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data to a recording
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DIGITAL DATA TRANSMITTING METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a method of transmitting
digital data in which digital data is retained in sectors
each comprising a plurality of sync frames and
sequentially transmitting it (including recording of the
digital data).

pDescription of Background Information

As an RLL (Run Length Limited) encoding method which
is performed in order to transmit digital data indicative
of information or record the digital data to a recording
medium, an EFM (Eight to Fourteen Modulation) which is
used for a CD (compact disc) or the like is known.

In the EFM, digital data of eight bits (one byte) is
converted to a run length limited code of 14 bits which

satisfies run length limitations of:

il

minimum run length d 2T;

i

maximum run length k 10T,

connection bits of three bits are added to intervals
among the respective converted data, and the resultant
data is formed as an EFM modulation signal. In a sequence
of the EFM modulation signals as well, a bit train of the
connection bits is set so as to satisfy the foregoing run

length limitation.

In the CD, a signal obtained by adding a sync signal
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dium an EFM (Ei ght to Fourteen Mdul ation) which is wused for a CD
(compact disc) or the like is known. In the EFM digital data of
eight bits (one byte) is converted to a run length limted code of 14 bits
which satisfies run length limtations of: mnimumrun length d =
2T; maxi mum run length k = 10T, connection bits of three bits are
added to intervals anobng the respective converted data, and the resultant
data is formed as an EFM nodul ation signal. In a sequence of the EFM
modul ation signals as well, a bit trainyof the connection bits is set so
as to satisfy the foregoing run length Iimtation. In the CD, a

signal obtained b(;yo %qlgal %Q'Mamgngaéioqln%lignal has been recorded. The

sequence by the EFM modulation signals is constructed in
a manner such that a repetitive pattern of maximum
interval which corresponds to the maximum run length k,
namely, repetitive pattern such as 11T - 11T doesn’t
exist in the sequence and the repetitive pattern of 11T
is used as a sync signal.

In a CD player, the sync signal is extracted by
detecting the repetitive pattern of 11T from a signal
read out from the CD.

In a DVD (digital video disc) in which recording
information has been recorded at a high density or a
high-density data transmission, however, when reading the
information, it is largely influenced by an inter-symbol
interference. The repetitive pattern of 11T as a sync
signal is, therefore, changed to a pattern such as 11T -
10T or 10T - 11T and is read out. On the contrary, a case
where the data pattern such as 10T - 11T or 11T - 10T as
an EFM modulation signal is changed to the repetitive
pattern of 117 and is erroneously detected as a sync
signal occurs.

As mentioned above, in the high-density recording ox
high-density data transmission, a frequency of errors
which occur in the detection of the sync signal increases
and a burst error due to out-of-synchronism easily
occurs.

SUMMARY AND OBJECT OF THE INVENTION




/to t he EFM nodul ati on signal has been recorded. The sequence by the EFM
nodul ation signals is constructed in a manner such that a repetitive

pat fern of maxi mum interval which corresponds to the maxi mumrun | ength Kk,
nanmely, repetitive pattern such as 11T - 11T doesn't exist in the sequence

and _the repetitive pattern of 11T is used as a sync signal. In a CD
pl ayer, the sync signal is extracted by detecting the repetitive pattern
of 11T froma signal read out fromthe CD. In a DVD (digital video

disc) in which recording information Rlas been recorded at a high density

or a high- den5|t d trans ssi,on ver rea t he
|nforrrat|gon y gﬁ‘&ef"?"?ﬂ %H@e&agﬁ\,\g ‘#tvéer%gﬁ erference. The
repetitive pait‘ﬂéhﬁl%néE 8Bofe SH it is an object of the invention to

provide a transmitting method of digital data whereby the
digital data can be reproduced at a high precision even
at the time of a high-density recording or a high-density
data transmission.

According to the invention, there is provided a
transmitting method of digital data for rétaining digital
data in sectors each comprising a plurality of sync
frames and sequentially transmitting, wherein the sync
frame comprises a sync signal and a run length limited
code which corresponds to the digital data and satisfies
limitations of a miﬁimum run length and a maximum run
length, and the sync signal includes a sync pattern
comprising a bit pattern having a run length which is
longer than the maximum run length by 3T and addition bit
patterns which are arranged before and after the bit
pattern and each of which has a run length that is longer
than the minimum run length.

According to the invention, there is also provided a
transmitting method of digital data for storing the
digital data into sectors each comprising a plurality of
sync frames and sequentially transmitting, wherein the
sync frame comprises a sync signal and a run length
limited code which corresponds to the digital data and
satisfies limitations regarding a minimum run length and

a maximum run length, and the sync signal includes a
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sV/naI I's, therefore, changed to a pattern such as 11T - 10T or 10T - 11T
and is read out. On the contrary, a case where the data pattern such as
10T --11T or 11T - 10T as an EFM nodul ati on signal is changed to the
repetitive pattern of 11T and is erroneously detected as a sync signal
occurs. As mentioned above, in the high-density recording or
hi gh-egensity data transm ssion, a frequency of errors which occur in the
detection of the sync signal increases and a burst error due to
out - of -synchronismeasily occurs. SUMVARY AND OBJECT OF THE | NVENTI ON

3 specific code which indicates a position in the sector
and which enables a DC control to be performed.

In order to retain the digital data into the sectors
each comprising a plurality of sync frames and
sequentially transmit, the sync frame is comprised of the
sync signal and the run length limited code which
satisfies the limitations of the minimum run length and
the maximum run length, and the sync signal includes the
sync pattern comprising the bit pattern of the run length
that is longer than the maximum run length by 3T and the
addition bit patterns which are arranged before and after
the bit pattern and each of which has a run length that
is longer than the minimum run length. The sync signal
includes the specific code which indicates the position
in the sector and which enables the DC control to be
performed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a schematic constxuction
of a transmission signal forming apparatus for forming a
transmission signal by a digital data transmitting method
according to the invention;

Fig. 2 is a diagram showing a sync signal according
to the invention;

Fig. 3 is a diagram showing the sync signal
according to the invention;

Fig. 4 is a diagram showing a format of the sync

signal;



;fﬁz I nvention is nade to solve the problens nentioned above and it is an
object of the invention to provide a transmtting nethod of digital data
wherseby the digital data can be reproduced at a high precision even at
the tine of a high-density recording or a high-density data transm ssion.
According to the invention, there is provided a transmtting nmethod of
digittal data for retaining digital data in sectors each conprising a
plurality of sync franes and sequential#y transmtting, wherein the sync
frame congrises ﬁ sync signal and a run length [imted code which
corresponds to the digital_data gnd satisfies limtati.qn f | i mum run
| ength and a naxinun1é%ﬁf 3 éﬁg?halgﬂﬁﬁﬁlﬁiog§ﬁg %ié%%ﬂ§Q#%§ Gded sgnc
pattern conprisj | t t | .arun length which is |onger than
t he maxi mum run %%ﬂ% 'B%;ng%'gﬁéeag§?%$%ﬁ bit patterns which are a?ranged

_beflore and after the pid. ¢ale ar fiageheatdwahg i cradifi saibunsignglh t hat
I'S fonger

format of one sector;

Fig. 7 is a diagram showing an operation flow of a
synthesizing circuit 30; and

Fig. 8 is a diagram showing storage contents in a
memoxry .

DETAILED DESCRIPTION OF THE PREFERRED EMBODTIMENT

Fig. 1 is a diagram showing a construction of a
transmission signal forming apparatus for forming a
transmission signal by a transmitting method of digital
data accorxding to the invention.

In Fig. 1, an 8-16 (eight to sixteen) modulator 10
converts digital data to be transmitted to an 8-16
modulation signal {run length limited code) of 16 bits
(one code word) such that run length limitations of the
minimum run length d = 2T and the maximum run length k =
10T is satisfied every eight bits.

All of code words obtained by the 8-16 modulator 10
have pattern forms which satisfy any one of the following
conditions of Next Statel to Next Stated.

Next Statel: Code word in which the number of
continuous 0 at the termination is equal
to 0 or 1.

Next_ State2: Code word in which the number of

continuous O at the termination is equal
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than the m ni mumrun | ength. According to the invention, there is

al so provided a transmtting nethod of digital data for storing the
digital data into sectors each conprising a plurality of sync frames and
sequentially transmtting, wherein the sync frame conprises a sync signal
and a run length [limted code which corresponds to the digital data and
satisfies [imtations regarding a mninmumrun | ength and a maxi numrun

| engt h, and the sync signal includes a

4 specific code which indicates a posit?on in the sector and which enabl es

a DC control to be perforned. ¢y 2 tol 8 2hdefnd Fiketabhe thg: dizght alirdat a
into the sectors

of the next code word are equal to 0.

Next State3: Code word in which the number of
continuous 0 at the termination is equal
to 2 to 5 and at least either one of the
first and 13th bits of the next code word
is equal to 0.

Next State4: Code word in which the number of
continuous 0 at the termination is equal
to 6 to 9.

The modulating method has been published by the
following paper. |

Kees A. Schouhamer Immink, "EFMPlus: The Coding
format of the High-Density Compact Disc", IEEE
International Conference on Consumer Electronics, WPM6.1,
1995.

A sync signal generating circuit 20 generates 32
sync signals having different bit patterns as shown in
Figs. 2 and 3 and transmits them to a synthesizing
circuit 30 which preferably includes a CPU and a memory
as described later.

Those 32 sync signals are divided into eight groups
of SY0 to SY7 as shown in Figs. 2 and 3.

Fig. 4 is a diagram showing a format of the sync
signal.

In Fig. 4, bits 1 to 3 of the sync signal denote

connection bits provided so as to satisfy the foregoing



each conprising a plurality of sync frames and sequentially, transmt, the
sync frane is conprised of the sync signal and the run length Iimted code
whieh satisfies the limtations of the mninmumrun I ength and the naxi num
run Il ength, and the sync signal includes the sync pattern conprising the
bit pattern of the run length that is |onger than the maxi rumrun | ength
by 3T and the addition bit patterns which are arranged before and after

the bit pattern and each of which has a un | ength that

is longer than the

mnimumrun Iength. The sync signal includes the specific code which
i ndi cates the posgihiefeidds (J¥e theChohimns MR ¢BngfRbl emd ReDhagoRtnol to

be perfornmed. BRI EF DESCRIPTION OF THE DRAW N

Fig. 1 is a diagram

showi ng a schenmatii Temsth Uctwhen thé syrha arigmiadsiencairgnaledf aonangode
apparatus for formng a transm ssion signal by a digital data transmtting
met hod accordi ngotd fiet ibafiore dt. A connection bit pattern by bits 1

to 3 indicate any one of {000}, {001}, and {100}.

A sync pattern to identify the sync signal is

allocated to bits 11 to 32 of the sync signal.

The sync pattern is a bit pattern of an arrangement

such as (4T or more - 14T - 4T) in which a pattern of 14T

that is larger than the maximum interval 11T in the 8-16

modulation signal by 3T is set to a nucleus and a pattern

of a fixed length of 4T and a pattern of 4T or more are

arranged after and before the pattern of 14T,

respectively, namely, bit pattern of

{0001000000000000010001}.

In this instance, the sync pattern is a fixed

pattern which is common to all sync signals as shown in

Figs. 2 and 3.

In the sync pattern, even when the 11T pattern in

the 8-16 modulation signal is edge-shifted due to an

influence by an inter-symbol interference and is changed

to a pattern of 12T and, further, the sync pattern itself

is edge-shifted and is shortened by only 1T, in oxder

enable both of them to be distinguished, the pattern of

14T that is larger than the maximum interval 11T in the

8-16 modulation signal by 3T is used. The 14T pattern

denotes a shortest length which can be set when

considering the edge-shift.



Fig. 2 is a diagramshow ng a sync signal according to the invention;
Fig. 3 is a diagramshow ng the sync signal according to the invention;
Fig- 4 is a diagramshowing a format of the sync signal

5 Fig. 5is a diagramshowi ng a transm ssion signal waveformby a
sync pattern; Fig. 6 is a diagram show ng a transm ssion signa
format of one sector; Fig. 7 is a diagram show ng an operation fl ow
of a synthesizing circuit 30; and 8

By arranging an addition bit pattern of a fixed
length of 4T and an addition bit pattern of 4T or more
after and before the 14T pattern, an interval that is
larger than the shortest bits of 3T by at least 1T is
provided, thereby reducing an influence by the inter-
symbol interference with a neighboring mark.

Fig. 5 is a diagram showing a transmission signal
waveform by the sync pattern.

As shown in Fig. 5, if points of leading (trailing
when the waveform is inverted) of the edges, namely, an
interval between points A and B is detected by a slice
level shown by an alternate long and short dash line,
even when the slice level is not settled by a pull-in
operation or the like, the edge interval can be stably
detected. By detecting a 18T pattern in which the 147
pattern and the rear 4T pattern are combined and
selecting the pattern in which the pattern of 14T exists,
the selected pattern can be used as a signal for a speed
detection of a spindle servo upon starting. By setting
mark lengths before and after the 14T pattern to be equal
to or larger than 4T in which an amplitude is larger than
the shortest mark length, a permissible amplitude is
increased for a fluctuation of the slice level. Although
it is also possible to use the combination of marks of 5T
or more, according to the embodiment, since an efficiency
is preferentially considered, a rear mark length is set

to 4T and a front mark length is set to 4T or more.



Fig. 8 is a diagram show ng storage contents in a nenory. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Fig. 1 is a diagramshow ng a
construction of a transm ssion signal formng apparatus for formng a
transm ssion signal by a transmitting method of digital data according to
the invention. In Fig. 1, an 8-16 (eight to sixteen) nodul ator 10
converts digital data to be transn1tted to an 8-16 nodul ation signal (run
length linmited code) of 16 bits (one code word) such that run | ength
limtations of the mninmumrun length d = 2T and the maxi rumrun | ength k

10T is satisfied ever,r\ﬁeel gg%ggn‘g}?% the r aél ﬁaﬁ{eﬁfg& ‘eﬁ&df‘*@géﬂ"%% by the

8-16 nodul ator 10 have p y ‘any one

fol l owing condigd %“t eb bRxt &fé@llén@tﬂeesﬁ@ta%ﬂa thbexishat gdtternCade word

in which the nunber of continuous O at the termnation is
equal set to 4T or more is because when a specific code, which

will be described hereinafter, is further set before the
14T pattern, a degree of freedom of the front pattern is
increased and the number of patterns to be obtained as a
specific code is sufficiently assured.

As shown in Fig. 4, the specific code is allocated
to bits 4 to 10 of the sync signal. Depending on the
combination with the connection bits which exist just
before the specific code, a position in one sector, which
will be explained hereinafter, can be identified.

The synthesizing circuit 30 in Pig. 1 selects any
one of the sync signals generated by the sync signal
generating circuit 20 every train of the 8-16 modulation
signals which are sequentially supplied from the 8-16
modulator 10, namely, every 91 code words and generates a
signal obtained by adding the selected sync signal to the
head of the 91 code words as a transmission signal
corresponding to one sync frame.

Fig. 6 is a diagram showing a format of the
transmission signal per one sector which is generated by
the synthesizing circuit 30.

As shown in Fig. 6, one sector comprises 13 lines.
Two sync frames are allocated to each line. The sync
signal allocated to each sync frame is selected from the

32 kinds of sync signals shown in Figs. 2 and 3. For



to O or 1. NextState2: Code word in which the nunber of
continuous 0 at the termnation is equal

6 - to 2to 5 and the first bit and 13th bit

of the next code word are equal to 0. NextState3: Code word in which the
nunber of continuous O at the termnation is equal

to 2 to 5 and at |east either one of the first and 13th
bits of the next code word 10 is equal to 0. NextState4:

Code word in which the nunber of continuous 0 at the

termnation is e%ﬂ%hple, the sync signal allocated to a front sync frame

of the first line corresponds to SY0 selected from the 32
kinds of sync signals. Subsequent to the first line, the
sync signal which is allocated to the front sync frame is
cyclically repeated like SY1 to SY4 in accordance with an
increase in number of line. Differences among SY1l to SY4
are decided by the specific code and connection bits.

The operation of the synthesizing circuit 30 for
forming the transmission signal of one sector will now be
described with reference to a flow of Fig. 7.

A CPU (central processing unit) and a memory (they
are not shown) are included in the synthesizing circuit
30 and information as shown in Fig. 8 has previously been
stored in the memory.

In the flow of Fig. 7, the CPU in the synthesizing
circuit 30 first sets 1 as an initial address into a
built-in register n (step S1). The CPU reads out
information corresponding to the address stored in the
register n from the memory shown in Fig. 8, respectively
and stores the information into registers X and Y (step
§2). When 1 has been stored in the register n, for
instance, SY0 and SY5 stored in address 1 in the memory
in Fig. 8 are read out and stored into the registers X
and Y, respectively.

The CPU selects the sync signal corresponding to the
storage contents in the register X from the 32 kinds of

sync signals shown in Figs. 2 and 3 which are supplied



to 6 to 9. The nodul ati ng nethod has been published by the follow ng

paper. Kees A. Schouhaner |mm nk, "EFMPlus: The Coding format of the
Hi gh-Density Conpact Disc", IEEE International Conference on Consumner
El ectronics, WPMG.1, 1995, A sync signal generating circuit 20

generates 32 sync signals having different bit patterns as shown in Figs.
2 and 3 and transmts themto a synthgsizing circuit 30 which preferably

i ncludes a CPU and a nenory as described |ater. Those 32 sync
signals are divided into eight groups of SYO to SY7 as shown in Figs. 2
and 3. Fi gfrom itheasghagsgnahgreneyabifprofmtcudtt 2he Whyerc SYI dasl .

In Fig. 4, bits 1 to 3 of the sync signal denote connection bits _provided
so as to SatiSf)pqqﬁesFSFggoFﬂgthe register X, for example, the signal

corresponding to SY(Q is selected from the 32 kinds of
sync signals shown in Figs. 2 and 3. When the code word
existing just before the sync signal is Next Statel (the
number of continuous 0 at the termination is equal to 1
or 0) or Next_State2 (the number of continuous 0 at the
termination is equal to 2 to 5), the CPU selects the sync
signal in which the connection bit pattern by bits 1 to 3
is set to {000} from SY0 shown in Figs. 2 and 3. There
are the following two kinds of sync signals SY0 in which
the connection bit pattern is eqﬁal to {000} in Fig. 2:
{00010010010001000000000000010001}
{00010010000001000000000000010001}

That is, only the values of bit 10 in the specific
codes differ with respect to the two sync signals SY0 and
the numbers of inverting times of them differ when they
are NZI modulated. The CPU selects the pattern which is
optimum for the DC suppression from the two kinds of
patterns and sets the selected pattern to final SYO.

The CPU selects the sync signal corresponding to the
storage contents in the register Y. For example, when SY5
has been stored in the register Y, the sync signal
corresponding to SY5 is selécted from the 32 kinds of
sync signals shown in Figs. 2 and 3. When the code word
existing just before the sync signal is Next State3 (the

number of continuous 0 at the termination is equal to 2



7 limtations of the mnimumrun length d and the maxi num run |length k
when the sync signal is connected to a code word just before it. A
connection bit pattern by bits 1 to 3 indicate any one of {000}, {001},
and {100} . A sync pattern to identify the sync signal is allocated
to bits 11 to 32 of the sync signal. The sync pattern is a bit
pattern of an arrangenent such as (4T or nore - 14T - 4T) in which a
pattern of 14T that is larger than the maximnuminterval 11T in the 8-16
nmodul ation signal by 3T is set to a nyeleus and a pattern of a fixed

| ength of 4T and a pattern of 4T or nore are arranged after and before the
pattern of 14T,

to 5) or Next_State4 (the number of continuous 0 at the
termination is equal to 6 to 9), the CPU selects the sync
signal in which the connection bit pattern by bits 1 to 3
is equal to {100} from SY5 shown in Figs. 2 and 3. There
are the following two kinds of sync signals in which the
connection bit pattern is equal to {100} in Fig. 3:
{10001001000001000000000000010001}
{10000001000001000000000000010001}

That is, only the values of bit 5 in the specific
codes differ with respect to the both patterns. The CPU
selects the pattern which is optimum for the DC
suppression from the two kinds of patterns and sets the
selected pattern to final SY5 (step S$3).

The CPU generates a pattern obtained by serially
connecting the 8-16 modulation signal of 91 code words to
each of the sync signals selected on the basis of the
storage contents of the registers X and Y as mentioned
above as a transmission signal of one line as shown in
Fig. 6 (step S4).

The CPU judges whether the contents in the register
n are larger than 13 or not (step S5). In step $§5, until
it is decided that the contents in the register n are
larger than 13, the CPU adds 1 to the contents in the
register n (step S6) and, after that, repetitively
executes the operations in step S2 and subsequent steps.
The transmission signals of the first to 13th lines (of

one sector) as shown in Fig. 6 are sequentially generated



respectively, nanely, bit pattern of {0001000000000000010001} .
In this instance, the sync pattern is a fixed pattern which is comobn to
all -sync signals as shown in Figs. 2 and 3. In the sync pattern
even when the 11T pattern in the 8-16 nodul ation signal is edge-shifted
due to an influence by an inter-synmbol interference and is changed to a
pattern of 12T and, further, the sync pattern itself is edge-shifted and
is shortened by only 1T, in order enallge both of themto be distinguished,
the pattern of 14T that is larger than the maxi mnuminterval 11T in the
8-16 nodul ation siygtak bypdtitsralspdratienldT pattern denotes a shortest
| ength which can be set when considering the edge-shift.
For example, when it is assumed that 16 sectors arxe

error-correction encoded as one erxror correction block

and the resultant block is transmitted, a decoder side

which receives the transmission signal with the structure

executes an error correcting process by using the

transmission signals each of which has the sector

structure as shown in Fig. 6 and which are collected by

the number as many as 16 sectors as one error-correction

block. In the decoder, it is important that after

completion of the reception of the transmission signal,

the head of the sector is searched, an address recorded

is subsequently immediately read out, and data of the

errox-correction block is collected. When the high-

density transmission is executed, there is a case where

the sync signal SY0 as a head of the sector cannot be

read out or a case where the other signal is erroneously

read out as a sector head, so that a possibility such

that a fatal error which cannot be corrected is caused

occurs.

In the transmission signal according to the

invention, as shown in Figs. 2 and 3, the 32 kinds of

sync signals having different bit patterns are prepared

and, further, as shown in Fig. 6, the combination pattern

of the sync signal to be allocated to each line in one

sector is set to a unique pattern every line. As shown in

Fig. 6, the sync signal in the front sync frame existing



8 By arranging an addition bit pattern of a fixed |ength of 4T and an
addition bit pattern of 4T or nore after and before the 14T pattern, an
interval that is Jlarger than the shortest bits of 3T by at least 1T is
provi ded, thereby reducing an influence by the inter- synbol interference
wi th a nei ghboring mark. Fig. 5 is a diagramshowi ng a transm ssion
sigrial waveform by the sync pattern. As shown in Fig. 5, if points
of leading (trailing when the wavef or mids i nverted) of the edges, nanely,

an interval bejyeese RRidH SrAeabH Bins idelget edably acpehtd 1eN€lsehown by
an alternate long and short dash line, even when the slice |evel is not

settled by a putd-$1 iopercabirdance with lankdnckéesedge nuabervalf Tatede
stably detected. By detecting a 18T pattern in which the 14T

On the decoder side which receives the transmission
signal having the structure, the line in one sector can
be specified by recognizing the combination pattern of
the sync signals, so that the position of SY0 at the
sector head can be predicted. When the line is specified,
a preventing function can be further raised for a read
exrror of the sync signal by recognizing the repetitive
patterns of SY1 to SY4. Since the line is séecified on
the basis of the combination pattern of the two sync
signals existing in one line, it is sufficient to use
eight kinds of SY0 to SY7 as kinds of sync signals in one
sector.

Even when the sync signal SY0 as a head of the
sector cannot be read out due to the influence by the
high-density transmission, therefore, on the decoder
side, the head position of the sector is recognized on’
the basis of the sync signal existing after SYO0, thereby
enabling a correct error-correction block to be
recognized.

As will be obviously understood by Figs. 2 and 3,
further, SY0 is selected in a manner such that an inter-
code distance between SY0 and the head syncs (SY1 to SY4)
of each of the other lines becomes maximum. The inter-
code distance denotes a similarity between the sync

signals. When there is a sync signal in which the number



pattern and the rear 4T pattern are conbined and selecting the pattern in
whi ch the pattern of 14T exists, the selected pattern can be used as a
sigral for a speed detection of a spindle servo upon starting. By setting
mark | engths before and after the 14T pattern to be equal to or |arger
than 4T in which an anplitude is larger than the shortest mark |length, a
permi ssible anplitude is increased for a fluctuation of the slice |evel.
Al'though it is also possible to use tRg combi nation of marks of 5T or
nore, according to the enbodi ment, since an efficiency_  is preferentially

consi dered, a re?f ImgiEfessgfRonsthak of FhaTother $10M8he #hrkSlength is set

to 4T or nore. determined that the sync signal is a sf%nal of the

largest distance. In case of the sync signal in which the
number of 1 is equal to that of the other sync signal,
the number of shifting times of the position of 1 until
the signal coincides with a sync signal is set to the
distance witﬁ the sync signal. By determining SY0 as
mentioned above, a probability such that SY1 to SY4 are
erroneously read as SY0 is reduced. In other words, the
sync signal which is relatively similar to SY0 is set to
the intermediate sync signal (SY5 to SY7) of each line,
and a common sync signal is not used in the head and
middle portions of each line. When the common sync signal
is not used in the head and middle portions of the line,
there is also an effect such that a probability such that
the head and middle portions of each line is erroneously
recognized by the read error is reduced.

As shown in Figs. 2 and 3, even when Next State of
the code word just before the sync signal indicates
either one of a case of 1 or 2 and a case of 3 or 4, two
kinds of 32-bit patterns in which the even and odd
numbers of inverting times (the numbers of 1) and the
signs of disparity {a difference between positive and
negative bits of the waveform) are different respectively
are allocated to SY0 to SY7. That is, as compared with
one pattern, since the polarities of the DC component of

the other pattern itself and the signal waveform at the



The reason why the rear pattern of the 14T pattern is set to the fixed

| ength of 4T and the front pattern is set to 4T or nore i s because when a
specific code, which w | be described hereinafter, is further set before
the 14T pattern, a degree of freedomof the front pattern is increased
and the nunber of patterns to be obtained as a specific code is
sufficiently assured. As shown in Fig. 4, the specific code is
allocated to bits 4 to 10 of the sync gﬁgnal Dependi ng on the

conmbi nation with the connection bits which exist just before the speC|f|c
code, a positi oﬁ:‘elrﬁlﬁﬁ*élg%c?%rth%ﬂt\i‘ﬁr RAtfeme aé:?pPBPﬂ%Ht?lé'f%ﬁli’é’F‘@eP can

be L gent1 11, one,mglRErE! HREC FOAREHARYL 45 30 Jufth e, A7), 07
every train of tggaugeaGbgnggiégéfﬁb éikﬁQ@|éh§WHf3Qh@ﬁe sequentlally suppl i ed
fromthe 8-16 nodul ator™ 10, nanely, every 91 code words and generates a
signal obtained by addi penthenselaive] $iNEhsidikaltall 0déH€ transmitting

method according to the invention, when the digital data

is retained in the sectors each comprising a plurality of

sync frames and is sequentially transmitted, the sync

frame comprises the sync signal and the run length

limited code which satisfies the limitations of the

minimum run length and the maximum run length, and the

sync signal includes the sync pattern comprised of the

bit pattern of a run length which is longer than the

maximum run length by 3T and the a&ditidn bit patterns

which are arranged before and after the bit pattern and

each of which has a run length that is longer than the

minimum run length.

According to the invention, therefore, even when the
sync signal and signal by the run length limited code are
edge-shifted by 1T, respectively, due to the influence by
the inter-symbol interference, they can be correctly
distinguished and detected.

In the digital data transmitting method according to
the invention, the sync signal includes the specific code
which indicates the position in the sector and which
enables the DC control to be performed.

With the construction, therefore, even when the sync

signal at the head of the sector cannot be read out or



head of the 91 code words as a transm ssion signal corresponding to one
sync frane. Fig. 6 is a diagramshowng a format of the transm ssion
si gnal per one sector which is generated by the synthesizing circuit 30.
As shown in Fig. 6, one sector conprises 13 lines. Two sync franes are
allocated to each Iine. The sync signal allocated to each sync frane is
selected fromthe 32 kinds of sync signals shown in Figs. 2 and 3. For

10 exanple, the sync signal allocated to a front sync frame of the first
line corresponds to SYO sel ected fromthe 32

the other signal is erroneously read out as a sector
head, a correct head of the sector can be predicted on
the basis of other sync signals, so that digital data can
be properly reproduced.

The invention has been described above with
reference to the preferred embodiments thereof. It will
be understood that many modifications and variations can
be made by those skilled in the art. All of the
modifications and variations are incorporated within the

scope of the appended claims.



ki nds of sync signals. Subsequent to the first line, the sync signal which
Is allocated to the front sync frame is «cyclically repeated |like SYl to
SY4-in accordance with an increase in nunber of line. D fferences anong
SYl to SY4 are decided by the specific code and connection bits. The
operation of the synthesizing circuit 30 for formng the transm ssion
signal of one sector will now be described with reference to a flow of
Fig. 7. A CPU (central processing_unit) and a nmenory (they are not
shown) are included in the synthesizi nglﬁi rcuit 30 and information as

fslhown in Fig. 8 “ﬁi'rpc%%vtﬂ#ﬁ?b keen stored in the nenory. In the
ow of Fig. 7, the I'n the synthesizing circuit 30 first sets 1 as an
initial address intoaatrfuémitdihg e@tEb@rof digieR1 Sdata Ty CRYakiaddg out
i nformati on corresponding to the address stored in the register n fromthe
nmenory shown in Higit8] daspeint iseeitprsaaaclstampsitheqiafminmmtlicy oft o
registers X and gy%itggames and sequentially transmitting it, wherein
said sync frame comprises a sync signal and a run
length limited code which corresponds to said digital
data and satisfies limitations of a minimum run length
and a maximum run length, and
said sync signal includes a sync pattern comprised
of a bit pattern of a run length which is longer than
said maximum run length by 3T and addition bit patterns
which are arranged before and after said bit pattern and
each of which has a run length that is longer than said
minimum run length.
2. A method according to claim 1, wherein among said
addition bit patterns, the addition bit pattern arranged
after said bit pattern has a fixed length.
3. A method according to claim 1, wherein
said run length limited code is a code obtained by
8-16 modulating said digital data every eight bits so as
to satisfy run length limitations of the minimum run
length is 2 and the maximum run length is 10, and
said sync pattern is comprised of bit patterns of
run lengths of (4T or more - 14T - 4T).
4. A transmitting method of digital data for retaining

the digital data in sectors each comprising a plurality

of sync frames and sequentially transmitting, wherein

A




S2). Wien 1 has been stored in the register n, for instance, SYO and SY5
stored in address 1 in the nenory in Fig. 8 are read out and stored into
the-registers X and Y, respectively. The CPU sel ects the sync signal
corresponding to the storage contents in the register X fromthe 32 kinds
of sync signals shown in Figs. 2 and 3 which are supplied

fromthe sync signal generating circuit 20. When SYO has been stored in
the register X, for exanple, the signajg corresponding to SYO is selected
fromthe 32 kinds of sync signals shown in Figs. 2 and 3. \Wen the code

word existing jyént.d l%%;n%r %r%ﬁ% éXﬂﬁrf&@?%l s.ﬁrﬁch@f&n%tlata?lld fat pgn length

limited code which corresponds to said digital data and
satisfies limitations of a minimum run length and a
maximum run length, and

said sync signal includes a specific code indicative
of a position in said sector.
5. A method accoxrding to claim 4, wherein

said sector comprises a plurality of lines each of
which is constituted by said two sync frames, and

a position in said sector is identified by said
specific code included in each of said two sync signals
included every said line.
6. A method according to claim 5, wherein either one of
said two sync signals included every said line is
cyclically repeated with an increase in number of said
lines, based on said specific code included in said sync
signal.
7. A method according to claim 4, wherein said specific
code in said sync signal arranged at a head of a first
line of said sector has a bit pattern in which an inter-
code distance for said sync signal arranged at the head
of the other line becomes maximum.
8. A method according to claim 3, wherein a DC control
can be performed by the bit patterns of said specific
code,
9. A method according to claim 8, wherein two kinds of

codes having different numbers of inverting times when

AR R ERE A




nunber of continuous O at the termnation is equal to 1 or 0) or

Next State2 (the nunmber of continuous O at the termnation is equal to 2 to
5), -the CPU sel ects the sync signal in which the connection bit pattern by
bits 1 to 3 is set to {000} from SYO shown in Figs. 2 and 3. There are
the followng two kinds of sync signals SYOin which the connection bit
pattern is equal to {000} in Fig. 2;

{00010010010001000000000000010001} _
{000100100000010000000000000010001} 29 That is, only the values of bit
10 in the specific codes differ with respect to the two sync signal s SYO

d h t ff wh t, an Nz
ﬁtr;dul ;t :dnu'r;%g{e%?% el eg elrllpafaae \Aﬁ? c?tgjres(:teetrﬂ)ﬁs?n%ﬁt %
suppreSS|on1gaagtlgﬁﬁ¥@%8ég Q%oQRLn a ggﬁqacqggnﬁets t he selected pattern

to final SYO selects t he sync S|gna ‘corresponding to the

storage contefs i rdidiPUlcEiiiNg 87 cLXAMS SwithiRfhySYS has been stored
in the register Y, the sync signal

said sector comprises 13 lines each of which is
constituted by said two sync frames, and

said sync signal has 32 kinds of bit patterns in
order to satisfy the limitations of said minimum run
length and said maximum run length, specify the head of
said sector and each line, and perform said DC control in
a connection with said run length limited code existing
just before said sync signal.
li. A method according to claim 7, wherein

said sector comprises 13 lines each of which is
constituted by said two sync frames, and

said sync signal has 32 kinds of bit patterns in
order to satisfy the limitations of said minimum run
length and said maximum run length, specify the head of
said sector and each line, and perform said DC control in
a connection with said run length limited code existing
just before said sync signal.
12. A method according to claim 8, wherein

said sector comprises 13 lines each of which is
constituted by said two sync frames, and

said sync signal has 32 kinds of bit patterns in
order to satisfy the limitations of said minimum run
length and said maximum run length, specify the head of

said sector and each line, and perform said DC control in

LU



corresponding to SY5 is selected fromthe 32 kinds of

sync signals shown

in Figs. 2 and 3. Wien the code word existing just before the sync signal

is NextState3 (the nunber of continuous O at the termnation is equal to 2
12 to 5) or NextStated4 (the nunmber of continuous O at the termnationis
equal to 6 to 9), the CPU selects the sync signal in which the connection

bit -pattern by bits 1 to 3 is equal to {100} from SY5

shown in Figs. 2 and

3. There are the following two kinds qQf sync signals in which the

connection bit pattern is equal to {10 in Fig. 3:
{10001001000001000000000000010001}

a connection with said run length limited code existing

just before said sync signal.

13. A transmitting method of digital data for retaining

digital data in sectors each comprising a plurality of

sync frames and sequentially transmitting, wherein

said sync frame comprises a sync signal of 32 bits

and a run length limited code obtained by 8-16 modulating

said digital data every eight bits so as to satisfy run

length limitations of a minimum run length is 2 and a

maximum run length is 10, and

said sync signal comprises: a connection bit of

three bits arranged so as to satisfy the limitations of

said minimum run length is 2 and said maximum run length

is 10 in a connection with said run length limited code

existing just before said sync signal; a specific code of

seven bits which satisfies the limitations of said

minimum run length = 2 and said maximum run length = 10

and which has 32 kinds of bit patterns; and sync patterns

of run lengths of (4T or more - 14T - 4T)

14. A method according to claim 13, wherein said sync

signal has 32 kinds of bit patterns shown in the

following Table 1 and Table 2, and an arrangement of said

sync signals in each line of said sector is set to an

arrangement shown in the following Table 3:

R A



{10000001000001000000000000010001} That is, only the values of bit 5
in the specific codes differ with respect to the both patterns. The CPU
selects the pattern which is optimumfor the DC suppression fromthe two
ki nds of patterns and sets the selected pattern to final SY5 (step S3).
The CPU generates a pattern obtained by serially connecting the 8-16

nodul ation signal of 91 code words to each of the sync signals selected on
the basis of the storage contents of the registers X and Y as nentioned
above as a transm ssion signal of one line as showmn in Fig. 6 (step $4).
The CPU judges whether the contents 2n the register n are larger than 13
or not (step Sé?. In step S5, until it is decided that the contents in the
register n arérkﬁarber than 13, the CPU adds 1 to the contents in the
register n (step S6) and, after that, repetitively executes the operations
In step S2 and subsequent steps.

SYO | 00GL001001j000100 6000000000010001 00(10010000001 00 0000000000010001
§Y1 | -0000010000000100 00000000G0010001 0600010001000100 0000000000010001
§Yz { 00dt000000000100 0000000000010001 00G1000001000160 000000000001 0001
SY3 | 00001c000d000100 000000000G010001 00001060001000100 0000000000C10001
SY4 | 0010000004000 100 0000000000010001 00100000010001060 000000090001 0001
SYS | 004000100Y000100 0000000000010001 0010001000000100 0000000000010001
SYG | 001j0010014000100 0000000000010001 0010000G13000100 0000000000G010001
SY7 OOIWOOIOOO 000100 0000000000010001 001601000G000100 0000C00000010001

Table 2

SYQ | 1001001000000100 000000000001 0001 1001001 001000100 000000000001 dDOI

SYL | 1000010001j000100 0000000000010001 100001000000G1 00 000000060001 065;
SY2 | 1001000001000100 G000000000010001 100106000000010C 0000000000010001
SY3 | 1000001001000100 0000000000010001 100000 10000001 00 000000000021 0001
SY4 | 1000100001000100 0000000000010001 1000100000000100 0000000000010001
SY5 | 100010010d000100 0000000000010001 1000000 100000100 0600000000010001
SY6 | 103100001G000100 G000000000010001 10000000C1000100 0000000000010001
SY7 | 1000100014000100 0000000000010001 104000001 0000100 000000000001 0001

‘W



The transm ssion signals of the first to 13th lines (of one sector) as
showmn in Fig. 6 are sequentially generated

13 -by the repetitive operation. For exanple, when it is assunmed that
16 sectors are error-correction encoded as one error correction block and
t he resultant bwmgbmwgﬁggaﬂggm&gﬁd a decoder side which receives the
transm ssion sig [ giructure executes an error correcting
process hy u5|ngmﬂ_' m El i on si gnalpg each of which has the sector
structure as sho d which are collected by the nunber as many
as 16 sectors as one error-correction block. In the decoder, it is

I nportant that after

Table 3

1, 32bits | 1456bits L 32bits | 1456bits ]
| l

ist LINE [fuc SIGNAL SYO lLUN LENGTH LIMITED CODEIS“‘C SICUAL “SlLUN LENGTH LIMITED COE!;]

2nd LINE [swe siowns sni[LUN LENGTH LIMITED CODE|stec siowm s5|[LUN LENGTH LIMITED CODE)

3rd LINE [smc stoms su2 [LUN LENGTH LIMITED CODE[swwc sicwne 15 LON LENGTH LIMITED CODE]

4th LINE {srwc siome so[LUN LENGTH LIMITED CODE | siowas sv3|LON LENGTH LIMITED cooe]

Sth LINE [swc sions seeJLUN LENGTH LIMITED CODE |swc siomae sts|LUN LENGTH LIMITED CODE]

6t
h LINE [guc steuar sy1 |LUN LENGTH LIMITED consls'"c STOHAL s“]LUN LENGTH LIMITED CODB]

7th LINE foruc sianac sx2|LUN LENGTH LIMITED CODE [sc siowas sxe[LUN LENGTH LIMITED CODE)

8th LINE [ st s JLUN LENGTH LIMITED CODE fsvc sicunt m]LUN LENGTH LIMITED coos]

9th LINE [fxuc sTowAL SY‘TLUN LENGTH LIMITED CODEIS‘"'C SIGNAL S'li]LUN LENGTH LIMITED C_ODE}

10th LINE [Emc SICNAL syi ILUN LENGTH LIMITED CODEI SYNC SICNAL snlLUN LENGTH LIMITED CODE;

11th LINE [stwc stome sv2|LUN LENGTH LIMITED CODE|P™ siowi 03 [LGN LENGTH LIMITED CODE]

12th LINE [soc st sy [LUN LENGTH LIMITED CODE|sme siome s|LUN LENGTH LIMITED CODE|

13th LINE [s1 st st4[LUN LENGTH LIMITED CODE|n< sioen s17|LUN LENGTH LIMITED CODE|
! FRONT SYNC FRAME |

REAR SYNC FRAME l

T




conpletion of the reception of the transm ssion signal, the head of the
sector is searched, an address recorded is subsequently imediately read
out - and data of the error-correction block is collected. Wen the high-
density transm ssion is executed, there is a case where the sync signa
SYO as a head of the sector cannot be read out or a case where the other
sigrial is erroneously read out as a sector head, so that a possibility
such that a fatal error which cannot be corrected is caused occurs.

In the transm ssion .signal according to the invention, as showeutn.gksgs. 2
and 3, the 32 kinds of sync signals havind/8ifferent bit patte®R8-H689
prepared and, further, as shown in Fig. 6, the conbination"patigﬁﬁ:g t he

sync signal to be allocated to each line in one sector is set due
pattern every line. As shown in Fig. 6, the sync signal in theskr@nibesync
frame existing PHKOT9659
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14 at the head of each line is cyclically repeated like SY1 to SY4 in
accordance wth an increase in nunber of |ines. On the decoder side
whi ch receives the transm ssion signal having the structure, the line in
one sector can be specified by recognizing the conbination pattern of the
sync signals, so that the position of SYO at the sector head can be
predi cted. When the line is specified, a preventing function can be
further raised for a read error of the sync signal by recognizing the
repetitive patterns of SYl to SY4. Since the line is specified on the
basis of the conbination pattern of the two sync signals existing in one
line, it is sufficient to use eight kinds of SYO to SY7 as kinds of sync
signals in one
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sector. Even when the sync signal SYO as a head of the sector cannot
be read out due to the influence by the high-density transm ssion,
theréefore, on the decoder side, the head position of the sector is
recogni zed on the basis of the sync signal existing after SYO thereby
enabling a correct error-correction block to be recognized. As wi |
be obviously understood by Figs. 2 and 3, further, SYO is selected in a
manner such that an inter- code distance between SYO and the head syncs
(SY1 to SY4) of each of the other |ines becomes maxi num The inter- code
di stance denotes a simlarity between the sync signals. Wen there is a

I gnat—Tmwht-eh—the—nunb
sync sign er PHO
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15 of 1 differs fromthat of the other signal, it is determ ned that the
sync signal is a signal of the |argest distance. In case of the sync
sigral in which the nunber of 1 is equal to that of the other sync signal,
t he nunber of shifting times of the position of 1 until the signal
coincides with a sync signal is set to the distance with the sync signal
By determ ning SYO as nentioned above, a probability such that SYl to SY4
are erroneousTy Tead as SYO is reduced. In other words, the sync signal
whi ch |sqmggg£u%§b%, A to SYOis set to the internediate-sync signa
(SY5 to S i miimhe, and a common sync signal is not used-i=nthe
head and Yﬁl‘»“:

s of each lingsgWien the common synci¥si i's not
used i n the B dle portions of the line, there is Qﬁpffect
such that a probablllty such that the head and m ddl e porti efAch
line is erroneously recognized by the read error is reducedpcuor—9659
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As shown in Figs. 2 and 3, even when NextState of the code word just
before the sync signal indicates either one of a case of 1 or 2 and a case
of 3%r 4, two kinds of 32-bit patterns in which the even and odd nunbers
of inverting tinmes (the nunbers of 1) and the signs of disparity (a

di fference between positive and negative bits of the waveform are
different respectively are allocated to SYO to SY7. That is, as conpared
with one pattern, since the polarities of the DC conponent of the ot her
pattern itself and the signal waveform at- the _
16 termnation of the other pattern are gpposite to those of _
the DC conponent of the signal can be /8:

PSG01-9659
PVNDL-9659

FIG.S

4T OR MORE 14T 4T
Y

)

S
/

o
oo

H —— a— o gty
@

A
P2

¢
¢

This.Sheet Has Been Re placed

LTI

————

THIS SHEET HAS BREEN
REPLA ACE D



c

edge- shi ftredibysshT,

in the

when t he

is retained in the sectors each conprising a plurality of
and the

bit pattern of a

PSG01-9659.

PIHOL-9659.
PENOE 0659

m
i nt er f ePEéeds3dhey

frame conprises the

even when

As nentioned above,
data transmtting mnethod according to the invention,

dat a
sync franmes and is sequentially transmtted,

sync signa

t he sync

limted code which satisfies the

mnimumrun | ength and the nmaxi mumrun | ength,

i ncl udes the sync pattern conprised of the
t her ef or e,

I's | onger than the
he i nter-synbol

maxi ngyg run length by 3T amsltbesg

whi ch are arranged before and after the $i%—p&ixrern

each of which has aT

hat

| nvention,

()
<
4

o
4

Q

>
©

>
..lL
O
(¢B)
-
—
(@)
(&)
(8]
o]
[
]
(&)

Accordi ng

and the run length
and signal

reduced by selecting either one of them

digital
run | ength which is |onger than the

addition bit patterns

| i m-tati ons of the
and

di gi.t al

sync signa

| engt h.

si gnal
respectively,

ﬁ IWYEd ONAS ¥Yvay JWYHd ONAS INOYJ 1
]

_ |

|
M\.maoz 161TVKOIS NOLLVIAGOW 91-2 | Tixs Tenors uz»L (SouOK 161TYNSIS NOLLYINGOW 91-% _;m TNDTS uz»m_ INIT RICT

h.modox T61TYROIS HOLLVIAGOW $1-8 a‘;m TYNDIS oz&L (SAYOK T4ITYNDIS HOILVIAGOW 91~% T..rm TYROIS OHAS{ ANIT HLZY

— {SCuOK 16} TYNDIS NOIIVINGOW 91-% T»m TYRO1S uﬁw_ {SQUOH TE)TYNDIS NOILVINGOW 91-g TE vRoYs oMAE | INTIT HLTI

4
~ {SQUON T61TYROLS NOILVINOOW oﬂ-pTxm TENDIS uz»L {8040K 161 TYNDIS NOIIVINGOW 91-§ T»m TYNSIS uz»m_ INIT HILOT

{SQYOM T6}TVNDIS NOILYINQOW 91-g T.G TYRDIS uz»mw [S¥OH T6)TYNOIS NOLIVIAGOW 9138 _;m TYNO1S uﬁﬂ ARIT HI6

h?axoz T63TYRDIS NOYIVINGOW §Y-¢ T»u TYNDIS uz»L {SQ¥OM 16} TYNDI§ NOIIVINGOW $1-8 Txn Tviors onxs| ANIT HIS

Tmnaox 15) TVNOLS NOXEVINAOW 91-8 T»w TYNDIE uzymM {SCOK T6)TYNDIS ROYIVINGOW 9T-§ _2& TVNOIS oﬁ& ANIT BLL

—‘ {SQUOM nm.v\n(zuﬂm NOLIVINOOW 91~8 wm»m TYNDIS UZkWh {SOMOK Y6} TYRDTS HOLIVINAOW 3-8 _ﬂrw TYNDIS UZNu“ INIT HI9%

~r -m.mxox T6)TYRDIS NOIIVIAGOW 9i~g T»u TYNOIS UE.L {SOHOKR T6)TUNDIS NOILIVINGOW 91-8 T»m TYNOIS uzm‘_ INIT HLS

jnﬁoz 16)TYNOLS NOXEYINGOW 918 %96 TYNDTS u.cm% (SQYOH 16)TUNDIS NOILVINGOK 91w _Cm TYNDTS oEL ANIT Rip

ﬂ {Sa¥OR Y6} TYROLE NOIIVINGOR §Yw8 T.»m TINDIS UthM {SqUOM T6)}TYNDIS ROIIVIAUOW 3T~8 M ZXS TYNOLS Uﬁi ANIT Qg

* (BGMOR 14)TVNDIS NOTIVINGOW 91~8 mmu.w TYRSIS Uz.a.m~ {SaYOM TE}TYNDIS NOIIVINGOW 97-¢ _nhm TVHDYS ONXS| FANITT QZN

* {SEUOR 16)TYNOTS HOTIVINOOM $1-8 b_eG TYRDIS UEL {S040K 16) TYHOYS HOIIYINOOH $1-9 _ea TYNDIS uEL INIT IST
_ f I I !
SLI¥ 96bT SLIg Z¢ SLIg 9shT SLIg Z¢

9"91d

S BEEN

REPLACED

SHEET HA

PR i
‘ THIS



di stingui shed and det ect ed.

according to the invention,

control

the-sync
17 the ot her signal

head of the sector can be predicted on
that digital

data can

descri bed above with

INFORMATION
OF ADDRESS
n -—- X,Y

SELECT SYNC
SIGNAL

INDICATED by

X, Y

to be perforned.
si gnal

be properly reproddéted.

In the digital
the sync signa
whi ¢ch indicates the position in the sector and which
Wth the construction,
at the head of the sector cannot be read out or
is erroneously read out as a sector

Sl

The

A

Leet Has Been Replaced

il

YES

RETURN -

____'________________

head,
t he basis of other

sync si

i nv

S6

PSGO1-9659
PUNGI-9659

S2
— J
S3
-) n=n+1i
-
S4
CONNECTION r}
ouTPUT
S5
NO

a correct
gnals
&

data transm tting nethod
i ncl udes the specific code
enabl es the DC

t herefore, even when

SO

S been

THIS SHEET HAS BEEN

REPLACED




reference to the preferred enbodi nents thereof. It will be understood that
many nodi fications and variations can be nade by those skilled in the art.
Al'l of the nodifications and variations are incorporated within the scope
of the appended cl ai ns. 18 WHAT IS
CLAIMED IS: 1. Atransnitting method of digital data for retaining

digital data in sectors each conprising a plurality of sync frames and
sequentially transmtting it, wherein said sync frame conprises a
sync signal and a run length [imted codg/@hich corresponds to said

di gi tal

PSG01-9659
PVNOI—9659.
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data and satisfies limtations of a mninmumrun length and a maxi mum run
| engt h, and said sync signal includes a sync pattern conprised of a
bit spattern of a run Iength which is longer than said maxi mumrun | ength
by 3T and addition bit patterns which are arranged before and after said
bit =pattern and each of which has a run length that is |onger than said
m nismum run length. 2. A nmethod according to claim1, wherein anong said
addition bit patterns, the addition bif pattern arranged after said bit
pattern has a fixed length. 3. A neth according to claim1l1, wherein
said run length Iimted code is a code obtained by 8-16 nodul ating said
digital data eVéEyeei ghtobfak ?ﬁﬁ%ﬁ?rQQ?@%ﬁﬁ¥§ByMP%HOFength linmtations of
t he nininun1rﬁg !eggtg iﬁ g ggg tEg %axinun1run |l ength is 10, and

said sync pat . atterns of run lengths of (4T or

nore - 14T -

4T). A transmitting method of digital data whereby
information data can be reproduced at a high precision.
In order to retain digital data in sectors comprising a
plurality of sync frames and sequentially transmit, the
sync frame is comprised of the sync signal and the run
length limited code which satisfies the limitations of
the minimum run length and the maximum run length, and
the sync signal includes the sync pattern constituted by
a bit pattern of a run length that is longer than the
maximum run length by only 3T and addition bit patterns
which are arranged before and after the bit pattern and
each of which has a run length that is longer than the
minimum run length. The sync signal includes a specific
code which indicates a position in the sector and which

enables the DC control to be performed.

None of the figures is to be published.



4. A fransmtting nmethod of digital data for retaining the digital data in
sector's each conprising a plurality of sync franmes and sequentially

transmtting, wherein 19 said sync frame
cqnprises a sync signal and a run length Ilimted code which corresponds to
said digital data and satisfies limtations of a mninumrun |ength and a
maxi mum run | ength, and said sync signal includes a specific code

i hdicative of a position in said sector. 5. A nethod according to claim
4, wherein said sector conprises a plurality of lines each of which

I's constituted by said two sync franes, and

Table 3
Lﬁ_32bits RE  1456bits |- 32bits . 1l456bits |
lst LINE [f‘"c stovaL syo BUN LENGTH_ LIMITED CODE |SYNC SIGNAL SYSE[;N LENGTH LIMITED CODE

2nd LINE |soc swouas sn ]ﬁ UN LENGTE LIMITED CODE|swc stown svshroy rENGTH LIMITED copE|

3IGMIN'E :Iﬁc steMaL s¥2 [BUN LENGTH LIMITED CODE SYNC SIGNAL szs&m LENGTH LIMITED CODE

4th LINE [s¥ic srowal sv3 [BUN LENGTH LIMITED CODE |stvc siews stsfpy LENGTH LIMITED CODE

Sth LINE |swe stomac st [BUN LENGTH LIMITED CODE |swc sioni sesbBUN LENGTH LIMITED CODE

-

I ! - .
6th LINE Fum:nmmnsn UN LENGTH LIMITED CODE[““CSHWF‘HG UN LENGTH LIMITED CODE]

7th LINE ]ﬁuc SXGNAL 52 [PUN LENGTH LIMITED..CODE.IS‘YNC SIGNAL sr;%:UN:LENGTH LIMITED CODE]

8th LINE Emc ‘stowaL sy3 [RUN LENGTH LIMITED CODE ]swc STGNAL srsl%mq LENGTH LIMITED CODE]

A

Sth LINE [|swc szowan ST*% LENGTH LIMITED CODE |src siawas sssf2UN LENGTH LIMITED CODE

10th LINE |$vc stowa sy LENGTH LIMITED CODE |swc siowit se7[ZUN LENGTH LIMITED CODE|

1lth. LINE [imti: sz syz UN LENGTH LIMITED CODE [St¥¢ SIGNAL SY7 YN LENGTH LIMITED CODE

12/ LINE {saxc src'm‘sr;&au LENGTH LIMITED CODE |SYNC SIGNAL S¥7l&UN LENGTH LIMITED CODE

13th LINE {SYNC SIGNAL S‘NEUN LENGTH LIMITED éODE SYNC SIGNAL SY7 N LENGTH LIMITED CODE

i : L *
. FRONT SYNC FRAME " REAR SYNC FRAME
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a poésition in said sector is identified by said e ;Q,ggg? i ncluded in

each of said two sync signals included every sa.o’?ﬁkh@g MEy: Lo hod
atcqrding to claimb5, wherein either one of Sall.tMD synd" ity Ji ncl uded
every said line is cyclically repeated with an/l é@eas ...... i [payrber [fof said
| i nes, based on said specific code included in sai 0 SyRe=gignal.. {{7. A

nethod according to.claim4, wherein said specific code i n Sara=sync
signal arranged at’ ~a head of a first |line of said sector has a bit pattern
in which an inter-- -code distance for sai di/¢ync signal arranged at the head
of the other |ine becones maxi mum 8. A nethod according to claimS3,
wherein a DC control can be perfornmed by the bit patterns of said specific
code. 9. A nethod according to claim@8, wherein two kinds of codes having
di fferent nunbers of inverting tinmes when
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said sector conprises 13 lines each of which is constituted by said two
has 32 kinds of bit patterns in

syac frames, and

order to satisfy the limtations of said m ninumrun
speci fy the head of
performsaid DC contro

maxi mum run | ength,

sai d sync signa

| en

said sector and

h--and-

in a connection with said run | epgt

existing just before said sync signal.

wher ei n

by said two sync franmes, and
patterns in order to satisfy the limtations of said m

and said maxi mum run | ength,
| ine, and perform said DC contr ol

———.
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21 "a connection with said run length limted code existing- just before
sai d sync signal. 13. Atransmtting nethod of digital data for retalnlng"'
dfgital data in sectors each conprising a plurality of synC~frnnPs and -
sequentially transmtting, wherein said sync frane 82§e ,,,?, EQT
signal of 32 bits and a run length |limted code obtained b 6

nodul ating said digital data every eight bits so as to satitséytun...length
limtations of a mnimumrun length is 2 and a naximmryn Iength |dn;0
and sai d sync signal conprises: a connection bit of *~thwee-hils
arranged so as to satisfy the limtatjgns of said mnimmrun length is 2

and said HHX|nun1run length is 10 in"a connection with said run |l ength
limted code
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exi sting just before said sync signal; a specific code of seven bits which
sat.isfies the li'mtations of said mninumrun length = 2 and said naxi mum
run length = 10 and which has 32 kinds of bit patterns; and sync patterns

of run lengths of (4T or nore - 14T - 4T). 14. A nethodﬁﬂﬂxﬁ%#4Ep¢

13, wherein said sync signal has 32 kinds of bit patter sﬁﬁﬁdﬁﬁMEﬁquﬁxf ‘
followng Table 1 and Table 2, and an arrangenent of said s&gnaLsﬂ

each line of said sector is set to an arfangenent shown}if éf&l rb'
Tabl e 3: : : ?QF 28

5/8.
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Table 3 . 32bits 1456bi ts - .32bits...
1456bi t-s 1st - LINE SYNC SI SNAL SYO RUN LENGTH LI M TED C 1: SYNC S| GNAL
SYS RUN LENGTH LI M TED CODE 2nd LINE SYNC SI GNAL SY1 RUN LENGIH_LIM.TED
CODE SYNC SI GNAL SY5 RUN LENGTH LI M TED CODE 3r LINE SiYN¢ §I %S,\( FRUN
LENGTH LI M TED CODE SYNC SI GNAL SY5 RUN LENGTH LI M TED CDE} tgn gaNgue
SYNC SI GNAL RUN LENGTH LI M TED CODE SYNC SI GNAL SY5 RUN | BENGIH.LILM.TED
CODE 5th LINE SYNC SINAL SY4 RUN LEN@EH LIM TED SYNC S| GNAL SY5
RUN LENGTH LI M TED CODE 6th LI NE SYNC SI GNAL SY1 RUN DENGTH-LLM.IEDR. CODE
SYNC SI GNAL SY6 RUN LENGTH LIM TED CODE 7th LINE SYNC SI GNAL SY2 RUN
LENGTH LI M TED CODE SYNC SI GNAL SY6 RUN LENGTH LI M TED CODE

FIG.7
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OUTPUT
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RETURN -




8th LLNE SYNC SIGNAL SY3 RUN LENGTH LI M TED CODE SYNC Sl
LENGTH 'LIM TED ' CODE  9th LINE | SYNC SI GNAL SY4 RUN LENGT}
SYNC SI GNAL SY6 RUN LENGTH LI M TED CODE 10th LI NE SYNC

SYNC SI GNAL SYZ2 RUN LENGTH LI M TED CODE SYNC SI GNAL SY7
CODE 12th LINE SYNC SIGNAL SY3 RUN LENGIH LI M TED CODE

RUN LENGTH LIM TED CODE  13th LINE SYNC SI GNAL SY4 RUN{LENGTH LT'M-T&
CODE SYNC SI GNAL SY7 RUN LENGTH LI M TED &%bE

SYNC FRAME . REAR SYNC FRAME ol
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