzegétei(gnsiange

By means of the present invention, a code
' in which reading errors can be corrected.

It is therefore possible for the reproduction

10 apparaﬁus to accurately discriminate the éynchronization code
from the other codé sequences while reproducing. the non-
.synChronizaﬁion code informaﬁion (data code) from the
'recording medium. Moreover, the reproduction apparatus can
accurately read divisions between code seqguences other than

15 the synchronization code, énd particular information immedi-
ately following the synchronization code, based on thes
synchronization code thus reliably identified. The length of

the code sequence identifying the synchronization code can

also be set éhorter thah the conventional synchronization

20 code, thch is repeated twice separated by one bit of the
binary value opposite that for which the maximum consecutive

bit count is limited. As a result, the aata capacity thus

freed by this shorter code sequence can be used to record an
eguivalent amount of information other than tha

25 synchrpnization code identifier to the recording medium, thus
increasing the recording density of the recording medium. The

recording medium to which the synchronization code according



25 corresponding to the particul ar code sequence expressing the

synchroni zati on code appear s at a regular interval in the area to
—whi ch | nf errat+on—contarrmg—sar d—Syncnr ont Zatt on code 15 VD

96/ 31881 PCT/ JP96/ 00879

- 90 - recorded to the recording medi um This particul ar code

sequence 3 {at ed to contain a bit string of the onepcyyposmosh NAry

val ue for whic he maxi mum nunber of consecutive bits Is limted in

a string length at least two bits |onger than 5 that maximumlimt, and

does not appear in the information ot her than the synchronlzatlon

code ("non-synchroni zation code - 3y nformati on" or "data code") within

the error correction range in which reading errors can be corrected.

It is therefore pOSSIb|e for the reproductlon 10 apparatus to accurately

discrimnate e HIGHERAl AL Uk €98% avenc i BMNESLECL Ade SequEnces

whi | e reproduci ng ronlza Imon’ (data
code) from tdivide 1nf6ﬁ6&%r1@hnﬂté@§h&'mtdé\@'%ﬁgv cﬁ%l&%@ﬁgﬂ%dé)gnd
apparatus can accurately read divisions between code sequences ot her
than 15 theasynber onsedt iten eegeodarel e | aohasyhehosniddtion Naode -
ately follow ng the synchronization code, based.on the

synchroni zat i d-rlil‘—'@(?a’éttlhnsthét Babﬂypﬂmﬁtlpﬂl Q| theT neprewg:m;f apparatus he

code seqqﬁnce i d n g t he synchroni zatj on _code can - al so be set
shorter than %€ °631‘f5F %%//’rﬁjcﬁf‘ﬁm:r% oD th%b’&@“%’i’%ﬁ'qdéuﬂepeat ed

tw ce separated by one t L nar op hat for

whi ch the maxi num conseg{ljttlhveergggrdnfﬂ fnecgzéﬁﬁtgccgldi%gt §0& m% aégtﬁ‘t t he
data capacity dehhe inventi&fd PYddtrdiffostSte Cé&ﬁ:ﬁﬂl‘ﬂ%n‘f%rcﬁgob&.é’éed to
record an equi val ent  anount of = information Ot her t han t he

longer than the longest recording state that may occur in the

- information not conta:m:.ng the synchrcn:.zatlon code appears

10 - at a regular interval in the area to wh:.ch is recorded the

~information containing the synchronization code. By means of

“the synchronization code thus recorded; :hé effects described

- above can be achieved by means o_f the récording medium
according to the prcSent invention. |

15 - In the recording'medium according to the embodiment,

the non-synchronizat'ion code information is expressed by code

sequences for which maximtzrrt and minimum limits are defined for

the number of consecutive bits of one binary value that may

appear therein, and the synchronization code contains a

20 particular code sequence identifying the cod'e'.sequence as part

of the synchronization code. This.part.i.cularlcode sequenC°

comprises a first consecutive sequence and a second con-

secutive sequence having a combined length oi a partlcular

known value and separated by'one bit of the other binary

25 °  wvalue, said first consecutive sequence being a bit string of

the one binary code value for which a maximum consecutive bit

limit is defined, and having a bit length at least two bits



25  synchronization code identifier to the recording medium thus

i ncreasing the recordi-ng—density of the recerdiag medium The

recordi ng medi umto which thé synchronization code according WO
96/ 31881 PCT/ JP96/ 00879

- 91 - womu&lo t he enbodi nent of the invention is re%ﬂmm
therefore . provide information that includes the synchronization code
and can be used to reproduce the non-synchroni zati on code

i nformati on with good precision to the reproduction apparatus 5 used
to reproduce said information fromtheszecordi ng nmedi um

In the recordi ng nedi um according to the enbodi nent of the

i nvention, a recording state continuing for tmo bits | onger than the
| ongest recordiggﬁsta at nmay occur in th nf or mat i gn. not

cont ai ning the § JiFxiBHe %ﬁﬂf?&"‘é‘“’f@blt ]'&'f“’-&'r%@‘éllsé}*’-q FEEPRAl in
(e o a o MLGho\ SR JERAIE, nviok o TBAER. SOSLELI08 B

synchronlzatlon coO
recorded, the eéﬁ@@&@nﬂ@%&tbfﬂut As abfw&.&anth@ SCLLEVED : tieaRscRé the

recordlng medi um raccording to the present invention.
I'n the recordi pgrubciilan aodersidugnice identeidyadigrehe, synchroniiZa@ion code
non- synchronlzatlon code information is expressed by code sequences

for whi chSnmaxi fbdthkewsim FeRsEant twhidee rgafingdtierbinary codeesagubéree of
consecutive bits of _one binary VaLé? that ma ear therein, and

t he synchronlzﬁf?%ntﬁ%dﬁsfﬂﬁf¥ﬁgh§‘ 1ugpeven éF?FcﬁPé?ecgﬂe°§€ﬁﬁeﬁE§t°r5
i denti fying thgaﬁé@k%ﬁ??ﬁ%%&@?l§§efmgﬁiftinﬁ. of the synchronlzatlon code.
i'se

This particul ar code sequence s a first consecutive sequence

andta slecond con- THeReEbEY e ﬁmqqcmwon&ha e2¥BLesdabRNgEa Oby @
parti cul ar

the invention, the reproduction apparatus for reproducing
10 . information from the recording medium can adjust the xead
clock frequency or the recording medium drive . speed when
reading the binary code sequences from the recording medium
.so that the length of the binary code sequences actually read
'from the recqrding'medium match the predefined length of the
15 particular code sequence based on the particular code seguence
identifying the synchronization code. The recording medium
can therefore adjust with good precision any synchronization
shift in the read clock frequency_and the recording medium
drive speed
20 In the recording medium, the second consecutive
sequence of the recording medium is one bit longexr than the
defined minimum number of consecutive bits. The overall
length of the particular code sequence can therefore be short,
and the occurrence of read errxors in the second consecutive
25 sequence of the particular code seqguence can be reduced, even
when the threshold value fluctuates while reading the binpary

cods sequence containing the synchronization code firom the



known val ue and separated by one bit of the other binary 25 val ue, said
first consecutive sequence being a bit string of - - -the one binary code
—atte-f or whirch—amexTTumT CoONSECUTT Ve Di t TTmt i§$ defined, and
having a bit length at |least two bits WD 96/31881
PCT/ JP96/ 00879 - 92 - . longer than
t he maxi Migpegsmecuti ve bit Iimt, and said second PCTAIPSGE0819 Ve
sequence having a length within the nmaxi num . consecutive bit limt.
As a result, the overall length of the particul ar code sequence
i dentifying the synchronization code 5 still remain constant while
readi ng the binary code sequence - %3romthe recordi ng nmedi um even when
noi se or other factors cause threshold I evel shifting. '
Therefore, in addition to the effects achi eved by . the invention, the
reproducti on. appANdISi6RL 1" SRELSMEDD bt the! P%(&?f@fﬂl?o'?nefdriﬁm.t he
“recordi ng nedi um can adjust the read - cl ock treguency or the
recordi ng medi umdrive spaedtiéenrecording’ efeédign ! henkl Nae¥osaily SasiaRCes
fromthe recording nedi um so that the |l ength of the binary code
sequences actusdntimgdag for a fpemiadhetwecor dnngenbdtamloagelr tthan the
predefined length of the 15 particul ar code sequence based on the
particul ar code-¥EfFEndecording stakf 95 ithe FABesyAeERDAI FerebrARRRFEingThe

recordi ng di um an therefore_adjust.wth go pr.eci si on.any
Gynchr oni 7t oh the cgRfT seBReRhC PrAASETAHES th L ERe) SHITTRELPRL AR ng
medi um HrdQ i2RR§d the2@ynchronization |r_rbcf;,h,e Jﬁ&%&&:‘%é&? ingne
second consecutive sequénce of the recording nmediumis one Dbi

| onger than thestate contithuiiefl fokna PePivdndes f mee IR 1vaghkithan thbe
overal | | ength of the particular code sequence can therefore be
short, shortest recording state of the above signal level appearing

in the code segment corresponding to the information not

10 containing the synchrbhiz'a.ticn code, appear consecutively at

& constant intexval ir;' the area of the -recording medium toO
«+which information contain:i_.ng_ the synéhronizatign code is
" recoxded.

- In the da.ta transmission method, the hon—synchro—

15 nization code information is converted to code sequences in
which the maximum number of consecutive. bits of ohe birary

code value is limited, synchronization codes containing a
particular code seguence of said one binary'value i_n a bit
string at least two bits 'longer than said maximum number are

20 inserted at a constant intexval to the non-synchronization
code information, and the resulting bit se§uence is transmit-

ted in a time-series seguence. As a resuit, when the
' transmitted code sequence is obtained as an analog signal -
containing said code sequsnce as information, and the cocde

25 sequence is obtained from said analog sighal, a code seguence
containing the one limited binary code value in a string two

bits longer than said maximum limit will not appear in ths




and the occurrence of read errors in the second consecutive 25 sequence

of the particular code sequence can be reduced, even when t he

t hreshol d val ue fluctuates while reading the binary code seguence
contai ning the synchroni zation code fromthe WD 96/ 31881

PCT/ JP96/ 00879 - 93 - g signal
r epr oducedWOr%9@##88hke recordi ng nedi um In? ’E!,”?}ea@gfgdi ng
medi um one recording state continuing for a period two or nore bits
| onger than the | ongest recording state of the sane signal |evel
appeari ng 5 In the code segnent coga esponding to the information not
contai ning the synchroni zati on code, and anot her recording state
continuing for a period one or nore bits |onger than the short est
recording state of the above signal |evel appearing in the code

segment corr es A B hEoRheat PR FRER oinfermation APRPARKI RP t ABY Tead
synchroni zati on_code acﬁ%ear. conseculj_lt I vel a_constant .intervy I n

t |
the area of t heSTRES AT e dPurt’™ Fhe reac a'°éﬁ iSSAYEREET B ec SHERAR T he
synchroni zat i Orbxﬁzg%,e ét rection' 2 O_%.q.tYSOE ‘the reproductliBn! Pg?gﬁé@us }

transm ssi on net € non-sy nization code I n mation is
converted to code sequen@es iah resultWhi Gh t}prEEGcEEBhNUERRArAtus for

consecutive bits of one binary code value is limted,
synchr oni zat i orremueiiciogt theinog-aynchronizatiionutade codersagiencErat the d
one binary value in-a bit string at least two bits |onger than said

maxi num number @4 Sgguence gantadning they synehroninatipn cedetixansmitted
non- synchr oni zaatsi on . _scod% [ nforrgat L_on and i:tcaeb{ esgl.tsi ng bi; segix‘ence
is transmt- 5t TS ST e Re- TEES SRfteRtEIP NS FASFELTMIPATHnAR he

transmtted coOUg RGARACEE SN 0RbAE NESAHYE 228MO8ns! HB8Al synchronization

| code seéuences, and based on the identified synchronization

10 code can reliably discriminate divisions in- the non-

synchronization code sequences and the location of particular

information in the code sequence. Furthermore, because the

overall length of the par_ticular code sequence identifying the

synchxronization code can be shorter than the conventional

15 éynchronization code, which is repeated twice separated by one

bilt of the binary value.op_posit:e_ that for which the maximum

consecutive bit count is limited. As a result, the transmis-

sion efficiency of code sequences expressing information other

than the synchrénizat;ion code identifier can be improved by

20 én amount equivalent to ti_'xe shorter code sequence.

| | In the data transmission_method,- the non-synchro-

nization code information is converted to code sequences for

which méximﬁm and minimum limits are defined for the number

of consecutive bits of one binary value that may appeaxr

25 therein, a synchronization code containing a particular code

sequénce identifying ths code sequence .as part of the

synchronization code is then inssrted.to the non-synchroniza-



cont ai ning said code sequence as information, and the code 25 sequence
I s obtained fromsaid anal og signal, a code sequence containing the

—efre—+ini t ed -bimarycodevatue T a Str g twWo bi t sTTOonger Than sai d
maximumlimt will not appear in the WD 96/ 31881
PCT/ JP96/ 00879 -94 - .
non-synchﬁgﬂka?hhon code information insofar as any readpcrisposofi#s O S
occurring in the read code sequence are within the error correction
capability of the reproduction apparatus. - As a result, a
reproducti on apparatus for 5 repr oduci ng the non-synchroni zati on.
code information fromthe code $Eqoence containing the
synchroni zation code transmtted as a tinme-series sequence can
reliably discrimnate the synchroni zati on code sequences fromthe

non- synchr oni zg4e8Necode - info : Seque ,a0d; on Jdentified
synchr oni zat i on 1o 00e égégm%%&?%gl ?agiq} lg%i Jé’%??zﬁ?ar%dt 3}18%% §F8Hih?%

the non- bitSyagliente Zal I1anerder84qURNS 081 Mdkdr1R sl @ellbABe Of The
particul ar information in the code sequence.. Furtherrore, because
t he - ovepartitelapt bodé gsdmpiemzet canttzimenhiln theqsenclerdrlienitiion agdé he
synchroni zati on code can be shorter than the.conventional 15
synchroni zat i oR°EBEESeSUR iTries ropseguidiveniseauerparand @ [ppcond consecubi t

of the binary yal ue opposite that for which the naximum . consecutive
bi t coUnt@?s I¥ﬁ¥?eﬁﬁ % ﬁggﬁ??,at?ﬂFQHgﬁﬂsthgth of a parSAcuiRy kRaHyy of

code seguences. . 0g..Lnf, ' .ne ' .t he synchroni.zation
Code | dantifi oy Euhe Gl RephILAUATRY Bl Bil°BE the ctablAAlS, YIRS tApid

shorter code sgfienceonsecutive sequence |peidie slabgrt EaRsAESSEOR HEethRd,
t he non-synchr o- - nization code information is.converted to code

- sequences for binary gedeclvaime fom ahikchi aimaminhinriconsacat tfeé i miad ¥imitt he
number is defined, and having a bit length.at ieast two.bits longer
10- than the maximum consecutive biﬁ' limit, and said second
. zconsecutive sequence having a length within the maximum

crconsecutive bit limit.
As a result, the overall length of the particular
code sequence contained in the Synchronization code thus
15 transmitted will remain constant even when the threéhold value
fluctuates when the code sequencé'transmiﬁtéd to the reproduc-
tion apparatus is read as an analog signal containinglthe code
sequence as information, and the analog signal'is converted
. .+ <to a digital code sequence. Therefore, the data tfansmission
20 = method is able to correct any synchronization shift between
the data transmission speed and -the' reéd clock period
- reierenced to the overall length"of the paiticglaz- code
sequence when the code sequence is read. from the analog

signal.

25 In a data reproduction méthod,lhon-synchronization
code information is converted to code sequences in which the

maximum number of consecutive bits of one binary valus is



of consecutive bits of one binary value that may appear 25 therein, a
synchroni zati on code coptairing a particul ar—code sequence .
identifying the code sequence as part of the synchroni zati on
code is then inserted to the non-synchroni za- WO 96/ 31881

PCT/ JP96/ 00879 : 95 W?%&ﬂﬂ code
i nf or mat i SYP 231881, egular interval, and the resulting PCT 't sequence Is

transmtted in a tine-series sequence. The particul ar code sequence

contained in the synchronization code conprises a first consecutive

sequence and a second consecu- 5 -tbee-sequence having a conbined | ength
of a particular known val ue and separated by one bit of the other

bi nary val ue, said first consecutive sequence being a bit string of

t he one binar¥ code vglue,for,mhic a maxi pum consecutive bit |imt
is defined, and*WabPhy % BREOFERYFRACLRD eer cPRpA TR PoRGEFLCHERT G986 t he

_ Flfhy % BPE e _ 12
i ng & 1 ongt REERT IS5 ond Hiraly VERLE T & bre FOBE LbR!CuS SENCE

As a result, the R¥eéabitd NdiderOkhhiesRad thekimim number 6£JEoRSSHOGR
contained in the synchronization code thus 15 transnmtted will remain

constant even bhhts idecirddereedotd visd Uon-synchrbhitfdtiaire £odkeinf demaidm

sequence transmtted to the reproduc- tion apparatus is read as an
anal og’ si §nal @8BnRaiTgvdaxhelnteawal, and gheuarasulsdngnitditneanencend s he
anal og signal is converted ot i gital code seguence. Ther ef or e,

0 ad
the data transhFSSFERH asotransmitsed Limgsenigs iptama -yt RrorTeldti on

shift between yneon thél\gz A’s@r['%tehr EBEF" §$%|9&{ eSF?L%e £80feqt 0§ af Sach1 &4 OCk
peri od referenced 10 the overarl ng% of the par?l cul ar coc}e
signal containing said code seguence as information, and the
code sequence is obtained from said analog signal, said
10 particular code seguence will not appear in the non-synchroni-
zaﬁion code information insofar as any read erroxrs occurring
in the read codé sequence ‘are within the error .correction
capability of the reproduction apparatus.
As a result, the data reproduction method can
1s reliably discriminate the synchronization code information
from the non-synchronization code information in the informa-
tion contaihing the synchronization code transmitied as a
time-series sequence. It is also possible ieferenced to the
position of the identified partigular code sequence to
20 reliably reproduce the type information contained in the
synchronization codg,_the beginning separator for the code
word transmitﬁed iﬁmédiately following the synchronization
code, and the address expressed by the code word sequence of
which the first word is the code word transmitted immediately
25 following thé synchronization code.
By the data reproduction method, the overall length

of the particular code sequence containad in the synchroniza-



sequence when the code sequence is read fromthe anal og signal. 25
In a data reproducti on nmethod, non-synchroni zation code information
—H%%ﬂ%%ﬂedﬁﬁﬁmm:aﬂwwmcsInvam_Tm“ maxi mum nunber of
consecutive bits of one binary value is WO 96/ 31881
PCT/ JP96/ 00879 96 - limted, a
synchr oni gg QWP fgef0de containing a particul ar code PCEIPOGOR® Oof said .
one binary value in a bit string that is two or nore bits |onger
than sai d maxi mum nunber of consecutive bits is inserted to the
non- synchroni zation code information 5 at a regular interval, and the
resulting bit sequence is recéi ¥&d as transmitted tinme-series
information. As a result, when the transmtted code sequence is
obt ai ned as an anal og signal containing said code sequence as

i nformation, aggoﬁ Néode thus E%ng.eggggﬁ:gli &eﬂ@ﬁ?x' 0568 LfiMe$@0 eltqg

si gnal , sald particul ar c nce w not appear 1nt

non- synchr ONi - threshold ¥allae £Dfktuatber WRén @hel 86@é Heq@endBYt F&ashRIted S
occurring in the read code sequence are within the error correction
capabi lity of thethepregpuofucricpEpr@rasus is read as an ankloy rsignal, t he
data reproduction nethod can 15 reliably discrimnate the
synchronlzatloﬁ°€EERP§qﬁ(ﬁﬂﬁaFP6ﬁ Sequencqr%ﬁn#ﬂﬁ?rﬁéﬁlgync?ﬂ@nﬁhﬁﬂﬁﬂﬁ%qgode

f t th ti he h t d
{rans tt 84 assigeal i3 tmvegreasdestgé%uéﬁ gl "Roa ¥Ry ot 15 °°°°
referenced to %HS&&I E%ﬁeEQEELafh dcﬂér?o%Etﬁé CQHe 1 he

2 relia repro uce

sequence to ormation contalrned 1 n the

synchroni zat i oma&adﬁlédﬂ?abeﬂtmzn&oaepﬁé@t@fcef 26 #¥ ak9ereproduce@he
transmtted |nned|ately ol lowi ng the synchronization
type information contained in the synchronization code, the

beginning separator for the code word transmitted immediately

10 following the sym':h’ronization code, and the address expressed

by the code word sequence of which the first word :i:s the code

“word transmitted 'immediately follow'ing' the synchrbnization
code. a |

By the data reprodﬁction méthod the overall length

15 © of the particular code seguence conta:.ned in thn synchron:\.za—

tion code thus transmitted wn.ll remain constam. even when the

threshold value fluctuates when the code sequence transmitted

to the reproduction apparatus is read as an analog signal

. - . containing the code sequence as information, and lthe analog

20 - signal is converted to a digital code seqﬁence. ' The £requency

control step of the data reproduction lmethod uses this

constant particular cods sequénce length to control the

frequency of the read clock so that in the time-series binary

code seguence read synchronized to the read clock, the total

25 number of bits of one code value in the maximum length

consecutive bit sequence and the biﬁ .sec.;uence on one known

side of said maximum length consecutive bit seguence matches



code, and the address expressed by the code word sequence of whi ch
the first word is thecode—word transmtted tnmediately 25 fol |l ow ng

t he synchroni zati on code. By the data reproduction nethod,
the overall length of the particular code sequence contained in the
synchroni za- WD 96/ 31881 L JPOG/00879
P>CIJT/JP96/ J¥Qre31881 - 97 - PCTaPIon code
thus transmtted will remain constant even when the t hreshol d val ue
fluctuates when the code sequence transmtted to the reproduction
apparatus is read as an anal og signal - 98 - containing the code sequence
as information, and the anal og 5 signal is converted to a digital
code sequence. It is therefore al so possible referenced to the

ition of th i dentified i cul to reliapl
reproduce the  PredEFERiAS 'rﬁa}ﬁ%ﬁ%%%fi?nﬁ%%?«?%&%@&ﬁ&ﬁ%%éc%o .
coae, e (0] 8 C I A

ot el y  10P2ECRETT e s et Bherinl D ORSMRL S GONTLLAE,, Moee

expressed thitt i £ QR \Wud FaNNENTS tie Wokehvhige f#d:S whtRhdmaRidndie
code - word transmtted i mediately foll ow ng the synchronization

code. and mininfyn tlimidat are epedichent ifor phéhonbéheioeenabtutrgt h
15 of the particul ar code sequence contained in the synchroniza-

ti on code Bhus PibAskhat ceRM aDPeaEHNN thenBsrANSYRGRIPIHFAT ione code infor-

t hreshol d val ue fluctuates when the code sequence transmtted to the
reproduction apP8F&®®s is read as an anal.og si gnal contai ning the

code sequence as infornﬁtg}él)_hq:eh- .%ogll-goﬁﬂggthgc%%ﬁdr zlﬂsﬁ@e&ir%ﬁ%tgﬁ‘véyeégﬁeto

a digital code sequence. _ requency _
reproduction nmeghed H&®odutitSon met hod 015 lalle E%rébfﬂé@izﬁﬁﬂ%wﬁ@ﬁyéﬁE%é-

| ength to control the

tion shift between the data transmission speed and the read

10 clock frequency. It is therefore possible to even more
reliably reproduce the type infqrmation contained in the
synchronization code, the beginning separator for the code
woxrd transmitted_immediate;y following the synchronization
code, and the address expressed by the code word sequence of

15  which the first word is the code word transmitted immediately
following the synchronization code.

In the data reproduction method, the overall length
of the partiéular code seguence contained in the synchroniza-
tion code thus tfansmitted will remain constant even when the

20 threshold value fluctuates when the code sequence trénsmitted
to the reproduction apparatus is read as an analog signal
containing the code sequence as information, and the analog
signél is converted to a digital code sequence. Thereiore,
ihe drive speed control step of the data reproduction method

25 uses ﬁhis constant particular code sequencé length to control
the drive speed of the recording medium so that in the time-

series binary code sequence read synchronized to the read



frequency of the read clock so that in the tine-series binary code
sequence read synchronized to the read cl ock, the total 25 nunber of
—bits—ef—enre—eode—valdve—tn—t -henaxT mum TENgL n. consecutive bit
sequence and the bit sequence on one known side of said maxi mum
| engt h consecutive bit sequence mat ches PCT/ JP96/ 00879
WO 96/ 318% - 98 - peT/IFogAser M ned .
val ue bas on ?%e overall length of the particul ar code sequence in
t he synchroni zati on code. Note _ that this one code value is the code
val ue for which maxi num and mninumlimts are defined for the nunber
of consecutive 5 bits that can apped&® rn the non-synchronization code
i nfor- mat i on. By thus controlling the read cl ock
frequency, - the data reproduction nmethod is able to correct any

Synchr oni za- - c1oexti @heSNidila1DehiBER. L@ 2k def AR SRl SRREG A1 4 he

read 10 réquenc I'S therefore possi even nor

reliably reproaia&smhh\eléﬂeﬁl |dHr%%ELOQ Kt segiefct Nadd'&he bit sequence
synchroni zation code, the beginning separator for the code rd
transmtted i moadiatee| kndwrl | siMergof heasy noaximum alength consthe,veariuiﬁ he
address expressed by the code word sequence of 15 whi ch the first word
i s the code woSEIVPRRSNTREERES rﬁnRﬁe&]féF?jmme‘i vElyle dpsg Phethe overall
synchron| atlo cod dat a repr.oducti on net hod, the

overal | gth ngtg ?ﬁ ﬁq$épﬁﬁFf?¥iﬁ F°§8cﬁ??ﬂ§ﬁﬁ§n&ﬁ 59?h§§?ﬁ€ﬁ°?+??qﬁ?n
synchronl za- coge, ﬁﬁag flu ﬁ?ér&{?@otdtee@a%h éncSé’é‘S\;ﬁ'{}e Esrk

when the 20 resho uct uat es when the co e sequence

t_ranslrri tted whlcht fakifu PP RIGinAR DR Aldre idesioad 85raPthé R
si gna o

of consecutive bits that can appear in the non-synchronization
code 1n:ormatlon | |

-10: By thus controlling the record:.ng medlum drive
=speed, the data reproduction method is able to correct any
“*gynchronization shift between the recording medium drive
speed, i.e., the transmission rate of the time-series
information, and the read clock frequency. It is therefore
15 possible to even more reliably reproduce the type information
contained in the synchronization code, the beginning separatoyx
for the code word transmitted immediétely following the
synchronization code, and the address expressed by the code
. - word sequence of which the first word is the code woxrd

20 transmitted immediately following the sync.hroniza.tion code.
The invention being'thus described, it will be
obvious that the same may be varied in many wa.ys.. Such
variations are not to be regarded as a deparﬁui‘e from the
spirit and scope of the inventionm, énd all such modifications
25 as would be obvious to one skilled in the art are intended to

be included within the scope of the follbwing claims.



cont ai ni ng the code sequence as i nfornmation, and the analog si gnal

is converted to -a-di-gital—code seguence. Thef ef ore, THTS’SHEE'F’H@E QE%RIE d

control step of the data reproduction nmethod 25 usep thi ﬁ
([l aYayay

particul ar code sequence |length to control t he trtve f.th
recordl ng so that in the tinme- series bina Mﬁnﬁgquence

r ead ﬁ%f#@éd to the read WO 96/ 31881 et

PCT/JP96/ 00879 - 99 - cl ock, the
total nunber of bits of one code value in the maxi mum | engt h
consecutive bit sequence and the bit- sdfuence on one known side of
sai d maxi nrum | ength consecutive bit sequence m ned
val ue based on the overall 5 length of the partlgimlm “Em Hﬂﬁ&ﬂ e in.
t he synchroni zation code. Note t IS one code val be ¥s ¥ he code
val ue for whi ch . maxi num and m ni mts are defined for the
nunber of consecutive bits that can appear in the

non-synchroni zati on code information. 10 By thus
controlling the. recordi ng m@ekieNedbf ifanufactuteeedmpiigistal a reproduction
method is able to correct any synchroni zation shift between the
recordi ng medi um dra weproducespesable recordirg medinsnhseimn a rapeoduer t he
time-series i nformation, and the read clock frequency. It is

therefore 15 rem%%lee)lced@oem%rtéerewatﬁa}dr sppoedecey readppée code

I nf or mat i n nt ai, Cglg | n t he E%/nchrom zati.on code, the beginning
separ at or in ‘F%’r dQEWBREREFSIRS COERTERHRSi atel y fol | owi ng the

synchroni zati on code, 9"3%95@? XU %(}q, )ﬁeégglggg traﬁe‘é\f{;{j

sequence of which the f| e code “wor rAnsHi
i medi at el y f okh Ophid-ine b&%EhO%Q%MMQQatlon codes; and  Ihe

I nvention being thus described, it wll
data codes fllled. in said interval between two
synchronization codes;
10 said data code being formed by a plurality of ON
markings tepresenting a first level of a binary code and OFF
markings representing a second level of a binary code, a

maximum length of a continuous marking in said data codes

being limited to T

max+ and a minimum length of a continuous

15 marking in said data codes being limited to Tmin’
said synchronization code being formed by a
plurality'of ON markings representing a first level of a
binary code and OFF markings representing a second level of

a binary code,
20 ‘said synchronization code comprising an identifier

having =2 continuous marking with a predetermined length

T

max+NT in which n is an integer egual to or gr=ater than 2

and T is a unit length representing one binary code.

2. An article of manufacture according to Claim 1,
25 wherein said Tmax is 14T.
This Sheet Has Been‘ieilaced




obvious that the sane may be varied in many ways. Such vari ati ons
are not to.be regarded as a departure fromthe - .. spirit and scope of

, ‘and—att—suchrmoditTcati ons. 25 as woul d be obvious to one
skrlled |n the art are intended to be included within the scone of °
t he follomnng ¢l'ai ms. -CLAI M5

1. %ﬁyﬁml e of manufacture conprising: pc-mpgmgducer
usabl e recordi ng medi um havi ng a reproducer readanle tode—enbodi ed

therein, said reproducer readabl e code 5 in i
manuf act ure conpri si ng: ynchron ulﬁg Hi&u i ded
along a track with an interval~ B®wsen two syn odes;
and data codes filled in said interval between two
synchroni zati on codes; 10 said data code being fornmed by a
plurality of [ r S v nary code
and OFF Or\f“nrkl ngs rﬁe%r e%gzﬁ%?%g%a%egéadé‘om%ggfggél Elc%gr&bniary Egﬁ é
WHX|nun1Iengthwﬁég&lgogahaugus ngg kigag i n said data codes belng
limted to T[err], and a nlnrﬁﬁnrlength of a continuous 15 marking in
sai d data codes berng limted to T[err], : sai d
synchroni zati on code being forned by a plurality of ON markings
representing a%irst |evAn @xticle of piapafpctede andodtingmrki Aysim 1,
representing a second | ey "~ a binary code, 20 ' . said
synchroni zat i off’ Sﬁéncﬁﬁb$|%|+ﬁ)%wr|dent|f|er having, a plurality of
first type binary synbols inserted between two second type binary
symbol s, the number of the first type binary synbols being Tlerr]+nT
in which rgis &n integeragquatitle ObfImali®actBAD dccording aﬂsi d1dsim @ Unit
| ength representing one blnary code.

wherein said n is 3.

6. An article of manufacture according to Claim 1,
“%Wherein said synchronization codes and data codes are formed

-“by an NRZI processing.

10 - 7. An article of manufacture according to Claim 1,
wherein said T, is 3T.
B. -An article of wmanufacture according to Claim 1,

wherein said identifier compfises a2 main sequence and an
addendum following said main sequence, said main eequence
15 having a continuocus marking of the first level with a bit
length T _..+nT and said addendum having a continuous marking
of the second level Wlth a bit length Tmin*WT. in which m is

an integer equal to or greater than 0.

9. An article of manufacture according to Claim 8,
. . o -~ . _\_
20 wherein said T, +nT is 14T. -
o
This Sheet Has B
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2. An article of manufacture rng to daim }—25__ wherein said

Tlerr] is 14T. . === THISLS
An article of. _manuf acture acco§\“ mmmn L ergﬂé%i%ggiﬂ%—:]r]

I's 13T. ; 4. . utact ur e actorthre—t

wher ei n saw@,amﬁlz ’ 5 An article of maneEperesnesTccor di ng
to Caiml, wherein'said nis 3. 6. An article of
manuf act ur e accordl ng to Claiml1l, wherein said synchroni zati on codes
and data codes are forned by an NRZI processing. 10 7.

An article of manufacture according tol@farm 1, wherein said T[err]
Is 3T. 8. An article of manufacture according to Caiml,
wherein said identifier conprises a main sequence and an addendum

follow ng said,gain Seqvﬁ{,‘cgrt%@ig %' %a?ﬁ@ﬂ?@&f° ;%:or&aﬁg]ngo Q4L guous

marking of the first le Tan gaid
addendum havi ng;haregﬁt §8UQUS_ nafnia I}Q 4T. of the second level with a bit
| ength T[err]+ml, in which M3 an integer equal to or greater than
0. .

11. An article of manufacture according to Claim 1,
wherein said data codes are formed by a sequence of code words
5 obtained by 8-15 conversion, said 8-15 conversion converting

every B-bit digital data word to a 15-bit code word.

12. An article of manufacture according to Claim 1,
wherein said data codes are formed by a sequence of code words
obtained by 8-16 conversion, said 8-16 conversion converting

10 every B8-bit digital data word to a 16-bit code word.

13. An article of manufacture according to Claim 1,
wherein said ON marking is a pit formed in a surface of said

recording medium.

la. An article of manufacture according to Claim 1,
15 wherein said ON marking is a physical change added to a

surface of said recording medium.

15. A data transmission method for transmitting an
original data comprising the steps of:

(a)  converting said original data to seguential da:ta

20 codes, said data code being formed by a combination of first

level binary codes and second level binary codes, a maximum

length of a continuous binary codes of one level in said data

This Sheet Has Been Replaced




9. An article of manufacture according to Caim8, 20 wherein
sai d T[err] +nT i s 14T.

— 102
IO An articrg of manuf act ure according t 'Eﬂ%ﬁﬁf@,’ HAS BEEN ‘fnher ei n .
said T[ err] nris 47.. 11. An artitle ofRERAACERCt urd according
to daim1l, = V\/nereln said data codes are forne y ence of code -

wor ds 5W0%Med by 8-15 conversion, said 8-15 convePET/an960#erti ng g

every 8-bit digital data word to a 15-bit code word. 12. An
article of manuffEigSheetdlasBeoOReId0G t 0 Cl aim 1, Wherein sard data codes
are fornmed by a e Words103 - obta1 ersion,
said 8-16 conver - every 8- blt 1 H ||mﬂmlm to a
16-bit code word. An article manuf act une acoord i ng
Caim1l, wherei n Sald O\I marking is a p|t forrred in a‘'surface of
said - recoddsngeingj Ulimited to '%, ., and Aa atimieus cm‘enmmufﬁ:tare
according to Cdaim1l, 15 wher ei n” sai 5\| mar ki ng i s a physical change

added to a con§inpewes himary goflesoptiiong Aevelinin said datastodes bejingdat a
t ransm ssi on net hod for transmtting an - ori gi nal data conpri si ng
(a). converting*BaF89or? gfmixd’ data to sequential’ data 20 codes,.said

ot o002 PELNG, ' Or TBF NeaIRE L A0 ebn don coe, shESyfhaapy godes

and second | evel RUOTS
bi nary codges 0E18Hec$@é’@e:.h§ f@hge&i@:;yaa comb:.nat:.on of f:l.rst 'level binary

codes and second level blnary codes, sald synchronlzatlon code
comprising an 1dent1f1er hav1ng a contlnuous blnary codes of
one level with a predetermlned length Tmax*nT in which n is
an integer equal to or greater than 2 and T is a unit length

10. represent;ng one blnary code; and |
(c) inserting said synchronlzatioh code inté:ﬁittently

+in said sequential data codes.

16. - A data transmi$Sipn methodiacéording to Claim 15,

wherein said"Tl'nax is 14T.

15 17. A data transmission method according to Claim 15,
wherein said Tp, is 13T.
18. A data transmission method according to Claim 15,

wherein said n is 2.

19. A data transmission method according to Claim 15,
20 wherein said n is 3.
20. A data transmission method according to Claim 15

wherein said synchronization codes and data codes ars formad




-103- . codes being limted to T[err], and a mnimum | ength of a
cont i nuous blnary codeg—pi—onre | evel—n sald data-codes bei ng limted
to Tm n; v T ga G "QeneraQ|ng a synchroni zati on code, said
synchronlza- ‘5 thom-code “bei Ag fornmed by a conbination of first |evel

bi nary and-second | evel binary codes, said sy gﬂ&ﬂﬂh&ﬁiion code
conpr|5|ng gﬁﬁgﬂéitlfler havi ng_a plurality. of flrst typep I nary

synbols |nserted betmeen two.second:type: b|nary synbol s, the nunber of the

first Iﬁmﬁe Ruﬂmmg Tlerr]x[err] in mhLep/ggz,,an—rﬂTeQEF’equal
to or greater t a unit.- kemg%h- 10 resentin “&nary
code and serting said synchroniz \\ \‘\\!ﬁ i“\i
ntermttently al sequential data codes.. 1“ * A data
_transn1SS|on ne hod aﬁﬁgrdlqg:to C aim 15, mherern Sai'd Tlerr] is
14T. 15 by %n 9 ssi on method according to O ai m 15,
wherein said T[err] is 13T. - 18. A dapa.transn155|on nmet hod
according to Caim15, ‘wherein said nis 2.: 19. A data
transm ssion method accorgi @ged o driidskion %choahsé&bfaﬁ@ ¢d) di1ik 15,
20. A data transm ssion:nethod aceording to Caim15, wher ei n
sai d synchroni zathiegrinosasd ang (atsa 3aodes are forned
22. A data transm1ss1on method according to Claim 15,
5 whereln said 1dent1f1e‘ comprises a main sequence and an

addendum following said main sequence, said main sequence
having a continuous marking of the first level with a bit
1ength T ax+nT and seid addendum having aﬁcontinuous marking
of the second level with a bit length Tp;,+mT, in which m is

10 an integer equal to or greater than 0.

23. An article of manufacture according to Claim 22,

wherein said Tmax+nT is 14T.

24. An article of manufacture according to Claim 22,

. . ) ‘e a
wherein said Tpi,+mT is 4T.

15 25. A data transmission method according to Claim 15,
wherein said data codes are formed by a seguence of code words
obtained by 8-15 conversion, said 8-15 conversion coaverting

every B-bit digital data word to a 15-bit code worc.

25. A data transmission method according to Claim 15,
20 wherein said data codes are formed by a sequences of code words

obtained by 8-16 conversion, said 8-16 conversion converting



- 106- 30. A data transm ssion apparatus according to Caim 27,

wherein said nis 2. 31. Adatatransms oA—grpgnat us
—accordi ng t o—Carm27; wherer™ sard . m Y \ A data
transm ssi on apparatus according to C aim 27, _ d

synchroni zation codes and data codes are for an NRZI

processi NGyo 9631881 S9- A data transm ssi on appar at Upcafapsiods?0 to )
Cl.aim 27, wherein said T[err] is 3T. ‘-34r~__\‘~\£ngiid

transni ssi on apparatus according to Caim 27 wherein sa entifier
conprises a nain sequence and an addendumf”ﬂ | n
sequence, said main sequence havt®y a conti ”@] the first
|l evel with a bit |l ength T[err]+nT and said addenduh1Havung

continuous marking 15 of the second level with a bit. length T[err]+nf,
inwhich mis t q t9 at.er a 35.

An article of r??a’ﬁﬁ ag'[kﬂir@e dg%g(r‘):ragl ﬁg!:?o och 4 tl% btlg gogﬁ%e?%‘ch sai d
T[err]+nT is 14T. An artlcle of manuf acture according to
Caim34, 20 wherein sajd Tlerr]+[err] is 4T.. REPLACENMENT
SHEET 27. A data transmissi®b apparatus fereryafshittdhgi sl
data word to a 16-bit_ code word. . 27. A data transm ssion

appar atus for PFagRa} tdatg¢ sRmprising:

converting means for converting said original data
S ‘to sequentiai data codes, said data code being formed by a
combination of first level binary codes and second level
binary codes, a maximum length of a continuous binary codes
of one level in said data codes beinj limited to Thax+ 204 2
minimum length of a continuous binary codes of one level in

10 - '7said data codes being limited to Tmini | |
generating means for generating a synchronization
code, said synchronization code being formed by a combination
of first level binary codes and éecénd'level binary codes,
said synchronization code comprising an identifier having a
15 continuous binafy.codes of one level with a predstermined
length Tmax+AT in which n is an integer equal to or greater

than 2 and T is a unit length representing one binary code;

and
inserting means for inserting said synchronization
20 code intermittently in said sequential data codes.
28. A data transmission apparatus acco*d" ng to Claim 27,

. . . . a
wherein said Tmax is 14T.

29. A data transmission apparatus according to Claim 27,

wherein said T. .. is 13T. .
max . This Sheet Has Been Replaced
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original data corrprl si ng: o converting nmeans for converting
said origi nal data - B_Lo_sequent—l-al data codes, said data code being

formed by a = ¥ conbl it T on of fiTst level binary codes and second |evel
bi nary codes, _a raxi fut| engt’h of a continuous binary codes of one

| evel in sald dat a codés “Bei ng limted to T[err], and a PCT/IPS LAy mum

| engt h of WO huous bi nary codes of one level_in 10 sal ata codes
being limted to T[err]; .. generating neans ating a
synchroni zati on code sai d synchroni zati onummm d: by a
conbi nati on of first |evel binrangecedes an ﬁ"mm Wnary
codes, ' '

sai d synchronlzatlon code conprising an identifier having a pIurallty
of first type hinary synbols inserted between two second t bi nary
synbol s, the nuifber  of tﬁedafqarEFa’Pﬁﬁbbs%ﬁ%F?Pﬁ%'b?§°S€Fﬁgng to CIFERA7+nT
in Wnichnls q{hlréteg qlg tﬁ) or greater than 1 and T is a unit
I ength representing oné? r§/ code; and inserting’
means for inserting said synchr oni zation 20 code intermttently in said
sequential data codes. 28. A data transm ssi on apparat us
according to Czmi.m 27, A data vbsishissidrdapparatus ackbiding to Ciaind®7,

A data transm ssi on apparatus according to C aim 27. wherein said
T[err] is 13T. wherein said n is 3. -106- 30.

A data transm ssi on apparatus according to C aim 27, wherein said nis
2. 31. A data transm ssion apparatus according to Caim 27,

wher ei n saé dn 3' A data transmission apparatus according to Claim 27,

wherein said synchronization codes and data codes are formed

by an NRZI processing.

33. A data transmission apparatus according to Claim 27,

wherein said Tmin is 3T.

10 34. A-data transmission apparatus according to Claim 27,
wherein said identifier comprises a main sequence and an
addendum following said main sequence, said main sequeﬁce
'having 2 continuous marking of_the first level with a bit

length +nT and said addendum having a continuous marking

“max
15 of the second level with a bit. length Tmin*™T. in which m is

an integer egual to or greater than 0.

35. ~ An article of manufacture according to Claim 3%,

whersin said T +nT is 14T,

35. An article of manufacture according to llaim 3¢,

20 wherein said T _._+wT is 4T.

Sheet Has Been Rerlaced
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5 32. : A data transm ssi on apparat us accordi ng to C aim27,
wherein said synchronl zation codes and data co T"%@ﬁ by an
34RE

-NRZI—-—proces _ 3= us a cordl ng to.
Claim?27, - V\}nereln said T[err] is 3T. 10

transm ssion appar at uﬂmﬁmmuﬁlmtﬂl aim27, .* wherein said i dent ifier
conpri ses sequ ! addendunlfolIomﬁngcﬁﬁbgwmyl1

M S
s_equence,wg’%%l n sehue‘nce“ ; haV| ng a cont-ﬁwous—lﬁﬁkl—ﬁg—e#—{—he fi rst
|l evel with a bit length T[err]+nT and said aghd o] Sf‘ﬁ’le
continuous marking 15 of the second level with a Qiitm lﬁ‘ﬁ e(grr] |n

which mis ~an integer equal to- ot0great er tha
article of manufacture according to Cai m 34, T[err] +nT
s 14T. ©. ... 36. - An article of manufacture according to C aim 34,

20  Wherein spj ¢ TLETTh datbgidransmigsop ARRarAtte, P SRS FR AR 231 di ng

to Caim?27, wherei V‘Qﬂ& gagaaié&ag@a@e%)m@w L AR 8r SESHEREaef

code words tal ne conversion, “said 8-15 conversion
converting obtalﬁ!GFMYSBiMH cdn@eialoflatsnidpBd 150cnddrdlidn CtieerREiflg

5 38. A data transm ssion apparatus according to C aim 27,

wherein said da)m:}’c@dbstadmfualnédtbywarémaﬁdé-bhtcgdéewmx%

obt ai ned by 8-16 conversion, said 8-16 conversion converting every
8-bit digital dat a wordtoa16 bit code word. 39. A data
POt O B0 o A eER! Prids13R arthracud AOLER:IRLS d13R 27,

wherein said data ‘codes are formed by'a sequence of code words
obtained by 8 16 conversion, sald 8- 16 conversion converting

every 8-bit digital data word to a 16-bit code word.

CUF9. ‘A data reproduction method for reproducing an

10 original data from a sequential date'codee intexrmittently

inserted with a synchronization code, said sequential data

codes and synchronization codes beihg\et6red in a recording
medium, | B )

said data code being formed by a combinacion oOf

15 first level binary codes and second level binary codes, a

maximum length of a continuous binary.codes of one level in

said data codes being limited to T and a minimum length

max’ _
. of a continuous binary codes of one level in said data codes
being limited to Tg;,.
20 said ‘synchronization code .being formed by a
combination of firs: level binary codes and second level
binary codes, said synchronization code comprising an
identifier having continuous'binary codes ef one level with

a predetermined length Tp..+nT in which n is an integexr equal

25 to or greater than 2 and T is a unit length represencting one




inserted with a synchronizatidn code, séidxéeqUenfia dat a codes and

synchroni zati.an_codes-Belng-st ored—-n aireeordi ng 'ﬂﬂSBHEEPHASB EN
sai d data code“bérng formed by a conbination of = 15 fi rggp,_hgmgl Ebl n

ary

codes and second | evel “binary codes, a ;. maxi mul

conti nuous_bi nary codes of one level in ' sai-d.dat a s _bei ng
linted to% F¥, and a_m nimum | ength of a contlgu §§m§Wﬂ%ry codes
of one level in said data codes ° being limted to T[err], 20

sai d synchronﬂhaShﬂﬂhsBedékmhain formed by a combi-mat+-on—of
first |evel b|n econd l-euel - blnar

synchroni zat i on | ng an I dentifi "!ﬂggﬂﬂ“@ﬂ&'ﬂ’mal ty
of first type b|nary sy 0 s |nserted bet ween t:wo

synbol s, the nunber of the first type binary T[err] in which nis an

I nt eger equal blnan%yﬁﬁﬁhs being 25 . to or greater than .1 and T is a
unit length representing _on code;

sai d method conpri sing said metho?eﬁ°ﬂﬁ§ﬁé&??nbh§afEF? £§%1'fier by
detecting said &]aqontdb@HEl:'ﬁ '”Qé Coﬂ‘i’éntgffdlata l@’eldet%étnagh said)

separating said synchronization ode rom sa

(c) re-conver tedik idRicwsCBBarp Sbddl RF odat fevel; 40. A dat a
reproducti-on nethod according to claim 39, further conprising the

step of: 20 {(xd) sepadaning maddnsynahrofiziltd oaxtode tixbn said data
synchroni zati on code to detect the |location of said data code
follow ng the code; @ng act ed synchroni zati on code. 41. A dat a

reproduction method &Scognggnvertléa ggta code to original data.

40. A data reproduction method according to claim 39,
further comprising the step of:

10 (d) reading information of the extracted synchronization
code to detect the location of said data code following the

extracted synchronization code.

41. A data reproduction method according to Claim 39,
wherein said identifier comprises a main sequence and an
15 | addendum following said main sequence, said main seguence
having a continuous mafk;ng of the_first level with a bit
length Tmax*RT and said addendum having a continuous marking
of the second level with a bit leng;h Tmin*™T, in which m is

an integer equal to or greater than 0.

20 a2. A data reproduction mnthod acco*dlng to Cla £1,
wherein said detectlng step (a) comprising the steps oi:
(al) generating read clocks at a bit rate of the binary
.code;. |

(22) counting said read clocks during the coatinuous



wherein said identifier corrprr ses a main sequence and an 15 addendum
fol | owi ng 'Sai d nain- sequence said main sequence. havi ng a conti nuous

mar ki ng - of the trrst Tevel mntn a Dt itﬂﬂmﬁ7—¥[err]-aeé—ea#d—addenduﬁp—

of the second level with a bit length -

havi ng a.conti.nlcus: narkrhg
T[err]+[err] in which mis an integer equal to or greater t han O.

20 42. wos&snbia reproductron nmet hod according to Claimé4

wherein said detecting step—{ar—onprising the steps of: nmmmnww (al) i

generating readh%|89&kﬁasﬁginﬁe rat e of the binary

(a2) counting sa Quri ng the :conti- nuou
bi nary codes of M the next tO®&t+ nuous b| lpmg ”,Mlm of
t he ot her | evel (a3) detecting sard tdeh ILf
count ed anmount : .become equal to [err] - A data
further conprising the

Stop ofs ebhaeg ail 09 gy S mdr:rlemmmw eiarkryl a66s by
conparing said oﬁu&ertéliewrlTe wahthy f} qPredeterm ned anount and
0

appl ying a difference therebetweén a voltage control 10 oscillator.
further

A dat a reprﬁiﬂ)Ctdmcmhboﬂaﬁ&CPdéHtrﬂﬁte% gg hmhﬁ?at’?'dﬂﬁ?d VAT y

conprising the gégmof (e) controlll.
e
of a recording equel to (Tmax+nT)+(Tmm+mT)
5 43. A data reprod |
pro uctlon ‘method accordlng to Claim 42,

further comprlslng the step of
(e) controlllng the frequency of sald read clocks by
comparing said counted amount w1th a predetermlned amount and

applying a difference therebetween to a voltage control

10 " "“‘osecillator.

44. A data reproduction?ﬁethod according to Claim 42,
further comprising the step of?

(e) controlllng a rotatlonal veloc1ty of a recording

medium by comoarlng said counted amount with a oreoetermlnec

is amount and applying a dlfgerence therebetween to a driver for

driving the recording medium.

45. A data reorodu-elon aoparatus for reproducing an

original data from a sequentlal data codes intermittently

1nserted w1th & synchronization code, sald seqguential data

. 20 codes and synchronlzatlo" codes belng seored in a re ecoxding
medium, |

'said data code'beinglformed by a combination of

first level binary codes ang second level binafy codes, =2

maximum length of a continuous binafy'codes of one level in



medi um by conparing sai d counted amount with a predeterm' ned 15 anount

and applying a dlffeLﬁnce_Lherebetmeen to a-gH v é e-w-Ng t he
recordi ng medi um - 45, “A data reprodu t|on f RH&SJﬁchr
reproducing an - original data froma seque Chldes . -
intermttentl inserted with a synchronlzatlon codg,CT guenti a
data 20 W 881 am:l\synmm"r—codes being stored in a recording
medi um * This ShestHallBEAk: Iafg{je bei ng fOI‘Tf'Eﬁ“bTTC‘Oﬁ“b'r—H-a-E—I—O-n of
nBX|num

evel blnary ﬂ"

first level binary c
| ength of a conti nuo Hﬁﬁ ~ofixme | evel i ,Eﬂlﬂ I’
Substitute sheet d data codes beisngec

and a n1nfﬁun1|ength - of a continuous binary codes of one IeveI
sai d data codes ing limted.to Tlerr]

synchr oni zat i oRdGaE bR ﬁad?%rtrﬁéalsb}:t&lts toc&mvnaqdoﬁ Frioims; leagsh
bi nary codes a e eyve Y. de n t|on
code conpr|5|2§ iaggﬁ@kﬁuous QﬁnaFYfF %%§§|%§ af% ura ¥?%?%%5F° ype
bi nary synbol s HeRsgr i $flited to @€t Ween two second type b| nary synbol s, the
nunber of the first type bi nary™™® Tlerr]+nT in which n is an integer
equal synbol s bei ngnid syrnchrohigiaebdrer ddten bednd Tibgmadunby | angth
representing one 10 bi nary code; sai d appar at us

conpri si ng combination ofddtigsti dgvedakinpyy ddest ianf ssedondleheiveler
by det ec%% sai d continuous binary codes, of one |evel;

separating nea BY sEPIESt i ipichi FYSFRERRFRLARM oFodes copgydSirgm 88j d

data code; andidentszeﬁa?%ylng é%n%gﬂﬁgu§'£§h4¥§ﬂgﬁdg%ro%eoﬁgnlgbginglgﬁta

code to - origina
a predetermined length Tnaxt?T in which n is an integerx egual

rl
|

n

‘to or greater than 2 and T is a unit length representing one
10 binary code; |
. said apparatus bomprising:
detecting means for detecting.said identifier by
detecting said continuous binary codes of one level;
separating means for separating said synchronization
15 code from said data code; and
re-converting means for re-converting data code toO

‘original data.

46. A data reproduction apparatus accoxding to Claim 45,
further comprising:

20 (d) reading means for reading information of the
synchronization code to detect the location of said data code

following the detected synchronization code.

47. A data reproduction apparatus accoxrding to Claim 45,
vherein said identifier comprises a main seguence and an

25 addendum folliowing said main sesquence, said main seguence



46. A data reproduction apparatus according to C ai m 45,
conprising' 20 o ”.-(d)~ reading neans for reading information
—the— - i : ‘otte—to—detecr—rhe—ocati on of Said data code

foll owi ng; fhe detected synchroni zati on code. 47. A data

reproduction apparatus according to d aim 45,

conpri Sesyuih ;@& (Sequence and an 25 addendum f ol | ow ngcpabednted N
sal

of

further

wherein said identifier

sequence, mai n sequence WO 96/31881

PCT/ JP96/ 00879 _ -1117——————havi-ng-a_

continuous marking of the first level wth a b|t_ . T[err] and
sai d addendum havi ng a conti nuous ner Rilag- ' JM‘I \ vm th a
bit I ength T[err]nﬂ in which mis an |nteger*eq ter

t han O. A data reproduction apparatus accordlng to Claim
47, e|n said_detecting r

gener at i'ng rrea e %e‘ﬁ%‘?%?ﬂ"’t‘?é‘sr

bi nary code;

conti nuous bi neff {tHe0desonll 1&eeDtidh hewet  18wgkh T

e tont PA¥OUS D inary co es of one e nex

SRFPGCRE ey Bt level e o e
Jengeh T anr s Ui 9QHRASN Rl SR LR PAL.L GaGLCks

+mT, in whidEhslki Ng

means for detecting said identifier when t he "8unt éd anount becone
equal to [err]an integer éQual to ur(gmaateeptndmcujon apparatus according to

15

wherein said generating neans conpri ses:

conparator for conparing said counted amount with

during 10
Cl ai m 48,

5

10

15

20

48. A.data.reproductidn apparatus according to Claim 47,
wherein said detecting meane comprising:

generating means foi generatiné read clocks at a bit
rate of the binary code;

counting means for counting said read clocks during
the continuous binary codes of one level and the next
‘continuous binary codes of the other level; and

detectinglmeans for detecting said identifier when

min'fmT) .

the counted amount become equal to (T, .+nT)+ (T
49. A data reproduction apparatus according to Claim 48,
wherein said generating means comprises:

a comparatox for comparing said counted amount with
a predetermined amount to produce a difference therebetween;
and |

a voltage control oscillatof for controliing the

frequency of said read clocks by said difierence.

50. A data reproduction apparatus according to Ciaim 48,
wnerein said generating means comprises:
a drive controller for controlling the rotational

velocity of a recording medium by comparing said counted

a



a predeterm ned anmount to produce a difference therebetween; and
a vol tage control -esecitdater—for controllingthe 20 frequency of said
read cl ocks by said difference. 50. A data reproduction
apparatus according to C aim48, wherein sai.d generating neans
conpri ses; 0 96/31881 a drive controller for control b

pCiardelofsre
rotationa velocity of a recordi ng nmedi um by _W ed
WD 96/ 31881 S PCT/ JP96/ :

redium at a preceterm ned speea. - a1z - NIRRT

amount with a predetermined amount and driving the recoxrding

medium at a predetermined speed.



