DESCRI PTI ON RECORDI NG MEDI UM RECORDI NG METHOD AND APPARATUS, AND
REPRODUCTI ON METHOD AND APPARATUS Technical Field 5 The

present Tnvertion relates to a recording mediumtor recording data to which
a synchroni zati on code contai ning various control information is inserted, #
and to a recording nethod and apparatus, and a reproduci ng net hod and
apparatus therefor. 10 Background Art Data recorded to a magnetic di sk,
optical WOMBIEP ot her such recording mediumis convent?%ﬂﬁ?ﬁ?ngcorded
with parity bits or other redundant bits added to enable correction of
reading errors occurring in the data during reproduction. 15 VWiile this
enabl es error correction processing to,be applied to the reproduced data,
demand has grown in recent years for nbre robust error correction
capabilities. One nethod of inproving the error correction capability is
to increase the nunber of redundant bits added to the data. Increasing the
20 number of redundant bits is notpgserrprmoRrly desirable, however,
because of the reduced recording density this inplies. One net hod of
improving the error correction capability w thout also increasing the size
of the error correction code is to increase the size of the data unit to
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T ical Fi
5 The present invention relates to a recording medium
for recording data to which a synchronizgtion code containing
various control information is inserted, and to a recording
method and apparatus, and a reproducing method and apparatus

therefor.

10 Background Art
Data recorded to a magnetic disk, optical disk, or
other such recording medium is conventionally recorded with
parity bits or other redundant bits added to enable correction
of reading errors occurring in the data during reproduction.
15 While this enables error correction processing to be applied
to the reproduced data, demand has grown in recent years for
more robust error correction capabilities. One method of
improving the error correction capability is to increase the
number of redundant bits added to the data. Increasing the
20 number of redundant bits is not particularly desirable,
however, because of the reduced recording density this
implies. One method of improving the error correction
capabiiity without also increasing the size of the erxor

correction code is to increase the size of the data unit to



5 data bl ock conventionally used as the processing unit for error

correction processing. Each data bl ock conprises 32 sectors, an attribute
ILne and a parity bl ock. Each sector conprises four lines; to each sector
| i*ne are witten 129 code words identified as 10 Di,0) - D(i,128), each
code word equivalent to one byte of data, and sixteen parity code words
P@,0) - (‘902%‘ 88%br- responding to the data bytes. Note ‘E%‘H”"?“m
represents the line nunber in the data block. Lines O - 3 are assigned to
sector 1, lines 4 - 7 to sector 2, ... and lines 124 - 127 to 15 sect or
32. Each sector thus has a 516 byte _cgpacity, including 512 bytes of user
data and 4 bytes of CRC code data. Line 128 is the attribute line to which
the block attributes and the attributes of each sector in the block are
recorded by data bytes D(128,0) - D(128,128). Parity words 20 P(128,0) -
P(128, 15) for(ﬁh@@hbﬁt&prD@éiBeémien[irbhhahaap dseappibedecoFdedekamples
128. As a result, 129 code words of data D(O, i D(128,j) (where O err] ]
[err] 128), an®rexdabadelagk agymowqaeypaaﬁ FS(e@tI@)r& #pd tgie par

[err] k [err]Vé#Q are thus witten col umwi se, to the data block

Si xt een code 1468 ﬁﬁrF$§ - (ictfreftm@('*.‘ﬂﬁc’f?s‘f’cﬁg 4 5ol urmwi se dat a

d 0,j) - 128, J d
V(':)(Dr15,SrT)D((vth)ere ?(29 [era] [eﬁr?]lqs0 %)Edf 8? ?ﬁ%@%ﬁ?ugnhvﬁo?e tSerfg?*gt%P me

P(0, k) - R(128daka BN iddrientichlg1patisbil RlOthe 3&&@&%@ Ighidsstaned
to each data bl ock containing 5 the code words and parity words arrayed
as descri bed alkower correction processing.

Each data block comprises 32 sectors, an attribute

line, and a parity block. Each sector comprises four lines;

to each sector line are written 129 code words identified as

10 D(i,0) - D{(i,128), each code word equivalent to one byte of
data, and sixteen parity code words P(i,0) - P{i,15) cor-

responding to the data bytes. Note that "i" represents the
line nmumber in the data block. Lines 0 - 3 are assigned to
sector 1, lines 4 - 7 to sector 2, ... and lines 124 - 127 to
15 sector 32. Each sector thus has a 516 byte capacity,
including 512 bytes of user data and 4 bytes of CRC code data.
Line 128 is the attribute line to which the block
attributes and the attributes of each sector in the block are
recorded by data bytes D(128,0) - D(128,128}). Parity words
20 p(128,0) - P(128,15) for data bytes D{128,0) - D{128,128) are
alsoc recorded to line 128.
As a result, 129 code words of data D(0,3}) -
D(128,3) {(where 0 < j = 128), and 129 code words of parity
data P(0,k) - P{128,k) {(where 0 = k = 15}, are thus written
25 columnwise to the data block.
Sixteen code words of parity data Q(0,3j) - Q(15,3}

for the columnwise data words D{0,j) - D(128,J), and 16 code



and is witten to a particular location on the recording medium However,
because the address is only witten to the begi nning of the data bl ocks

thus formatted, and an addreSs IO IS not added to each sector, access _
and search tinmes both increase as the bl ock size increases. Mire d

specifically, if data reading starts fromsome mdpoint in a block, it is
not possL&*g det erm ne where in what block data readin Istarted. It is 7
t herefore ary 15 to always start reading fromt Jﬁgﬂpﬁﬁing of the
data bl ock, making it necessary to wait ‘until the address at the begi nning
of the block is recogni zed when accessing any particul ar bl ock. Because the
address can only be determ ned when.2§ . reading starts at the begi nning
of a block, the average tinme required for an address to be read increases
as the block size increases. This nakes searches take longer. Wiile it is
possible to add a franme nunber to each franme as a neans of reducing access
time, the coderfsr @fnparivy data (bmt teRIA5tB) exphere 129 £ rmane Mdibers,

and the recording, density of the recordin di.um drops .hecause these code
mords st - o1 Bae dlutnted og e feoneran o Qo Tun( I H e Rra e it tambor s
cannot be usecgJ ft s §?¥%g%tﬁo&ynct ion. Disclosure of Invention Therefore,

0

the primary ] eC present invention is to provide a recording

medi um to which inforﬁnﬁiéaazie%srf&%rs@&gneaiweacm&é&at BAekkO8Mtaini
synchroni zati on code that 5 enables a data structure achieving alhlg error

correcti®n capabidddey woirBoghd rgsiticiynwdxides aeeayddngs deesctibed {Bovd)er

object of the invention is to provide new nethods for recording and
and is written to a particular location on the recording
medium.

However, because the address is only written to the
beginning of the data blocks thus formatted, and an address

10 is not added to each sector, access and search times both
increase as the block size increases.

More specifically, if data reading starts from some
midpoint in a block, it is not possible to determine where in
what block data reading started. It is therefore necessary

15 to always start reading from the beginning of the déta block,
making it necessary to wait until the address at the beginning
of the block is recognized when accessing any particular
block.

Because the address can only be determined when

20 reading starts at the beginning of a block, the average time
reqguired for an address to be read increases as the block size
increases. This makes searches take longer.

While it is possible to add a frame number to each
frame as a means of reducing access time, the code word must

25 be lengthened to express all frame numbers, and the recording

density of the recording medium drops because these code words

must also be added to each frame. 1In addition, these frame



reproduci ng the information recorded with said synchroni zation code. 10

Actordingly this inventionm provides a reproducer readable article of o

mgnuf act ure conprising: a reproducer usable recordi ng nmedi um having a

r épr oducer readabl e channel signal enbodied therein, said reproducer
readabl e channel signal in saiderﬁﬂggﬁ ure 15 conprisin
synchr oni zaWP3H3W8%es provi ded alfong F Eg n |nteL§S£§EEﬂmE§ﬂ_tmo -
synchroni zati on codes; and data éades |n saj d interyal betmeen tmo
synchroni zation codes, said data codes conprising a sequen

20 sai d synchronlzatlon code conpyi sing an identifier l

particul ar pattern distinguishable fronlany data in said-da

type information code representing a type of synchronization code; sald
channel signal generated in a sequence of said synchronization codes and
sai d data codesumbers cannobhecseiuseshifbrt pog other nfinamiconde is a code
specifying a | ocation of the correspondi ng synchroni zati on code in a data
bl ock. According to the present invention, a recording nmethod for recording

a sequence of cqode_words to a recordlng nedlun1 in which a plurality of
code words for PlEchpsuEe QElOVenLlan ol ity of franmes forma data bl ock

sai d nethod conpri ses st g YN oni.zatiaqn
codes at a begi nning of an%r {&%rese ect%ﬁl&gg%es 1"n tc:lsal Fgébl r{%eéﬁ»
addi ng an i dentjinflegtieRdgst %oeg, v§ééda3¥-EEBf@ﬂh§3me§ium tEd O L es of @y -

di scrim nating the synchroni zation code fromother codes in the data bl ock;

(c) adding a t maeibnf dshatdcnrdeddasiageac mixiidunctional synchronization

"‘I

code that enables a data structure achieving a high error
correction capability without reducing the recording density.
A further object of the invention is to provide new
methods for recording and reproducing the information recorded
10 with said synchronization code.
To achieve the aforementioned objects, an article
of manufacture according to the present invention comprises:
a reproducer usable recording medium having a reproducer
readable code embodied therein, said reproducer readable code
15 in said article of manufacture comprising: synchronization
codes provided along a track with an interval between two
synchronization codes; and data codes filled in said interval
between two synchronization codes, said data codes comprising
a sequence of code words; said synchronization code comprising
20 an identifier having a particular pattern distinguishable from
any data in said data codes, and a type information code
representing a type of synchronization code.
According to the present invention, a recoxrding
method for recording a sequence of code words to a recording
25 medium, in which a plurality of code words form a frame, and

a plurality of frames form a data block, said method comprises



synchroni zati on code for indicating a type of synchronization code based on
the position in the block where the synchroni za- 10 tion code is

Tnsertion; @nd (d) outputting ror recorarng the data bl ocks To whi chThe"

synchroni zati on codes have been inserted. According to the present .

i nvention, a recording apparatus -for recording a sequence of code words to
"a 15 recording medium in which 'a pluraliity of code words forma frane,
and a pYAYABH’, of frames forma data bl ock, said appRGHIREWEMpr i ses:
inserting means for inserting synchro- nization codes at a beginning of and
at preselected places in said data bl ock; first adding neans for adding an
I dentifier 20 code to each said gynchronization code for discrimnating
t he synchroni zation code fromother codes in the data bl ock; second addi ng
means for adding a type information code to each said synchronization code
for indicating a type of synchroni- zation code based on the position in
t he bl ock wiler estepe 25: synchroni zati on code is insertion; and outputting
means for outputting the data bl ocks to which the synchronization codes _
"have been insertl@ fépsereingsipahroniratieroredes s Upeginnins ®fing to
t he present_invention,.a repraductiqgn nethod for reproducing information
froma reccﬁrﬁfﬁg‘ PESPEH%’?%‘Pi &P S Sﬁ?“ga‘g?tcﬁl t@tﬂﬁg‘s provi ded al ong a
track with ani rv : -zat j S d data codes 5
filled in said .r‘?]’? ergg?%%%%ﬁgﬁeﬁfg%%&%nﬁéa%%nggggessﬁé}g%n%ﬁfa codes
conprisi ng i cre BERCE A 1MBhEEing ot He SYPRERAN ZAIUQN QMR TR | Sing
an identifier having a particular pattern distinguishable fromany data in
sai d dat a cahey, caddsainyylee iddtar Mdbickp code specifying a | ocation of

(c) adding a type information code to each said
synchroniéation code for indicating a type of éynchronization
code based on the position ir_x the block where the synchro;xiza-

10  tion code is insertion; and
(d) outputting for recording the data blocks to which
the synchronization codes have-béén inserted. )
According to the present invehtion, a recording
apparatus for recording ‘a sequence of code words to a
15 recording medium, in which a pluraiity of code words form a
frame, and a plurality of frames form a dia—t_:a' block, said
apparatus comprises: inserting means for inserting synchro-
nization codes at a beginning of and at': _pr"eselected places in
said data block; first adding means for adding ;ﬁﬂidentifier
20 code to each said synchronizatioh code for discriminating the
synchronization code from other codes iﬁ' the data block;
second adding means for aéding a type infoxrmation éodeﬂto each
said synchronization code for indicating a type of synchroni-
zation code based on the position in the block where the
25 synchronization code is insertion; and outputting means for

outputting the data blocks to which the synchronization codes

have been inserted for recording to said recordiﬁg medium.



10 t he correspondi ng synchroni zati on code in a data bl ock, said nethod
conpri ses the steps—ofT (a) detecting sai d syachroni zati on code by
detecting said identifier; and (b) reading said type information code in
sai d synchro- 15 ni zation code to specify the |location of-said
synchroni zati on code and eventual ly specifying the data codes foll ow ng
sapd synchr WQ%2¥8Bn code in the data bl ock. According to PREIBIHER

i nvention, a reproduction apparatus for reproducing infornmation froma
recordi ng nmedi um 20 storing synchronization codes provided along a track
with an interval between two synchroanq;Lpn codes, and data codes filled
in said interval between two synchroni zati on codes, said data codes
conprising a sequence of code words; said synchronization code conprising
an identifier having a 25 particul ar pattern distinguishable from any
data in said data codes, Awshrdingpecitheo preisent dovenspen) fayinepraductdbhon
of the correspondi ng_synchroni zation code in a data bl ock, said -7-
appar at us conpripetied dker creRpRPIuciRg figforapEdonndroni @ FRFOREIRDZ BePdm

code by detecting said identifier;,.and readin ans_for reading said type
P or mat 1 on codBeilsh Ry SEPORIBRE 16D odRF SO LB pLRg & (i St ofDf
sai d synchroni zafl .@ﬂﬂﬁ qg& q*gn; l; RAY t d C
fol l ow ng said g@%%ﬁ?%%ig%.lon code 1'n F%%E:é?gggﬁo%éagghegggcgé ?nggggaium
according 50 thei PI&S eIl saVENAEVEC Welswded WP idyRitHi®niGalion codes,
synchroni zati on code conprising an identifier code used to discrimnate the
10 synchr oni gaid ofatadeodem neompridirgy a nbetquetdcenctf andde wppds; said

synchronization code comprising an identifier having a
particular pattern distinguishable from any data in said data
codes, and a type information code specifying a location of
10 the corresponding synchronization code in a data block, said
method comprises the steps of:
{a) detecting said synchronization code by detecting
said identifier; and
(b) reading said type information code in said synchro-
15 nization code to specify the location of said synchronization
code and eventually specifying the data codes following said
synchronization code in the data block.
According to the present invention, a reproduction
apparatus for reproducing information from a recording medium
20 storing synchronization codes provided along a track with an
interval between two synchronization codes, and data codes
filled in said interval between two synchronization codes,
said data codes comprising a sequence of code words; said
synchronization code comprising an identifier having a
25 particular pattern distinguishable from any data in said data
codes, and a type information code specifying a location of

the corresponding synchronization code in a data block, said



I nformati on code imedi ately followng the identifier code and identifying
the type of synchroni zation code. It is therefore possible by the present

—imnvention to provide a Tecording nediumto Which iS recorded a codé word 15
sequence containing a particular synchroni zati on code whereby the *
synchroni zati on codes contained in the data witten to the recordi ng nedi um
can be identified and frame synchroni zation can be achieved by detecting
the i den®™295188854es i dentifying the synchroni zation COH@W nf or mati on
of which the type 20 i s expressed by the synchronizati on code and which
expresses sonething other than the synchroni zati on code can be obtai ned by
reading the type information code foltow ng the identifier code. The
recordi ng medi um according to a first aspect of 25 the present
invention records a type information code identifying specifically the
address of the synchronization code in a data bl ock conprising a particul ar
nunber of frapparatus- gonpriisest hedetffegtdingosnedhs [fpxt hdetespbny tsaigr ovi de
a recording nediumto which is recaorded a code wprd sequence containing a

particul ar sPYORPEANIZRTIPN £oHE R SrEBGLIPE sdat Aot idiianicany FemddRgzat i on
de in the data b K . K ' t he t I nf ti

code. The T o BBRAPnEoR UR BB Y SasoLmBERiR Rodel in 00 SVsebERr "

I nvention re%grzgiiaﬂ SO teief Ibﬁéct:ﬁgﬂg:o eiﬁbﬁtioﬁfﬂﬂ Ea@&rﬁaﬁlﬁ}#&or 123al3bh! cul ar

pattern that does not exi st wor d sequence, ns a code

wor d corg ai nedden ahiCevéntualdydepeb fy i@ Whalidaktal BEAES I SRGMRIY saglarting
froma particular position in this identifier code and the type
synchronization code in the data block.

The recording medium according to the present
invention records information using a synchronization code
comprising an identifier code used to discriminate the

10 synchronization code from the other information, and a type
information code immediately following the identifier code and
identifying the type of synchronization code.

It is therefore possible by the present invention
to provide a recording medium to which is recoxrded a code word

15 sequence containing a particular s?nchronization code whereby
the éynchronization codes contained in the data written to the
recording medium can be identified and frame synchronization
can be achieved by detecting the identifier codes identifying
the synchronization codes, and information of which the type

20 is expressed by the synchronization code and which expresses
something other than the synchronization code can be obtained
by reading the type information code following the identifier
code.

The recording medium according to a first aspect of

25 the present invention records a type information code
identifying specifically the address of the synchronization

code in a data block comprisging a particular number of frames.



information code following thereafter. It is therefore possible by this

aspect to provide arecording nedi untto which™iS recorded a code word
sequence 15 containing a particular synchroni zati on code whereby the
syhchroni zati on code can be discrimnated fromthe code word sequence of
non-synchroni zati on codes by neans of the particular pattern of the

i dentifier wose3ssthhe code word fornmed containing the type PEFEP6M8HN code
can be read as one 20 code word of the code word group, and the | ocation
of the synchronization code in the data bl ock expressed by that type

i nformation code can be known, w thout_requiring a special data structure
for reading the type information code,i% the informati on expressed by the
type information code, and the 25 i nformati on expressed by the code word
formed containing said type information code, are recorded with a

particul ar correspondencett Her eherefere possidleThe thiordbperured provide
according to a third aspect of the present invention selects the type

i nformati on code fecwrding amediypete rwhirghatiisomrecondeden preds iwayrd Isequgnee
type information and resulting in the smallest hias in the dc 5
conponent of theCRERRINGT Br RATCIFUAE hiFYREhEgadepEion  &adsy whexehy the

ey ont 220100, 2008 ot RobPSELGAIHD Sl W hberHRER iRy £ °

recordi ng mediu d "Sequencé contaihing a

partiCU|arssynCQﬁ%@%;§$J%€%§i§§f§ngfg Y {6 rhation @68kl on of the

synchroni zation ¢C can be known by reading the type
i nformation code, and whige ireceetessededumcdtem e deeastsdtond aspete dc

conmponent of the

of the present invention records an identifier code specifi-
cally containing a particular pattern that does not exist in
the code word sequence, and forms a code word contained in the
10 code word group with the code segment starting from a
particular position in this identifier code and the type

information code following thereafter.
It is therefore possible by this aspect to provide
a recording medium to which is recorded a code word sequence
15 containing a particular synchronization code whereby the
synchronization code can be discriminated from the code word
sequence of non-synchronization codes by means of the
particular pattern of the identifier code, the code word
formed containing the type information code can be read as one
20 code word of the code word group, and the location of the
synchronization code in the data block expressed by that type
information code can be known, without reguiring a special
data structure for reading the type information code, if the
information expressed by the type information code, and the
25 information expressed by the code word formed containing said
type information code, are recorded with a particular

correspondence therebetween.



reproduction signal reproduced fromthe recording medi umof the invention.
15 Wth the recording nmediumaccording to a fourth aspect of
~The invention, the data bl ocks are specifically divided into plural sectors
of plural frames each, information expressing the sector address is )
contained in a particular frame in each sector, and a type information code
I dentifying 20 the frame containing the sector address information
i s cont aWRP831880 t he synchroni zati on code inserted bef or®¥
containing the sector address information. It is therefore possible by this
aspect to provide a recording nediumto which is recorded a code word

¥

sequence 25 containing a particul a _synchroni zation code whereby the
frame containing the sector address information can be easily determ ned by
reading the type informati on code of the - 10 - synchronization code. It

I's therefore possible to access a particular block at high speed by sinply
readi ng only the type Thef vecarding ceddunf actrrding heoaitddtidoaspede ahd t he
address information, and code word sequences, containing the 5
synchroni zat tiofh RXRREaAnNentien s9laateofbentipei MEqmatisondesfe <Xt ock.

In the recordin hod accpor di to a fifth aspect of the inventjon, the
bl ock start ﬁi‘éﬁ?ﬁ itté@fei oh® ?’é’}l!?%é’ntf’ I%% teﬁ‘@z%gﬁilﬂﬁi for Isé\‘{‘aatw ock
conprisin T h i | 0] Lnsert,l sition
Cont £ piutGmion AddFEsuItth VIR LAY Bkt DB6EOREAL AR ol ORI L

t he synghr onggmbdiehtC @de thieout Hebeinftitiatedn witheh idleplechiifet Coéeiod

I nsertion step then inserts an identifier code
of the synchronization code.
It is therefore possible by this aspect to provide
a recording medium to which is recorded a code word sequence
containing a particular synchronization code whereby the

10 location of the synchronization code in the data block can be
known by reading the type information code, and which is
selected to achieve the least bias in the dc component of the
reproduction signal reproduced from the recording medium of
the invention.

15 With the recording medium according to a fourth
aspect of the invention, the data blocks are specifically
divided into plural sectors of plural frames each, information
expressing the sector address is contained in 'a particular
frame in each sector, and a type information code identifying

20 the frame containing the sector address information is
contained in the synchronization code inserted before the
frame containing the sector address information.

It is therefore possible by this aspect to provide
a recording medium to which is recorded a code word séquence

25 containing a particular synchronization code whereby the frame

containing the sector address information can be easily

determined by reading the type information code of the



for discrimnating the synchroni zation code fromthe other 15

| ATOormation at the identrfied synchroni zation code insertion position. The
type determnation step determnes the type of synchronization code based
on the identified synchronization code insertion position. The type

I nformati on code insertion step inserts imediately after the identifier
colde the tyEO%PI80 1 or nati on code expressing the deter niR(E#PIC0878
synchroni zati on code type. The recording step then records to a conti nuous
area of the recording nmediumthe data blocks to which the identifier code
and type information code have been thusg nserted. 25 It is
therefore possible by this aspect to provide a recordi ng nethod for
recording to a recordi ng medium a code sequence containing a
synchroni zati on code whereby the - 11 - identifier code identifies the
synchr oni zat i onsyndbrénibzativn coufie .worlld deqtbereforepessible to access a
non-synchroni zation code information, and the type information code

i ndi cating the BRRELFBIAL Rlogk 'bduigh greed pEippiy radBing pglycthedype
synchroni zati on,code insertion p '%ion and can al.so be_.used.t expr ess
hformati on ot HEFOTPRERCR GO Bt SRS YT HEIAARIIEE. FOSE| THE o AcrReS
recording met hogn%?ﬂé@i&ﬂ toghfe gbdkh @epgct s%fquéhéebnv%%'t%nwét Nghe
conprises an identifier code 10 generating step generating, a r

i dentifying thesgueRbsRItaor | Al Qi 1S QfddDIE oM idonen midpoliientin ikde
code containing a particular pattern that does not exist in the code word
sequence expresdeagredflotaoait.i on ot her than the synchroni zati on codes; and a
type information code generating step, generating, .

In the recording method according to a £ifth aspect
of the invention, the block start identification step
identifies the beginning of a data block comprising plural

10 frames. The synchronization code insertion position identifi-
cation step identifies the position in said data block to
which the synchronization code should be inserted. The
identifier code insertion step then inserts an identifier code
for discriminating the synchronization code from the other

15 information at the identified synchronization code insertion
position. The type determination step determines the type of
synchronization code based on the identified synchronization
code insertion position. The type information code insertion
step inserts immediately after the identifier code the type

20 information code expressing the determined synchronization
code type. The recording step then records to a continuous
area of the recording medium the data blocks to which the
identifier code and type information code have been thus
inserted.

25 It is therefore possible by this aspect to provide

a recording method for recording to a recording medium a code

sequence containing a synchronization code whereby the



15 after determ ning the synchroni zation code type, a type information
code whereby one of the code words included in said code word group is

fornmed by the Code segneni starting froma particular position 1n the
generated identifier code and the type information code expressing the
determ ned 20 synchroni zation code type. The recording step in this
nmet hod records the generated type infornmation code. It is therefore

possi bl e BYMHE® aspect to provide a recording nethod fFCHIPIYOE (o a
recordi ng nmedi um a code word sequence containing a particul ar
synchroni zati on code 25 wher eby the synchroni zati on code can be
discrimnated fromthe code word seguygnce of non-synchronization codes by
means of the particular pattern of the identifier code, the code word -
12 - formed containing the type informati on code can be read as one code
word of the code word group, and the |ocation of the synchronization code
in the data md@mxléxpresg@gingnﬂmiueSypbelswanhngnmgntéoueceég ﬁamknnmm

wi thout requiring a special 5 data structure for readlng the ty

i nformati on GFE  WPTHLSTHINGRE | SH"Eﬁb‘Fb%ed‘%&%E ropézakien mﬁqd@n

d dth d t d
Cype i nf or MY BBREoRar BRROSBRdGYRE (1P BAP e Bu BreC RSB ABEndTe
therebet ween.gylhronization cola® Eﬁ% r(i'sngsgfégegd a%yo@daﬁﬁcolfé hgpgevent h

aspect of the i nvention, further conprises a dc conponent calculation step
cal cul atg ng, safﬁcefrohdeatié:ylagaet Heisey8ibh Opogiadici anddeahNaBsd i wzegi ti on,

t he anobunt of dc conponent bias in the non-synchronization code information
wi thin a knowe peekpress 13nformabipmsi iotberto tdrch tidentyfivimoni e on
code is inserted,
synchronization codes.
The recording method according to the sixth aspect
of the invention further comprises an identifier code
10 generating step generating, after identifying the synchroniza-
tion code insertion position, an identifier code containing
a particular pattern that does not exist in the code word
sequence expressing information other than the synchronization
codes; and a type information code generating step generating,
15 after determining the synchronization code type, a type
information code whereby one of the code words included in
said code word group is formed by the code segment starting
from a particular position in the genérated identifiexr code
and the type information code expressing the determined
20 synchronization code type. The recording step in this method
records the generated type information code.
It is therefore possible by this aspect to provide
a recording method for writing to a recording medium a code
word sequence containing a particular synchronization code
25 whereby the synchronization code can be discriminated from the

code word sequence of non-synchronization codes by means of

the particular pattern of the identifier code, the code word



and a type informati on code sel ection step selecting fromanong plural type
| ATOrmati on codes expressing the sane type as“the determ ned T '
synchroni zati on code type, the type information code resulting in the |east

dc conponent bias. 20 The type information code recording step records
the selected type information code. It is therefore possible by this aspect
t o®provi de e ng nethod for witing to a recording néﬂ?ﬁﬁ?ﬂ“@ﬂﬁe wor d
sequence containing a particular synchroni zati on code 25 wher eby t he

| ocation of the synchronization code in the data bl ock can be known by
reading the type information code, and. Wi ch is selected to achieve the

| east bias in the dc - 13 - conponent of the reproduction signal
reproduced fromthe recordi ng medi um of the invention. The recordi ng nmethod
according to the eighth aspect of the invention further conprises an
address frane i donmedicorainiqg the typs informatiomgodet bam hearkadata dyeock
divided into plural sectors of plural frames each, the franme that contains
the sector addr &98ej PEENRE SheafPdes WFEL i BPURr 20Fattecdiesaties eifofhen

each sector. The type ipforpation code jnserti tep in this nmethod
inserts a type FXP%B‘EQ??‘%W‘%%@ theta% d%tasgﬂgﬁlf o%PfisFSF? PY P faPE
the frame cont ai;qi d S LAf ' | tid ¥4 f
cont ai ni ng the %gggggéggﬁﬁogégfigiﬂiﬁée |g§2130?%#{§R&¢é9Q%%§n%g§hf% |eral
code. It ig thegatar stpessike eEdyy rledidingsERE ttye AnForAtt doh e6sddll NG Falehod

for witing to a recording nmediuma code 15 wor d sequence containing a
particul ar synchrnformatiom explesssesi diyy thiee tiypenénformati inmgades seck ahe
address information
information expressed by the code word formed containing said
type information code, are recorded with a particular
correspondence therebetween.

10 The recording method according to the seventh aspect
of the invention, further comprises a dc component calculation
step calculating, after identifying the synchronization code
insertion position, the amount of dc component bias in the
non-synchronization code information within a known period of

15 the position to which the synchronization code is inserted;
and a type information code selection step selecting from
among plural type information codes expressing the same type
as the determined synchronization code type, the type
information c¢code resulting in the least dc component bias.

20 The type information code recording step records the selected
type information code.

It is therefore possible by this aspect to provide
a recording method for writing to a recording medium a code
word sequence containing a particular synchronization code

25 whereby the location of the synchronization code in the data

block can be known by reading the type information code, and

which is selected to achieve the least bias in the dc



can be easily determ ned by reading the type information code of the
synchroni zati on code. It is therefore possible to access a particul ar
—prock at hi gh speed by sinply reading only 20 the type I nformation code
of the synchroni zation code and the address information, and code word
sequences containing the synchronization code can be read from sone
m dpoint in the desired block. In the reproduction nethod according to the;
ni nth 25WO%R88Rct of the invention, the synchronizati oRCEHI8HR Nt | fi ca-
tion step identifies the synchronization code in the informa- tion recorded
to the recording nediumaccording to the first - 14 - aspect by
detecting the identifier code. The,gode word synchroni zation step then
synchroni zes the read clock to a code word based on the identified
synchroni zation code. A type information read step then reads the type
IFnformation 5 code of the synchronizati on code based on the read cl ock
synchr oni zedcbapbhentc 08€ whed. réprntwtionatsigmalet vaprothicdedn St@p then
determnes the location in the data block of the information recorded
i'medi at el y rerereing nadiugy ofhEbai krveiic®de based on the read type
I nformati on code. 10 IS therefore Epss'ble means of a

|t
reproduction net hod ag:"t‘:}ifr JPRETELPY methor ACEs g £ Lthe R h agPeet i i -
s e oo (GBI O A8l AR 100 SYBEI O 4P abBBeLE WL AL T I CO0C

words, based on"a code morg sequence é@%?alnlng a _ _
synchromi zat p2p; 6RdSt & | {det iEYing’ RECREA NEady datdBliddk A4eBAaNInte the
first aspect. It is also possible to selectively read information recorded
i medi at el y pdhirald sertidye of nehurell fatines eaxde, lthet Bramelaimtrcohoginde
| ocati on of '

the sector address information and is located at a particular

position in each sector. The type information code insertion
step in this method inserts a type information code to the
10 synchronization code before the frame containing the address
information and identifying the frame containing the address
information immediately following the identifier code.
It is therefore possible by this aspect to provide
a recording method for writing to a recording medium a code
1s word seguence containing a particular synchronization code
whereby the frame containing the séctor address information
can be easily determined by reading the type information code
of the synchronization code. It is therefore possible to
access a particular block at high speed by simply reading only
20 the type information code of the synchronization code and the
address information, and code word sequences containing the
synchronization code can be read from some midpoint in the
desired block.
In the reproduction method according to the ninth
25 aspect of the invention, the synchronization code identifica-
tion step identifies the synchronization code in the informa-

tion recorded to the recording medium according to the first



informati on recorded i mMmediately follow ng the synchronization code in the

data bl ock. 20 — N the reproduction nethod according to the
tenth aspect of the invention, the synchronization code identifica- tion
step identifies the synchronization codes in the information recorded to
the recording medi um according to the second aspect by detecting an
i dentifier WOAE3¥Nt ai ning a 25 particul ar pattern thatp‘é“éﬁ’@gﬁ’ﬁfs exi st
in the code word sequences expressi ng non-synchroni zati on code i nfornation.
The code word synchroni zation step synchroni zes the read cl ock - 15 - to
the code word based on the identified gwnchronization code. The type
I nformation read step then reads the type information code as a code word
based on the read clock synchronized to the code word. The type decodi ng
step then decodes the read 5 type information code as code words to
extract the typsPeAfoly réetestingndthec idsnbifbent cofedet eThe ngoden warsh
determ nes the location in the data.block of the infg nateih%{] re](r:orded

ext

i medi ately fof FORT FRC M AhShiTAeY SAMEEE8RHERRATRn ¥ ok &P B pe
i nf ti - I [ h . i A
BRGNS STy o spr i T

reproduction rding aspect” to accurate

nate the synchw?ezahi«se@mseﬂ@&,rém SYSS NERE Zedd® €188 0cPhd Cint Srddta grpde

wor ds, based on“the particular pattern of the identifier code. It is also
possi bl e ts0 selkedki \&H \heeadydShronididtdonntdate risdsediedni phedixaad lock
followi ng the synchroni zati on code by reading the code word formed

cont ai ni ng t he sypgbrpnizedstd dihec codeawordie & citardogasionhdeemuingiyien

roup, and determ ni the | ocation of jnformation recorded .i di at el
g P step tpxgn determines the iocation in the c{ata bloc?c o? the

information recorded immediately following the synchronization
code based on the read type information code.

10 It is therefore possible by means of a reproduction
method according to the ninth aspect to accurately discrimi-
nate the synchronization codes, and synchronize the read clock
to the code words, based on a code word sequence containing
a particular synchronization code written to a recording

15 medium according to the first aspect. It is also possible to
selectively read information recorded immediately following
the synchronization code by thus determining the location of
information recorded immediately following the synchronization
code in the data block.

20 In the reproduction method according to the tenth
aspect of the invention, the synchronization code identifica-
tion step identifies the synchronization codes in the
information recorded to the recording medium accorxrding to the
second aspect by detecting an identifier code containing a

25 particular pattern that does not exist in the code word
sequences expressing non-synchronization code information.

The code word synchronization step synchronizes the read clock



foll ow ng the synchroni zation code in the data bl ock. 20 In
the reproduction nethod according to the el eventh aspect of the invention,

t he synchroni zati on code identifica- tion step identifies the
synchroni zation code in the recorded informati on by detecting an identifier
code in the data recorded to a recording medium according to the fourth

aspect. The code word synchroni zation step synchroni zes the read
clock to WH«?"EB’G% word based on the identified synchroni BEEP8¢008 e, The
type information read step then reads the type information - 16 - code

of the synchroni zation code based on the read cl ock synchronized to the
code word. The data | ocation determ’_nfs tion step determnes the | ocation
in the data block of the information recorded i medi ately follow ng the
synchroni zation 5 code based on the read type information code. The
address recognition step then recognizes the information at a particul ar

| ocation in tte theagedesierhbagedion the iient ilfded! symchirireizatian codel ep to
be the franme containing the address information as the address information.
10 The typesinfeymestdan peadishep bhenmaadsothe Hypepnammationn

nmet hod according to the e eventh aspect t ea5|l etermne. fromthe data
recorded to a° ?g%o?ﬂlah P@BE 4/612}‘:"[% SYpEBroREEe? rthres

t d f t t th
o A nohr oERE Sdedd MR '?ﬂ??ﬁﬁ&da‘%%se?ﬁ? 408 (N BUoARaCRAE rla { N°

particul 8r bl pgke atnf@ra.atisﬁ%devaal doie/ woeadi £ edtlrhct Nend ¥Rpel TALSFRLI ON

code of the synchroni zati on code and the address information, and code word

sequences conhativmg drte thendatanilocationndevsimicmrion seap Sepersnmes

m dpoint in the desired
the location in the data block of the information recorded
immediately following the synchronization code based on the
extracted type information.

10 It is therefore possible by means of a reproduction
method according to the tenth aspect to accurately discrimi-~
nate the synchronization codes, and synchronize the read clock
to the code words, based on the particular pattern of the
identifier code. It is also possible to selectively read

15 information recorded immediately following the synchronization
code by reading the code word formed containing the type
information code as one code word of the code word group, and
determining the location of information recorded immediately
following the synchronization code in the. data block.

20 In the reproduction method according to the eleventh
aspect of the invention, the synchronization code identifica-
tion step identifies the synchronizétion code in the recorded
information by detecting an identifier code in the data
recorded to a recording medium according to the fourth aspect.

25 The code word synchronization step synchronizes the read clock

to the code word based on the identified synchronization code.

The type information read step then reads the type information



20 bl ock. The present application is based upon Japanese Patent
Apptication Serial No.77-78,988, which was fil'é€éd on April 4, 1995, the .
entire content of which is expressly incor- porated by reference herein. 25
Brief Description of Drawi ngs The present invention will becone nore fully
- 17 - understood fromthe detail ed description given bel ow and the
aceonpanyi nWOf6EEBlns wherein: Fig. 1 is a di agram show ng PCREPISNOE8and
synchroni - zation code as the data to be witten to a recording nmediumb5
according to the first enbodi ment of the invention before nodul ation for
recording; Fig. 2 is a conversion tabl e,show ng exanples of 8- 15
conversion used in the preferred enbodi irents of the invention; 10

Fig. 3 is a conversion table showi ng exanples of 8- 15 conversion used in
the preferred enbodi nents of the invention; Fig. 4 is a diagramshow ng the
data structure ebdéhefsyhehrsifichtoniBatdns cblieSbhaged vn ptRéetread clock
enbodi nents 15 of the invention; Fig. 5 is a diagram show ng the

rel ati onshi p betymemxremizad mootihet code swapsh| Ther ddtisetiotabivm desnmizla-

di sk according to the present enbodinment, and the NRZI channel signal read
from the reprodhtenoftep gheermines the locatiop; dn gheg data,blockhGfi tdet he

type information of the SYRSHLOHE $hindRs SOKR, BEE5TLAY cBle SRSt 38neT
5 code based on the read type information code. The address
recognition step then recognizes the information at a
particular location in the frame determined by the data
location determination step to be the frame containing the
address information as the address information.
i0 It is therefore possible by means of the reproduc-
tion method according to the eleventh aspect to easily
determine from the data recorded to a recording medium
according to the fourth aspect the frames containing address
information based on the type information codes of the
15 synchronization codes. It is therefore possible to access a
particular block at high speed by simply reading only the type
information code of the synchronization code and the address
information, and code word sequences containing the synchroni-
zation code can be read from some midpoint in the desired
20 block.
The present application is based upon Japanese
Patent Application Serial No. 7-78,988, which was filed on
April 4, 1995, the entire content of which is expressly incor-

porated by reference herein.

25 i escyiption Drawings

The present invention will become more fully



bodi mrent, and the values of the corresponding code words; Fig. 7 is a
di agram showi ng the nethod of selecting type information code 1 or type
—mformarton code 2 T the 25 synchront zatton code in fhe preferred
enbodi nents of the invention; Fig. 8 is a block diagramof an optical disk
- 18 - recording apparatus according to the second enbodi nent of the
present invention;, Fig. 9 is a flow chart showi ng the process executed by ,
t he opti WR9%FI8R recordi ng apparatus of the second 5 PEHIRIMMEht; Fig. 10
is a flow chart showi ng the detail of the type information sel ection
process in steps S914, S920, S923, and S926 in Fig. 9; Fig. 11 is a block
di agram of an optical disk 10 rqp&gdgction apparatus according to a
third enbodi nrent of the present invention; Fig. 12 is a block diagram
showi ng the detail of the synchronization code detector and read controller
shown in Fig. 11; 15 Fig. 13 is a block diagramof the shift
regi ster andutideestosd stwown the Begaildd desgribtibn givénbelvw tansheéweng t he
data reproduc- tion process executed by the optical disk reproduction
appar at us 1l1eccgupanyizrgy digariemspwbhereini nvention; 20 Fi gs.
15A and 15B are di agrans show ng fhe data styucture of the_data_and,
synchroni zati on code be¥bré Frﬁd%l A 8 °’f’%‘?:%rtgﬁengat:6 W SYRSHEAPAG

medi um accorglaggoﬁocode as the data to be written to a recording medium

5 according to the first embodiment of the invention before
modulation for recording;

Fig. 2 is a conversion table showing examples of 8-
15 conversion used in the preferred embodiments of the
invention;

10 Fig. 3 is a conversion table showing examples of 8-
15 conversion used in the preferred embodiments of the
invention;

Fig. 4 is a diagram showing the data structure of
the synchronization codes S1-S¢ in the preferred embodiments

15 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 channel
signal read from the reproduction signal; |

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

Fig. 7 is a diagram showing the method of selecting
type information code 1 or type information code 2 in the

25 synchronization code in the preferred embodiments of the
invention;

Fig. 8 is a block diagram of an optical disk



an alternative enbodi rent of the invention; Fig. 16 is a diagram show ng
the-data structure of—25—tte synchroni zati on codes SYSO - SYSS in an
alternative enbodi nrent of the invention; Fig. 17 is a table simlar to that
shown in Fig. 6, - 19 - but for the synchronization codes. accordi ng of
an alternative enbodi mrent of the invention; Fig. 18 is a plan view of an

opti cal recl¥R¥I88 sk of a rewitable type particularly sRGKIR0AF7S
arrangenent of 5 t he marki ngs according to the present invention; Fig.

19 is a plan view of an optical recording disk of a non-rewitable type
particularly show ng an arrangenent of_ 4| e _mar ki ngs according to the
present invention; and Fig. 20 shows thé data fornmat of the bl ock used as
10 the error correction processing unit according to the prior art.
Det ai | ed Description of the Preferred Enbodi nents Enbodinent 1 Fig. 1 is a

data tabl e showregottnd adpparattusSaccordita tont RatsdbrRDeabbaiRentds itda t 0
a recording nediumaccording to the first enbodi nent of the invention; the
dat a and synchr pregeant oinventsiamie shown before data nodul ation. Data is

witten to the optical disk in data hlocks (the error correction processing
unit) of 168 x 168 bytes Ff- 2015 aifdaw,ghagt Thewing FRENPEREFHM LHmFated
block in._a

e hetfo S BRI 5100 SR e BB B SR,
is identically embodiment;

Fig. 10 is a flow chart showing the detail of the
type information selection process in steps S914, S920, S$923,
and §926 in Fig. 9;

Fig. 11 is a block diagram of an optical disk

10 reproduction apparatus according to a third embodiment of the
present invention:

Fig. 12 is a block diagram showing the detail of the
synchronization code detector and read controller shown in
Fig. 11;

15 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 optical disk reproduction
apparatus 1100 according to the present invention;

20 Figs. 15A and 15B are diagrams showing the data
structure of the data and synchronization c¢ode before
modulation for recording to the recording medium according to
an alternative embodiment of the invention;

Fig. 16 is a diagram showing the data structure of

25 the synchronization codes SYSO - SYS5 in an alternative
embodiment of the invention;

Fig. 17 is a table similar to that shown in Fig. 6,



formatted. More specifically, each rowin the block conprises 25 a
synchroni zati on code (2 bytes), data frame 1 (84 bytes), another
—syrchront—zat | omcode— (2 bytes),ang data rrane 2 (84 =20 - DbyTes).
Each row starts with synchronization code S1, S2, or S3 witten before data
frame 1, to which data D1,1, D2,1, ... D156,1 is witten. Synchronization
code S4 is then witten before_- data frame 2, to which data D1,2, D2,2, ...,
D156, 2 i WOP631880r i tten. A 10-byte parity code Pr corrcR@UIRIMET’ 0 t he data
in the two frames witten to the sane rowis witten to the last ten bytes
of the data witten to data frame 2. Each bl ock conprises twelve sectors
SEC1- SEC12 each conprising fourteen rl‘%r as showmn in Fig. 1 in this
exanple. 10 The sector address i's itten at the beginning of each
sector to the data area of the data frame follow ng synchronization code Sl
or S2. Synchronization code S1 is witten inmmediately before data franme 1
in sector SEGutafokhehdednthirbgifhtidie cbdes abtofdinfRd bAUS1 &Kt ivees the
begi nning of a data bl ock. Synchronization code S2 is witten i medi ately
before data fewbrelimeat ofietheginwentjonf; the first row in each sector other
than sector SEC1 at the beginning of the first block, and identifies the
start of a data sect or FiSynthisnfzatan vicydet 2p °P38@allsrﬁFP¥#§PS disk
i medi ately be sect or

dat, 1
ot 11 st HE & reviaEabhE fEwes, P Sar 73 °¥'ﬁ89f??s?r¥%$?‘?“??”tthé’fb| ock
or sectof. Syaféﬁ guﬁg EOQ 25 r%ét'ost%' %}g&ﬁ%e 3 .before data frane

2 in every row, an nt| appr oxT mat e éach row. 25
The fourteenth row of eagh 5£Gls0h pFar KA ewObENEN optical recording disk

of a non-rewritable type particularly showing an arrangement
of the markings according to the present invention; and

Fig. 20 shows the data format of the block used as

1o the error correction processing unit according to the prior
art.
'y n of t Yrr
Embodiment 1

Fig. 1 is a data table showing the data and
15 synchronization code to be written to a recording medium
according to the first embodiment of the invention; the data
and synchronization code are shown iaefore data modulation.
Data is written to the optical disk in data blocks
{the error correction processing unit) of 168 x 168 bytes nét
20 including the synchronizatiori code. Fig. 1 is a conceptual
data table showing the data in one data block in a hypothetic-
al two-dimensional array.
Each row in this 2D data block array is identically
formatted. More specifically, each row in the block comprises
25 a synchronization code (2 bytes), data frame 1 (84 bytes),

another synchronization code (2 bytes), and data frame 2 (84



parity row PC. A 12-byte parity code is witten for each 156 data bytes

colTected columw se Tromrows 1-13 in each sector - 21 - (corresponding ~

to 12 bytes per row (12x13=156)), and the seven 12-byte parity codes are
witten byte by byte to the parity row Pcl-Pc24 (row 14) in the
correspondi ng colum. The parity rows witten to row 14 of each sector are
used for erP@?’@lm correction processing after all data i PCINEIMOBEK | s
read. The data bl ocks thus formatted are converted to code words by 8-15
conversion as described below, and then nodul ated with NRZI nodul ation to
generate a channel signal for witing to,an optical disk or other recording
medi um 10 Note that the synchroni zation codes S1-S4 are converted to
code sequences of which the identifier is expressed by a pattern that wll
not appear in the data frane (i.e., the data being recorded) according to
t he codi ng rul edytesd .f Eadh Yowstuetsiwvith Eynchronization dddessi? epd ox
are conversion tables show ng an exanpl e of the 8-15 conversion used in
thi s enbodi nent S3f wehttenveefioxs dang Shamem 3.ntei yhick datk D1,0ReD3,15 .- .
conversion nethod of this enbodi nent assigns at | east one code word 20

expressed by a P356i-d p&t VERREPRr SIFRFRIEataPPscPdepftels Fher peritdhan

of Figs. 2 and he of_the 15-bit tern rves.as.,a mnergl | t. for
connecti ng th_e c%(? é’rv(\eoggg? gf?‘"?hzé r%’r ‘é’f‘%‘g{‘bﬁ"‘s“ gflé\és‘hg%‘lzas‘m g%ﬁ%’?aﬁ'soe
changed to g in,35¢eedancg ¥bik % %ﬁﬁs}t £88e P &digleabbnfngNEo Kh& Ul:0!
25 is disclosed in U S. Patent . 4,728,929 to S. Tanaka™i ssued March

1, 1988, which iin lteciktwol feangsratrtdly tvcefthecsame row is written to the

last ten bytes of the data written to data frame 2.
Each block comprises twelve sectoxrs SEC1-SEC12 each
comprising fourteen rows as shown in Fig. 1 in this example.
10 The sector address is written at the beginning of each sector
to the data area of the data frame following synchronization
code Si1 or 82.
Synchronization code 81 is written immediately
before data frame 1 in sector SEC1 at the beginning of the
15 block, and thus identifies the beginning of a data block.
Synchronization code S2 is written immediately before data
frame 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
20 83 is written immediately before data frame 1 in rows 2-14 of
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 middie of each row.
25 The fourteenth row of each sector is the column
parity row Pc. A 1l2-byte parity code is written for each 156

data bytes collected columnwise from rows 1-13 in each sector



The code words converted by this 8-15 conversion - 22 - method are
generated so that a maxi mumof thirteen (or twelve) and a m nimumof tw
—zerues 0] occur CONSEcUTliVEly between IS ITn any consecutive code word
sequence. Thus, when the code word sequence is expressed by the inversion~
periods of the 5 NRZI channel signals corresponding to the code words,
the maxi numinversion period [err] is 14T (or 13T) and the_m ni num
i nversi oMYA [err] is 3T where Tis the length of oREFVUEINE8T® d bit.
Note that the code words are controlled so that the maxi num and m ni num
nunbers of consecutive 0s between is 10 satisfy these [err] and [err]
paraneters even in the junctions betygen code words. Fig. 4 is used to
describe the data structure of the synchronization codes S1-S4 in this
enbodi nent of the invention. Note that in Fig. 4 "x" represents bits with
a 15 code value of either zero (0) or one (1). The synchronization codes
S1- S4 have afderzespongingfotlbipes perxpwetinlandss)30-and thedeevenuence.
Each synchroni zati on code conprises an_identifier for discrimnat- _ing the

synchroni zat #8nP¥eRIPETITY SOdeE areavrikeen WwEe®Y bytef senkhpoRarity
identifying the lqgcatign,in t datg block to jch t i zat i
l:ode : sy: ngeff"éag.‘:ll%é:lzlgdélﬁ?‘fﬁugrJ'T’st EBGE=eR J c8$'%ﬁsl¥'? 3%0513%%%%0? 0)
receded and I o] q&&& ' [ in th
RIRZI - nodul at gégéhg%%g‘:@s{i gﬁa Sgg J"'i)ln\(;)te}r sl on %Ehtdx} ﬁatreer i/\g %gﬁﬁsggféfer r]e

Note that thisreedeiseBiotessing afver W1 datheinabn® blodpERAreal .t he
synchroni - zation code, i.e., do not appear in the code words expressing
The data blocks thus formatted are converted to code

words by 8-15 conversion as described below, and then
modulated with NRZI modulation to generate a channel signal
for writing to an optical disk or other recording wmedium.

10 Note that the synchronization codes S1-S4 are converted to
code sequences of which the identifier is expressed by a
pattern that will not appear in the data frame (i.e., the data
being recorded) according to the coding rules used for 8-15 -
conversion.

15 Figs. 2 and 3 are conversion tables showing an
example of the 8-15 conversion used in this embodiment of the
invention.

As shown in Pigs. 2 and 3, the 8-15 conversion
method of this embodiment assigns at’ least one code word

20 expressed by a 15-bit pattern for each 8 data bits (1 byte).
In the table of Figs. 2 and 3, the MSB of the 15-bit pattern
serves as a merging bit for connecting the code words. All
the merging bits are shown as 0, but can be changed to 1 in
accordance with a DC control. The detail of the DC control

25 is disclosed in U.S. Patent No. 4,728,929 to S. Tanaka issued
March 1, 1988, which is herein incorporated by reference.

The code words converted by this 8-15 conversion



- 23 - data other than the synchronization codes (i.e., "non-
syrchroni zati on code-data*~y—or in the—cTorrespomndi ng NRZI channel signal.
The type information is expressed by the five bits 5 frombit 22 to bit
26 of the synchronization code. Note, further, that only the type
information. may vary in the synchroni zation code, and all other parts of
t he synchr omo2631880 on code are fixed code sequences commoD

synchroni - zation code. The fixed code sequences are al so defined to 10
satisfy the 8-15 conversion coding rules where the synchroni- zation code
and the non-synchroni zati on code data t. The 15-bit code sequence
occupyi ng the second half of the synchrbhization code is a code sequence
selected that also exists as a code word generated by 8-15 conversion. This
15 15-bit code sequence is one code word, the snallest data unit of the

8-15 conversi onpd@ididre dfir e Bb| it dahaximan afnthipted et twelve)
conversion is therefore also defined as 15 bits. As a result, the 5-bit

type i nfor mat i cama anmuitnilmean edd twborerass nEGhi eegur chusecutivedyabatweent a
format for reading 5-bit 20 code sequences is defined. Therefore, 8%
defining the | b8 1PGaBYiCHRRERAYGRRR® MPTChBeTYPRFR on 2B JHS FECaSO0Fe

code word, the code word containi%%_the t%gg&hnfornatggn can bsd%egg Lﬂethe

sane manner as Y®RA AFEENES 4% PGS s &rse Conversi BRroT T ha" srghal

reproducedgfrompthe Lecardi ng; | o2k sponding to thd ”é&@@%&fdé,hetﬁ?]lS

. . 8
conversion; it 1S possible to Use a 8-16 ConverSion. The selection of the
bit lengths [ergdxash [@veksibhlperiod Ty , is 14T (or 13T) and the minimum

inversion period Tpin is 3T where T is the length of one code
word bit. Note that the code words are controlled so that the
maximum and minimum numbers of consecutive 0Os between 1s

10 satisfy these T .. and T i, parametera even in the junctions
between code words.

Fig. 4 is used to describe the data structure of the
synchronization codes S1-S4 in this embodiment of the
invention. Note that in Fig. 4 "x* represents bits with a

is code value of either zero (0) or one {(1}.

The synchronization codes S1-S4 have a data length
of two bytes, expressed by a 30-bit code sequence. Each
synchronization code comprises an identifier for discriminat-
ing the synchronization code from other data, and type

20 information identifying the location in the data block to
which the synchronization code is inserted.

The identifier is a code seguence of fifteen zeroes
{0) preceded and followed by a one (1) on each end, i.e., is
expressed in the NRZI-modulated channel signal as inversion

25 interval TS=Tp ,+2T (or Ty, +3T}=16T. Note that this code
sequence and inversion interval only appear in the synchroni-

zation code, i.e., do not appear in the code words expressing



- 24 - Dbe further explained bel ow Wen the NRZI channel signal, such as

shown in Fig. 7 (c) is recorded on an optical disk or other recording
—mEdiunmTa pit or—a marking is forned along a disk track 57

correspondingly to a HHGH |l evel portion of the NRZI channel signal, and no

pit or no marking is formed correspondingly to a LOWIevel portion. Si nce

the pits or the markings are forned, for exanple, by the |aser beam it is,

necessar WO3B4 t the | ength of such pits or such nmar kPEEIP%NSBhe 10

interval |ength therebetween as explained next. If the length of the

mar king or the marking interval is relatively long, the stability of the

PLL control necessary for producing the_read clock will be decreased,
resulting in wider variation of the reproduced signal |evel after a high
pass filter. Also, if 15 the | aser beamis radiated for a relatively

short term no pit or no marking will be fornmed on the disk, or the pit or
mar ki ng wi | | da¢at ootlermal Ithao rehal. syochrbeszatioh ochdesr ebsans, aneardi ng
to the present invention, a pit or a marking for the data (such as 20

vi deo and/ or s¥aghsoaitatiemscede Aakrilimoyi tin ekbeh correRpondictg MRERr ki ng
| ength [err] %; 14i %or 3T), a special pit or a special marking for an
identifier i FPRBeSyRAtEIINi zati on code has the pit Iength TS which is equal

" i ok ! |
it 25 length repriierihey 8tetfkBion Aelle@abEn byt 0] Bits °
embodi mEt, Frém dIE eCcAAINIG (25 dOIEHEdREIGAGIREESE . cHFS: Biosel ecting

the pit or marking length of the identifier
further, that only the type information. may vary in the
synchronization code, and all other parts of the synchroniza-
tion code are fixed code sequences common to every synchroni-
zation code. The fixed code sequences are also defined to
10 satisfy the 8-15 conversion coding rules where the synchroni-
zation code and the non-synchronization code data meet.

The 15-bit code sequence occupying the second half
of the synchronization code is a code sequence selected t_hat
also exists as a code word generated by 8-15 conversion. This

15 15-bit code sequence is one code word, the smallest data unit
of the 8-15 conversion method, and the smal.lest data read unit
of the 8-15 conversion is therefore also defined as 15 bits.
As a result, the 5-bit type information cannot be read alone
as meaningful data unless a new data format for reading S5-bit

20 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 the type information can be
read in the same manner as the other data during 8-15 reverse
conversion of the signal reproduced from the recording medium.

25 Instead of the 8-15 conversion, it is possible to
use a 8-16 conversion.

The selection of the bit lengths T, .. and T ;, will



- 25 - longer than any pit or marking in the data, it is possible to
dirscrimnate the identtfier fromthe data. Al sO according to the present
invention the mninmumpit length or the mnimummarking length Tmn for a
pit or a5 mar ki ng for data and for synchronization code is determ ned
as 3T. Fig. 5 is used to describe the relationship between the reproduction
signal rep™WRI#HMOf r om an optical disk according to the pwﬂﬁﬂﬂﬂ”"@ﬁﬂbdinent,
and the NRzZI channel 10 signal read fromthe reproduction signal. Fig.
5 (a) shows the reproduction signal reproduced for the synchroni zation code
identifier, and the read threshold vglgg Vc therefor. Fig. 5 (b) shows the
read cl ock supplied at bit interval T."Fig. 5 (c) shows the conparator

out put signal when the 15 reproduction signal and the read threshold
value [err] are input. Fig. 5 (d) shows the NRZI channel signal obtained by

sanpling the cpapgiatikdr @iplainedopélowhown in Fig. 5 (c) at the read clock
showmn in Fig. 5 (b). Fig. 5 (e) shows the conparator output signal when
t he reproduction signal woesh 8h2(NRZI chagneihs bghml d suchl ag shiewn Jine¥dgedi ng
the tolerance range [err] are_ input. %ﬁ% shows the NRZI channel

5 (f
signal obtained U§)savpl FeEPTIRS c¥paPat 16’&9-?)&135'? oPl O5h8Hn KeFOFRINS5
(e) o The roogclock Shaun 1 10,5l IOUE BB i SoIPLBL oL B

signal inverts™ i Nt ersecton-of t

r epr oduct i;on Sbgyféﬁ%ig{gp ¢ad ot Breahobdey abuer i 'dr b i NREhnnbaNNEl

signal in Fig. froma LONto a HGH level at tinme to.
signal, and no pit or no marking is formed correspondingly to

a LOW level portiom. Since the pits or the markings are

formed, for example, by the laser beam, it is necessary to

limit the length of such pits or such markings and the

10 interval length therebetween as explained next. If the length

of the marking or the marking interval is relatively long, the

stability of the PLL control necessary for producing the read

clock will be decreased, resulting in wider variation of the

reproduced signal level after a high pass filter. Also, if

15 the laser beam is radiated for a relatively short term, no pit

or no marking will be formed on the disk, or the pit or
marking will be too small to read.

For these and other reasons, according to the

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

20 video and/or audio data) has the maximum pit length or the

maximum marking length Tmax of 14T {or 13T), a special pit or

a special marking for an identifier in the synchronization

code has the pit length TS which is equal to T, _,.+nT in which

n is an integer equal to or greater than 2 and T is a unit

25 length representing 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



- 26 - The reproduction signal reproduced fromthe recording nediumis
obtai ned as an anal og signal as shown in Fig. 5 (a). The reproduction

Signal IS theréfore convertéd to a digital signal by nmeans of the
conpar at or converting 5 val ues equal to or greater than the read *
threshold value [err] to HHGH bits, and val ues bel ow the read threshol d
value [err] to LONDbits. The digitized conparator output_signal is then |
sanpl ed NOWHP gl ock timng shown in Fig. 5 (b), ﬂEﬂQFPHg the NRZ
channel signals shown in Figs. 5 (d) and 10 (f). The read cl ock phase
and read threshold value are controlled so that the conparator output

signal inverts at a particular refecegge. position, which is defined here as
t he medi an between the current read clock and the next read cl ock. However,
when the read threshold value [err] is not stable, such 15 as at the
start of reproduction signal reading, the read threshold value [err] wll
vary as shownlénges ¢ha® gny.pitTiers magkingiish the davay et itshpeskdblie vid ue Ve
appears as offset AT fromthe reference position_of the timng at which the
conpar at or oudRRTidifALe thfeifentikier from the dayg.{he NRzI channel

sianal shoun 1019 Sl bRcb B ST bug BreRphE ot P, b il .
Lor Gty 8 RS G o sVl cismast sugtiel om0 safopd |
in Fig. b (a)mavkivie fo¥f rdata andh€oof EgathidmiBdtion’ cbaecigsedpoeinhiney of
conparat or output signal inversion timng. As shown in Fig. 5 (c), the
conpar at or as 7. -

Fig. 5 is used to describe the relationship between
the reproduction signal xreproduced frxom an optical disk
according to the present embodiment, and the NRZI channel

10 signal read from the reproduction signal. Fig. 5 (a) shows
the reproduction signal reproduced for the synchronization
code identifier, and the read threshold value V. therefor.
Fig. 5 (b) shows the read clock supplied at bit interval T.
Fig. 5 (¢} shows the comparator output signal when the

15 reproduction signal and the read threshold value V=V, are
input. Fig. 5 (d) shows the NRZI channel signal obtained by
sampling the comparator output signal shown in Fig. 5 (c) at
the read clock shown in Fig. & (b). Fig. 5 (e) shows the
comparator output signal when the reproduction signal and a

20 read threshold value V., exceeding the tolerance range
(V,=V,y+4V) are input. Fig. 5 (f) shows the NRZI channel
signal obtained by sampling the comparator output signal shown
in Fig. 5 (e) at the read clock shown in Fig. 5 (b). Note
that the comparator output signal inverts to a HIGH level at

25 the intersection of the reproduction signal and the read
threshold value V., and the NRZI channel signal in Fig. 5 (d)

inverts from a LOW to a HIGH level at time tO.



out put signal inversion timng is within the tol erance range -
(TF2)[err]T[err](T/2)fTomtine (tO+15T) to tinme (tO+16T), producing of fset
[err]T fromthe reference position. The correct sanpling val ue can
therefore be obtained by the read clock at time 5 (tO+16T). However,
when the offset [err]T fromthe inversion timng reference position of the
conpar at or V@ PERI®Y gnal exceeds the tol erance range expr esSRCRAPL600878
-(T/2)[err]T[err](T/2) due to read threshold value [err] fluctuation, the
i nversion interval 10 is offset (shifted) [err] at the NRZI channel
signal rise and T at the NRZI channel sigpnal drop. Therefore, when the
relative variation in the read threshold™value [err] to the reproduction
signal temporarily exceeds the read threshold value [err] tol erance range
due, for 15 exanple, to noise, the inversion position of the NRZ

channel signal expressing e Syépdoduiitish Okigade ardpdatiaceli f Esopne tipet
([err]T). In other words, the position of the 1 in the code sequence of the
correspondi ng codeconding aapdinre ishobtaidedids tam kheladj atemil cardesHovin in
There is a high probability that 20 data read errors of this type can be
properly correctE¥gpySt R} er rBhe KARTOACSACRr 848831 01 5 t Hherefane) ranverted

apparatus. Conversely stated, i.f the optical di r eproduction apparatuys is
not desi gned wi tﬁot 8i éﬁgﬁ%&gs&ﬁﬁf‘é' eﬁ’lypﬂ?aé‘gr I craf BTRRAFA LS i‘%pntvﬁgtmg

i nversion pgsiti ' 2 OHENE % tqnQ 0

ot her fact o?s, t %hg%%r%ﬁg%ﬁ dr}e%gg%tri gﬁa%p%fégat us vﬁ%ées#&q%g)azgxﬁebf—‘o
W thstand everydgy mEeH PiltsGagnd heiRiy dehowashe TGd BAtebR618 WELS &), to

i nt erval - 28 - of the reproduced NRZI channel signal will virtuall%
never LOW bits. The digitized comparator output signal is then
sampled at the read clock timing shown in Fig. 5 (b},
genexrating the NRZ2I channel signals shown in Figs. 5 (d) and
10 (£). The xread clock phase and read threshold value are
controlled so that the comparator output signal inverts at a
particular reference position, which is defined here as the
median between the current read clock and the next read clock.
However, when the read threshold value V. is not stable, such
15 as at the start of reproduction signal reading, the read
threshold value V. will vary as shown in Pig. 5 (a). This
variation in the read threshold value V, appears as offset AT
from the reference position of the timing at which the
comparator output signal inverts.
20 If the NRZI channel signal shown in Fig. 5 (d) is
the result of correct signal reading, the tolerance range

Vi L0V

cmin cmax for variation in the read threshold value Ve

(i.e., the range in which NRZI channel signal read errors do
not occur) must be in the range -{T/2)}<ATs{(T/2), shown from
25 time (t0-T) to time t0 in Fig. 5 (a), where AT is the offset
from the reference position of comparator output signal

inversion timing. As shown in PRig. 5 (c}, the comparator



shift 2T or greater due to factors such as noise. It is possible in this
case that the maxinuminversion interval [err] in the NRZI channel signals

fOor 5 TNon-synchroni zati on"code data nay be read as an~interval of I3T or
15T, but there is virtually no possibility that it will be read as 12T or -
16T. It is also possible that the inversion interval TS=16T of the
synchroni zati on code identifier will be read as a 15T or 17T interval. I n
this cas®O6i®er, 10 because there is no signal seBFEMROMI i nverts -
with an inversion interval of 16T or greater in the NRZI channel signals
expressi ng non-synchroni zati on code data, the non- synchroni zati on code
data and synchroni zation code can be gprrectly identified by determ ning
that any signal segnent 15 with an inversion interval of 16T or greater
IS a synchroniza- tion code identifier. The identifier for a

synchroni zati on code read wwth a 15T inversion interval wll not be valid
at this tine,ouhputt bégnal adlnvatddnstyinirgpiszeitiuin tbdetoeyamecnhnde f+ om
bei ng read as non-synchroni zati on code data by 20 a separate

det er mi nat i on{BADsiTsdTépénErem time éE?Tbiﬁ)cFXPyt'b'f‘e_t‘rFé’ ¢hr BrPugingh code
0 e N chppisl 5 Qe AP UEVEL el g hnoe il LIS Lepd L pslol o
nterval T wTiiis (i Jerasbeatel He hedlfl OO e LIS ne
bot h endg of téw1@mchroni zation code identifier, and in the data follow ng
t hat synchroni zation - 29 - code, as shown in Fig. 5 (f). Wen this
happens, a signal segnmiiowewerh ahefT theveoffsat | ATeifram the. jnwessignal
segment timing reference position of the comparator output signal

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

to read threshold value V, fluctuation, the inversion interval

10 is offset (shifted) 1T at the NRZI channel signal rise and T

at the NRZI channel signal drop.

Therefore, when the relative variation in the read
threshold value V., to the reproduction signal temporarily
exceeds the read th¥eshold value Ve tolerance range due, for

15 example, to noise, the inversion position of the NRZI channel
signal expressing the synchronization code and data shifts one
bit (+T). In other words, the position of the 1 in the code
sequence of the corresponding code word sequence shifts 1 bit
to the adjacent code bit. There is a high probability that

20 data read errors of this type can be properly corrected by the
error corrxection process of the reproduction apparatus.
Conversely stated, if the optical disk reproduction apparatus
is not designed with tolerance sufficient to correct 1-bit
shifts in the inversion position occurring at a normal

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

reproduction apparatus will not be able to withstand everyday

use. It can therefore be assumed that the inversion interval



that should not occur in the non-synchronization code data, occurs in the
nom-synchroni zati on code data. ‘As a result, by 5 determ ning any signal
segnent with an inversion interval of 16T or greater to be the

synchroni zation code identifier, the reproduction apparatus determni nes an

I ndeterm nate part of data that is not the synchroni zation code data to be
t hee begi nni WP WB®8ne frane, thereby disrupting the data r ®ETIRTB00878
synchroni zation timng, and preventing any subsequent data from being read.
Even if the synchronization is not dis- rupted, the probability is |ow that
the read errors resulting fromthe reprodgyced data will be correctable by
the error correction process. As a resuli, optical disk readers detect 15

a data read probl em when plural signal segnments with an inversion interva
of 18T or greater are detected, and execute an appropriate process. By thus
defining the | engththé rbproducsdi NRZI Nilenml ESgahlt kA 13y RGREQALZH hefex
code identifier as 20 [err] or greater, the synchronization code can
be accurately diskiftnizfatesd greetrerhdueocte sfantiorsnienshi 88 volee data wit hin
the data read range. Furthernpre, by defining the length of the inversion
interval TS of the synchrdifi zafi APSEdPde ot tPR8r 2ASY eFPRtorthe eBREIMURpe

| ength of the 25 synchr.oni zatiop code, denti.fi n,he_shortene
conpared with an™THve lscfrbnuﬂ" _ré'la{}alq‘mﬁszg?%[%?r"]hea:ﬁ!}%at%’?ﬁﬂc ﬁ?‘gﬁfgﬁt £oh
code of thespl Ghol dyndfihditat 10h! LEAENESCE Al be! S Qs an idlervhiChHde
other type information adding a variety of other functions in the

synchroni zati on tofler Mereower theeeais arilrit@a¥enad lpdseisibiey tH it will
synchroni zati on code can be set to twce
be read as 12T or 16T. It is also possible that the inversion

interval TS=16T of the synchronization code identifier will

be read as a 15T or 17T interval. In this case, however,

10 because there is no signal segment that inverts with an

inversion interval of 16T or greater in the NRZI channel

signals expressing non-synchronization code data, the non-

synchronization code data and synchronization code can be

correctly identified by determining that any signal segment

15 with an inversion interval of 16T or greater is a synchroniza-

tion code identifier. The identifier for a synchronization

code read with a 15T inversion interval will not be valid at

this time, but the invalidated synchronization code is

prevented from being read as non-synchronization code data by

20 a separate determination c¢ross-referencing the periodicity of
the synchronization code in the NRZI channel signal.

However, if the change in the read threshold value

Ve above the tolerance range is sustained at V_=V0+4V as shown

by the double-dot-dash line in Fig. 5 {(a}, a read error of

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

NRZI channel signal at both ends of the synchronization code

identifier, and in the data following that synchronization



the code word length, the first and second halves of the 5
synchroni zati on code can be separated in the sane way as readi ng the code
—wor-ds—expr essi ng—momn=synchr omZzatton coue data, and the typeinformation

witten to the code word constituting the second half of the .
synchroni zati on code can be read in the same way the code words expressing
the non- 10 synchroni zati on code data can be read. Fig. 6 is another

data t abMWO2%8Png t he type informati on of the synchr onPEHIRIGHSIHde
according of the present enbodi ment, and the read val ues of the
correspondi ng code words. 15 The type information witten to
the five bits frombit 22 to bit 26 05 the synchroni zation codes S1-34
formatted as shown in Fig. 4 identify The location in the data bl ock to
whi ch the synchronization code is inserted. Synchroniza- tion code Sl

i ndi cates that said synchronization code Sl is 20 inserted at the

begi nni ng of &bee dadsr MoK .id MBg. & (fhe bWeﬁnltﬁﬁsoha_&?éﬁQI SEeigndy
using type i nformation 1 (10010) or type information 2 00010).

Synchroni zat | seguenke w3Zhl akue® saverdiont Dsterval .sii d. syanctigmalzaegoentc ode
S2 is inserted at the beginning of ang sector other than the first 25
sector in thethidk Shawid not eccurpige PGr§°EE§XFQ§£994235}°ESFﬁ§etﬁik?

information 1 1001) t ype |nf rmati o (0100 Synchroni zat i on_code
S3 11 Kewi so | PEFE o Ehe Heh esY“c r%zagé% BEe; o GIZPOLF gt e
TRLE e VR IR i B
tion code S4 iaﬂi&ﬁ@e&atagttéhﬁ &nacmxzoaﬂzamagd@odé identifier, the
reproduction apparatus determines an indeterminate part of
data that is not the synchronization code data to be the
beginning of some frame, thereby disrupting the data read
10 synchronization timing, and preventing any subsequent data
from being read. Even if the synchronization is not dis-
rupted, the probability is low that the read errors resulting
from the reproduced data will be correctable by the error
correction process. As a result, optical disk readers detect
15 a data read problem when plural signal segments with an
inversion intexrval of 18T or greater are detected, and execute
an appropriate process. |
By thus defining the length of the inversion
interval TS of the synchronization code identifier as
20 T8=Tpax+2T O greater; the synchronization code can be
accurately discriminated from the non-synchronization code
data within the data read range. Purthermore, by defining the
length of the inversion interval TS of the synchronization
code identifier as TS=Tp,.+2T or greater, the length of the
25 synchronization code identifier can be shortened compared with
an inversion interval TS of 2T,., as in the synchronization

code of the prior'art, and this difference can be used to



5 inserted in the beginning of data frame 2 starting fromthe m ddl e of
any row by using type Tnformation 1 (00000) or type information 2 (00001).
As al so shown in Fig. 6, the type information is read by readi ng the nornal
code word unit containing the type 10 i nformati on. For exanple, the
type information 1 (10010) of synchronization code S1 is inserted to the
five bits fMWHPEAIB822 o bit 26 of the synchronization cod@ TSP i n
Fig. 4. The code pattern of the synchroni zation code S1 containing this
type information 1 code (10010) is therefore 15
(001000000000000000100100100010), and thg,code word containing this type

I nformation 1 code (10010) in this synchroni zation code Sl is
(000100100100010). As a result, the code word part of the synchronization
code S1 containing the type information 1 code 10010 is read as 114 as
shown in the 8- lindlaide Ather coypper shbormathien | adfing 3. vakietgodef WwetHer
part of a synchro- nization code S1 containing the type infornmation 2 code
00010 is sim | arfunatdsmsain sthesyacbrogbzation tdesdes od¥onRpeey cdgcause the

I medi ately after recogni zi ng the synchroni zatiqon code identifier is 114 or

86, the identifiBERMchPBAFR AT She cHRFIIPRizatioRnTRRe (G hBe$RF to twice
synchroni zation gode.of 'n?cgfé.tfgn%%}e :‘&PQG%QE NGn@ delBnd 4lives of the

Synchroni zati on €odeS CoO ni Ng ypE€ T nrornati on are récogni Zed Th

the same mMBgNer.gynchroddzarhBhe cbBdl M |15 { ¥OSatd¥ & NBA| BReCAdGR Jwaa},nd?@

I ndi cate the same synchroni zation code insertion position, the nunber o
ones contai ned ireddifid itk tomie iWirigTedipgres¥ing iroresgRchPohypetion code
i nformation code 1, and odd in type information 5 code 2.
data, and the type information written to the code worxrd
constituting the second half of the synchronization code can
be read in the same way the code words expressing the non-

10 synchronization code data can be read.

Fig. 6 is another data table showing the type
information of the synchronization code according of the
present embodiment, and the read values of the corresponding
code words.

15 The type information written to the five bits from
bit 22 to bit 26 of the synchronization ccdes S1-S4 formatted
as shown in Fig. 4 didentify the location in the data block
to which the synchronization code is inserted. Synchroniza-
tion code S1 indicates that said synchronization code S1 is

20 inserted at the beginning of the data block, i.e., at the
beginning of sector SEC1l, by using type information 1 (10010)
or type information 2 (00010). Synchronization code 82
likewise indicates that said synchronization code $2 is
inserted at the beginning of any sector othexr than the first

25 sector in the data block, i.e., to sectors SEC2-SECl4, by
using type information 1 (01001} or type information 2

(01000) . Synchronization code S3 likewise indicates that the



Fig. 7 is used to describe the nethod of selecting type information code 1
or type information code 2 in the synchronization code of this enbodi nent.
~Note that the nethod tor selecfing the type information codes 1 and 2 for
synchro- 10 ni zation code S4 is shown in Fig. 7 by way of exanple only,*
and the sane nethod is used to select the type information codes 1 and 2
for synchroni zati on codes S1-S3. Note al so that synchronization code S4 is,
i nsert edMWM” franes 1 and 2 as shown in Fig. 1. 15 PCTAPI6N8T8 [, 7
(a) shows the code pattern conmon to all synchronization codes. Fig. 7 (b)
shows the change in the digital sumvariation (DSV) when type information
code 1 is selected as the type informion for synchronization code S$4.
Fig. 7 (c) shows the change in the digital sumvariation (DSV) 20 when
type information code 2 is selected as the type infor- mation for
synchroni zation code S4. The DSV is the value per unit tine obtained by
addi ng +1 i f syachighizdaimelcosieghal ingexted ax Hhe€-beegimhingaf adgi mgw- 1 i f
the wave is a LOWIevel, and expresses the bias in the dc conponent of the
NRzZI 25 chather shapathe Liyfte vowsd™: ARY BRELEB\PY using ty@Peadadar-
cunmul atively froma pajyt] 0ositi,0 recorded,,
(a7g0

| ' h t .g.,
fromthe begi MA*AGR0 3&?érﬁaﬂﬁélP§8%ﬁa§ﬁ$“Q?‘3°§§°??o ﬂHQ&ﬁPPﬁég'g
begi nni f bl LD Fi 1, L zad d e
haerted bot widgny s 42 SA4EakEs Telar i DAY b0t 1R |

i nformatisn 1igketrbd ERPERSIBehrlitgbof dayaChrane ZAtdytaede £9ém the DSV

val ue i s added cunul atively fromthe beginning of the data to be recorded
to the end of middle of any row by using type information 1 (00000) or type

information 2 (00001).
As also shown in Fig. 6, the type information is
read by reading the normal code word unit containing the type
10 information. For example, the type information 1 (10010) of
synchronization code S1 is inserted to the five bits from bit
22 to bit 26 of the synchronization code as shown in Fig. 4.
The code pattern of the synchronization code S1 containing
this type information 1 code (10010} is therefore
15 {001000000000000000100100100010) , and the code word containing
this type information 1 code (10010) in this synchronization
code S1 is (000100100100010). As a result, the code word part
of the synchronization code S1 containing the type information
1 code 10010 is read as 114 as shown in the 8-15 data
20 conversion table in Fig. 2. The code word part of a synchro-
nization code S1 containing the type information 2 code 00010
is similarly read as a value of 86. If the code word read
immediately after recognizing the synchronization code
identifier is 114 or 86, the identified synchronization code
25 is known to be the synchronization code S1 inserted to the
beginning of the block. Synchronization codes containing

other type information are recognized in the same manner.



the first frame, i.e., the position imediately before the insertion point
of “synchroni zati on code S4. A DSV nenpry storeS at tine point Tx (Fig. 7)
the_ | evel of the NRZI channel 10 signal and the DSV value, and in the
case shown in Fig. 7, the DSV nenory stores H GH | evel and d=12. The DSV
value dl at a particular DSV conparison point in franme 2 is_then cal -
culated usi nYOLEPIML (ype information inserted to the synchPEHPES&8% code
S4 type information 1 (00000). Type 15 information 2 (00001) is then
substituted for type information 1, and the DSV val ue d2 at said DSV
conparison point in frame 2 is calcul ategy The cal cul ated DSV val ues dl1 and
d2 are then conpared, and the type information yielding the | owest absol ute
val ue of the DSV at the DSV conparison point in frame 20 2 is selected
and inserted to the synchroni zati on code S4. The DSV values up to the fifth
bit at the beginning of fNete Zhate whiisi ntywrs pinfoifmaninn onodess ishowh 2n

Fig. 7 (b), and 6 using type information 2 as shown in Fig. 7 (c). The DSV
val ues conti nue ¥PisatEFRe same sYRFRTRAIZAYIOBUFEIE BRFertion ReFATdNyokhe
position in frame and _t.he ;absol,ut

however ihe jab eei.\,{ral ges o{_ he DSV val.ues.are

conpared at the e(?oﬁ%ﬁ???%nc_% HESRo L8 0% £ V5 “¥BBe ?%?H%Q%ﬁ’l&ﬁe?'iby
Component. can be SThareSYBS TREAT A S Soae! T cah T o T el s Sl i
using the fgrmatesdwown in Fig. 1. Mreover, when conpared with the common

met hod of suppressing bias in the dc conponent 5 by inserting to the data
a separate code sequence Figr Tuppressi tg describenthe ngEthod df sehpobhemy
bi as can be suppressed using the type information expressing the synchro-
type information code 1 or type information code 2 in the
synchronization code of this embodiment. Note that the method
for selecting the type information codes 1 and 2 for synchro-

10 nization code S4 is shown in Fig. 7 by way of example only,
and the same method is used to select the type information
codes 1 and 2 for synchronization codes 81-83. Note also that
synchronization code 84 is inserted between frames 1 and 2 as
shown in Fig. 1.

is Fig. 7 (a) shows the code pattern common to all
synchronization codes. Fig. 7 (b) shows the change in the
digital sum variation (DSV) when type information code 1 is
selected as the type information for synchronization code S4.
Fig. 7 (c) shows the change in the digital sum variation (DSV}

20 when type information code 2 is selected as the type infor-
mation for synchronization code S4. The DSV is the value per
unif time obtained by adding +1 if the NRZI channel signal
wave is a HIGH level, and adding -1 if the wave is a LOW
level, and expresses the bias in the dc component of the NRZI

25 channel signal. Note also that the DSV is a value added

cumulatively from a particular position in the data to be

recorded, e.g., from the beginning of the data to be recorded,



ni zati on code type. The length of the code sequence inserted for dc
conponent bi as suppression can therefore be shortened, 10 and the data
—storage area of TThe tecordi ng Wedram can be nore eftectiVvéely utilizedT AS
descri bed above, the reproduction apparatus according to the present -
I nvention can easily identify the beginning of the data bl ock by readi ng
synchroni zati on code 15 Si, and can achieve a robust error correction
processi WG 9BWBhi | ity using the data witten to one datRCTAPHE8Ms t he error
correction processing unit. The location of franme 1, to which each sector
address in that block is witten, can also be easily iden- 20 tified by
readi ng synchroni zation code S2. It 45 therefore possible to read the data
froma specific block in a short tinme even when a specific block is
accessed and reading starts fromsome mdpoint in that block by reading the
sector address follow ng the synchronization code S2 at the begi nning of
the 25 nexdr ifpoadichbebeginwing tefinreabloykbuf fering the data fromthat
sector to the last sector in the targeted block to nmenmory, then reading the
data fromthe beginni ng§sofshowa in -F3%. -1; asyachuopizrtidon cadei §htidd |y
accessed sector the remaining sectors in.that block% and inserting

this data bef’d’fstéa(?':ﬁéi RRLeRT £ 87k £3ARERorY . AR thelPoPBChh XM se tHRe
L00e )97l WSHTR Vian yM ShebiBaRealos BYOESS | SlbiiGReC Y O
the addr§Ssessyrﬁ-!}iiéﬂﬁgtieﬁeéo&é%"40h'tﬁﬁ B8V PaC i uadea! buld1 & ARy
possi bl e with 'synchroni zati on codes -
from the beginning of the data to be recorded to the end of
the first frame, i.e., the position immediately before the
insertion point of synchronization code S84. A DSV memory
stores at time point Tx (Fig. 7) the level of the NRZ1 channel
10 signal and the DSV value, and in the case shown in Fig. 7, the
DSV memory stores HIGH level and d=12. The DSV wvalue dl at
a particular DSV comparison point in frame 2 is then cal-
culated using as the type information inserted to the
synchronization code S4 type information 1 (00000). Type
15 information 2 (00001) is then substituted for type information
1, and the DSV value d2 at said DSV comparison point in frame
2 is calculated. The calculated DSV values dl and d2 are then
compared, and the type information yielding the lowest
absolute value of the DSV at the DSV comparison point in frame
20 2 is selected and inserted to the syﬁchronization code S4.
The DSV values up to the fifth bit at the beginning
of frame 2 are 4 using type information 1 as shown in Fig. 7
(b}, and 6 using type information 2 as shown in Fig. 7 {c).
The DSV values continue to be calculated to the particular DSV
25 comparison position in frame 2, however, and the absolute

values of the DSV values are compared at the DSV comparison

point to select the type information whereby said absolute



to recognize the first code word bit in each frane, and 10 correct bit
shifting in the reproduoceddata resulTing from™mit | oss caused by signa
dropout during data reproduction, for exanple. A signal segnment in which
the inversion interval TS of the NRZI channel signal corresponding to th

synchroni -

15

zation code identifier is [err] has been used by way of

exanpl e i n WMOPBH8Ge enbodi nent, but a signal segnent in WREEPPISQIETS

i nversion interval [err] may be alter- natively used. Even if the read
threshold value [err] tem porarily varies outside the tol erance range,
the inversion 20 interval shifts [ern], in part of the read NRZI channel
signals, the maxi numinversion interval [err] of the NRZI channel signal
expressing the non-synchroni zation code data will be [err] and the

i nversion interval TS of the NRZI channel signal read 25 as the
synchroni zati onvadde iglesdlllest WiAs Daesalt] Biws iivehs 88 toisdneit tanof
t he NRZI channel signal - 36 - corresponding to the synchronization code
identifier can be supprdesed wken hdafa timrwnittiemdad eth hrdanmmdichg meadigimsk,
or as an interval_length of such pits or markings. According to the present

i nvention, the BPtnfe

B?hfq’g“%‘f* ?’P@”’? dhtT¥gerl 1 s ¥oreoyesn. [whan gompagied

b b wh d_ bel di
(herein af ter oMb Hie FEMIPRUEIE PE EHRARIRans BUES &L SARoBr et
witing case) apgiti et 4Ry KEBY e BhPadld ChefEREE! 0bde®! ELLEENLD for

10

15

20

25

suppressing dc component bias, dc component bias can be
suppressed using the type information expressing the synchro-
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
effectively utilized.

As described above, the reproduction apparatus
according to the present invention can easily identify the
beginning of the data block by reading synchronization code
S1, and can achieve a robust error correction processing
capability using the data written to one data block as the
erroxr correction processing unit.

The location of frame 1, to which each sector
address in that block is written, can also be easily iden-
tified by reading synchronization code S2. It is therefore
possible to rxead the data from a specific block in a short
time even when a specific block is accessed and reading starts
from some midpoint in that block by reading the sector address
following the synchronization code S2 at the beginning of the
next immediate sector, temporarily buffering the data from
that sector to the last sector in the targeted block to

memory, then reading the data from the beginning of the

e

and

ng



10 as a marking, but understood as including both pit and marking and
any ot her type of markings such as a projection) on the disk, it is known

that the marking Tength [errT may be er- roneously read as Terr]. Wemthe™
marking length TS of the identifier is 15 [err], this can be erroneously
read as [err] which is equal to [err] or [err]. And, under the sane
condition t he maxi num data marking length [err] can be erroneously read
as [err]‘%ﬁ 74348805 cqual to [err] or [err]. In this caPETAPSOB¥Bepti ng t he
mar ki ngs with a 20 mar ki ng I ength not only [err] but also [err] as the
identifier, it is possible to discrimnate between the identifier markings
and the maxi mum markings in the dataqa th a higher reliability than by
accepting only the marking with a marking length [err] as the identifier.
In this case, 25 = the identifier that has been erroneously read as [err]

i s disregarded, because this can not be distinguished with the maxi num
mar ki ng i n t targetedt bdockasobebea éninhﬂhuﬁlqccesakdm%ector i .e.[erhe. Wien
the marking length TS of the identifier &err] this can be erroneously
read as [errFemﬂHPéﬁ9|§e§a9§$ in FéﬁF]béPCF frpnd insertindethipe dagee 5

condi tion, : dat g W*f”r] can be erroneously read
as [err] mhi%ﬁ%P hggﬂé B Fgr?¥h° this case, the markings with
a marking lengths [errj,, %rl BERAuBE URED Sl it I ifhhe: £8Nd Vel
it is possible to distinguis et wee entifirer markings and the
maxi mumsrar Kiwhdehi thé edt¥rdaddress is written can be easily identified,
the desired tracks can be accessed while reading only the
addresses, and high speed searching can be achieved.
It is also possible with synchronization codes S1-84
to recognize the first code word bit in each frame, and
10 correct bit shifting in the reproduced data resulting from bit
loss caused by signal dropout during data reproduction, for
example.
A signal segment in which the inversion interval
TS of the NRZI channel signal corresponding to the synchroni-
15 zation code identifier is TS= (Tpax+2T) has been used by way
of example in the above embodiment, but a signal segment in

which said inversion interval TS={(T,...+3T) may be alter-

max
natively used. Even if the read threshold value V. tem-
porarily varies outside the tolerance range, and the inversion
20 interval shifts +T in part of the read NRZI channel signals,
the maximum inversion interval T, ... of the NRZI' channel
signal expressing the non-synchronization code data will be

T -‘I‘s'l‘max. ‘Tmax"'T'

max
and the inversion interval TS’ of the NRZI channel signal read

25 as the synchronization code identifier will be

T

max * 2T s TS' <« Tmax + 4T.

The inversion interval TS of the NRZI channel signal



Thus, the discrimnation between the identifier markings and the maxi num
marki ngs in the data Tamnm be nmade w Tha hi gher "accuracy when the marking
length TS of the identifier is nade [err] rather than [err]. 15

By " determining the signal segnent where the inversion interval of the
read NRZI channel signal is [err] or greater to be the synchronization code
i den- tifi eWO%%6A888ynchroni zati on code can be correctly di PCTHPIHPISBhed
fromthe non-synchronization code data, the nunber of 20 invalid
synchroni zati on codes can be decreased, virtually all of the

synchroni zation codes can be correctly Jidgntified, and the start of the
frame can be identified. It is therefore possible to nore precisely
correct any data bit shifting resulting fromcode bit |oss caused by, for
exanpl e, signal 25 dropout during reproduction. Wen the read threshold
val ue Vc conti nuesriéspamiding Wes itthe tdyenchﬁrbﬂimmﬂaagﬁe ideritd fdle30 can be
possi bl e to detect abnormal signal reading, e., a read - 38 -

probl em by det econstdereshas s@gnvntsoi‘mmw llengtRzformedien sidysk, or
inversion interval is [err] or greater |s to be noted that_the five bit
type i nfor mat i on28e3R APEF VAo ERaHR 9E r?b‘F hyRit§ A% B@ckIngfie AFTEFISHERCe

5 bet ween bi t§p!gtterns and t ?I%nf 'ik:ofe Me&t o stggsc&e&e.ch?et%ogg.

More specificall e idins type of mati on- 2 are b

pattern paigs inphic rwq@rmgm&@d jeunkercof QRes (i)
and the ot her pat‘tfgﬂﬁb%‘gﬂt al n%r%éez\?en nunber of ones (1) in (a“ﬁé‘ttg‘?n of

five bits, 10 eRplaied BEIRv.Ns can be used insofar as the code word part
of the synchroni zation code containing the type information is
During reading or writing (herein after only the
reading case is explained, but also applied to the writing
case) a pit or a marking (herein after generally referred to
10 as a marking, but understood as including both pit and marking
and any other type of markings such as a projection) on the
disk, it is known that the marking length T ,, may be er-

roneously read as (Ty .+T).

Wwhen the marking length TS of the identifier is

15 (Tmax+2'r) . this can be erroneously read as ( max"'ZT}iT which
is equal to (max +T) or (Tmax+3'1‘). And, under the same

condition, the maximum data marking length Tmax ©30 be

erroneously read as (T .,3T) which is equal to (T, -T) or
(Tpax*T)- In this case, by accepting the markings with a

20 marking length not only (Tg,.+2T), but also (T

max+3'r) as the

identifier, it is possible to discriminate between the
identifier 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

25 the identifier that has been erroneously read as (T +T) is

max

disregarded, because this can not be distinguished with the

maximum marking in the data that has been erroneocusly read as



—— T

a pattern that is also found in the code word patterns. The type
I nformation nay al so be placed at the front of the identifier. 15

TT should al so e noted that the type I ntornation sel ection nethod
descri bed above cal cul ates the DSV values fromthe beginning of the data to
be recorded to a particular position in the frame inmediately follow ng the
synchroni za- tion code to which the type information is inserted, and 20
sel ects WRMAM i nf or mati on whereby the absol ute val ue FSEIPIOOFRY | 5
smal | est. The DSV cal cul ation range that is the reference for selecting
the type information is not, however, thus |limted. Specifically, it is
al so possible to cunul atively 25 .agd the DSV values fromthe beginning
of the block (or fromthe beginning of the frame i medi ately before the
synchroni za- tion code, or froma particular position in the frame - 39
« inmmedi ately before the synchronization code) to imedi ately before the
synchronizatiommggdﬂ; calculate the DSV value to a particular position in

the frame follow ng the synchroniza- tion code uskgg the synchroni zation
code contai ning type 5%When; (he markingl leagthh &P refcathsl dderifiny OBV

val ue using the sy roniLzation code containing type information 2:.and
Lhen select t hEmaybttlmiBiRnfRB PO eBrobaLY abeat (1% (iaisodt 200 20 HERERY
val ue cal cul at ed I tapcul osi.ti in e fr f i t
Cynehroni oat b5 eiaf 8L o BpTPORE AL A6 TAE (Gl e e
optical @i skscopgrdt Wché tridiModl &dhenahrRifgalledgt®’ orng t @ahhepe

present invention. The optical disk showmn in Fig. 18 is ar I tabl e di sk

RD (CAV), erroneously read as Tg..:T which is equal to (T ,,-T) or

-

(TmaxtT) - In this case, the markings with a marking lengths

+3T) and (T +4T) can be used as 'the iden-

(T, max

maxt2T) (T

max
tifier, and yet it is possible to distinguish between the
10 identifier markings and the maximum markings in the data.
Thus, the discrimination between the identifier markings and
the maximum markings in the data can be made with a higher

accuracy when the marking length TS of the identifier is made

{Tmax*3T) rather than (T, .. +2T).
15 By determining the signal segment where the

inversion interval of the read NRZI channel signal is
(Tpax*2T) or greater to be the synchronization code iden-
tifier, the synchronization code can be correctly distin-
guished from the non-synchronizatibn code data, the number of

20 invalid synchronization codes can be decreased, virtually all
of the synchronization codes can be correctly identified, and

" the start of the frame can be identified. It is therefore
possible to more precisely correct any data bit shifting
resulting from code bit loss caused by, for example, signal

25 dropout during reproduction. When the read threshold value
V. continues to range outside the tolerance range, it is also

possible to detect abnormal signal reading, i.e., a read



and the optical disk shown in Fig. 19 is a non-rewitable disk ND (CLV),

i e., aread only di sk 15 Referring to Fig. 18, the data
stored in the rewitable disk RDis arranged as explained bel ow. A new
rewritable disk RD without any recording has enbossed with pre-pits along a
track at predeterm ned | ocations. These pre-pits serve as addresses for
accessi ng 2WO%BIR i sk. The recording is carried out byPSTAESOP8IBoam
whi ch nakes ON and OFF mar ki ngs al ong the track. The marki ngs may be done
by changi ng the physical paraneter, such as reflec- tance, of the disk
surface. ON marking is the place where jguch a physical change is added,
and OFF marking is the place 25 where no such a physical change is
added. As shown at the bottomof Fig. 18, according to a preferred

enbodi nent of the present invention, the |ongest marking is the marking for
t he - 40 - | geobilemer Hdem&eadtitmgs aigmalt seghedd. ikt wisidlo bRenRAL
that in Fig. 18, the identifier IDis shown as forned by ON marking, but
can be forned th@FFelraﬂ(g%l (nviersiong ipteveah xswo(mmﬂm ngss;rester

As shown in Fig. 18, in the rewitable alsk RD, orded codes al on
the tracks are: sector adlfdSstePe dpte Bli‘ﬁ"zé:ttﬁeo 1‘6% tSEYPR ABE IR

vi deo and audio d e n ta
and parity codesq%}:glbgéncﬁgﬁiéa |oﬁl§%til:))/d$E gﬂ?%{%&%a{ﬁ? cscgzg’tdeelp%h(? (r;%ss
10 SA; synchi,gRivgahipit pateesds i 8ypdd diRadar i bh oreNa 8 tHedrriledn
code $4; data and parity codes D/P; ... synchronization code S4; and parity

codes P. Accordabgveo a pioebersmetidieadlyenttyyie t Bafpreseidn 1 and type

information 2 are bit pattern pairs in which one bit pattern
contains an odd number of ones (1) and the other pattern
contains an even number of ones (1) in a pattern of five bits,

10 and any patterns can be used insofar as the code word part of
the synchronization code containing the type information is
a pattern that is also found in the code word patterns. The
type information may also be placed at the front of the
identifier.

15 It should also be noted that the type information
selection method described above calculates the DSV values
from the beginning of the data to be recorded to a particular
position in the frame immediately following the synchroniza-
tion code to which the type information is inserted, and

20 selects the type information whereby the absolute value of the
DSV is smallest. 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

25 add the DSV values from the beginning of the block (or from
the beginning of the frame immediately before the synchroniza-

tion code, or from a particular position in the £frame



i nvention, the |Iongest entry of the markings in the synchroni- 15 zation
codes is the identifier 1D, which has the Iength-of 14T, and the | ongest

he markimg T the disK ot ner than 1n tne synchroni zati on codes is
limted to 11T. Here the |ongest entry marking can be either ON nmarking or
OFF marking. As shown in Fig. 19, in the non-rewitable disk ND, 20 t he
recorded codes al ong the tracks are: synchronization code Sl; data (such as
vi deo anWO26/880 dat a) and header codes DY H; synchroni 7 RCTSWICWEB S4: dat a
and parity codes D/ P, synchroni- zation code S3; data D; synchronization
code $4; data and parity codes D)P; synchronization code S3; data D

25 synchroni zati on code S2; data d_header codes D/ H; .
synchroni zati on code S4; and parlty codes P. According to a preferred
enbodi nent of the present - 41 - invention, the longest entry of the

pits in the synchroniza- tion codes is the i dentifier | D, which has the
length of l4igmedihtdly hefgest thet synchrddizauion icodehetdi skmedbatelpan in
t he synchroni zation codes is limted to 11T. Here the | ongest 5 entry
pits can be before the Gynshropieatien wrdes KﬁécwﬂﬂseatbefBS“EMhtneamaCFF

pit portion which is _an interyval betwee t he g]rll Enmb ment. 2 Fig. 8 is a
bl ock di agraﬂrRﬂr%i'rF‘Gﬁf‘l POFitAQK ipgthe 5 5;""" é"g’ﬁt SYDChYPRiZASCri bed

bel
Fro. 8, thi sCOBR: CREsa B BB e R b A FLEH ok Mol e "

;e]g?; ion gggl, iHESPRYe R 1 anBathéy AACANEEIREhE BEFatlbt udfdy tHO
u er

synchronization code containing type information 2; and then
select the type information whereby the absolute value of the
DSV value calculated toc a particular position in the frame
following the synchronization code is smallest.

10 Figs. 18 and 19 show optical disks recorded with the
NRZI channel signal according to the present invention. The
optical disk shown in Fig. 18 is a rewritable disk RD (CAV),
and the optical disk shown in Fig. 19 is a non-rewritable disk
ND (CLV), i.e., a read only disk. |

15 Referring to Fig. 18, the data stored in the
rewritable disk RD is arranged as explained below.

A new rewritable disk RD without any recording has
embossed with pre-pits along a track at predetermined
locations. These pre-pits serve as addresses for accessing

20 the disk. The recording is carried out by a laser beam which
makes ON and OFF markings along the track. The markings may
be done by changing the physical parameter, such as reflec-
tance, of the disk surface. ON marking is the place where
such a physical change is added, and OFF marking is the place

25 where no such a physical change is added. As shown at the
bottom of Fig. 18, according to a preferred embodiment of the

present invention, the longest marking is the marking for the



15 synchroni zation code inserter 806, DSV calculator 807,

synchroni zati on code pattern nenory 808, and DSV nenory 809. The data to be
recorded to the optical disk is input through the input section 801, which
wites the input data one frame at a time to a particular position
(address) in the 20 menory 802. The nenory 802 stores

non= synchr oO24B188% code data formatted with a particul ar TCTARA6HPEI8 o5
shown in Fig. 1. The parity generator 803 generates parity data
corresponding to the row and colum el enents of the input data 25

witten in the format shown in Fig. 1_tg,a known address in the nenory 802,
and wites the generated parity data to a known address in the nenory 802.
- 42 - The coding unit 804 reads the non-synchronizati on code data witten
to the nmenory 802 sequentially fromthe beginning of the bl ock, converts
the read data tidexnde€iser d® shiohdhag 4 oldrytB-clS 1aavensi a8 tabbe a8€ea
conversion rules 5 shown in Figs. 2 and 3, and then wites the converted
code words to tthatFliFORLg.f 88,808e Ifentifisy il As iahowoods foswedeby SO
counts the code words witten to the FIFO buffer 805, and determ nes for
each frane the ®axking, PPRCARBPS KTNeS HYcOFB Parkingridemazking betyeen
begi nni ng of ea‘gh f(%gme. .Aftﬁr t he synchroni zati on code type information
to be inserted at°t "ﬁé&?ﬁﬁ? g of the frane witten to the FIFO buffer 805
is selecteg by the DSV calc ry t : opj ' I gger

806 reads ?he sel ected t?}%egilin orlrrzgfg.ggr'\ gﬁ'd t gﬁgog%ﬁ?%ﬁ%iﬁgﬁ ﬁtﬁhett'l%
fixed part of tihe-cngedrevdesit abongodtef reyadiee ayechiseetds- address Sa;

synchronization code S1; data (such as video and audio data)
and header codes D/H; synchronization code S4; data and parity
codes D/P; synchronization code S3; data.D; ... sector address
10 SA; synchronization code S2; data and header D/H; synchroniza-
tion code S4; data and parity codes D/P; ... synchronization
code S4; and parity codes P.
According to a preferred embodiment of the present
invention, the longest entry of the markings in the synchroni-
15 zation codes is the identifier ID, which has the length of
14T, and the longest entry of the marking in the disk other
than in the synchronization codes is limited to 11T. Hexe the
longest entry marking can be eithexr ON marking or OFF marking.
As shown in Fig. 19, in the non-rewritable disk ND,
20 the recorded codes along the tracks are: synchronization code
81; data (such as video and audio data) and header codes D/H;
synchronization code S4; data and parity codes D/P; synchroni-
zation code 83; data D; synchronization code S4; data and
parity codes D/P; synchronization code 83; data D;
25 synchronization code S2; data and header codes D/H;
synchronization code 84; and parity codes P.

Accoxding to a preferred embodiment of the present



tion code pattern nenory 808, and then generates the synchro- nization code
by inserting the type information to a predeter- mned position in the
—frxed—code part —of the Synchron zati on code. Alter outputting the generated
synchroni zati on code, 20 t he synchroni zati on code inserter 806 reads ahd
outputs the franme follow ng said synchroni zati on code fromthe FIFO buffer
805. The frame and synchroni zati on code output fromthe synchronization,
code i nsWPPEBIBEHG s then converted to an NRZI channel RGN 0878nd written
to a particular address on the 25 optical disk or other recording
medi um The DSV cal cul ator 807 reads the coding pattern for the fixed part
of the synchroni zation code, and type Lnfor - - 43 - mation 1 and 2
i dentifying the synchronization code type determ ned by the synchronization
code inserter 806, fromthe synchronization code pattern nenory 808, and
generates the code sequences of the synchronization codes to which type 5
i nf or mat i onihventdisypethenflongest centryraf itheepied. in Ithd kymcheadizahe code
sequence input to the FIFO buffer 805 fromthe beginning of the frane
fol | owi ng s&iansgedes ¢ £hei fervifdero IPhawipigh ihag the Dxngthnedr £148n poi nt
in that frane, apd generates the code word sequence for the case in which a
10 synchFBﬂiEgFigﬁn%Eﬂﬁa?Hﬁﬁ?éFﬁiggetybﬁsi+ﬁc§%ﬁﬂq prher; £8api 4R to the

Ceai nn, A _ ' ror . .
o oo Dengr oEns FraaR bt iU Sod el fusdeP L LOF, CREES WK1 BRGUEE O ! S
i nserted toehReybediap0bel ef tifer %ﬁdoﬁ?ﬁg WOrE iDRAWRELE tHe pits are

The DSV cal cul ator 807 then converts two generated code word
sequences t @olingd shameFFspimgortion which is an interval between the

pits.
Embodiment 2
Fig. 8 is a block diagram of an optical disk
10 recording apparatus 800 described below as the second

embodiment of the present invention.
As shown in Fig. 8, this optical disk recording
apparatus B00 comprises an input section 801, memoxry 802, a
parity generator 803, coding unit 804, FIFO buffer 805,
15 synchronization code inserter 806, DSV calculator 807,
synchronization code pattern memoxry 808, and DSV memory 809.
The data to be recorded to the optical disk is input
through the input section 801, which writes the input data one
frame at a time to a particular position (address) in the
20 memory 802.
The memoxy 802 stores non-synchronization code data
formatted with a 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
25 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 B802.



referenced to the signal |evel of the NRZI channel signal stored to the DSV
menory 809, and cal cul &€s the DSV of the NRZI channel signal corresponding

to the two code word 20 sequences fromthe DSV val ue stored to the DSV
menory 809. The DSV cal cul ator 807 then conpares the absolute val ues of the
two DSV calculation results at the end of the code word sequence, i.e., at
t he: DSV corrp?(ﬁ’%%oi nt of the frame follow ng the synchroﬁFyW?}ode,
and selects the type 25 information resulting in the DSV cal cul ati on
result with the smallest absolute value at the DSV conparison point. The
DSV cal cul ator 807 then updates the contgpt. stored to the DSV - 44 -

menory 809 with the DSV cal cul ation result having the | owest absol ute val ue
at the DSV conparison point, and the signal |evel at the DSV conparison

poi nt of the NRZI channel signal in which the absolute value of the DSV
calculation result is 5 Theomeding thih, 80fhseekds thee noonsynchronisation

t he updated DSV nenory 809, the DSV cal cul ator 807 again cal cul ates the DSV
as described ab@RES rAha HEFHSPTE i bR oREFRINt 89D PRI LY Herqw Jhge

and agai n updat es_t.he .conteng, of, { he D! LY.809. w at _cal cul ation
result and the ﬁlﬁﬂmé’ﬁg nce’? élll%n% OC?YJ %\énlggggf %\?et%%g(%%&tt%r L;fah‘é-o ?aﬁ%r.gsl'he
synchroni zati on £oda gkt 6N tKBMBLY5 808n9d: N &5h HiB1€0dRAS e&uteﬁgs%%i %\li'fes

fixed part of the synchronization code shown in Fig. 4, and
patterns ofstypestdwrorin rsigsqn 21 andd 37 aadr ehpondiciges ot héecoyehtedi &add ONn
code type 15 (S1-S4) shown in Fig. 6. The DSV nenory 809 stores the DSV
val ue updat ed bywadds BSVtbel EIFQtnEBR7 8083d t he | evel of the correspondi ng
NRZI channel signal.

The synchronization code inserter 806 counts the
code words written to the FIFO buffer 805, and determines for
each frame the type of synchronization code to be inserted at

10 the beginning of each frame. After the synchronization code
type information to be inserted at the beginning of the frame
written to the FIFO buffer 805 is selected by the DSV
calculator 807, the synchronization code inserter B06 reads
the selected type information and the coding pattern of the

15 fixed part of the synchronization code from the synchroniza-
tion code pattern memory 808, and then generates the synchro-
nization code by inserting the type information to a predeter-
mined position in the fixed code part of the synchronization
code. After outputting the generated synchronization code,

20 the synchronization code inserter 806 reads and outputs the
frame following said synchronization code from the FIFQO buffer
805. The frame and synchronization code output from the
synchronization code inserter 806 is then converted to an NRZI
channel signal, and written to a particular address on the

25 optical disk or other recording medium.

The DSV calculator 807 reads the coding pattern for

the fixed part of the synchronization code, and type infor-



Fig. 9is a flowchart of the process executed to record the data

contai ning a synchroni zati on code thus 20 generated in an optical disk
—recording apparatus_accor di ng o _the present enbodi ment of the i nvenfion.

The data input to the input section 801 (step S901) is sequentially witteéen

frame by frame to a known address in the nenory 802 (step 8902) When al

of the data is witten 25 to the nenory 802 (step S903 r|ty data is
gener at ¥P P80 [ ow and col utm el enents of the data the menory
802 (step S904), and the generated parity data is then witten - 45 - to

a known address in the nenory 802 (step S905). The synchroni zati on code
inserter 806 initializes each of thgqparameters used to evaluate the type
of the synchronization code to be inserted at the beginning of the 5

data read fromthe nenory 802. The DSV cal cul ator 807 also initializes the
content stored to the DSV nenory 809. Mre specifically, the paraneters i,
j, and k ar eataphi dl et 2oideatifiyims thé, synthranizatilon whede itype t he
parameter for tracking whether the frame read_fromthe nenory 10 802 is
frane 1 (i =Pptermipgdey thp-gynchxqpizpties e%mmmrr&ﬁét 806 )fram the

(1[err]k[err]14) is.the, ter for countlng nu rows [n each
frame (the F&ﬁ %ﬁﬁﬁ%ziﬁﬂéhmﬁéga g ey AP e FPFbEFnF§aPﬁ§ ﬁ Panet er
BRI R H Y eyl
initials DSVm&buﬁ\asieﬁeﬂ At tthpeDINEERHBE Yo80D e, idddrtRmanphe, théw and
zero (0), respectively (step 06). If unprocessed data remains in the
menory 802 @ekds the code seguence input to the FIFO buffer 805 from the

beginning of the frame following said synchronization code to

the particular DSV comparison point in that £frame, and

generates the code word sequence for the case in which a

10 synchronization code containing type information 1 is inserted
to the beginning of the read code word sequence. A similar
code word sequence is also generated for a synchronization
code containing type information 2 inserted to the beginning
of the read code word sequence.

15 The DSV calculator 807 then converts the two
generated code word sequences to NRZI channel signals
referenced to the signal level of the NRZI channel signal
Stored to the DSV memory 809, and calculates the DSV of the
NRZI channel signal corresponding to the two code word

20 sequences from the DSV value stored to the DSV memory 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 frame
following the synchronization code, and selects the type

25 information resulting in the DSV calculation result with the

smallest absolute value at the DSV comparison point. The DSV

calculator 807 then updates the content stored to the DSV



S907), the coding unit 804 reads one frane of data fromthe 20 menory
802 using a known data processing uniT (step S908), codes the read data to
code word sequences conprising a 15-bit code word for each eight bits of
redd data using 8-15 conversion, and wites the resulting code word
sequence to the FIFO buffer 805 (step S909). 25 When a code
word sequerw@9%B188®ne frame of data is witten to the FlI FOPEUAPISIOONE®S t he
synchroni zati on code inserter 806 increnents the frane counter paraneter
(step 46 - S910). If the frame count paraneter i=1 (step S911), the row
count paranmeter k=1 (step S912), and the,sector count paraneter j=1 (step
S918), the synchronization code inserter 5 806 determ nes that the type
of the synchronization code that should be inserted to the begi nning of the

frame witten to the FIFO buffer 805 is synchroni zation code S1, i.e., the
synchroni zat i onmefigeyi 808 caitinghehpsbhegalniley ivh aedals hhoikg (el ER) .
10 Usi ng the synchroni zati on code type (synchroni zati on code

S1 in this exanpbeplute evaiwnedabytheeDSYneomparimon @eisdde ands diteersignaml
inserted to the_beginning of frame 1 witten to the FIFO buffer 805, the
DSV cal cul ator &8Yetihah éHﬂhF@@PFHESTERPQHBFMQf FhFh§R§%AFQ§ﬁﬁﬁ%lﬁiﬁ?a

POLTE L1 TTATe Lolhi Yhe aifEleb RSO T BRyl 08 P O L 2
o Y e el s 3 e Bt er L e tteals
in step S920 i smeRseyi 86, i the DSV calculator 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 the DSV memory
809 with that calculation result and the NRZI channel signal
10 level at the end of the frame.

The synchronization code pattern memory 808 stores
the code sequence of the fixed part of the synchronization
code shown in Fig. 4, and the 5-bit patterns of type infor-
mation 1 and 2 corresponding to the synchronization code type

15 {81-5S4) shown in Fig. 6. The DSV memory 80% stores the DSV
value updated by the DSV calculator 807, and the level of the
corresponding NRZI channel signal.

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

20 generated in an optical disk recording apparatus according to
the present embodiment of the invention.

The data input to the input section 801 (step S901)
is sequentially written frame by frame to a known address in
the memory 802 (step S%02). When all of the data is written

25 to the memory 802 (step S903), parity data is generated for
the row and column elements of the data stored to the memory

802 (step S504), and the generated parity data is then written



20 greater detail below with reference to Fig. 10. The synchroni zation
code inserter 806 then generates a synchronization code with the type
—Tnrormation sel &cted by the DSV calculator 807 (step S92T1). The
synchroni zati on code inserter 806 then reads 25 frame 1 fromthe FIFO *
buffer 805, inserts the generated synchronization code to the begi nning of
the frane (st $916), outputs that frame (step S917), and then | oops back
to - yﬁgp S907. in step S911 the frame count PEEFEINMNSE | =1 and
in step 8912 t he rom1count paranmeter k=1 and the sector count paraneter j=1
In step S918, the synchronization code inserter 5 806 determ nes that
the type of synchronization code to _bgginserted to the beginning of the
frame witten to the FIFO buffer 805 is synchroni zation code S2, i.e., the
synchroni za- tion code identifying the beginning of a sector (step S922).
The DSV calculator 807 then selects the type 10 I nformati on of
synchroni zat i o sokeow? addresep iB98Re usemuyryt [8D2s distepr 58885, executed in
step S923. The synchroni zati on code inserter 806 then generates a
synchroni zati on code EEFQRNEE§QH49§1?H§1?9p§°¢%f%ﬁ$ﬁﬁq§ﬁ1Qﬂﬁ é@ﬂééaﬂyzgﬁe DSV

| cul at 807 24 d | b t S916. If
'f ﬁecgegt g; coﬁﬁ%ﬁ aial t’ﬁa%?ert]%o S“%‘? pt%9f‘2 alf’%‘égseﬁ(?hr'i}meza‘?ﬁ ﬁggﬁ\égr

neertod to t AEPEEOPRRTICIE ool FENBs SphRRest 6 A HEARFCEE Ba80. o0

synchroniszat i gataCee8d S%m theS memockPes0o3YNCHRONDSAlENu1GRESe 807 also

initializes the content stored to the DSV memoxry 809.

More specifically, the parameters i, j, and k are
initialized to the values i=0, j=1, and k=1, where i is the
parameter for tracking whether the frame read from the memory

10 802 is frame 1 (i=1) or frame 2 (i=2) (the frame count
parameter i); k (1lsksl4) is the parameter for counting the
number of rows in each frame (the row count parameter k); and
j {1sjs12) is the parameter for counting the sector number
(the sector count parameter j). The initialization values of

1s the NRZI channel signal level and the initial DSV value stored
to the DSV memory 809 are, for example, LOW and zero (0},
respectively (step $906).

If unprocessed data remains in the memory 802 (step
8907), the coding unit 804 reads one frame of data from the

20 memory 802 using a known data processing unit (step S908)},
codes the read data to code word sequences comprising a 15-bit
code word for each eight bits of read data using B8-15
conversion, and writes the resulting code word sequence to the
FIFO buffer 805 (step S$909).

25 When a code word sequence for one frame of data is
written to the FIFQ buffer 805, the synchronization code

inserter 806 increments the frame counter parameter i (step



I dentifying the beginning of a row other than the first rowin the data
blr-ock or sector (step S91I3)~ The DSV cal cul ator 807 then selects the type

i nformati on of synchronization code S3 in step S914 using the 25 same
process executed in step S920. The synchroni zation code inserter 806 then
generates a nchroni zati on code S3 containing the type information - 48
- selected MK%%SV cal cul ator 807 (step S915), and | oopPITERREWEI8St e
S916. If in step S911 the frane count paraneter i=2, i.e., i[err]l, the
synchroni zati on code inserter 806 determ nes that the 5 type of
synchroni zation code to be inserted to_tje beginning of the frane witten
to the FIFO buffer 805 is synchronization code $S4, i.e., the

synchroni zation code witten to the m ddle of each row and identifying the
begi nning of franme 2 (step S925). 10 The DSV cal cul ator 807
then selects t8g,aaly.pe information of synchronization code S4 in step S926
using the same process executed in step S914. The synchroni zation code
inserter 806 then generat & &heyframentount mpxeswsess iedntlarepngoihk. t Yhe

i nformation 15 sel ected by the cal cul at or 07 (step S927). The
synchr oni zat i on ‘?Riﬂecc?‘fféterlf%?awrt ﬁ%ﬂ' L%téit f'ra?ﬁé'1 c@%ﬁts%‘i%ﬁF@W‘F

to 0 (i=0), bec eQ%rngxg f(ncr teghgoe%!tli' J':Anlg YT er 805 W ﬁef%?%p

frame 1 in the row the S ¢ount par are et

S929). 20 g 806 deteHn;ﬁQE M?Aﬂl%h@ft df0'¢ne0 czpﬁéﬁr?ét%.ronkcb&eléﬁi‘t
(step S930), the next frane witten to e FIFO butfer
should be inserted to the beginning of the frame written to
the PIFO buffer 805 is synchronization code S1, i.e., the
synchronization code indicating the beginning of a data block
{step S919).

10 Using the synchronization code type (synchronization
code S1 in this example) determined by the synchronization
code inserter 806 inserted to the beginning of frame 1 written
to the FIFO buffer 805, the DSV calculator 807 then calculates
the DSV value at the DSV comparison point in frame 1 using

15 both type information 1 and type information 2 inserted to the
selected synchronization code 81, and selects the type
information yielding the DSV value with the lowest absolute
value at the DSV comparison point in frame 1 ({step S920}.
Note that the process executed in step 8920 is described in

20 greater detail below with reference to Fig. 10.

The synchronization code inserter B06 then generates
a synchronization code with the type information selected by
the DSV calculator 807 (step S921).

The synchronization code inserter 806 then reads

25 frame 1 from the FIFO buffer 805, inserts the generated
synchronization code to the beginning of the frame (step

$916), outputs that frame (step S917), and then loops back to



will be the first frame in the next sector, and the sector count paraneter
J is therefore increnented, and the row count paraneter k is reset to 1

(Step S93I). |If Step S930 returns 25 NO, T1.¢€., if theTowcount
paranmeter k is not greater than 14, the process skips forward to step S9186.
If at step S932 the sector count paraneter j is also - 49 - 12<j as the

result of the increnent at step S931, the frame next witten to the FIFO _
buffer SWOMPIMO he the first frame 1 in the next data DPEKHPISNSH: sect or
count paraneter j is therefore reset to j=1 (step S933), and the process
returns 5 to step S901. Step S916 | oops back to step S907, and if there
IS no unprocessed data left in the_nFQD[y 802, the coding unit 804

term nates processing. Fig. 10 is a flow chart of the type information 10
sel ection process executed in steps S914, S920, S923, and S926 in Fig. 9.
The DSV cal cul ator 807 reads the 5-bit patterns of type information 1 and 2
I ndi cating theepyp®0Ueterm ned by the synchroni zati on code inserter 806,
and the coding pattern of 15 the fixed part of the synchronization code,
fromthe sync code patiferi® #EfBr §92dsthe £xame grpunt payapevecalicdl andr 807

th t d A ' t h | zat | de of
deter i ned t JPESHP 928 FHf - PhGPBE PAEHIRE SFiedy RIRJTHS H5EEPRT SPWRE T on 20

L b Dot 2 Zpa ekl tet iy 8016 Rl il el nerer o,
807 |ikew segggngepiffimes Qdtit the type of synchronization code to be
inserted to the beginning of the frame written to the FIFO
buffer 805 is synchronization code 82, i.e., the synchroniza-
tion code identifying the beginning of a sector (step £922).
The DSV calculator B07 then selects the type
10 information of synchronization code S2 in step §922 using the
same process executed in step S923.
The synchronization code insertexr 806 then generates
a synchronization code 82 containing the type information
selected by the DSV calculatoxr 807'(step $924), and loops back
15 to step S9%916.
If, however, the sector count parameter k=1 in step
8912, the synchronization code inserter 806 determines that
the type of the synchronization code to be inserted to the
beginning of the frame written to the FIFQO buffer 805 is
20 synchronization code 83, i.e., the synchronization code
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
25 same process executed in step S920. |
The synchronization code inserter 80& then generates

a synchronization code S3 containing the type information



sequence B expressing the synchronization code of the determ ned type by

i nserting the read 5-brt—patrtern for type 25 ““information 2 to bits 22-26
(the fixed part of the coding pattern) in the simultaneously read
synchroni zati on code (step S1003). - 50 - The DSV cal cul ator 807 then

reads the code word sequence C fromthe beginning of the frame stored to
the FI FO buMOSE3YES (o a predeterm ned DSV conpari son poi nPCTARI6{80838 004) . 5
The DSV cal cul ator 807 then generates the two code sequences A+C and B+C by
i nserting the synchronization code sequences A and B generated in steps
S1002 and S1003 to the begi nning of the gogle word sequence C of the frane
read fromthe FIFO buffer 805 (step 8106 ). 10 The DSV

cal cul ator 807 then generates NRZI channel signals corresponding to the
gener ated code sequences A+C and B+C based on the NRZI channel signal

| evel , stored iseldetddS¥ynenemsBoalcalatde goi7t (stepdisanel, yabelliepd back
synchroni zati on code (step S1006). 15 The DSV cal cul ator 807

t hen cal cul at estehete¥s\834#f.ues for the NRZI channel signals corresponding
to code sequences A+C and B+C based on the DSV val ues of the bit

i medi ately before the syfchRoHieASPaA BRI £ 3T TR PREPREE DI Jre oy 809

. h I h
Sbsorute val uesthr Hhe,RREhRoTikardet GRof drifedted Foe, AR ERIREL Whal Fhe,
the end of sthe NRZl £hanpRh 8h@Rat 1 98NS &% bRl 1R8PS RSN BEGinning

containing type information 1, and d2 is the DSV
of the frame written to the FIFO buffer 805 is synchronization

code S4, i.e., the synchronization code written to the middle
of each row and identifying the beginning of frame 2 (step
8825} .

10 The DSV calculator 807 then selects the type
information of synchronization code S4 in step 5926 using the
same process executed in step S914.

The synchronization code inserter 806 then generates
a synchronization code 854 containing the type information

15 selected by the DSV calculator 807 (step S927).

The synchronization code inserter 806 then resets
the frame count parameter i to 0 {i=0}, because the next frame
written to the FIFO buffer 805 will be frame 1 in the next
row, and increments the sector count parameter k (step S929).

20 If the value of the row count parameter k is 14<k
(step S930), the next frame written to the FIFO buffer B80S
will be the first frame in the next sector, and the sector
count parameter j is therefore incremented, and the row count
parameter k is reset to 1 (step 8931). If step $5930 returns

25 NO, i.e., if the row count parameter k is not greater than 14,
the process skips forward to step S$3916.

If at step S932 the sector count parameter j is also



calculation result at the end of the NRzZI channel signal 25 gener at ed
for code sequence B+C containing type information 2. If [err] [err] (step
T SI008), type informatron I 1S - 51 - Selected (Step SIO0Y9). The DSV '
cal cul ator 807 then updates the content of the DSV nenory 809 by witing =
the NRZI channel signal |evel at the end of the NRZI channel signal
generated for code sequence A+C containing type information 1, and DSV 5
cal cul at M§h?633880| t d1, to the DSV nenory 809, and ter ni RET/ARISOIRIS { ype
i nformati on sel ection process (step S101)). However, if [err] i.e., step
S1008 returns NO, the DSV cal cul ator 807 selects type I nformation 2 (step
S1011). The DSV cal cul ator 807 thep gpdates the content of 10 the DSV
menory 809 by witing the NRZI channel signal |evel at the end of the NRZ
channel signal generated for code sequence B+C containing type information
2, and DSV cal- culation result d2, to the DSV nenory 809, and term nates
t he type i nfi2«htasreise/resulonofr thesindenentSER1 2repl18931, the framelt is
t herefore possible by neans of the present enbodinent to achi eve an optical

di sk recordlﬁeﬁ%uﬂ%&%HQRst@OGheaﬁaF%.P%ﬁiﬁ%h&ﬂ? wadholbet hbeefdrst f Hrame

di t | di di dat t
synchr oni za- 2 f‘ finBhe e Jotal PURe o 1RE: 85 ERCPURT HBRAMSR (T Tt ed 20
fromthe nong A%t ORo ngf dat éHE%)haﬁhﬁgcéé 93§e5¥n§%#@$iought

shoul d be no% at t recordi ng medi umref'erence OVE nay
of as a5tran§a1§§§§ngg@qth for transmtting said data and synchronlzatlon
code sequence

Step S916 loops back to step 8907, and if there is
no unprocessed data left in the memory 802, the coding unit
804 terminates processing. |

Fig. 10 is a flow chart of the type information

10 selection process executed in steps 8914, §920, S923, and S926
in Fig. 9.

The DSV calculator 807 reads the 5-bit patterns of
type information 1 and 2 indicating the type determined by the
synchronization code inserter 806, and the coding pattern of

15 the fixed part of the synchronization code, from the sync code
pattern memory 808 {(step S1001}.

The DSV calculator 807 then generates a code
sequence A expressing the synchronization code of a determined
type by inserting the read 5-bit pattern for type information

20 1 to bits 22-26 (the fixed part of the coding pattern) of the
simultaneously read synchronization code (step S1002).

The DSV calculator 807 likewise generates a code
sequence B expressing the synchrohization code of the
determined type by inserting the read 5-bit pattern for type

25 information 2 to bits 22-26 (the fixed part of the coding
pattern) in the simultaneously read synchronization code (step

S1003) .



25 recorded by said recording apparatus to the reproducti on appar at us.
Am al ternative enbodi memt—of—the present inventionTherefore provides a
transm ssion nethod for transmtting to - 52 - a transnmi ssion path data
cont ai ning a synchroni zati on code that can be accurately and reliably

di scrimnated fromthe non-synchroni zati on code data, and having vari ous
functions, O3 bed in the first enbodi ment above. 5 PCENB¥A0OSENt 3
Fig. 11 is a block diagram of an optical disk reproduction apparatus 1100
according to a third enbodi nent of the present invention. As shown in Fig.
11, this optical disk reproduction apparaf us 1100 conprises a
synchroni zati on 10 code detector 11017 a type information reader 1102, a
read controller 1103, a decoder 1104, an error correction processor 1105,
and an out put section 1106. The synchroni zati on code detector 1101 obtains
the data containing a syntheobsvaidaQutador agode xtenbadadlzothd r&iel Sword
the optical disk to which it is recorded as the reproduction signal
digitizes said regguedget Fofrem il begénning ©f kdedfgare zarbrsdynal the BIFO
NRZI channel signal, denodul ates said NRZI channel signal to a code word
sequence (paral RWEESZt HO0% oRPr AsiRTpOrtesmingd PSNorRIPAFIFOHURRKRL t bSteR
type 20 I nforgmati.Qn reader 1102. The synchroni zati on code detector 1101
al so identifies %&4§rgnal segnent in the denodul ated NRZI channel signa

[N ahich the 1nversion | NREvBby ! altillallr0563! Ched Gt a1eRC RRANL 44! LA
code identitier, and outputs a synchronization code detection signal to the

t_ypﬁ infor- 25 gequhices headand189E. by Wieserdid§REheC kynatkofii 8864 o gt
Wi t

sequences A and B generated in steps S1002 and 81003 to the
beginning of the code word sequence C of the frame read from
the FIFO buffer 805 (step S1005).

10 The DSV calculatoxr 807 then generates NRZI channel
signals corresponding to the generated code sequences A+C and
B+C based on the NRZI channel signal level, stored in the DSV
memory 808, of the bit immediately before the synchronization
code (step S1006).

15 The DSV calculator 807 then calculates the DSV
values for the NRZI channel signals corresponding to code
sequences A+C and B+C based on the DSV values of the bit
immediately before the synchronization code as stored in the
DSV memory 809 (step S1007).

20 The DSV calculator 807 then compares the absolute
values |di| and }d2| where dl is the DSV calculation result
at the end of the NRZI channel signal generated for code
sequence A+C containing type information 1, and d2 is the DSV
calculation result at the end of the NRZI channel signal

25 generated for code seqguence B+C containing type information
2.

1f }d1} s |32} (step S1008), type information 1 is



a 16T or greater inversion interval is discrimnated, the synchronization
code detector 1101 al so outputs a set signal - 53- to the read

controlrer 1103 The tType informatrton reader 1102 is, i practice,
identical to the decoder 1104, but reads as the data to be processed the +
code word supplied fromthe synchronization code 5 detector 1101

I mredi ately after the synchroni zation code identifier is discrimnated,
i.e., th@"{%ﬂ@s%rd cont ai ni ng the synchroni zati on codePET/P26P4§7% mat i on

i mmedi ately follow ng the synchroni zati on code detection signal output. The
read type information is output to the read controller 10 1103. The read
controller 1103 detects and corrects geqd cl ock phase error at each

i nversion of the NRZI signal, and synchronizes the first bit of the code
word output fromthe synchronization code detector 1101 to the type

I nformation 15 reader 1102 each time the synchroni zati on code detector
1101 identi f is=dedteds\stepo8lided) on Tied®SVdeallchilatofi 887 , there Ufddteshannel
signal segnent where inversion interval TS=16T), i.e., at the set signal

timng. The rtded coptent| ¢erthe1 DSVinemrne8d8 briavpidiinshthef NREE channedecoded
by the decoder, 11Q4.to contraql 20 t r dyction operation execuyted b
t%e conponent& L A8VE t?Ea&edieé"ﬁl F’EppgﬁMﬁﬁ*’&ﬁbﬁﬁaﬁg@%&f“eﬁ%@egecodey
1104 -1 ' [ ' ' ket

compr| ot ng 5 FPogohe; SeGRRER Al BROLEAtne M BniBiaRIGETEC i MRV, |

fromthes25 ca1NehAieni 286000 @U@ cdehechsV mkhidky 806, Vaad AfeddiRiakegul t to
a known address in a nenory (which is not shown).

the type information selection process (step $S1010).

Q

However, if jdii>]d2}, i.e., step S1008 returns NO,
the DSV calculator 807 selects type information 2 (step
S1011). The DSV calculator B07 then updates the content of

10 the DSV memory 809 by writing the NRZI channel signal level
at the end of the NRZI channel signal generated for code
sequence B+C containing type information 2, and DSV cal-
culation result d2, to the DSV memory'eos, and terminates the
type information selection process (step $1012).

15 It is therefore possible by means of the present
embodiment to achieve an optical disk recording apparatus 800,
and a recording method therefor, for recording to an optical
disk or other recording medium data containing a synchroniza-
tion code that can be accurately and reliably discriminated

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

It should be noted that the recording medium
referenced above may be thought of as a transmission path for
transmitting said data and synchronization code sequence

25 recorded by said recording apparatus to the reproduction
apparatus. An alternative embodiment of the present invention

therefore provides a transmission method for transmitting to



The error correction processor 1105 then reads the - 54 - parity data
fromthe converted datawitten to sard known address—in nenory (which is
not shown), and applies error correction processing to each data bl ock. The
data stored to nmenory is then updated using the error corrected data. 5
The out put section 1106 then sequentially reads and outputs the
error-corred{@WNB, fromthe nenory not shown. Fig. 12 is PETHPHUM8M agr am
showi ng a specific hardware configuration of the synchronization code
detector 1101 and read controller 1103 shown in Fig. 11. 10

The synchroni zati on code detector 1101 anrd read controller 1103 conprise a
conparator 1201, threshold | evel generatdi 1202, clock extractor 1203, bit
synchroni zer 1204, shift register 1205, detector 1206, [err] frequency

di vider 1207, and latch circuit 1208. 15 The conparator 1201

conpar es the repaoduahsnissionapatiepdath cesntdiririches opinQatordizt deint keddae
read threshold | evel input fromthe threshold |evel generator 1202, and

di giti zes the i npbatr eprobececonratelyl add reohiably rifisdiniminatedudromn thiee
reproduction signal equal to or exceeding the read 20 threshold level to
HI GH bits, and sPERaPYIEREPRIZANIGH CRES SA%R 1 AN REVANSVRT19%R | TyRahicss,

The threshold | evel .generator, 1202 generates the read threshold | evel used
by the conparatoFslggi?r¥%§9@fb%%eegffgét% ﬂéﬁﬂfqgség°gﬁase-lock | oop (PLL)
25 for ggnerahhﬂgdiﬂéa%ggd_c!ock fromthe output signal of the
conpar at or 1201, "and synchroni zi ng the period and phase of the read cl ock
so that the output of the miypaiatde 1&20Block diagram of an optical disk
reproduction apparatus 1100 according to a third embodiment
of the present invention. As shown in Fig. 11, this optical
disk reproduction apparatus 1100 comprises a synchronization
10 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.
The synchronization code detector 1101 obtains the
data containing a synchronization code as described above from
15 the optical disk to which it is recorded as the reproduction
signal, digitizes said reproduction signal, converts the
digitized signal to an NRZI channel signal, demodulates said
NRZI channel signal to a code word sequence {parallel data)
comprising 15-bit code words, and outputs to the type
20 information reader 1102. The synchronization code detector
1101 also identifies any signal segment in the demodulated
NRZI channel signal in which the inversion interval is 16T or
greater as the synchronization code identifier, and outputs
a synchronization code detection signal to the type infor-
25 mation reader 1102. When an NRZI channel signal segment with
a 16T or greater inversion interval is discriminated, the

synchronization code detector 1101 also outputs a set signal



- 55 - inverts at the reference position, which is the mdpoint of the
PLL-generated read clock. The bit synchroni zer 1204 sanpl es the conparat or
—outrput—at the tTMNG of tThe Tead clock rromtinhe clock 5 ~ extractor 1203,
converts the reproduction signal to an NRZI channel signal, and then .
denodul ates the resulting NRZI channel signal to an NRZ (non return to
zero) signal. The shift register 1205 sequentially |nputs the NRZ signal
expresmﬂ&’?’ﬂ%ode word as serial data at the read 10 PCTAPPUROR™: | i ng from
the clock extractor 1203, converts 18 bits of the NRZ signal to parall el
data, and outputs the result to the detector 1206. Fifteen consecutive
bits in the shift register output aregzal.so output to the latch circuit,
1208. Wien a code sequence corresponding to the 16T 15 i nversi on
i nterval of the NRZI channel signal, i.e., the code sequence
(10000000000000001) containing a fifteen bit run of zeroes (0), or a code
sequence cor tespbadread teontlletr Aa0adcsion i nterval of the NRZI channel
signal, i.e., the code sequence (10000000000000000 3 contai ning a sixteen
bit run of 20 zer 0eB0] (hYPe SIHEQFAREiPR T BRERE 102 Ao dl!’([ﬂ}'taé’tt’-ﬁét

S on code. .é?”?fé%’%%eﬁﬁé $Podt (a4 D RS elst U3 rhl aREACEE B 05
(not shown 'grgl:Qs eV\QSHetv\t&é:Qggpfféﬁ'?%ﬁl érﬂ&@?ﬂ@ POR é?mﬁ‘;%ﬁ‘é

corresponding to t T 1 nversion I nterv

si gnal iss inlaﬁi:ec&oietllwlgnﬂhmé_&laﬁeag' oafgey thet mlarbhifaetmenepadi vi der
1207. The 1/15th frequency divider 1207 generates the word
identifier is discriminated, i.e., the code word containing

the synchronization code type information immediately

following the synchronization code detection signal output.

The read type information is output to the read controller
10 1103.

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
synchronization code detector 1101 to the type information

i5 reader 1102 each time the synchronization code detector 1101
identifies the synchronization code identifier (i.e., the NRZI
channel signal segment where inversion interval TS=16T), i.e.,
at the set signal timing. The read controller 1103 then reads
the content of the data decoded by the decoder 1104 to control

20 the reproduction operation executed by the components of the
optical disk reproduction apparatus 1100.

The decoder 1104 reverses the 8-15 conversion
process using a data processing unit comprising a predeter-
mined quantity of the 15-bit code words supplied from the

25 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



- 56 - clock by [err] frequency dividing the read clock. The [err]
frequency divider 1207 atso synchroni zes the word cl ock phase so that the
word clock rise (or fall) is output before the third read clock fromthe
set” signal output, i.e., at the 5 twelfth read clock fromthe set
signal. The latch circuit 1208 holds the 15-bit parallel data fromthe
shift regi sSROIIAB® at the word clock timng fromthe [err|POIIEORTSY

di vider 1207, and outputs to the decoder 1104. 10 Fig. 13 is a
bl ock di agram of the hardware con- figuration of the shift register 1205
and detector 1206 shown in Fig. 12. Note_.fhat in Fig. 13 the high bit of

t he code sequence output fromthe shift ?egister 1205 is shown on the
right, and the low bit is on the left. In addition, the nth 15 bi t
counted fromthe highest bit (nost significant bit) in the output of the
shift register Dihitys datfeerrmectlas conmpEdntdd tdatdalntin tethersles£d Okndw)6
conprises an OR gate 1301, an inverter 1302, a NOR gate 1303, and AND gates
1304 and 1305. 2gidress in memoxfi t {whirharics 1180bf shéwnlarand cappbies oerpon

fromthe shift register 1205 are jnput to the OR gate 1301, which outputs 1
when either of tIRFEEFFICR P¥ogesing o rarh«Aaka Alogk - (athe ARLFuFLPFEH FPe

shift register 1205 is .input to é e ijnverter 130% ¥hich i nveyts the 25
bit and outputs BTN FEr ?ﬁaf‘b}‘?.g"ﬁﬁ s“s%rignrr'gﬁgﬁ T8 of T IRS eé;u’%ltlaél dat a
output fromgthe shift regifhbesud RS sakeibAPHod @neles ke A1 1}303aaki 44k
outputs the error-corrected data from the memory 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.

10 The synchronization code detector 1101 and read
controller 1103 comprise a comparator 1201, threshold level
generator 1202, clock extractor 1203, bit synchronizer 1204,
shift register 1205, detector 1206, 1/15th frequency divider
1207, and latch circuit 1208.

15 The comparator 1201 compares the reproduction signal
reproduced from the optical disk with the read threshold level
input from the threshold level generator 1202, and digitizes
the input reproduction signal by converting signal values in
the reproduction signal equal to or exceeding the read

20 threshold level to HIGH bits, and signal levels below the read
threshold level to LOW bits.

The threshold level generator 1202 generates the
read threshold level used by the comparator 1201.
The clock extractor 1203 is a phase-lock loop (PLL)

25 for generating the read clock from the output signal of the
comparator 1201, and synchronizing the periocd and phase of

the read clock so that the output of the comparator 1201



- 57 - bit 1 input through the inverter 1302. If all input bits are 0, the
NOR gate 1303 outputs 1. The output fromthe NOR gate 1303, and bit 17 of

the paralTel data output fromthe shift register 1205, "are rnput 5 to
the one AND gate 1304, which outputs 1 if both of the inputs are 1. The =
outputs fromthe 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. 10

The overgﬂ“ﬁm?ation of the process executed by the d PERAFIS08M 5 t hus
conprised is described in greater detail below. As shown in Fig. 13, bit 1
of the shift register output is input through the inverter 1302, while bits
2-16 are 15 i nput directly, to thedNQR gate 1303. As a result, the NOR
gate 1303 outputs 1 when bit 1 in the shift register 1205 is 1 and bits
2-16 are all 0. The output fromthe NOR gate 1303 and bit 17 fromthe shift
regi ster 1205 are input to the AND gate 1304. As a result, the AND gate
1304 out put s invenxity awhehheOrefengnce Ppagidivh,owhinb 34 the reidmiiont aft put
are 1ls, and all bits 2-16 are 0s._ This_bit sequence corresponds to the code
sequence for %hfe PlIngRR8RREed i ARt Gd@SKdent i fier expressed by an inversion

el TSt e eheShORRL 20 e on B ULotlrom e
correctly reaghegtid 46 (eT Efnddl B! cHelPbad Ol1BERCIEAN ZEHE dibdiNase
5 extractor 1203, converts the reproduction signal to an NRZI
channel signal, and then demodulates the resulting NR2I
channel signal to an NRZ (non-reéurn to zero) signal.
The shift register 1205 seguentially inputs the NRZ
signal expressing the code word as serial data at the read
10 clock timing from the clock extractor 1203, converts 18 bits
of the NRZ signal to parallel data, and outputs the result to
the detector 1206. Fifteen consecutive bits in the shift
register output are also output to the latch circuit 1208.
When a code sequence corresponding to the 16T
15 inversion interval of the NRZI channel signal, i.e., the code
sequence (10000000000000001) containing a fifteen bit run of
zeroes (0), or a code sequence corresponding to the 17T
inversion interval of the NRZI channel signal, i.e., the code
sequence (100000000000000001) containing a sixteen bit run of
20 zeroes (0), is input, the detector 1206 outputs the synchroni-
zation code detection signal indicating that the synchroniza-
tion code identifier was identified to the type information
reader 1102 (not shown in Fig. 12). When the code sequence
{10000000000000001) corresponding to the 16T inversion
25 interval of the NR2ZI channel signal is input, a set signal is

also output to the 1/15%R frequency divider 1207.

The 1/15th frequency divider 1207 generates the word



- 58 - [err] frequency divider 1207. As aresult, a 1 is not output as the
set signal when TS=17T dueto=a [err]T shift in tThe NRZI channel signa

i nversion interval TS caused by noise or other factor. 5 Bits
17 "and 18 in the shift register output are input to the OR gate 1301. The
outputs fromthe NOR gate 1303 and OR gate 1301 are input to the AND gate
13Q5. The ANY® 918801305 thus outputs 1 if bit 1 is 1, bits ECTUEG0878, | 0
and either bit 17 or 18 is 1 in the shift register output. Thus, 10 al
i's output as the synchronization code detection signal even when TS=17T due
to a [err]T shift in the NRZI channel siggal inversion interval TS caused
by noise or other factor. In addition, an output of 1 fromthe AND gate
1305 indicates that even if a slight read error .occurs when reading the
data 15 cont ai ning the synchroni zati on code, the synchronization code
was correctly di a];dsélmbwuefdsFPcﬁ‘mammhéivﬂéiwg thedread oleak.erTie 1Wwhsth
occurred is within the correction capacity of the error correction
processor. The ofitemeency divideANIR Gatadsp3epnrhronizes dhe warpueleck phase

type information reader 1102 as_the 20 . sypchronizatjon code detection
signal . The syncf?ohP34at Foh ¥ord ¢ i ¥+ “?#L}é o3 d@’tté’é’tteg’eg\?é‘ﬁ WREn

oy pue to 2 Tuifalbeld ERSRFELaRNRARCkeS A38ha) IHEERLED LOLSTVEE THe

caused by noi se 8?16 her r, e synchrofiization code fy
i nformationscan pga?Prn rdff®lockFerbREERBT fot NBGAIUSE it is not possible to

detect whether the shift in the inversion position occurred at the rise or

fall of the NRZI channel spignalatedy reisfmuioi N@oBo Hdlels the 3%-bit parallel
data from the shift register 1205 at the word clock timing
from the 1/15tR frequency divider 1207, and outputs to the
decodexr 1104.

10 Fig. 13 is a block diagram of the hardware con-
figuration of the shift register 1205 and detector 1206 shown
in Fig. 12. Note that in PFig. 13 the high bit of the code
sequence output from the shift register 1205 is shown on the
right, and the low bit is on the left. In addition, the nth

15 bit counted from the highest bit {most significant bit) in the
output of the shift register 1205 is referenced as simply bit
n below.
The detector 1206 comprises an OR gate 1301, an
inverter 1302, a NOR gate 1303, and AND gates 1304 and 1305.
20 Bits 17 and 18 of the parallel data output from the
shift register 1205 are input to the OR gate 1301, which
outputs 1 when either of the inputs is 1.
Bit 1 of the parallel data output from the shift
register 1205 is input to the inverter 1302, which inverts the
25 bit and outputs the inverted bit.

Bits 1 through 16 of the parallel data output from

the shift registexr 1205 are input to the NOR gate 1303, with



synchroni zati on code identifier when the NRZI channel signal inversion
I nterval TS=17T, the synchronization code of which the identifier has an

inversion interval TS of I7T in the NRZI channel Signal Ts not suited for
use detecting the first bit 5 in the code word. It is therefore possibl«e
to accurately read the code words of the data in the code word sequence by

detecting the first code word bit using only the identifier of a .
synchronggﬁFPHH°code in which read error did not occur. TEINOME i n Fig. 1,
according to this enbodi nent, 10 a sector address SA is provided

I medi ately after each of the synchronization codes S1 and S2. The sector

address SA includes 4-byte address pat,. 2-byte error correction part and
6-byte attribute part. In each sector address, the address of the block and
t he address of the sector is stored. 15 Furthernore, at the end of each
sector and before the parity portion, 4-byte error detection code EDC is
provi ded for bitedkinput thnougdr the inwerteralifea. Itheldepnpdtichitom greocess

executed by the optical disk reproduction apparatus 1100 according to the
present 20 C.efBSdNARNFALR 3303 ONFRMEFOR-is described in greater detai

Dol oW v 11 ot T ence g NGRS R e R SR TaE, i T2
et | oo S Bl e dena! Reohis SiguienLone DU ME
and i npug t 0 toheckey narty NI adatd) TG, dilsich nduwepwds 1101f ( bbeR SF4@he. The
synchroni zati on code discrimnator 1101 extracts - 60 - an NRZI channel
signal from timPutsprsdusti on signal and

The outputs 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.

10 The overall operation of the process executed by the
detector 1206 thus comprised is described in greater detail
below.

As shown in Fig. 13, bit 1 of the shift register
cutput is input through the inverter 1302, while bits 2~16 are

‘15 input directly, to the NOR gate 1303. As a result, the NOR
gate 1303 outputs 1 when bit 1 in the shift register 1205 is
1 and bits 2-16 are all 0. The output from the NOR gate 1303
and bit 17 from the shift register 1205 are input to the AND
gate 1304. As a result, the AND gate 1304 outputs 1 only when

20 bits 1 and 17 of the shift register output are 1ls, and all
bits 2-16 are 0s.

This bit sequence corresponds to the code seguence
for the synchronization code identifier expressed by an
inversion interval TS=16T in the NRZI channel signal. An

25 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



denodul ates the NRZI channel signal to an NRZ signal (step S1402),

di'scrim nates the synchront zation codé™identifier contained in the NRZ
signal, i.e., discrimnates the signal 5 segnent where the signal |ength
TS of the inversion interval of the correspondi ng NRZI channel signal is TS
[err] 16T, and outputs the synchronization code detection signal to the
type infor mYQ¥PBWader 1102 (step S1403). The type i nfor neRCIARIGWRBr 1102
decodes the code 10 word read i nmedi ately after the synchroni zati on code
detection signal is output as the code word part of the synchronization
code, and thus discrimnates the synchrgnégagion code type (step S1404). If
the synchroni zati on code of the identified type 15 I S synchroni zation
code S1 (step S1405), it is detected whether the accessed synchroni zation
code S1 is the beglnnlng of the desired block (step S1406) or not. I f so,
it is detected whefish! treqianeyidivivger bkosk Heom sSELLY G 16 rddiebakBut 0
the end thereof, i.e., alatter half portion, has 20 al ready been read
(step S1407). | fas Hehe metesignnl poen | BIEI T duecsdyar £A0SBATE Siror ¢dhe NRBI
read controller 1103 reads the data from,the begi nning of that block to the
sector address SAFIHFéHe]héégﬂéé N YRR AY 1&?'?&’??&’5% Ganseehy Jiokse Ot ppher
S1408), i.e., rst hal f portion, and inserts the read data 25 I n
front of the data "'r%’%ldy read into nmenory (step S1409). In this manner,

the first hagf portion andgihe Ia,tt&g{d hed f3.008hé OB PEr t REERL Sy ALELEQ pggg
together to forma conplete - - one bl ock data. l?%oé{:atter gf’l
portion of the daimpits toc@He 20K gate 1301. The outputs from the NOR gate 1303
and OR gate 1301 are input to the AND gate 1305. The AND gate
1305 thus 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,
10 a 1 is output as the synchronization code detection signal
even when TS=17T due to a #T shift in the NRZI channel signal
inversion interval TS caused by noise or other factor. 1In
addition, an output of 1 from the AND gate 1305 indicates that
even if a slight read error occurs when reading the data
i5 containing the synchronization code, the synchronization code
was correctly discriminated from the other data, and the read
error that occurred is within the correction capacity of the
error correction processor. The oyutput from the AND gate 1305
is therefore output to the type information reader 1102 as the
20 synchronization code detection signal.

The synchronization code identifier can thus be
detected even when TS=17T due to a T shift in the NRZI
channel signal inversion interval TS caused by noise or other
factor, and the synchronization code type information can be

25 read. Furthermoxe, because it is not possible to detect
whether the shift in the inversion position occurred at the

rise or fall of the NRZI channel signal corresponding to the



stored into nenory (step S1407), the read controller 1103 reads one
conplete block of data to just before the next 5 synchroni zati on code Sl

(Step SI410), and wites the data to nenory (step S1411). The error
correction processor 1105 then applies error correction processing to the-
bl ock of data witten to nenory (step S1412). 10 The
error-corrected data is then sequentially read fromnenory and output (step
S1413). MORRynchroni zati on code of the identified t@‘ﬁé’ﬁ’m ;
synchroni zati on code S1 (step S1405), and the synchro- nization code of the
identified type is synchronization code 15 S2, that is, if the accessed
point is at the synchronization codegg2_| ocated at a m dpoint of the
desired bl ock (step S1414), the read controller 1103 reads the sector
address SA follow ng the synchroni zation code S2 to determ ne whether the
accessed sector is a sector in the desired block (step S1415). 20

| f the accessgrcheohizatiom codet bdenti fiex dhenr eHe RZK dimmerlosiyhalr ead
sector address SA (step S1416), the sector address SA is separately stored
(step S1417) invassterdini®iviad| FE€r1711 03 he gynchrendzation siadehofawbished

tor to | b . I.h t hr opi zat | de_S S141 25
s " Dat  BRenEatIth it B gk LASAGSIPY ARESENELAEE £ 37Babt (S8 MRELdar ess
i ) t Apss hagk 2 B2 It
Itﬂeggpgg égggggﬁéfgg%%ggsopgghégpr esent g%%oé%ﬁ%%&'ﬁgjte{‘c ifé'\%@ablr'r%t holds
for read ng fnophé hRdecwdEd] NGtNESithHErdEbee GSUE ALY e doda SHAHYAR 2844 0N

code that can be
the code words of the data in the code word sequence by

detecting the first code word bit using only the identifier
of a synchronization code in which read error did not occur.
As shown in Fig. 1, according to. this embodiment,
10 a sector address SA is provided immediately after each of the
synchronization codes S1 and S2. The sector address SA
includes 4-byte address part, 2-byte error correction part and
6-byte attribute part. In each sector address, the address
of the block and the address of the sector is stored.
15 Purthermore, at the end of each sector and before the parity
portion, 4-byte error detection code EDC is provided for
checking the error in the data area.
The reproduction process executed by the optical
disk reproduction apparatus 1100 accorxrding to the present
20 embodiment of the invention is described in greater detail
below with reference to the flow chart thereof in Fig. 14.
The process starts when the reproduction signal of
the data and synchronization code recdrdéd to the optical disk
as described above are reproduced by the reproduction head of
25 the optical disk reproduction apparatus 1100, and input to the
synchronization code discriminator 1101 (step S1401).

The synchronization code discriminator 1101 extracts



accurately and reliably discrimnated fromthe non-synchroni- 5 zation
code data, and having varrous functions. It is therefore possible by
means of this reading nethod to search and accurately read data recorded to
an optical disk or other recording medium at high speed, to correct read
errors that may occur with a high error correction capability, and out put
10 - accureﬂ’@xm Sai d recordi ng medi um may al so be thou&ﬁ’ a
transm ssion path for transmtting to a reproduction apparatus the data and
synchroni zati on code recorded by the recordi ng apparatus according to the
present invention. It is therefore 15 _ pgssible by neans of the present
enbodi nent to achieve a reading nethod for reading froma transm ssion path
data containing a synchronization code that can be accurately and reliably
discrimnated fromthe non-synchroni zati on code data, and having vari ous
functions, as desami BBIIi rclidmnelli rsigidl frembdotenardpraituct ianc os ikl t and
the present invention. Wiile the DSV is separately tabulated in each data

bl ock, it is al sol¢prdyiates &headRZd: chapaebsyighadbuln anpl¥REZogighap| Usskep
bl ocks recorded cgopsecutively (o, the recordin di ym by cleating the DSV
to zero before trég#94%1 éﬁsgrlTﬁQﬁﬁ?%rF?%esggﬁggﬁ% .aﬁﬁﬁbdF &t 1feptifier
recordi ng nedi um ' { 0 i Qi . - 63y- A roni zation.cod
wher eby t he posi t%‘g?ly!oyf&%a% % rh %ne%?nga‘l&&g%%t o}'e(:h'n?*%"esc?eél%§?lﬁ1%rglgd%%‘§ rséglalaﬁg

the synchronigzat i Sdghéte whiR@ theU85gMdDadrathafsabt e meatintR@iadi neatvat
the invention with reference to Figs. 15 - 17 bel ow

of the corresponding NRZI channel signal is TS = 16T, and

outputs the synchronization code detection signal to the type
information reader 1102 {step S1403)}.
The type information reader 1102 decodes the code
10 word read immediately after the synchronization code detection
signal is output as the code word part of the synchronization
code, and thus discriminates the synchronization code type
(step S1404).
If the synchronization code of the identified type
15 is synchronization code S1 (step S1405), it is detected
whether the accessed synchronization code S1 is the beginning
of the desired block (step S1406} or not. 1f so, it is
detected whether the data in that block from some midpoint
therein to the end thereof, i.e., a latter half portion, has
20 already been read (step S1407). If the latter half portion
is already read and stored, the read controller 1103 reads the
data from the beginning of that block to the sector address
SA that has been detected and stored in step S1417 (step
£51408), i.e., a first half pertion, and inserts the read data
25 in front of the data already read into memory (step S1409).
In this manner, the first half portion and the latter half

portion of the data are coupled together to form a complete



5 Fi gs. 15A and 15B show the data structure of the data and
synchroni zati on code before nodul ation for recording to the recording

nedi um according to the present enbodiment. Specifrcally, Fig. I5A shows

t he data and synchroni zation code format in the first physical sector of -
the data bl ock, and 10 Fig. 15B shows the data and synchroni zati on code
format in the non-first physical sectors of the data block. Note that each
of Figs. WSR3 15B shows a conceptual two-di mensi onal PEFIRIGOE8 { he data
i n one sector. The data cum synchroni zati on code is coded, 15 nodul at ed,
and witten to the optical disk in error correction processing units of one
bl ock conprising twelve sectors. Eack,data frame contains 91 bytes of data
converted by 8-15 conversion to 1365 channel bits of data, and each sector
conprises thirteen lines of two franmes each. A 31-channel bit 20
'synchroni zati on code SYSO - SYS5 is inserted to the begi nning of each
franme. Syncheosai bdetlondattale SYSO identifies the sector containing

synchroni zation code SYSO as the first sector in the bl ock, and each |ine
cont ai ni ng synchroni zat¥ diP JRfEesybelisportian 9k $he daty s read)and

tor. Synchronizat,i de_SYS1,identifi t ai nj
Synchr oni vat FERPERGA ERSTOETE JBEEB, S3ARGT -« FhR TesSoroPREotirs; 1403 or in
t he bl ock, ' i R i zat i 1 first
[ me it hat 252380 re TouRIBLE MBS LR Sad B8 | MioBercRe phS bl S
conbi natg on @imtWRoROASIELAH ickdel BRe$sHhp -s1FL0M)ehhar wieed e data to

follow ng the synchroni zation code SYSO - SYS5 of the second
memory (step S1411).

The error correction processor 1105 then applies
error correction processing to the block of data written to
memory (step S1412).

10 The error-corrected data is then sequentially read
from memory and output (step S1413).

If the synchronization code of the identified type
is not synchronization code S1 (step S1405), and the synchro-
nization code of the identified type is synchronization code

15 S2, that is, if the accessed point is at the synchronization
code S2 located at a midpoint of the desired block (step
S1414), the read controller 1103 reads the sector address SA
following the synchronization code S2 to determine whether the
accessed sector is a sector in the desired block (step S1415).

20 If the accessed sector is a sector in the desired
block based on the read sector address SA (step S1416), the
sector address SA is separately stored (step S1417), the read
controller 1103 reads the data from the accessed sector to
just before the next synchronization code S1 (step S1418),

25 i.e., a latter half of the block, and writes the data to
particular address in memory (step S1419), and then loops back

to step S1401.



type is the first frame or second frane in the sector. Mre specifically,
if the nuneric part of The references SI'- S5 expressing the

synchroni zation code type are called the "type nunber, " the type nunber of
synchroni za- 10 tion code SYS1 is 1, and the type nunber of
synchroni zati on code SYS2 is 2. Note, however, that synchronization code
SYSD is treYQ¥AUBO L ing a type nunber of 1. As shown in RGFIPIERSTS,
synchroni zati on codes SYSO - SYSS are assigned such that when the type
nunbers of any two consecutive frames in a 15 sector add to an odd sum
the frame follow ng the synchroniza- tion.caode containing the second type
nunber is the first frame in the |ine; when two consecutive type nunbers
add to an even sum the frane foll ow ng the synchroni zati on code contai ni ng
the second type nunber is the second franme in the line. 20

Usi ng conbi nati ons of threkt chanstherefard ypeeidle b5 meams fin diteo rpraatemn
codes SYSO - SYS5 can_ al so be used to identify the position in the sector
of the frane fol EBRPAITERE &3 AchisNe ZaMmeihodofer JyeRiingsfgomothe reqanding

t nber. M i fJ call t he, h I zati d SYSO - 25
YRS MOS0 BhERL ks YT SAEA A E0 P eIy e
1B, TUoer . S0, ghcbkly e S0RERtn) WS s W P o .

each sector sy sk@chisd tdiRePOgatd Onagll tmﬂ‘xfgarmafmww'fﬁﬂcw@ns, It is
synchroni zati on code SYSO - SYS5 of the third type nunber according to the

conbi nati ons of thecefovassuadibie bypmeansbef tHi® re838in§ method to searkehg.
16 is used to describe the data structure of the synchronizati on codes SYSO
- SYS5 in this eRB8dRrEEWFakgly read data recorded to an optical disk or other
recording medium at high speed, to correct read errors that
may occur with a high error correction capability, and output
1¢ accurate data.

Said recording medium may also be thought of as a
transmission path for transmitting to a reproduction apparatus
the data and synchronization code recorded by the recording
apparatus according to the present invention. It is therefore

15s possible by means of the present embodiment to achieve a
reading method for reading from a transmission 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.

While the DSV is separately tabulated in each data
block, it is also possible to tabulate the DSV through a
period of plural blocks recorded consecutively to the
recording medium by clearing the DSV to zero before the first

25 block in the sequence.
Embodiment 4

A recording medium ta which data containing a



the invention. Note that in Fig. 16 "x" represents bits with a code val ue
of either zero (0) or one (1). The synchroni zation codes SYSO - SYS5 are

3I-bit 10 codé sequéences. As in the synchronization codes SI - S4 shown
in Fig. 4, an identifier having an inversion interval TS = [err] + 2T = 16T
in the correspondi ng NRZI channel signal is |located frombit 3 to bit 19.
The first 21 bits and the last 4 bits of each synchronization code SYSO -
SYS5 ar e MO %E5488 5 strings comon to each synchroniza SYSO -
SYS5. Type information represented by two different patterns are inserted
to the six bits frombit 22 to bit 27. Note, also, that in Fig. 15 the
first 16 bits of the synchronizati anggodes SYSO - SYS5 are referred to as
the flag part SY, and the last 15 20 bits are the code word parts SO -
S5. Fig. 17 is another data table showi ng the type information of the
synchroni zati on codes accordi ng of the present enbodi nent, and the read
val ues of theyoshrospoatiior et whergby tize position of eaghdfsams HWedaabove,
it is not possible to determne, Locati n in_the block of the frane

th /
fol | owi ng anyFeSFRENFBR he z%&‘?eﬁ'ﬁ‘lé’ﬁge YisYSRAVH Fhen8YBrreRizainn on
code SYSO - - 66 - SYS5...and the t ' | on rd 2 _of th
synchroni zat iHeod8s %ﬁfl-bngSést r?é%lg?%{?gl-@%%? ieﬂ'éﬁ H‘uﬁnfheo# yg:ge(i .e.,
usage) of the sy nj [ é%ilx‘%e n 441 1 in Fig. 6, the
type infor- ? %Ehﬂoﬁ{o %/Enc roni ggt?gﬁg\gojagles %38%%?52\?85 are 6-bit

patternsscontaining anrpgsl. (15meandf I8BBdhaw the AMatdy estriictel BEOrhenat i on
2) nunber of 1s. As in the first enbodi nent above,
data and synchronization code before modulation for recording

-

to the recording medium accordihg to the present embodiment.
Specifically, Fig. 15A shows the data and synchronization code
format in the first physical sector of the data block, and

10 Fig. 15B shows the data and synchronization code format in the
non-first physical sectors of the data block. Note that each
of Figs. 15A and 1SB shows a conceptual two-dimensional array
of the data in one sector.

The data cum synchronization code is coded,

15 modulated, and written to the optical disk in error corxection
processing units o_f one block comprising twelve sectors. Each
data frame contains 91 bytes of data converted by 8-15
conversion to 1365 channel bits of data, and each sector
comprises thirteen lines of two frames each. A 31-channel bit

20 synchronization code SYS0 - SYS5 is inserted to the beginning
of each frame.

Synchronization code SYS0 identifies the sector
containing synchronization code SYS0 as the first sector in
the block, and each line containing synchronization code SYSO

25 as the first line in that sector.
Synchronization code SYS1 identifies the sector

containing synchronization code SYS1 as a sector other than



type information 1 or 2 is selected to obtain the snmall est absol ute val ue
of the DSV cal cul at ed—at—ttre pr edet T hed DSV 10 conparison position in
the frame followi ng the synchronizati on code SYSO - SYS5, and is inserted
tosbits 22 - 27 in the bit sequence of the synchronization code SYSO -
SYS5. The code word parts SO - S5 containing the type informati on can al so
be read i n Wo®963t8® nanner as the other code words after 1BCFIPS§983%¢t | ng
the identifier of the synchronization code SYSO - SYS5. I f the val ue of
the read code word part is, for exanple, 119 or 138, the synchronization
code is known to be synchronization co_de%S\(SO. The type of the other
synchroni za- tion codes SYS1 - SYS5 can be determned in the sane way. 20
In addition to the effects achieved by the first enbodi mrent above, it is

t herefore possible by neans of the present enbodi nent to determ ne the
position of a givwen fixde seéton Lhe t3rCtilockds andewuch, line eoohtwirsimg t S
fromsone mdpoint in any sector in the target block accessed, data can 25
be read i nmedi atsynghirptdzation yoddeo@¥Sic agcthe sEirst diime ¢nt featngestox he

| ast sector in the block, and the remmining data fromthe pegjnnin ofththe

block to the initially act¥ackkprizatigop cofleg g¥8Q, -1 REF it HeAf &
witten to nenor efore the. previous f a, |

data in the tar Pﬁgkof’o"fb ¥Ped ’i‘lhéluatq'g'fﬁaorg?sgls% l%ﬁ?ﬂ%ﬁ%@ﬁéﬁ%%zﬁdﬁe
that the argang { B SoyncritiiliaRibAdkb@) SRMtes BYES of SR s i 1
Fig. 15 shall n?{ﬁgtgwﬁ%ﬁi ‘?g ?yonci oseasﬁﬁg\;\bﬁ.é Speci ficall y,oany
arrangenent wherghy tilerhun¥ ofst Woraie9ecCcdktvadt FremeUithahe sactodentify

whet her the frane foll owi ng the second type nunber is frane
More specifically, if the numeric part of the
references S1 - S5 expressing the synchronization code type
are called the "type number," the type number of synchroniza-

10 tion code SYS1 is 1, and the type number of synchronization
code SYS2 is 2. Note, however, that synchronization code SYSO
is treated as having a type number of 1. As shown in Fig. 15,
the synchronization codes SYS0 - SYS5 are assigned such that
when the type numbers of any two consecutive frames in a

i5 sector add to an odd sum, the frame following the synchroniza-
tion code containing the second type number is the first frame
in the line; when two consecutive type numbers add to an even
sum, the frame following the synchronization code containing
the second type number is the second frame in the line.

20 Using combinations of three consecutive types SO -
s5, the synchronization codes SYSO - SYS5 can also be used to
identify the position in the sector of the frame following the
synchronization code SYSQ - SYS5 of the third type number.

More specifically, the synchronization codes SYSO -~

25 SsYss are assigned such that any combination of three

consecutive type numbers SO - S5 will not appear twice in the

same sector. It is therefore possible to determine the



1 or frame 2, and whereby no pattern of three consecutive type 10
nunbers appears nore than once in any sector, can be used. Calculation

T nethods other than addition nmay al so be used. Furthernbre, 1nsofar as no
pattern of three consecutive type nunbers appears nore than once in any *
sector, patterns of two consecutive type nunbers, or patterns of four
consecutive tY e 15 nunbers, can be used. The 6-bit patterns of type
i nf or mat WOP6B188 g 2 shall also not be limted to the paﬁ?@ﬂﬁ wn in Fig.
17, and the correlation between synchroni zati on code types SO - S5 shal
also not be limted to those shown in Fig. 17. 20 The present
I nvention has the foll ow ng advant§g§9u5 effects. It is possible by the
present invention to provide a recording nmediumto which is recorded a code
wor d sequence containing a particular synchroni zati on code whereby the 25
synchroni zati on codes contained in the data witten to the recordi ng nmedi um
can be ident pbsidiemaff rack Eyawehrhianeaech i serteanbpesasiimy athebpodet &6k i Ng
the identifier codes identifying - 68 - the synchroni zation codes, and
i nf ormati on ©f Whe cfrange foljevwingekpe cs¥rehisniizatiopnerdenf¥S8ei onS¥S%e and

whi ch expresses. sonet hi ot her than the synchroni zati on code can be
obtainedpby ?gaGSﬁg Eg?§38eiﬂF fiht PER°E 59 | BB nGOPRENALALRS 9% 5

code. It is L b f] ﬁﬁﬂﬁﬁ; t hgepresent invention to
provide a regg?§+rééﬁé§§4}E?Fokgg%c I'S Fgg%rde Sé code word sequence
containisng a particul afiggynehaaniigedi 06 SesteriMecndley daka keeabinpe 0bst he
synchroni zati on code in the

the synchronization codes SYS0 - SYS5 in this embodiment of

the invention. Note that in Fig. 16 "x" represents bits with

a code value of either zero (0) oxr one (1).
The synchronization codes SYS0 - SYS5 are 31-bit
10 code sequences. As in the synchronization codes S1 - S4 shown
in Fig. 4, an identifier having an inversion interval TS =
Tpax + 2T = 16T in the corresponding NRZI channel signal is
located from bit 3 to bit 19. The first 21 bits and the last
4 bits of each synchronization code SYS0O - SYS5 are fixed
15 strings common to each synchronization code SYSO - SYSS. Type
information represented by two different patterns are inserted
"to the six bits from bit 22 to bit.27. Note, also, that in
Fig. 15 the first 16 bits of the synchronization codes SYSO -
SYS5 are referred to as the flag part 8Y, and the last 15

20 bits are the code word parts S0 - S5.

Fig. 17 is another data table showing the type
information of the synchronization codes according of the
present embodiment, and the read values of the corresponding
code woxds.

25 As described above, it is not possible to determine
the location in the block of the frame following any synchro-

nization code using only the one synchronization code SYSO -



10 data bl ock can be known by reading the type information code. It is
possi bl e by the secomd—aspect—of the present invention to provide a
recording mediumto which is recorded a code word sequence containing a
particul ar synchroni zati on code whereby the synchroni zati on code can be
di scrim nated 15 fromthe code word sequence of non-synchronization
codes by nedW@9e8¥he particul ar pattern of the identifier REKHPIHIEE code
word formed containing the type information code can be read as one code
word of the code word group, and the |ocation of the synchronization code
in the data bl ock expressed by 20 that_type information code can be
known, w thout requiring a special data structure for reading the type

i nformati on code, if the information expressed by the type information
code, and the information expressed by the code word forned containing said

type i nfornati on gysde, angethieaymdednibifatiqnrl atdl 2rofThe spRcheshDpdeIse
t herebetween. It is possible by the third aspect of the present invention
to provide a recewxdiesg S¥Sai tnS¥85whhehefeore arimplad identif9 the type Wworel.,
sequence containing a particular synchronization code whereby the |ocation
of the synchroni 283884 E5dEhENSYRRNTRRIFANIG8K SB9R- be known by reading the

type informati on code, and,whigh is.selgct 0 achieve the_J east bias.in
the dc 5 conponent of_tﬁg fgﬁ?%dﬁgt%§% gg%%%l1?e%f%ﬁu%édt??oﬁ¥?%elnf°r'
recordi ng nmegdi umyafe sReoE MARIH R 2hE1b8 RS BYBohy sls {Alld BidSpatieais

the present 1nvention to provide a recording nediumto which is recorded a
code word sequencent@indngi ag adaaltypsel ifcaeioanizabroavél (typ®dénfor-

whereby the frane containing the sector address inform-
mation 2) number of 1s. As in the first embodiment above,
type information 1 or 2 is selected to obtain the smallest
absolute value of the DSV calculated at the predetermined DSV

10 comparison position in the frame following the synchronization
code SYSO - SYS5, and is inserted to bits 22 - 27 in the bit
sequence of the synchronization code SYSO - SYS5. The code
word parts S0 - S5 containing the type information can also
be read in the same manner as the other code words after

15 detecting the identifier of the synchronization code SYSO -
SYS5. If the value of the read code word part is, for
example, 119 or 138, the synchronization code is known to be
synchronization code SYS0. The type of the other synchroniza-
tion codes SYS1 - SYS5 can be determined in the same way.

20 In addition to the effects achieved by the first
embodiment above, it is therefore possible by means of the
present embodiment to determine the position of a given frame
within the sector. As a result, if reading starts from some
midpoint in any sector in the target block accessed, data can

25 be read immediately into memory from the accessed frame to the
end of the last sector in the block, and the remaining data

from the beginning of the block to the initially accessed



tion can be easily determ ned by reading the type information code of the
synchroni zation code. It is therefore possible to access a particular bl ock

—atr highspeed by STpry Teadi hg only the type | nformation code of the
synchroni zati on code and 15 t he address information, and code word :

sequences contai ning the synchroni zati on code can be read from sone

m dpoint_in the desired block. It is possible by the fifth aspect of the
present WAPERIYN t o provide a recording nethod for recmﬂ&?v a 20
recordi ng nmedi um a code sequence containing a synchronization code whereby
the identifier code identifies the synchroniza- tion code fromthe code
word sequences containing non- synchgenization code information, and the
type information code indicating the synchronization code type is selected
25 according to the synchronization code insertion position and can al so
be used to express information other than identifying the synchronization
codes. - Toame | cans thepsils erdnd t &md swxtiihtaspéot mefmariye pefement the

i nvention to prOV|de a recording nmethod for witing to a recording nmedium a
code word seBfRYE3EHh Hf-ﬁ??@d ap t FRYS #NaBYARE D Satroikn Edeetargsteby t he

synchronlzatlg qge § qls |n1nated fromthe code word sequence
of non- synch ﬁeé d&8 %ys FE ¢ he particul ar pattern of the

identifi- er code th cg%F o c [ g nf
code can be read as one e vvordé %wﬂde gg ée1 \r%/(l})lrgd %%u?‘%ns tc(h%r ocatlon
of the synchspmédridationecbies eystat-asgseckhdén in ®épr.e3seghi) thett type

I nformati on code can be known, w thout requiring a special data structure
for readi ng phelippeed to those shown. Specifically, any arrangement

v

whereby the sum of two consecutive type numbers can identify
whether the frame following the second type number is frame
1 or frame 2, and whereby no pattern of three consecutive type
10 numbers appears more than once in any sector, can be used.
Calculation methods other than addition may also be used.
Furthermore, insofar as no pattern of three consecutive type
numbers appears more than once in any sector, patterns of two
consecutive type numbers, or patterns of four consecutive type
15 numbers, can be used.

The 6-bit patterns of type information 1 and 2 shall
also not be limited to the patterns shown in Fig. 17, and the
correlation between synchronization code types S0 - S5 shall
also not be limited to those shown in Fig. 17,

20 The present invention has the following advantageous
effects.

It is possible by the present invention to provide
a recording medium to which is recorded a code word sequence
containing a particular synchronization code whereby the

25 synchronization codes contained in the data written to the
recording medium can be identified and frame synchronization

can be achieved by detecting the identifier codes identifying



I nformation code, if the informati on expressed by the type information
cede, and the infornmattomexpressed by the code word forned containing said
type information code, are 15 recorded with a particul ar correspondence
t hérebetween. It is possible by the seventh aspect of the present invention
to provide a recording nethod for witing to a recordi ng nediuma code word
sequence coMQH/388Y a particul ar synchroni zati on code wher ®GFIPIHOSEcat i on
of the synchroniza- 20 tion code in the data bl ock can be known by
reading the type informati on code, and which is selected to achieve the

| east bias in the dc conponent of the reproduction signal reproduced from
the recordi ng nediumof the invention. It is possible by the eighth aspect
of the present 25 i nvention to provide a recording nethod for witing to
a recording nedium a code word sequence containing a particular

synchroni zati on greesyheni 2t ohr a68es prdmi rinferinaeisacéHrwhich the type
address information can be easily determ ned by reading the type

i nf or mati on codeisfexpreessat nyotheasynchxenicationt codet Ard eflich powsidsisest o
access a particular block at high speed by sinply reading only the type

i nfor mat i on codes@rething othex, REaAR dihe, S¥PER* Lol LiRP OPdleagah fg obtained

I nformati on, and, code rd . sequences .cqontainin h nchronizati pon . .code
can be read fronP¥o¥%a‘¥ﬁwr§p5?1ﬁt€¥%etWef% es??‘g %‘?%ec(lszﬁle)wﬁrslgg%%%i’b‘feéltﬁgq'faﬁe

ni nth aspec% of Eggepresent i nvention to provide a reproduction nethod for
accurately 10 I'scrimnating the synchronization codes, and
synchroni zing the read cl ook i) gddsibadebyotRe, £ hose dasprect wilaha0ptesent

sequence containing a particular synchronization code witten
invention to provide a recording medium to which is recorded
a code word sequence containing a particular synchronization
code whereby the location of the synchronization code in the
10 data block can be known by reading the type information code.
It is possible by the second aspect of the present
invention to provide a recording medium to which is recorded
a code word sequence containing a particular synchronization
code whereby the synchronization code can be discriminated
15 from the code word sequence of non-synchronization codes by
means of the particular pattern of the identifier code, the
code word formed containing the type information code can be
read as one code word of the code word group, and the location
of the synchronization code in the data block expressed by
20 that type information code can be known, without requiring a
special data structure for reading the type information code,
if the information expressed by the type information code, and
the information expressed by the code word formed containing
said type information code, are recorded with a particular
25 correspondence therebetween.
It is possible by the third aspect of the present

invention to provide a recording medium to which is recorded



to a recording nediumaccording to the first aspect. It is also possible to

selectively read information recorded 15 | mredi ately foll ow ng t he

Synchroni zati on code by thus determning the Tocation of information
recorded i medi ately follow ng the synchronization code in the data bl ock.

It is possible by the tenth aspect of the present

repr oducti on
codes,

I nvention to provide a

nmet hod for accurately 20 discrininating.the sgnchronizatiqn

&

ronizing the read clock to the code wo

particular pattern of the identifier code. It is also possible to
selectively read information recorded i nmedi ately follow ng the

synchroni zation code by reading the_cgge_word fornmed 25

type information code as one code word of the code word group, and

determ ning the | ocation of

synchroni zation code in the -72- data block. It is possible by the

el event h aspextcagde mogrdpseguence manttaisdingoappavt tkular eynotvoni vat imat hod

for easily determining fromthe data recorded to a recording nediumb5

accordi ng t o $9Re MBIfEERYaEBe 1ot Ml SfeSheoRYRERF IR ZRTdOBs SORAT B4R nehs on

based on the

readi ng only
address 10

i,on,codes, of th hr oni zat

on the

containing the

ST 2057 TR o8 1SR PY rea iRl BRL Ve G BimeRiny <oden s

t herefore pos

i nformation recorded inmediately follow ng the

406 D, | OBOPLIGls G051 dVI® YUY AL LF AR A e

I nf ormati on, code word sequences containing

synchrong- zagdmpbrite §8nthe r&ﬁoﬁh@ﬂ&ﬁnﬁgghdmoiﬁﬁprbaubaa dedm athddl ock.

The invention being thus described, it will be

10

15

20

25

recording medium of the invention.

It is possible by the fourth agpect of the present
invention to provide a recording medium to which is recorded
a code word seguence containing a particular synchronization
code whereby the frame containing the sector address informa-
tion can be easily determined by reading the type information
code of the synchronization code. It is therefore possible
to access a particular block at high speed by simply reading
only the type information code of the synchronization code and
the address information, and code word sequences containing
the synchronization code can be read from some midpoint in the
desired block.

It is possible by the fifth aspect of the present
invention to provide a recording method for recqrding to a
recording medium a code sequence containing a synchronization
code whereby the identifier code identifies the synchroniza-
tion code from the code word sequences containing non-
synchronization code information, and the type information
code indicating the synchronization code type is selected
according to the synchronization code insertion position and
can also be used to express information other than identifying

the synchronization codes.



obvious that the sane may be varied in many ways. Such 15 vari ations
are not to be regarded—as—a—departure fromthe Spirit and scope of the

i nvention, and all such nodifications as would be obvious to one skilled in
the art are intended to be included within the scope of the follow ng

cl ai ns. 1. An article of manufacture, conprising: a reproducer usable
recordi ng nYeseMsBlvi ng a reproducer readabl e channel signﬁgﬂgﬁﬁﬂﬂpﬁd
thérein, said reproducer readable channel signal in said article of
manuf act ure conpri sing: synchroni zati on codes provided along a track of
said recording nediumw th an interval betygen two synchronization codes;
and data codes filled in said interval between two synchroni zati on codes,
sai d data codes conprising a sequence of code words said synchronization
eede codes conprising an identifier having a particular pattern

di stingui shable from any data ie pasdibbs cbyades, sixth aspepe oifif cheapresent
code representing a type of synchroni zation code said channel signal being

generated in a sedusresdion s dpxyvids oni recprvdirgdmsthad £ord WwratdnSodes. a
2. An article of manufacture, according to,.Claimclaiml,, K wherein said

type information FRFCHETGREFINRSE §°Elﬁg§°§‘§e?ﬁ%nﬁ§ SORLRipING ByParhicular
corr espondi ng SynCthﬂ%&:'iggiggdgbAéléhéx?ﬁ§ 258C§¥%§¥ronf¥5 ‘Il €b8eOLan pe
0] 2, erein sa

manuf act ure accor cﬁyr?g almclarm S ype I ntormati on code

has such a pajter sl riRated £AGIF vl EBEE Wird seqdenéegﬂembnse?h&wsp{wm
a particular position in the identifier said code and including the said

type information agdm cededany imeahnst 6f alrogarpathban pattere cbdherbdenpifi-
the said code words. 4. An article of manufacture according to C aim
claim 2, wherein s d¢odgpethe code word formed containing the type information
code can be read as one code word of the code word group, and
the location of the synchronization code in the data block
10 expressed by that type information code can be known, without
requiring a special data structure for reading the type
information code, if the information expressed by the type
information code, and the information expressed by the code
word formed containing said type information code, are
15 recorded with a particular correspondence therebetween.
It is possible by the seventh aspect of the present
invention to provide a recording method for writing to a
recording medium a code word sequence containing a particular
synchronization code whereby the location of the synchroniza-
20 tion code in the data block can be known by reading the type
information code, and which is selected to achieve the least
bias in the dc component of the reproduction signal reproduced
from the recording medium of the invention.
It is possible by the eighth aspect of the present
25 invention to provide a recording method for writing to =2
recording medium a code word sequence containing a particular

synchronization code whereby the frame containing the sector



Substitute sheet 2 Cctober 1998 -74- information code is the conprises type
I nformati on code selected froma plurality of type information codes

expressing the a sane type, but resulting 1nthe a smalTest bras 1n the a
dc conponent of the a channel signal before and after the said
correspondi ng synchroni zati on code. 5. An article of manufacture
according to Claimclaim?2, wherein X said data block is divided into a
plurali tYO86PW8t ors, each sector of said plurality of P8 ®R,ying a
plurality of franes) a sector address i-s being provided in a particular
frame in each sector, said and a type information code identifying the a
frame containing the a sector address k$ being contained in the a
synchroni zati on code inserted before the said franme containing the said
sector address. 6. A recording nmethod for recording a sequence of code
words to a recording medium a plurality of code words formng a frane, a
plurality of faddeess cimfioxpagiont gabl bekeasdly d@kﬂﬂnimego#wrtshdgnghEhe
steps of: (a) |nsert|ng as ynchropni zati on codes code at, a begji nning of the
dat a bl ock andt¥Pe piBEermrtiqn rﬁgfgees"ﬁ nthei BYRFRIPAZ2YHBCIE9%8y) atleli 4§ an

d f d h f h
to di scri i nat g"%ﬁ%gg{/%é’%% PR RReRE ¢ MRt bR iBPoapded "™
bl ock; (c) add H.gwe ziéafmgmd:ﬂ;}cm@ tPpeaGhrosindt SYAC AR ZA | PRe COdE

for indicating Cate a type of synchroni zation code, based on the a
position isn the}rﬂamﬁorbizaﬂﬁdm@roaet lafids \oheh radi@irzaki dnfoetation | nasdt code

i nserted; (d) generating a channel signal fromthe data bl ocks to which the
Substitute shewor@ seguepees g9taining- the synchronization code can be read
from some midpoint in the desired block.

It is possible by the ninth aspect of the present

invention to provide a reproduction method for accurately

10 discriminating the synchronization codes, and synchronizing

the read clock to the code words, based on a code word

sequence containing a particular synchronization code written

to a recording medium according to the first aspect. It is

also possible to selectively read information recorded

15 immediately following the synchronization code by thus

determining the location of information recorded immediately
following the synchronization code in the data block.

It is possible by the tenth aspect of the present

invention to provide a reproduction method for accurately

20 discriminating the synchronization codes, and synchronizing

the read clock to the code words, based on the particular

pattern of the identifier code. It is also possible to

selectively read information recorded immediately following

the synchronization code by reading the code word formed

25 containing the type information code as one code word of the

code word group, and determining the location of information

recorded immediately following the synchronization code in the



synchroni zati on codes have been inserted; and (e) recording the channel
signal . 7. A recording-method according to Claimclaim®6, wherein said
step (b) the adding of the identifier code to each synchroni zati on code
conprises the steps of (bl) generating said the identifier code having a
code pattern different fromany code pattern of sand the code words, and
wherei n sai WOPSIE¥MIi ng of the type information cgde to eRGTAPIE08TS
synchroni zation code step (c) conprises the step df (cl) generating said
the type information code such that a code pattern of a code segnent
starting froma particular position in the;jdentifier code, and including
the type information code, is identical to a code pattern of one of the
code words. 8. A recordi ng nmethod according to Claimclaim6, wherein
said the type information code is the conprises type information code
selected froma plduatad idlol. type i nformati on codes expressing the a sane
type, while but resulting in the a smallest bias_in the a dc conponent of
the channel signal before tHA& &§mansdhileapy Jhesdeventh Apectt pt the present

synchroni zation code. 9., A.recording nethod acgording to aj mcl aim

wherein said the HEPHIVLk s EFW?J%%I i*ht Jegrﬁ‘fiﬂ ey %?t%’ectt d"l%g gggﬁly
sector having a plylallidnQl TEARPSche SAGLE" A0 EEE Icd POLBEPALYS Ufdaliin
a particular franme Tn eac ector; and a type information code 1dentifylng

the frame congaini fedASindy TeCLAE POGFES aspedicithe £9ahed Neshidlnifg address
synchroni zati on code i nserted before the frame containing the sector

addr ess. Subst i inf®rmdtEen 2basédben 1688 type -irformaticecocddesg of the
apparatus for recording a channel signal generated in a sequence of code
words to a recor di sypehetinimatiionnapéasa plturigl thereforeresmikie fer AcRgss a
forma frame, and a plurality. of frapes.formng forma data,hbl oc id
appar atus conpri si p@:_ptxcular brock at igh speeé] %y s:.mpfly rea%lng only The type
information code of the synchronization code and the address
io0 information, and code word sequences containing the synchroni -
zation code can be read from some midpoint in the desired
block.
The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
15 variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications

as would be obvious to one skilled in the art are intended to

be included within the scope of the following claims.



inserting means for inserting a synchronization codes code at a beginning
of said data block and at preselected places in said data bl ock; first
—adding means for adding an identrfrer code to each said synchronization
code for discrimnating the synchronization code from other codes in the
data bl ock; second addi ng ans for adding a type information code to each

sai d synchronlzatlon code [fTHIS| 1to |nd|cate a t e of )
synchr onV2EPYA code, basqd on gas mrho pn in the dak Wmere t he
synchroni zati on code is i NSefef—IlSErt, “and Cntnuitlna neans for
outputting the a channel signal generated in the at ; ock to mhlch t he
synchroni zati on codes have code has hegg iLnserted %)sald

recoummnﬂ"mmﬁm A recording apparatus accor | ai m 10,
wher , di ng nmeans conprises generati eneratlng
said identifi & &ode having with a code pattern dlfferent from any code
pattern of said code words, and wherei nCBAIMSsecond addi ng neans conpri ses
generating neans for generating said type information code, such that a
code pattern of a code segnent startlng froma particular position in the

i dentifier cod and in ud| t et 2 _October 1998 - 77 -
the type |nfor§at|on cocc?ln qF&Sn ?chnY%%€}9§ﬁﬁ§°S§ff§fﬂgof one of the

code words. 12. , L.o..sai d
Svne I'ni ormat Lo code RdutetbaINle SeB0ea1 i bdiim Badifly P xeliBhibl:

plurality of typadanier ehahnel cedgaabxpnbsdieq theraifipnealiipaepibduslich
results in the a snallest bias in the a dc conponent of the a channel
si gnal beffor e ¥ehdableclohemnedt | stonadde iandsadd eartlicleai of smaniwienturei on

code. 13. A recordin apparatus according to claim 10, wherein said data
comprising

synchronization codes provided along a track with
an interval between two synchroniiation codes; and
data codes filled in said interval between two
10 synchronization codes, said data codes comprising a sequence
of code words;
said synchronization code comprising an identifier
having a particular pattern distinguishable from any data in
said data codes, and a type information code representing a
15 type of synchronization code;
said channel signal generated in a sequence of said

synchronization codes and said data codes.

2. An article of manufacture according to Claim 1,

wherein said type information code is a code specifying a

20 location of the corresponding synchronization code in a data
block.
3. An article of manufacture according to Claim 2,

wherein said type information code has such a pattern that a

code pattern of a code segment starting from a particular



block is divided into a plurality of sectors, each sector having a
plurality of frames;—a sectoraddress is being provided in a particul ar
frame in each sector; and a said type information code identifying the
saird frane contalnlng t he said sector address is-+y being contained in the
sai d synchroni zati on code insert gd-bek -?-Hfrane containing the
sai d sect orWOQHPWEE. 14, A repr ﬂdﬁtSlﬁETﬂﬁk&MEﬂr r epr odBEF ®r mati on
fron1a recordlng.nedlunlste¥|ng ‘ynch$mﬁumaﬂion ‘tddes prOV|de—_5T6hg a’

with an interval betwee 0 0 ol codes, Bmmdheaam
f| I I ed m&ﬂﬁmnmﬂﬂﬁ Hl) “ﬁ(t)ween t wo synchrM|-zat|on codes, w
conprisin tde words; said . the synchronlza
conprising an |dent|f|er haV|ng a partlcular pattern dlstanU|shabIe rom

any data in said data codes, and a t ] nfornmati.on code t hat
specifies a | ocat RAFIGADheln &S o3 g‘h’d’rﬁf%yﬁﬁﬁ?orﬁ%t F'Bﬁg‘éé i %§ d5¥yee

Synahi oni zat | on COAE Y SAPRCERHG < HEPRLREL (12 AT BOCERES o g ofespe

2 Cctober 1998 - & ge ngdgeadlng said type |nfornat|on code in said
synchroni zation code to specify the a | ocation of said synchronization code
and eventual ly specifying to later specify the data codes follow ng said
synchroni zation code in the data block. 15. A reproduction nethod
according to claim. 14, whaneiartisded dfurmannfassipei aeerdingndionCiaian 2,
type informati on code is arranged- such that a code pattern of a code )
segnent start¥ng fhsRedn Saddc Hyee ﬁG§PFW6ﬁ1Pﬂ FRde | gﬁnFPFiéVPEo&§f°§ﬁﬁtl°n

i ncl udi ng the type, |d1for tétoerh de [ ent g?&/’pé’% ?ﬁ ode ‘?g%%‘%%é of 8§§es

of the code words,“&itd reinr %mng Sal

step (b)reads i ncla&&%srs% RfledsafdCr e %@@tlt@mtﬂa 1nAth§prsﬁlg!E§&§9nb1as
met hod according to'claim1I4, further conprising dividing the wherein said
data bl ock is dividedheni® donponienti 6§ tiie shahnel,sieacll befbvée and after the

synchronization code.

10 5. an article of manufacture according to Claim 2,
wherein: said data block is divided into a plurality of
sectors, each sector having a plurality of frames; a sector
address is provided in a particular frame in each sector; and
a type information code identifying the frame containing the

15 sector address is contained in the synchronization code

inserted before the frame containing the sector address.

6. A recording method for recording a seguence of code
words to a recording medium, a plurality of code words forming
a frame, a plurality of frames forming a data block, said
20 method comprising the steps of:
(a) inserting synchronization codes at a beginning of
and at preselected places in said data block;
(b) adding an identifier code to each said synchroniza-

tion code for discriminating the synchronization code from



having a plurality of frames, a sector address is being provided in a

particular frame in each sector; and the type information code identifying
—The frame containing the sector address 1s being contained in the

synchroni zati on code |nserted before the frame containing the sector

address, and said nmethod f é 2t he step of reading the sector
address. 17. A reproducti Jn ap AQ’%H reprodum ng | nformation froma
track of WO88Pdi ng nedi ul di ng rredl um st or P oni zati on
codes provided along a said track with anT rval between LYo
synchr and data codes filled i mhisStie °T3det ween said
tvvo sy ﬂmg ﬂﬁﬂgﬁmfmm sai d data coges conprii ﬁ dﬂ ce of code

S, syncnr oni 2ation code codes Substl t ober 1998 -

79 - conprising an identifier having a particul ar pattern di sti ngui shabl e
fromany data in said data codes, and-a-type information code specifying a
| ocation of thethezoroaepoiwlivige siﬁmahbmobkat ion code in a data bl ock, said
apparatus conprising: detecting neans for detecting said synchronization
code by detecting sdrd i|adding | & ; tamd rivdpmptieanscrde readisarhsaisaidype

i nformation code in said silnchronl ation code to s mfg t he | ocation of
sai d synchr oni ZYPFHFORLERE 1om FOsfe ?{lz}lr} dicabipgiy tg@etﬂ FPghranL zatdens y

Ta dadann cotetold bOULS Grofhd AIENLAN £ UleO SO Gl Dfie tbafiRhd L 00k

18. A repr OdUCtIO apparatus a

i nformati an co@eohscgagaggeghgé&l}chhat a code pattern of a code segnent
starting froma particular positionin the identifier code and including

the type informati ofd¢odgensrdtieni acahannela sigdal pfdne theollabadXdckisheocode
words, and wherein said reading neans reads a code word pattern 19. A
reproduct i on apdcht bbeasywrhifong zasionaredes hawecbsen inpedrteda amdck is

divided into a Iurallt of sector each sector having a plurality of
frames, a P (e) yrecordlng the channel s;gnll. 9 P y

7. A recording method according to Claim 6, wherein
10 said step (b) comprises the steps of (bl) generating said
identifier code having a code pattern different from any code
pattexrn of said code words, and wherein said step (c}
comprises the step of (cl) generating said type information
code such that a code pattern of a code segment starting from
15 a particular position in the identifier code and including the
type information code is identical to a code pattern of one

of the code words.

8. A recording method according to Claim 6, wherein
said type information code is the type information code
20 selected from a plurality of type information codes expressing
the same type but resulting in the smallest bias in the dc
component of the channel signal before and after the synchro-

nization code.

9. A recording method according to Claim 6, wherein



sector address is being prOV|ded in a particular frame in each sector, and
the said type information—codeidentifying the afranme containing the
sector address is being contained in the synchronization code inserted
before the frame containing the sector address, and sai d apparatus further
conprising neans for reading the: SEY, SBEE ; An apparatus for
recordi ng aWOPAMSP signal to a ref or@F EE% - SEHIPISONF'E sheet
2 Cctober S|gna R at ed |n_§*§EaUEﬁEE_6T code

words, in mhlch a f code mords forn1a Tranme a uﬁhhul
frarres form ‘3!& g d apparat us c7%n’pr|5|ng an i ,
I nserts a sy code at a beginning of said dat

presel ect ed pTaces in said data block; a first adder that adds
identifier code to each synchronlzatlon code to enable said synchronization
code to be discrigandt@atd rsavek her diolasdi tnseixl plairalbk9Chi Se6€608d each
adder that adds a type information code to each synchroni zation code to

i ndi cate sai d typseotoxyheMingi aatploradddy, dfasbrameesa poserton iaidsmisd is
data bl ock where said s nchroni zati on code _is inserted; and an outputter

that outputs a chBRA¥LAER ghm 2 QQHEFSP%ﬂrlﬁr§%$dlﬂaﬁécblSGEtPS wBPEh 3 dpe

synchr onl zati on cofg. s, beemde ?.Eieggifﬁré? A, LBePaL e AL o

medium 21. The dpparatu er'n sai

a first genemat oraaaeesgeesr%aea abd el Iam Al Matlon Gl PaldaRng
different fromany code pattern o sal e words. The apparat us of
claim 21, wher ei nbéfibte SE® NEk=addtontaRLHG EShé Wa@ﬂ&%&étor t hat
generates said type information code, such that a code pattern of a code
segnent starting froma particular position in said identifier code,

0!

_—_

10. A recording apparatus for recording a channel signal
generated in a sequence of code words to a recording medium,
a plurality of code words forming a frame, a plurality of
10 frames forming a data block, said apparatus comprising:
inserting means for inserting synchronization codes
at a beginning of and at preselected places in said data
block;
first adding means for adding an identifier code to
15 each said synchronization code for discriminating the
synchronization code from other codes in the data block;
second adding means for adding a type information
code to each said synchronization code for indicating a type
of synchronization code based on the position in the block
20 where the synchronization code is insertion; and
outputting means for outputting the channel signal
generated in the data blocks to which the synchronization
codes have been inserted for recording to said recording

medium.

25 11. A recording apparatus according to Claim 10, wherein



i ncluding said type information code, is identical to a code pattern of one
of said code words. Substitute sheet 2 Cctober 1998 - 81 - 23. The
—appararus—of —cl ai 20, Wheref T sai d type Tnrornatfon code 7S serected Trom
‘a plurality of type information codes expressing a sane type, but which -
results in a smallest bias.in_a dc.comperes

of a channel signal before

sai d synchroni zati on code! a-nqisaSHEfr R BEEN chroni zat i on code 24. The
appar at UYOPEBH8%i m 20, whe} ei n ng,s,@@a bl cck i s diyvi dPETTRISNPSI8 | uraI ity
of secters—25.—_The appar btus ef—etar 27 |n each sect or of said

Iurallt of sectors has a plurality of frarres eed bei ng
pI’OVI de E"l’ﬂu um ﬁt"ﬂ frame in each sgctor. ’ us of claim
25, vvhe ormati on code | dent [ fy| cont ai ni ng

sai d sector address S's*contained in said synchronlzatlon code inserted
before said franme containing said sector address. An apparatus for
repr oduci ng i nfsaddat fonst r addingr andans a:omprmsels nggamtlamingsamelamecm ng
medi um st oring synchroni zati on codes along said track with an_interval
between two sySeResaringi ovridddslengifaerodeads ohawdagi nasafedes niRatLErn

bet dt h t des d dat d
sgq;ﬁﬁgesg:‘ co\éﬁf%gg £ za Is%ﬁ%ﬁ%%ﬁ?zﬁ?%ﬁr’cgd s %r?‘s grglwgkggder‘mdf i er
having a parti Guigl; Oﬂag ‘i&“sgéé & KB Y1 Meanls! BBhBPY 008" Geddic i

codes, and type il on code specitying a tron a corr spon I'ng
synchr oni zat | OFczOGRreRadiflgt 8aHOt{pe CONPGIETIGN TodR! SRicH thad! adelRet s
sai d synchroni zation code in said data bl ock by detecting said identifier;
and pattern of a code segment starting from a particular position
in the identifier code and including the type information code

is identical to a code pattern of one of the code words.

12. A recording apparatus according to Claim 10, wherein
10 said type information code is the type information code
selected from a plurality of type information codes expressing
the same type but resulting in the smallest bias in the dc
component of the channel signal before and after the synchro-

nization code.

15 13. A recording apparatus according to Claim 10, wherein
said data block is divided into a plurality of sectors, each
sector having a plurality of frames; a sector address is
provided in a particular frame in each sector; and a type
information code identifying the frame containing the sector

20 address is contained in the synchronization code inserted

before the frame containing the sector address.

14, 2 reproduction method for reproducing information
from a recording medium storing synchronization codes provided

along a track with an interval between two synchronization



Substitute sheet 2 Cctober 1998 - 82 - a reader that reads said type

I nformati on code i-# satd—syrehtoni zati on code to specify a location of said
synchroni zati on code, and to specify said data codes follow ng said
synchroni zati on code in said data bl ock. 28. The apparatus of claim 27,
wherein said type information codsg ﬁﬁs f_EtL I—sweh-t hat a code pattern of
a code segrwoi9631ese ti ng from a parjti cul*gt: E%?f& BOEN | n sai dJPCHERISNET®E code
and i ncl udi ng—saie—+type i nfe#—mati(i iBERIAGEGent i chl to a code pattern of

one code wor aid code words, said reader readfhg a cob H. 1t Replaced
29. The appﬁ!ﬂ*@llﬁ"@ﬂlﬂlﬂ? wherein sajd data bl ock is lm ﬂlﬁl t
plurality of s yot ke apparatus of” claim 29, wherei |
of said plurality of sectors, has a plurality of franes, a sector address
being provided in a particular frame in each sector. 31. The apparatus of
clai m 30, whereincoaded,t ¥pR idatar BYded) fGaded dentddid NthtfefvaATHORRM Wl
said sector address is contained in said synchronization code inserted

bef ore sai d frane syachzbnizgtieon cadest,osaidddats . ciizs Aompppaiagus $segquence
recording a channel_ signal to a recording nedium conprising: a o
synchroni zati on c®fe Fpder ardsiat SaHd erNATOPAZRESAN 7 A9 SoBPTasing an

predeterm ned | ocatjonsg,.in data bl ock formed froma plurality, of code
words; an identif i:‘@Fnﬂ'&&éeﬁghﬁYl B %Hé%ﬁ%ﬁrdé’ﬁﬁtﬁmrd&%én?%l%e from

synchroni zation code g REPLACENHY SEEFTcoaesUPahht Yl GyHl®oin ol dtRs Jotilf

specifying a location of the corresponding synchronization

code in a data block, said method comprising the steps of:
(a} detecting said synchronization code by detecting
said identifier; and
10 (b} reading said type information code in said synchro-
nization code to specify the location of said synchronization
code and eventually specifying the data codes following said

synchronization code in the data block.

15. A reproduction method according to claim 14, wherein
15 said type information code is arranged such that a code
pattern of a code segment starting from a particular position
in the identifier code and including the type information code
is identical to a code pattern of one of the code words, and

wherein said step (b) reads a code word pattern.

20 1l6. A reproduction method according to claim 14, wherein
said data block is divided into a plurality of sectors, each
sector having a plurality of frames; a sector address is
provided in a particular frame in each sector; and the type
information code identifying the frame containing the sector

25 address is contained in the synchronization code inserted



- 83 - an information type code adder that adds a type information code to
each synchroni zation code; and an outputter that outputs a channel signal,

—generatet—in saird—databtock—towhiTh Sara syncnroni zat i on code has been
inserted, for recording to said recordi ng- nedium 33. The apparatus of °*
claim 32, wherein said identifier ¢ode ena sai d synchroni zation code to
be di stingui shed from ot her @3 gﬁqumB BEEN | bl ock. 34, The apparatus of
cl ai m 32VORK31888 n said type ih gpde indi cat es MIRINIHS of

' ' |m34 wherein salaType of

synchwa!_nge\.i_BTS. Th _a
synchroni zati on code —determ ned based on a
£ mmmg < T

before the frame containing the sector address, and said

aey
R

method further comprising the step of reading the sector

address.
17. A reproduction apparatus for reproducing information
5 from a recording medium storing synchronization codes provided

along a track with an interval between two synchronization
codes, and data codes filled in said interval between two
synchronization codes, said data codes comprising a sequence
of code words; said synchronization code comprising an
10 identifier having a particular pattern distiﬁguishable from
any data in said data codes, and a type information code
specifying a location of the corresponding synchronization
code in a data block, said apparatus comprising:
detecting means for detecting said synchronization
15 code by detecting said identifier; and
reading means for reading said type information code
in said synchronization code to specify the location of said
synchronization code and eventually specifying the data codes

following said synchronization code in the data block.

20 18. A reproduction apparatus according to claim 17,
wherein said type information code is arranged such that a
code pattern of a code segment starting from a particular
position in the identifier code and including the type
information code is identical to a code pattern of one of the

25 code words, and wherein said reading means reads a code word
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wherein said data block is divided into a plurality of
sectors, each sector having a plurality of frames; a sector
5 address is provided in a particular frame in each sector; and
the type information code identifying the frame containing the
sector address is contained in the synchronization code
inserted before the frame containing the sector address, and
said apparatus further comprising means for reading the sector

10 address.



