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OPTICAL RECORDING DISK CAPABLE OF
RESYNCHRONIZATION IN DIGITAL
ENCODING AND DECODING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE 10 RELATED
APPLICATIONS

[This is a divisional of U.S. application Ser. No. 08/212,
724, filed on Mar. 14, 1994, and now 1s U.S. Pat. No. 5,546,
427.] This application is a division of Ser. No. 09/295,376,
filed Apr. 21, 1999, which is a reissue of Ser. No. 08/592,486,
filed Jan. 26, 1996 (U.S. Pat. No. 5,623,477) which is a
division of Ser. No. 058/212,724, filed Mar. 14, 1994 (U.S.
Pat. No. 5,546,427), and which is being incorvporated herein

by reference.

Notice: More than one reissue application has been filed

for the reissue of U.S. Pat. No. 5,623,477. The reissue appli-

cations are a parent veissue application Sev. No. 09/295,376

and three divisional reissue applications, namely Ser. No.

10/138,737 (the present application), Ser. Nos. 10/137,488
and 10/138,738.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a recording/reproducing appara-
tus which records and reproduces digital signals, and more
particularly to the digital data encoding/decoding apparatus
for optical disk apparatus which carries out mark edge
recording by pit width modulation.

2. Related Art of the Invention

In recent years, the optical disk apparatus has attracted
keen public attention as a digital information recording/
reproducing apparatus with a large storage capacity and the
ability to interchange media. In the optical disk apparatus,
the digital data 1s encoded for recording in such a manner
that 1t fits 1n the recording/reproducing channel characteris-
tics determined by the optical head and optical recording
media, and reproduced signals are data-detected to make
binary-coded signals, from which decoding is carried out to
obtain original digital data. Based on this, encoding and
decoding techniques to enable eflicient digital recording and
reproducing have been put into practical use as various digi-
tal data encoding/decoding apparatus.

In the general procedure to record and reproduce digital
data, first of all, the code stream obtained by encoding the
data with modulation having a proper rule 1s recorded. When
reproducing, the clock signals which are clock components
of the code stream are retrieved from the reproduced signals
by utilizing the properties of the code stream 1imparted by the
above-mentioned modulation. Based on the retrieved clock
signals obtained, the recorded code stream 1s separated and
the original digital data 1s obtained by decoding, which 1s the
operation reverse to encoding. As one example, in the stan-
dard format of a 130-mm-diameter magneto-optic disk data
file apparatus, a (2, 7) code 1s used as the encoding system as
found 1n the International Standard (ISO/IEC DIS 10089).

Table 1 shows the conversion rule of the (2, 7) code.

The (2, 7) code 1s an encoding system which converts

1-bit digital data to 2-bit codes, and 1s so called because of

its characteristic that a “1” 1s separated by a minimum of two
“0’s” and a maximum of seven “0’s” in the code stream atter
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2

encoding an original digital data stream. This encoding rule
1s called (d, k) conversion rule because a “1” 1s separated by
a minimum of d “0’s” and a maximum of k “0°s” 1n the code
stream alfter encoding. Consequently, in the case of the (2, 7)
code, a “1” exasts intermittently at the clock frequency from
3 to 8 1n the code stream after encoding, and with this point
as a premise, the code frequency which 1s a clock component
1s obtained to make a reproduced clock signal, rendering
itself capable for detecting the above-mentioned data.

In general, in this type of encoding/decoding, decoding
timing to the bits of the code stream and the data stream 1s to
be properly provided when the original data stream 1s
decoded from the reproduced code stream. Otherwise, such
decoding timing failure does not keep the rule of the encod-
ing system and will result in errors. In the case of Table 1, the
1-bit data must be made to correctly correspond with the
2-bit code. For this purpose, a specific code pattern called
SYNC or RESYNC BYTE 1s inserted in the code stream
alter encoding to achieve bit synchronization at the time of

decoding. In the above-mentioned international standard, for
the RESYNC BY'TE,

{0010000000100100}

1s periodically inserted, and in the event of decoding
operation, first, this RESYNC BYTE 1s detected; then, based
on this, the above-mentioned bit synchronization 1s achieved
for decoding. This RESYNC BY'TE 1s a pattern which can-
not exist 1 any code stream after encoding for any data
stream 1n the rule specified in Table 1, and a RESYNC
BYTE will never be detected by mistake with other code
data.

This kind of method enables this bit synchronization by
periodically arranging bit patterns, which can easily be
identified, as a RESYNC BYTE to achieve bit synchroniza-
tion 1n the encoded code streams as described in, for
example, OPTICAL DATA FORMAT EMPLOYING
RESYNCHRONIZABLE DATA SECTORS, U.S. Pat. No.
4,791,622 by D. W. Clay et al. and SYNC ENCODING
SYSTEM FOR DATA SECTORS WRITTEN ON A STOR-
AGE MEDIUM, U.S. Pat. No. 4,797,167 by M. I. O’Keetle

et al. This bit synchromzatlon pattern 1s called a SYNC
BYTE when it 1s used at the data head, and a RESYNC
BYTE when used at the mtermediate position. The SYNC

BYTE decides the bit synchronization at the start of
decoding, while the RESYNC BYTE pernodically corrects
deviation of a decoding bit to prevent propagation of decod-
ing error after any defect occurs when clock reproduction
failure occurs 1n the middle of data reproduction, and both
frequently have the same patterns.

In the meantime, 1n the present optical disks, a large num-
ber of developments have been undertaken to increase the
capacity to store more and more information, and in order to
avold complication of data controls associated with the
increased storage capacity, the unit of the recording data
amount must also be increased. When the recording data unit
1s increased, there will be more possibility to cause failure to
reproduce clocks during data reproduction due to the drop-
out of reproduced signals arising from a defect of the media,
and the system reliability will be lowered. The importance of
the RESYNC BY'TE has been further increased to suppress
continuous occurrence of decoding errors 1n order to prevent
disability in decoding all of the data after the clock reproduc-
tion failure occurs.

In the conventional optical disk apparatus, as a method to
record and reproduce data, mark position recording (MPR)
in which the recording mark position 1s used for information
recording 1s carried out; this 1s called pit position modulation
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(PPM) because of the recording pit, another name of the
recording mark, and has characteristics to correctly record

and reproduce the data even when there 1s a variation in pit
size. However, 1n order to further increase the recording
density, the pit width modulation (PWM) which carries out
mark edge recording (MER), in which the position and
length of the recording mark are used for recording of
information, has begun to be put into practical use.

For the encoding rule 1n the PPM recording system, the(2,
7) code has the superior capabilities, and the PPM recording
system using this (2, 7) code has been adopted 1n the above-
mentioned international standard, but as part of further
improving the recording density, in the PWM recording,
investigation has been made on systems such as a (1, 7)
code. In thus mark edge recording, NRZI code 1s performed
alter a (2, 7) or (1, 7) code. The positional relationship
between the mark formed 1n correspondence with the part in
which “1” of the code stream obtained as above continues
and the space other than this formed by “0” 1s used for
recording information.

The mark 1s formed by applying the comparatively high
optical output to the medium and locally raising medium
temperature, and has a problem that the positional relation-
ship of mark edge deviates when the optical output deviates
from the optimum value. That 1s, when the optical output 1s
greater than the optimum value, the recorded mark generally
becomes larger, and, on the contrary, when 1t 1s smaller, it
becomes smaller, causing the power margin, the set margin
for optical output 1n recording, to become smaller. In this
way, the positional relationship between the mark 1nitiation
end and the finish end deviates from the optimum bit inter-
vals of code data, resulting in higher possibility to cause
decoding errors in achieving synchronization of data from
reproduced signals for decoding.

When the (2, 7) code 1s used as a technique to solve this
kind of problem, for example, as 1s found i DATA
RECORDING/REPRODUCING DEVICE, U.S. Pat. No.
5,229,986 by Mizokami et. al., specially designing the data
detection method during reproduction has enabled the devel-
opment of a technique to improve the detection allowance
for mark formation. In this method, synthesis of both takes
place after the mark initiation end and the finish end are
independently binary-coded and clock-reproduced, and both
are designed to achieve bit-synchronization independently.
Consequently, the data detection method 1s limited and 1t 1s
not generally applicable.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a highly
reliable apparatus with improved recording/reproducing,
power margin, etc. by realizing highly reliable RESYNC
BYTEs 1n optical disks using mark edge recording.

It 1s another object of the present invention to provide an
apparatus which can detect RESYNC BYTES satisfactorily
in an optical disk of the CLV (constant linear velocity) sys-
tem.

Furthermore, it 1s another object of the present invention
to detect good RESYNC BYTES even 1n an optical disk
with different erase characteristics for the mark and space by

limiting the RESYNC detection part of RESYNC BYTES to
the mark or space.

Preferably, a specific pattern i1s given to the mvalid data of
the portion corresponding to RESYNC BYTES to operate an
encoder, and 1n mserting RESYNC BYTES in the corre-
sponding portion of the code stream after encoding, the
present invention enables smooth connection in terms of
code regularity.
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The above and other objects of the present invention are
realized 1n the digital data encoding apparatus of the present
invention that periodically mserts RESYNC BYTES com-
prising a bit compensation part, RESYNC detection part,
and bit synchronization part into the code stream of the digi-
tal data encoded 1n accordance with the (d, k) conversion
rule.

In addition, the digital data encoding method and appara-
tus of the present invention has an encoding means to encode
data mput 1n accordance with the (d, k) conversion rule and
RESYNC BYTES adding means which periodically gener-
ates RESYNC BYTES comprising a bit compensation part,
RESYNC detection parts, and a synchronization part.

Furthermore, it 1s provided with an encoding means to per-
form NRZI encoding on the (d, k) encoded code and

RESYNC BY TES.

The digital data decoding apparatus of the present inven-
tion comprises a means to detect RESYNC BYTES, a means
to detect bit synchronization, and a decoding means to be
initialized by the means to detect bit synchronization.

In addition, by making the RESYNC detection part longer

than k, the correlationship between RESYNC BYTES and
code data of other parts 1s made extremely small.

Furthermore, by making the size of RESYNC detection

part sufficiently larger than k, exclusive detection of
RESYNC BYTES is made easy even in the CLV system.

The present invention will achieve highly reliable decod-
ing operation by realizing RESYNC BYTE comprising a bit
compensation part, RESYNC detection part, and bit syn-
chronization part and mitializing the decoder by detecting
the bit synchronization part after detecting the existence of
the RESYNC detection part based on the above-mentioned

coniiguration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of the recording format;

FIG. 2 1s a block diagram illustrating a digital encoding
apparatus 1n one embodiment of the present invention;

FIG. 3 1s signal waveform illustrating the operation of
FIG. 2;

FIG. 4 1s a block diagram 1llustrating the digital decoding
apparatus in one embodiment of the present invention;

FIG. 5 1s signal wavetorm illustrating the operation of
FIG. 4;

FIG. 6 1s signal wavetorm illustrating the operation of
FIG. 2;

FIG. 7 1s a block diagram 1llustrating the digital encoding,
apparatus in another embodiment of the present invention.

TABLE 1 1s a conversion table of (2, 7) code;

TABLE 2 1s a conversion table of (1, 7) code;
TABLE 3 1s No. 1 table of RESYNC BYTES;

TABLE 4 1s No. 2 table of RESYNC BYTES.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, a digital data encoding
method and apparatus of one embodiment according to the
present mvention 1s described with the case taken as an
example, in which audio signal 2 channels and video signals
are recorded and reproduced by the digital data.

Digital data 1s recorded and reproduced along the record-
ing track formed on the optical disk medium and for record-
ing and reproducing units, sectors are set 1n such a manner to
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divide the one-round recording track as shown in the track
format of FIG. 1. Each sector consists of address 1D (ADRS)
set at the head which shows the pre-formatted sector
address, audio data 0, audio data 1, and video data are
arranged on the disk medium with gaps in-between. The disk
rotating speed 1s constant and the audio data and video data
recording and reproducing timing 1s controlled with the
address ID detection timing set as a standard. Every time the
disk medium 1s exchanged, the disk center deviates by about
scores ol micrometers, and the timing of data deviates due to
this center deviation. However, the above-mentioned gaps
are provided with this deviation taken into account to pre-
vent any trouble from occurring in recording and reproduc-
tion.

The video data part begins with a VFO (variable fre-
quency oscillator), which 1s a fixed continuous pattern for
synchronizing clock reproduction, and comprises an 8-byte-
long pre-amble block which begins with SYNC
(synchronization) BYTES, a continuation of a 94-byte-long
block beginning from RESYNC (resynchronization)
BYTES, and finally 4-byte-long post-amble block including
RESYNC BYTES. The RESYNC BYTES and RESYNC
BYTES are used to achieve data synchronization when
reproduced signals are decoded, and SYNC BYTES and
RESYNC BYTES are designed to have the same patterns.

This format 1s a recording format of a ZCAV (zone-
divided constant angular velocity) system with a storage
capacity increased by dividing the recording tracks 1n a plu-
rality of zones 1n accordance with the size of the disk radius
and varying the number of blocks beginning from the above-
mentioned RESYNC BYTES 1n accordance with the zone,
and the number of blocks 1s varied from 106 to 200 1n accor-
dance with the disk radius position of the track.

Now, the roles of the digital data encoding apparatus are
to encode the data 1nto a data stream formatted as shown in
FIG. 1, and, then, to insert SYNC BYTES or RESYNC
BYTES. The roles of the digital data decoding apparatus are
to detect SYNC BYTES or RESYNC BYTES from the data
detected from the reproduced signals, and based on the
detection results, to decode the data while achieving proper
bit synchronization of the decoder and to obtain the original
recorded data.

A (1, 7) code 1s used for encoding. Table 2 shows the
conversion table of the (1, 7) code.

In Table 2, a 3-bit code 1s assigned for 2-bit data before
encoding, and as an exception, a 6-bit code 1s assigned to the
4-bit data list in the table. As a result, for any size of data list,
in the encoded code list, a “1” 1s separated by a minimum of
one “0” and a maximum of seven “0’s.” At the time of
decoding, conversely, 2-bit or 4-bit data 1s assigned to 3-bit
or 6-bit code, and therefore, it 1s necessary to achieve syn-
chronization 1n units of 2-bit data to 3-bit code.

FIG. 2 shows a configuration of a digital data encoding
apparatus 1n one embodiment according to the present
invention, while FIG. 3 illustrates the signal wavelorm to
describe the operation.

In FIG. 2, numeral 1 denotes the (1, 7) encoder, 2 the
NRZI encoder, 3 an exclusive OR gate, 4 an AND gate, 5
D-type thp tlop, 6 a pattern detector, 7 a fixed part register, 8
a RESYNC generator, 9 a switch, and 10 a timing controller.
The RESYNC generator 8 and switch 9 compose a
RESYNC adding means. Now referring to FIG. 2 and FIG.
3, operation of the digital data encoding apparatus config-
ured as above 1s described.

In FIG. 1, the digital data are formatted as VFO-RESYNC
BYTES, post-amble, etc. are arranged, and added to the (1,
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7) RLL encoder 1. The (1, 7) RLL encoder 1 converts the
data in accordance with the conversion table shown 1n Table
2 and outputs. For example, 1n the formatted data corre-
sponding to VFO, a value consisting of all continuous “0” 1s
fixedly given, and as clear from Table 2, 1n the encoder
output, a single “010” pattern continues. This single pattern
1s used for pull-in of PLL which carries out clock reproduc-

tion at the time of reproduction. The data corresponding to
RESYNC BY'TES 1s 2 bytes long and has 16 consecutive

“0’s” arranged in advance, and the RESYNC BYTES
inserted after encoding are 24 bits.

Now, RESYNC BYTES comprise a bit compensation part
(BCP) which is {Ca Ca 00 0} (Ca=0, 1), a RESYNC detec-
tion part (RDP) consisting of 11 consecutive “1” {1 11111
11111}, and a bit-synchronization part (BSP)of {0001 1

1 0 0}, and is expressed as

{CaCa0001111111111100011100} (1)

FIG. 3 (a) shows the data in the vicinity including this
RESYNC BYTE, and the data (b) encoded by the (1, 7) RLL
encoder 1 1s further encoded with the NRZI encoder com-
prising the exclusive OR gate 3, AND gate 4, and D-type tlip
flop 5. In this event, adding the RESYNC positioning signal
(c) given by the timing controller 10 to the AND gate 4
initializes the NRZI encoder 2 for every RESYNC BYTE
position. This mnitialization causes the NRZI encoder 2 out-
put to be (d) and the NRZI encoder 2 output at the position
right after RESYNC BYTE 1s fixed to “0.” In addition, the
pattern detector 6 1s controlled by the timing controller 10,
monitors the patterns of NRZI encoder 2 output, and outputs
No. 1 and No. 2 bits of the bit compensation part as {1 1} or
{0 0} in accordance with the patterns right before the
RESYNC BYTE. In the example of FIG. 3, {1 1} is output-
ted. The code patterns right before the RESYNC BY'TE after
NRZI encoding are classified as shown in Table 3 with all
the combinations shown i Table 2 taken mto account. Fol-
lowing this, the fixed part register 7 outputs {0001 11111
1111100011100} Inthis event, the code data inserted
as RESYNC BYTE 1s (1) and Ca=1.

{110001111111111100011100}

The switch 9 nserts the output of the RESYNC generator
8, which comprises the pattern detector 6 and fixed part reg-
ister 7, to the NRZI encoder 2 by the RESYNC BYTE tim-
ing given by the timing controller 10. Consequently, the out-
put of switch 9 becomes as shown with (¢) and the recorded
data are recorded and the recorded mark 1s formed as per (1).

With a series of operations as above, the recorded data
becomes the (1, 7)-encoded and NRZI-encoded code stream
with RESYNC BYTES periodically inserted. The bit com-
pensation part in RESYNC BYTES operates to enable the
(1, 7) encoding rule to be smoothly connected to the
RESYNC detection part 1n 1nserting RESYNC BYTES, and
RESYNC BYTES are configured to enable the RESYNC
detection part to have 11 consecutive “1’s,” and the bit syn-
chronization part has an isolated {1 1 1} pattern separated by
“0’s”.

In the above configuration and operation, the RESYNC
detection part 1s designed to fixedly have 11 consecutive
“1’s” but 11 1t 15 not fixed to *“1” and may be a continuation of
either “1°s” or “0’s,” mnitialization of the NRZI encoder 2 1s
not needed and the circuit can be simplified. The RESYNC
BYTE 1n this case 1s expressed as follows in which the
RESYNC BYTE should be that before NRZI encoding 1s
performed in the case of (1), and {Cb 0 Cc 00 0} (Cb, Cc=0,
1) is assigned to the bit compensation part, {1 00000000
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0 0} to the RESYNC detection part,and {1 001001 0} to
the bit synchronization part

{Cb0Cc0001000000000010010010} (2).

This means that after this RESYNC BYTE is inserted into
the (1, 7) encoded data, NRZI encoding 1s performed. That
1s, the pattern detection part monitors the data right before
RESYNC BYTES of the data stream (1, 7) encoded as per
(b) of FIG. 3 and outputs No. 1 to No. 3 bits among the bit
compensation part {Cb 0 Ca 00} given by Table 4, while the
fixed part register outputs the remaining 2 bits {0 0} of the
bit compensation part, {1 0 0 0 0 0 0 0 0 0 0} of the
RESYNC detection part, and {1 00 1 0 0 1 0} of the bit
synchronization part.

After this RESYNC BY'TE is mserted into a proper posi-
tion by a switch, NRZI encoding takes place. Consequently,
the RESYNC BYTE part has the following two cases 1n the
RESYNC detection part: one in which “0” continues and the
other 1n which “1”” continues:

{(XX1110000000000011100011}X=0,1
or

{(XX0001111111111100011100}X=0,1

In addition, RESYNC BYTES of (1) and (2) are 2 bytes in

data length before encoding but to achieve
resynchromization, still shorter configuration 1s possible. For
example, 1n the example of RESYNC BYTES of 1.5 bytes
long which corresponds to (2), the bit compensation part 1s
assigned to {Cb 0} (Cb=0, 1), RESYNC detection part to {1
0000000000}, and bit synchronization partto {1 00 1
0}; then, it is possible to use RESYNC BYTES of

{Cb01000000000010010} (3)

FIG. 4 1s an embodiment of the digital data decoding
apparatus according, to the present invention, which corre-
sponds to the digital data encoding apparatus of FIG. 2. FIG.
5 shows the wavelorm to describe the operation. In FIG. 4,
numeral 11 1s an exclusive OR gate, 12 a D-type {lip flop, 13
a NRZI decoder, 14 a (1, 7) decoder, 15 a pattern detector, 16
a bit synchronization detector, 17 a timing generator, and 18
a RESYNC detector comprising 15, 16 and 17.

The reproduced signal obtained by reproducing the
recorded mark (b) formed by recording the recorded data
shown 1n FIG. 5 (a) 1s the signal as shown 1n (¢), 1n which the
recorded data 1s low-pass-filtered. This reproduced signal 1s
data-detected and the recorded code stream 1s obtained. In
data detection, first of all, a suitable slice level i1s provided
for the reproduced signal and 1s made into the binary-coded
signal by a comparator as shown 1 (d). From this binary-
coded signal, the reproduced clock signal CLOCKI1 of (e),
the clock component, 1s reproduced by the phase locked
loop, and based on this reproduced clock signal, the
recorded code data 1s detected as shown 1n (1).

The obtained signal (1) 1s inputted into FIG. 4. The pattern
detector 15 detects the generation of the RESYNC detection
part as shown 1n (g). In this detection, because in the code
stream outside the RESYNC BYTES, a maximum 8 “1°s”
are allowed continue based on the (1, 7) conversion rule, 1t 1s
assumed that there would be no mis-detection of the
RESYNC detection part. The bit synchronization detector
16 detects “01 1 1 0” and outputs as shown 1n (1). The timing,
generator 17 uses outputs of the pattern detector 15 and bat
synchronization detector 16 as its mputs, and outputs

RESYNC detection signal (1) as well as signal CLOCK2
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8

corresponding to the clock of decoded data, which 1s (1, 7)
encoded, when the RESYNC detection part of RESYNC
BYTES and then the bit synchronization part can be
detected while the RESYNC gate signal of FIG. 5§ (h) 1s
enabled, and 1n addition, from the RESYNC BY'TE cycle
defined by the recording format, the timing generator 17
generates the above-mentioned RESYNC gate signal. The
NRZI decoder 13 NRZI-decodes the mput code stream and
outputs as shown in (k). The (1, 7) decoder 14 decodes the
data 1n accordance with the inverse conversion rule shown 1n
Table 2 from the decoded clock CLOCK?2 in good bit syn-
chronization outputted by the timing generator 17 and out-
puts as shown 1n (1). At this point, 1n (1, 7) decoding, because
the RESYNC detector 1s the data which does not satisty the
conversion rule, 1t always generates an error resulting 1n
demodulation failure at the portion corresponding to
RESYNC BYTES, but because of the characteristics of the

conversion rule shown in Table 2, this error does not propa-
gate beyond RESYNC BYTES and the RESYNC detector
recovers normal decoding condition.

In the manner as described above, RESYNC BYTES are
detected and correct decoding takes place.

In a series of operations as above, the mark formed as the
RESYNC detector 1s comparatively longer than that of other
data portions, and the peak shift, etc. generated by recording
and reproduction 1s likely to increase. For this reason, the
RESYNC detector tends to arrange by mistake 10 or 12
consecutive “1’s.”” Considering such cases, i1t 1s allowed to
assign all of 10, 11, and 12 consecutive “1’°s™ 1n the code
stream to the RESYNC detector as a detection standard of
the pattern detector 15. The 10,11, and 12 are examples of
the k+2 to k+4. On the other hand, in the (1, 7) encoded data
portion outside the RESYNC BYTES, the number of con-

tinuing “1°s” 1

1s a maximum of 8, and even when this
becomes mine consecutive “1°s” by mistake due to the peak
shift, this 1s not mistakenly taken as the RESYNC detector.

More generally, for the modulation expressed by the (d, k)
conversion rule, the continuous length of “1’s” at the
RESYNC detector 1s assigned to k+3 and its detection stan-
dard 1s designated as k+2, k+3, or k+4. This same principle
1s applied to the case 1n which RESYNC BYTES of (2) are
established to simplify the apparatus.

In addition as shown 1n FIG. 2, when the RESYNC detec-
tor 1s fixed to allow “1°s” to continue, there are following
advantages.

In the re-writable type optical disks, after erasing the data
previously recorded, recording i1s carried out newly or
recording 1s carried out simultaneously with erasing (direct
overwrite) but there 1s a problem that the recording condition
before overwriting remains unerased. In particular, in the
phase change recording medium which records and repro-
duces information by the use of the change of retlectivity, the
longer the space part, the more serious 1s the unerased
problem, because the previously recorded mark remains
unerased, which should have been erased during overwrit-
ing. In PPM recording, for example, as described 1n “Over-
write Characteristics in Phase Change Optical Disk” by
Ishida et al. (Proc. of Int. Symp. on Optical Memory, 1989),
the unerased area in the vicinity of the recorded mark 1s
comparatively small and the problem of the unerased area 1s
minor. However, in the PWM recording which utilizes all of
the mark and space positional information, the problem of
the unerased area 1s critical. It 1s known that this kind of
unerased area problem i1s scarcely generated for the mark
and significantly generated at the space portion only. In the
above-mentioned RESYNC BYTE (2), if the RESYNC

detector has consecutive “0’s” the unerased area of the
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RESYNC detector as shown 1n FIG. 4 (a) causes a problem,
producing the reproduced signal as shown 1 (b) at this por-
tion. Consequently, 1n the binary-coded signal (¢), RESYNC
detection 1s disabled. However, when the RESYNC detector
1s fixed to “1” such as RESYNC BYTES (1), the effects of

unerased mark area are small and even i1f the same level of
the erased area exists, RESYNC detection 1s not disabled.

Meanwhile as shown 1n FIG. 7, the NRZI encoding opera-
tion can be executed after the RESYNC BITE adding opera-

tion.

As described above, the present invention contemplates to
provide an excellent method and apparatus for digital data
encoding/decoding which enables resynchronization with-
out mistakenly detecting code data of other portions as
RESYNC codes by arranging the RESYNC BYTES com-
prising a bit compensation part, RESYNC detection part,
and a bit synchronization part in the code data after
modulation, detecting the existence of RESYNC BYTES by
detecting the RESYNC detection part, and further detecting
the bit synchronization part to achieve bit resynchronization.

In particular, for the (1, 7) conversion rule of Table 2, the
value of the digital data corresponding to the synchroniza-
tion code can all be encoded to *“0’s” 1n advance and the code
data corresponding to the bit synchronization part before
they are replaced to RESYNC BY'TES can be made 1dentical
to those aifter replacement, enabling the replacement by
simple switching and providing features that the hardware
can be simplified. In addition, decoding of the code data part
following the RESYNC BYTES can be continuously carried
out without any hindrance, enabling the easy initialization of
the decoder by detection of the bit synchronization part. A
bit compensation part 1s provided before the RESYNC
detection part, thereby achieving smooth connection
between the code data and RESYNC BYTES, and the clock
ol the phase locked loop 1s reproduced without any trouble.
In addition, by limiting the RESYNC detection part to the
mark, mis-detection of RESYNC BYTES by the unerased
area can be reduced.

In addition, 1n the present mvention, by taking a sudifi-
ciently long RESYNC detection part, the correlationship
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between the data part and RESYNC BYTES 1s made
smaller, and RESYNC BYTE detection free from mis-
detection 1s achieved. It this feature 1s utilized, even 1n the
CLV (constant linear velocity) system, a format adopted to
compact disks, etc., 1t 1s apparent that the problem that the
deviation of linear velocity of the recording track becomes

greater than a specified level can be solved and satisfactory
RESYNC detection 1s readily available.

right

betore

code

— A —

XXXXX01

XXXXXI10

XXXX011
XXXX100
XXX0111
XXX1000
XX01111
XX10000
XOI1111
X 100000
0111111
1000000

TABLE 1

DATA CODE

10 0100

010 100100

0010 00100100

11 1000

011 001000

0011 00001000

000 000100

TABLE 2

DATA CODE

11 101

10 100

01 001

00 010

1111 101000

1110 100000

0111 001000

0110 010000

TABLE 3
bit substituted code array
compensation BCP RDP BSP
part ;) — A —> c—__  —= «—__  — «—__ —>

11000 0 XXXXXO01 11000 00011100
00000 0 XXXXX10 00000 00011100
11000 XXXX011 11000 00011100
00000 XXXX100 00000 00011100
11000 XXX0111 11000 00011100
11000 XXX1000 11000 00011100
00000 0 XX01111 00000 11111111111 00011100
11000 0 XX10000 11000 11111111111 00011100
00000 1 X011111 00000 11111111111 00011100
11000 X100000 11000 00011100
00000 0111111 00000 00011100
11000 1000000 11000 00011100
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TABLE 4
right
before bit substituted code array
code compensation BCP RDP BSP
XXXXX01 00100 0 1 XXXXX01 00100 10000000000 10010010
XXXX010 00100 0 1 XXXX010 00100 10000000000 10010010
XXX0100 10000 ’ 0 XXX0100 10000 10000000000 10010010
XX01000 10000 0 XX01000 10000 10000000000 10010010
X010000 10000 0 X010000 10000 10000000000 10010010
0100000 10000 0 0100000 10000 10000000000 10010010
15

What 1s claimed 1s:

[1. An optical disk having a recording surface including
first regions that represent first data and second regions that
represent second data;

the first regions and the second regions together represent-
ing digital data carried by said disk and RESYNC
BYTES present at a certain interval between groups of
digital data on said disk;

the first regions and the second regions each having areas
that represent the digital data as digital data that 1s
encoded to satisiy a (d.k) conversion rule wherein d1s a
minimum number of first data and k 1s a maximum
number of first data that separate a datum of the second
data, and that represent the RESYNC BYTES as bytes
that each include a RESYNC detection part that vio-
lates the (d,k) conversion rule, and a bit synchroniza-
tion part that satisfies the (d.k) conversion rule.]

[2. An optical disk as claimed in claim 1, wherein the first
regions include pits 1 the recording surface and the second
regions do not include pits in the recording surface.]

[3. An optical disk as claimed in claim 2,

wherein one of the first data and the second data 1s a
logical “0” and the other of the first data and the second
data 1s a logical “17;

wherein the representing areas of the first regions and the
second regions further represent the RESYNC BYTES

as BYTES that each include a bit compensation part
located at a head position in the RESYNC BYTE,

wherein the RESYNC detection part has a number N, of
“0’s” which separate “1°s” that 1s N>k, and

wherein the bit synchronization part consists of at least a

minimum of one “0” and a minimum of one “1” }

[4. An optical disk as claimed in claim 3, wherein a “1” is
separated by k+3 “0s” in the RESYNC detection part.]

[S. An optical disk as claimed in claim 2, wherein the
areas of the first regions and the second regions represent the
(d, k) encoded digital data and the RESYNC BYTES also as
an NRZI encoded data stream.]
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6. An optical disk for storing data, comprising:

a recording surface including first vegions for vepresent-
ing digital data that satisfy a (d, k) conversion rule and

second regions for vepresenting RESYNC BYTL data

including RESYNC BYTES, said second vegions being

periodically inserted in said first regions, wherein

each of said RESYNC BYTES includes a RESYNC
detection part that violates said (d, k) conversion
rule and a bit synchronization part that satisfies said
(d, k) conversion rule,

said digital data and said RESYNC BYTE data are
comprised of first type data and second type data
such that the number of said first type data in said
RESYNC detection part is lavger than k, and

d and k of said (d, k) conversion rule respectively indi-
cate a minimum number and a maximum number of
said first type data between two data of said second
type data.

7. A digital coding method for vecording data on an opti-
cal disk, said method comprising the steps of:

modulating digital data encoded in accovdance with a (d,
k) conversion rule for providing modulated data; and

adding RESYNC BYTE data including RESYNC BYTES in
said modulated data,

each of said RESYNC BYTES having a RESYNC detection

part which violates said (d, k) conversion rule and a bit
synchronization part which satisfies said (d, k) conver-
sion rule,

said digital data and said RESYNC BYTFE data being com-
prised of first tvpe data and second tyvpe data,

d and k of said (d, k) conversion rule respectively indicat-
ing a minimum numbeyr and a maximum number of said
first type data between two data of said second tvpe
data, and

the number of said first type data in said RESYNC detec-
tion part being larger than k.
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