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BACKGROUND OF THE INVENTION

Field of the Invention:

Thé-present invention relates to a method of and
an apparatus for recording and reproducing data, and trans-
'mitting data.

Description of the Related Art:

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

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

corded in the defector sector is recorded in the replacement
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sector, and its information is recorded in a given area on
the magnetooptical disk.
. No data are recorded on a read-only optical-diék
by an.optical disk drive. As weli known in the art, when a
read-only optical disk is manufactﬁred, data are recorded on
the read-only optical disk, and after it is shipped, the

data recorded on the read-only optical disk at the time it

is manufactured are read only.

When data are recorded on a magnetooptical disk

by an optical disk drive or data are recorded on a read-only

optiéal disk when it is manufactured, parity bits such as
error-correcting parity bits and error-checking parity bits
such as CRC (cyclic redundancy check) bits are added to the
data. When the recorded data are reproduced from the magne-
tooptical disk or the read-only optical disk, the data are
subjected to an error-checking proCess and an error-
correctinglgrocess using the parity bits.

One known parity system is a Reed-Solomon code.
According to the Reed-Solomon code, if one symbol is com-~
posed of eight bits and data of k symbols, then a parity bit
is added to the k symbols, resulting in a_code of n symbois.
The term.which'repreéénts the correcting ability.qf_the er-
ror-correcting code is “minimum distance”.

For example, if one symbol is represeﬂted by one
bit, then the n symbols are represented by n bits, and hence
there are 2" binary data strings available for the n symbols

to assume. Without the parity bits, there are 2* binary data
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strings availablé for the k symbols to assume. . The 2* binary
data strings are taken from the 2" binary data strings, and
if there are different d bits between any two data sﬁrings,
then “d” is referred to as a “distance”. A minimum one of
the distances determined with respect to all the 2* binary
data strings is referred to as a “minimum distance”. The
term “minimum distance” will hereinafter be referred to as a
“distance”.
: Thé distance 4 of a codé for correcting tl1 errors -

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

d.a 2tl + 1. ' see(l)

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

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

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

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

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

"1 symbol correction---tl = 1, t2 = 14

symbol correction---tl

2 =2, t2 = 12
3 symbol correction---tl = 3, t2 = 10
4 symbol correction-:*tl = 4, t2 = 8
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5 symbol correction--<tl =5, t2 = 6
' 6 symbol correctione-+tl = 6, t2 = 4.
7 symbol correction-s++tl = 7, t2 = 2

8 symbol correction--+tl = 8, t2 = 0.-+(Table 1)

As-can be seen from the table 1 above, since the
number of detectable errors is “0"” for the 8 symbol correc-
tion, it will ﬁot be able to detect errors properly if er-
rors of 9 symbols or more are generated for the 8 symbol
correction.. If the distance d is of an increaséd value,
then the number of detectable errors is increased while
keeping the ability to detect errors. The Reed-Solomon code
thﬁs constructed is also referred to as an (n, k, d) LDC
(long-distance code), which is so called because the dis-
tance d is relatively large.

On magnetoopticai disks, read-only optical disks,
or the like, data are recorded after the above Reed-Solomon
code has been constructed. When the récorded déta are re-
produced, random errors or a burst of errors having a length
.depending on the distance 4, the number tl of correctable
errors, and the number t2 of detectable errors can be cor-
rected by the Reed-Solomon code.

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

and data with the errors are reproduced as they are.
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Various error-correcting processes-have been em-
ployed for writable disks such as magnetooptical disks.
According'to-one process, if there is a defective sector on
a writable disk, it is replaced with a replacement sector,
and data are recorded in the replaceﬁent sector so that they

will be reproduced properly. According to another process,

'in order to cope with a burst of errors, a parity sector is

included in each circumferential track or every set of cir-
cumferential tracks on a writable disk, and parity data pro-
duced when data in other sectors in each circumferential
track or every set circumferential tracks are éxclusive—ORed
are recorded in the parity sector. When a burst of errors
occurs in data, the burst of errors is corrected based on
the parity data read from the paiity sector.

‘ When data to be processed on a real-~time basis,
such as moving-image data, are handled, the forﬁer process
which uées feplacement sectoré poses a problem in that the
processing speed is slowed by the use of replacement seé4
tors. The latter ?roéess of correcting errors on the wri-

table disk with parity sectors is also diéadvantageous in

that the time required to correct a burst of errors is long

because when a burst of errors occurs in an area composed of
sectors in a circumferential track or every set of circum-
ferential tracks, it is necessary to read again the data
from the area, and correct the burst of erforé based on the

data read agafn and the parity data recorded in the parity

. sector.
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On read-only'optical disks, no replacement sec-
tors can be employed. If large errors such as a burst of
errors occur when data are reproduced from a read-only opti-
cal disk, then the errors need to be corrected with an in-
creased distance d or parity sectors insofar as only a pre-
- recorded error-correcting code is relied upon. The in-
creaséd distance d has problemé in that it increases the
redundancy of the code and the processing time. The in-
‘creased redundancy of the code results in a corresponding
reduction in the capacity of the read-only optical disk to
record data. Correcting errors on the read-only optical
disk with parity sectors is also disadvantageous in that the
time required to process a burst of errors is long because
when a burst of errors occurs in an area compoéed of éectors
in a circumferential track or every set of circumferential
tracks, it is necessary to reéroduce again the data from the’
area, and correct the burst of errors based on the_daté re-
produced'again and the parity data recorded in the parity
Sector. |

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

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

curs.
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According to an aspect of the present invention,
there is provided a method of recording and reproducing
data, comprising the steps of (a) generating first error-
processing data with respect to a predetermined amount of
data, and generating second error-processing data with re-
spect to each of a plurality of blocks produced by dividing
the predetermined amount of data, (b) generating data of
record units from the predetermined amount of data, the
first error4proceseing data, and the~second error-processing
data, (c) recording the data of record units on a recording
medium, (d) reproducing the data of record units on the re-
cording medium, (e) correcting errors in the predetermined
amoun£ of data in the reproduced data of record units with
the first error-proceSSing data with respect to each of the
record units, (f) if errors cannot be corrected in the step
(e), at least detecting errors in the predetermined amount
of data in each of the.blocks with the second error-
processing data, and (g) when errors are detected in N (N is
a positive integer) successive blocks, regarding all data in
at least one block which is not positioned at an end of the
N successive blocks, as being erased, thereby correcting
errors in the predetermined amount of data in the record
units with the first error-processing data, thus'producing
reproduced data. |

According to another aspect of the present inven;
tion, there is provided a method of transmitting data, com-

prising the steps of (a) generating first error-processing
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data with respect to a predetermined amount of data, and
generating second error—prqcessing data with respect to each
of a plurality of blocks produced by dividing the predeter-
mined amount of data, (b) generating transmission data of
units from the predetermined amount of data, the first er-
for-processing data, and the second error-processing data,
(c) transmitting'the'transmission the data of units, (d)
correcting errors in the transmission data of unitS'ﬁhich
have been transmitted with the first error-processing data
with respect to each of fhe'transmitted units, (e) if errors
cannot be corrected in the step (d), at least detecting er-
rors in the transmitted data iﬂ each of the blocks with the
second error-processing data, and (f) when errors are de-
tected in N (N is an integer of at least 3) successive
blocks, regarding all data in at least one block which is
not positioned at an end of the N successive blocks,. as be-
ing erased, thereby correcting errors in the predetermined
amount of data in the transmitted units with the first er-
ror-processing data. -

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

data, record unit data generating means for generating data
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of record units from the predetermined amount of data, the
first error-processing data, and the second error-processing

data, recording and reproducing means for recording the data

‘of record units on a recording medium and reproducing the

data of record units on the recording medium, and error cor-
recting means for cdrrecting errors in the predetermined
amount of data in the data of record units reproduced by the
recording and reproducing means with the first érror-
processing data with respect ro each of the record unité;
and if errors cannot be corredted, at least detectipg errors
in the predetermined amount of dara in each of the blocks
with the second error-processing data, and when errors are
detected in N (N is a positive integer) successive blocks,
regarding all data in at least one block which is not posi-
tioned at an end of the N successive blocks, as being
eraéed, thereby correcting errors in the predetermined
amount of data in the record units with the first error-
processing data. |

According to yet still another aspect of the pre-

sent invention} there is provided an apparatus for transmit-

'ting data, comprising error-processing data generating means

for generating first error-processing data with respect to a
predetermined amount of data, and second error-processing
data witﬁ respect to.each of a plurality of biocks produced
by dividing the predetermined amount of data, transmission
data generating means for generating transmission data of

units from the predetermined amount of data,. the first er-
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ror;processing data; and the second error-processing data,
transmitting means for transmitting the transmission the
data of units, and ertor correcting means for correcting
errors: in the ﬁransmission data of units which have been
transnmitted with the first error-processing data with re-
spect to each of the transmitted units, and if errors cannot
be_corrected,'at least detecting errors in the transmitted
data in each of the blocks with the second error-processing
data, and when errors are detected in N (N is an integer of
at least 3) successive blocks, regarding all data in at
least one block which is not positioned at an end of the N
successive blockén-as being erased, thereby correcting er-
rors in the predetermined amount of data in the transmitted
units with the first error-processing data.

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

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



11

detecting errors in the predetermined amount of data in each
of the blocks with the second error-processing data, and (d)
when errors are detected in N (N is a positive integer) suc-
cessive blocks, regarding all data in at least one block
“which is not positioned at an end of the N successive
blocks, as being erased, thereby correcﬁing errors in the
predeﬁermined amount of data in the record units with the
first error-processing data, thus producing reproduced data.

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

with the first error-processing data.
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According to a yet still further aspect of the
present invention, there is provided an apparatus for repro-
ducing data, comprising reproducing means for reproducing
data of record units from a recording medium on which there
are recorded a predetermined amount of data, first error-
processing data generated with respect to the predetermined
amount of data, and eecond error-processing data generated
with respect to each of a plurelity of blocks produced by
dividing the predetermined amount of data, making up the
data of record units, error correcting means for correcting
errors in the predetermined amount of data'in the data of
record units reproduced by the reproducing means, with the
first error-processing data with respect to each of the rec-
ord units, and if errors cannot be corrected, at least de-
tecting errors in the predetermined amount of data in each
of the blocks with the:second errer—processing data, and
when errors are detected in N (N is a positive integer) suc-
cessive blocks, regarding all data in at least one block
which is not positioned at an end of the N successive
blocks, as being erased, thereby correcting errors in the
predetermined amount of data in the record unite with the
first error-processing data.

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

spect to a predetermined amount of data, and second error-
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processing data with respect to each of a plurality of
blocks produced by dividing the predetermined amount of
data, record unit data generating means for generating data
of record units from the predetermined amount of data, the
first error-proéessing data, and the second error-processing
data, recording and reproducing means for récording the data
of record units on a recording medium and reproduéing the
data of record units on the recording medium, error detect-
ing means for detecting an error status, in each of the
blocks, of a reproduced signal indicative the data of record
units which are reproduced by the recording and reproducing
means, based on a v1deo level of the reproduced signal, and
error correcting means for correcting errors in the prede-
termined amount of data in the data of record units repro-
duced by the recording and réproducing means, with the first
error—processing data with respect to each of the record
units, and if errors cannot be corrected with the first er-
'ror—processing data with respect to each of the record
‘units, determining blocks as errors based on the error
status detected by the error detecting means, and when N (N
is a éositive integer) successive blocks are determined as
errors, regarding all data in at least one block which is
not positioned at an end of the N successive blocks, as be-
ing erased, thereby correcting errors in the predetermined
amount of data in the record units with the first error-

processing data.
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According to still another aspect of the present
' invention, there is provided an apparatus for réprodﬁcing
data, comprising reproducing means for reproducing data of
record units from a recording medium on which there are re-
corded a predetermined amount of data, first error-
processing data generated with respect to the predetermined
amounf of data, and second error-processing data generated
with respect to.each of a plurality of blocks produced by
.dividing the predetermined amount of data, making up the
data of récord-units; error detecting means for detecting an
. error status, in each of the blocks, of a reproduced signal
indicétive the data of record units which are reproduced by
the reproducing means, based oh a video level of the repro-.
duced signal, and error correcting means for correcting er-
rors in the predetermined amount of data in the data of rec-
ord units reproduced by the reproducing means, with the
first error-processing data with respect to éédh of the rec-
ord units, and if errors cannot be cofrected, detérmining
‘blocks as errors based on the error status'detected.by the
error detecting means, and when N (N is a positive integer)
successive blocks are determined as errors} regarding éll
data in at least one block which is- not positioned at an end
of the N successive blocks, as being erased, thereby cor-.
recting errors in the predetermined amount of data in the
recofd.units with the first_errbr-processing data. -

BRIEF DESCRIPTION OF THE DRAWINGS
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'FIG. 1 is a block diagrém of an optical disk
drive according to the present invention;

FIG. 2 is a block diagram of a drive controller
in the optical disk .drive shown in FIG. 1;

FIG. 3 is a block diagram of a controller in the
optical disk drive shown in FIG. 1;-

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

FIG. 5 is a diagram showing areas on ihe optical
- disk shown in FIG. 4 and data clock frequencies used in the
areas;

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

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

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

FIG. 9 is a diag;am Showing how to.process a plu~
rality of bursﬁs of errors occurfin'a sector:

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

FIG. 11 is a flowchart of subroutinesnof the

process shown in FIG. 10;
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FIGS. 12 énd 13 are flowcharts of a subroutine of
the process shown in FIG. 10;
FIG. 14 is a block diagram of a level detector
according to another embodiment of the present invention;

FIG. 15 is a block diagram of a controller ac-
cording to the other embodiment of the present invention;
and | _

FIG. 16 is d& flowchart of operation of the con-
troller shown in FIG. 15. |

DETAILED DESCR]'ZPTION. OF 'fHE 'PI.R,EFERRED EMBODIMENTS

~FIG. 1 shows, by way of example, an arrangement
of an.optical disk drive_according to the, present invention.
The optical disk drive is capable of recording data on and
reproducing data from a magnetooétiCal disk and a write-once
'disk, reading data from a read—onlj optical disk, writing
data in and reading data.from a writable/readablé area on a
so-called partial ROM, and reading data from a read-only
area on such a partial RQM._' _

'As shown in FiG. 1, the optical disk drive in-
cludes a drive 1 for recording data on and reading data from
an optical disk 4, a drive controller 2 for controlling the -
drive 1, and a host computer 3 connected to the drive con-
troller 2 through a SCSI (Small Computer Systems Interface)
input/output terminal iol, for_accessing the optical disk 4
through the drive controller 2.

| The optical disk 4 may comprise a magnetooptical

disk, an optical disk as a phase-change'medium, a write-once
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disﬁ, a partial disk haviné a writable area (RAM) and a
read-only area (ROM), a read-only optical disk, or the like.
The drive 1 compr;ses a loading mechanism 5 for
loading the optical disk 4, a spindle motor 6 for rotating
the optical disk 4 whiéh has been loaded by the loading
mechanism 5, a driver 7 for energizing the épindle motor 6,
an optical block 8, a driver 14 for energizing a laser diode
13 in the optical block 8, an I-V/matrix amplifier.ls for
conVetting a reproduced signal from the optical block 8 from - '
a current signal into a voltage signal, and supplying the
voltage signal to a plurality of systems, a magnetic head 17
for applying a magnetic field to the optical disk 4, and a
driver 18 for energizing the magnetic head 17. The I~
_ V/matfix amplifier 16.produces an RF signal and an MO
(magnetooptical) signal by combining a plurality of output
signals from a photodeteétor 15 in the optical block 8.
The optical block 8 comprises an objective 9 for
applying a laser beam to £he optical disk 4 and applying a
laser beam reflected from the optical disk 4 to a photode-
tector 15, a slide motofllo for moving the obtical block 8
radially with respect to the optical disk 4; a éalvanometer
motor 11 for tracking the optical block 8, a focus actuator
12 for focusing the laser beam on the optical disk 4, a la-
ser diode 13 for emitting the laser beam to be applied to
the optical disk 4 by the objective 9, and a photodetector

15 -for detecting the laser beam emitted from the laser diode

13.
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The driver 18 for energizing the magnetic head 17
is éonnected through an input terminal 1il to an output ter-
minal 20l of the drive controller 2. The driver 14 for en-
ergizing tﬁe laéer diode 13 is connected through input ter-
minals 1i2, 1i3 to output terminals 202, 203 of the drive
controller 2. The I-V matrix amplifier 16 is connected
through output terminals lol, 102, lo3, lo4, lo5 to input
terminals 2il1, 2i2, 2i3, 2i4, 2i5 of the drive controller 2.
The focus actuator 12 is connécted through an input terminal
1i4 to an output terminal 204 of the drive controller 2.

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

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

When the data are recorded and reproduced, the drive con-'. .
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troller 2 issues commands to a servo control system and the

yarious blocks in the drive 1.

FIG. 2 illustrates, by way of example, an ar-
rangement of the_drive controller 2 shown in FIG. 1.

As shown in FIG. 2, the drive controller 2 has an
input/output circuit 31 for supplying bias data for the la-
ser diode.13, which have been supplied ffom a digital signal
processor 53 through a bus 43, tﬁrough a D/A converter 32
-and the output terminal 202 to the driver 14 shown in FIG.
1. The drive controller 2 also.has a selector/clamp circuit
33 for selecting output signals supplied ffom the I-V/matrix
amplifier 16 (FIG. 1) through the input terminals 2il, 2i2
based oﬁ a timing signal from a servo control sysﬁem_timing
generator 40, and clamping a selected output signal. An A/D
converter 34 converts an output signal from the selec-
tor/clamp circuit 33 into digital data based on a servo sys-
tem clock signal or a data system clock signal selected by
and supplied from a clock selector 4l. |

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

erator 35, supplies the phase-controlled data system clock
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signal as a reading clock signal to a reading/writing cir-
cuit 38, controls the phase of a writing position control
signal from the reading/writing eircuit 38, and outputs the
.phase-controlled writing. position control signal th;ough the
output terminal 2ol.

When data are reproduced, the reading/writing
circuit 38 responds to a request signal from a controller 44
to supply output data from the A/D converter 34 to the con-
troller 44 based on the data system clock signal from the
data system clock generator 35 and the data system timing
signal from the data SYStem timing generator 36, outputting
an acknowledgment signal. When data are recorded, the read-
ing/writing eircuit 38 responds to a request signal from the
.controller 44 to sﬁpply data from the controller 44 through
the output terminal 20l and the input terminal 1il shown in
FIG. 1 to the driver 18.

The servo system elock generator 39 generates a
servo system clock signal from the output data from the A/D
converter 34, and supplies the generated servo system clock
signal to the servo system timing generator 40,-the clock
selector 41, and an address decoder 42. The servo system
timing generator 40 generates a servo system timing signal
based on the servo system clock-signal supplied ;rom the
_ servo system clock generator 39, supplies the ‘generated
servo system timing signal to the cleck selector 41; the
address decoder 42, and the selector/clamp circuit 33, and

also supplies the generated servo system timing signal -



21
through the output terminal 203 and thé input terminal 1i3
(FIG. 1) to the driver 14 for the laser diode 13.

The drive controller 2 further includes a multi-
plexer 45 for supplying a front APC (automatic power con-
trol) signal, a focﬁs error signal, aﬁd a pull-in signal
. supplied through the respective input terminals 2i3, 2i4,
2i5 from the I-V/matfix amplifier 16 to an A/D converter 46.
An input/output éircuit 47 supplies_outpﬁt.data from the A/D
converter 46 through the bus 43 to the digital signal proc-
eésor 53. 'A PWM (pulse-width-modulation) circuit 48 serves
to modulate data for actuatihg the optical block 8 which
have been supplied from the digital signal processor 53
through the bus 43.

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

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

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



22 .
1i07, 2io7 and the driver 7 (FIG. 1). The digital signal
processor 53 serves to control and energize the various
blocks described above through the bus 43, and is connected
to the controller 44 through a bus indicated by the thick -
solid line éhown in FIG. 2.
| In responsé to a réquest from the host computer 3

with the optical disk 4 mounted on the spindle motor 6 by
the loading mechanism 5, or when the optical disk 4 is
loaded by the loading mechanism 5 in an automatic spin-up
mode, the digital signal processor 53 issues a command
through the input/output circuit 52 to the driver 7 to ener- -
gize the spindle motor 6.

when the rotational speed of the spindle motor 6
reaches a predétermined rotational speed, the driver 7 out-
éuts a lock signal to_indicaﬁe to the digital signal proces-
~ sor 53 that the rotational speed of the spindle motor 6 is
stabilized. During this time, the digital signal processor
53 causes the PWM circuit 48 to control the:driver 50 to
position the laser;beam from the laser diode 13 outside of a
user area of the optical disk 4, and also causes the PWM
circuit 48 to control the driver 51 to move the optical
block 8 radially inwardly or outwardly of the optical disk
a. | |

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

8 is moved out of the user area and the laser beam is fo-
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cused outside of the user area, such erroneous data erasure
is'prevented.

When the spindle motor 6 rotates at a constant
speed and the optical block 8 is moved radially outwardly of
-the optical disk 4, the digital signal processor 53 supplies
a bias current for the laser diode 13 through the in-
put/output circuit 31 énd the D/A converter 32 to the driver
14, and outputs a command to the servo system tiﬁing genera-
tor 40 to turn on the laser diode 13 td emit a laser beam.

The laser beam emitted from the laser diode 13 is
applied to the pho;odetéctor 15 in the optical block 8, and
the photodetector 15 converts the laser beam into a corre-
sponding.electric signal. The electric signal from the pho-
todetector 15 is supplied as a detected output signal to the
. I-V/matrix amplifier 16, which converts the detected output
signal into a volfage signal that is'fhen supplied as a
front APC signal to-thé'mdltiplexer 45.

- The front APC signal applied to the multiplexer

45 is time-division—multiplexed thereby, and then converted
by the A/D converter 46 into a digitél signal, which is sup-
plied through the'input/output circuit 47 and the bus 43 to
the digital signal processor 53. The digital signal proces-
sor 53 recognizes the intensity of the laser beam emitted

from the laser aiode 13 based on the digital front APC sig-
_nal, and sends back intensity contrb; data calculated by a -
digital filter (not shown) through the input/output circuit

31 and the D/A converter 32 to the driver 14 to enable the
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driver 14 to control the laser diode 13 to produce a con-
stant laser béam pbwer._

Then, the'digital signal processor 53 controls
the PWM circuit 48 to supply a current to the driver 49 for
théteby energizing the focus actuator 12 in a vertical di-
rgction to bring the focus actuator 12 into a focus search
mode. At this time, the laser beam reflected by tﬁe optical
disk 4 is applied to a light-detecting surface of the pho-
todetector- 15. The laser beam detected by the photodetector
15 is converted.info an electric signal, which ié éupplied
as a detected output signal to the I-V/matrix amplifier 16.
The I-V/matrix amplifier 16 converts the supplied signal
into a vol#age signal andﬂamblifies the voltage signal. The
amplifiéd voltage signal is then supplied from the I-
V/matrix amplifier 16 as a focus error signal to the multi~
plexer 45.

Thé focus error signal is time-division-
multiplexed together with the front APC signal by the multi-
'plexer 45, and then convertéd by the A/D_converter 46 into a
digital signal. The digital focus error signal is supplied
through the input/output circuit 47 and the bus 43 to the
digitél signal processor 53. The digital signal processor
53 digitally filters the digitallfocus_error signal thereby
to produce focus control data and feed the focus control
data from the PWM circuit 48 back to the driver 49, thereby
_providing a focus control servo loop. When the focused con-

dition of the laser beam is stabilized in the focus search
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mode, an RF signal outputted from the photodetector 15 and
produced through the I-V/matri# amplifier 16 has a substan-
tially constant amplitude. After the RF signal has been
clamped to a certain potential by the selector/clamp circuit
33, the kF signal is converted into a digital signal by the
A/D converter 34.

A clock signal at this time has a free-running -
frequency of the servo system clock generator 39. Timing
pulses for clamping signals with the selector/clamp circuit

33 are produced by frequency-dividing the free-running fre-
quency of the servo system clock generator-39. |

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

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

information produded from both of two wobble pits, a gain
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variation caused by a chapge in ampiitude depending on the
tracking positién is absorbed. '

When the servo system clock-generator 39 is
locked, the positions of segment units are made clear and
the positions of segment mark pits on the optical disk 4 can
be recognized. RF sigﬁals are sampled at a plurality of.

- positions Arl, Ar2, Ar3, Ar4 with respect to segment mark
pits, address mark pits, sector flag 1 pits, and sector flag
2 pité, and one of the positions where the amplitude of the
sampled RF signal is maximum is searched for.

If the position is Arl, then it represents an
.adqréss mark, and its segment is an address segment,.making
it possible to recognize the starting end of a frame. |
Therefore, frames can be synchronized by clearing a frame
counter. If one frame is compésed.of 14 segments, then the
clock selector 41 is controlled to open a window in evefy 14
segments,.and frame synchronization is judged as being
locked when the segments can be successivély recognized as
an address mark. |

When frames are sfnchronized, the positions where
addresses are recorded on the optical disk 4 can be recog-
nized. .COnsequently,'track addresses and frame codes are
decoded by the address decoder 42. The address decoder 42
decodes track.addresses and frame codes by checking agfee-
ment between patterns in the form of gray.cédés each of 4
‘bits and a gray code table. Since the entire patterns, not

just 4 bits, are converted into gray codes, not simple
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agreement with the table is checked, but comparison is made

with the table inverted depending on whether LSB in high-
order 4 bits is “1" or “0”.

Rotational synchronization is regarded as being
achieved when a frame code that is decoded first is loaded
into the frame counter, a numerical value obtained by incre-
menting the fraﬁe counter for each frame is compared with an
actually reproduced frame, and it is confirmed that numeri-
cal values agfee successively with actually reproduced
framgs. Thereafter, numerical values produced by the frame
counter are returned as frame codes to the digital signal
proceésor 53 for preventiné frame positions from being rec-
ognized in error even when certain defects are present.

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

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

tracking control data to cause the PWM circuit 48 to control
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the driver 50 for thereby energizing the galvanometer motor

11 in the optical-block 8 to control variations in low-
frequency components and also to effect tracking control to
position the spot of the laser beam emitted from the laser
diode 13 at the center of the track on the optical disk 4.

. While the optical block 8 is being thus under
tracking control, the digit;l sigﬁal processor 53 detects
the position of the start of a desired track. The seqpent
at the start of each sector and a ségment'preceding the seg-
. ment are associated with sector marks. The clock selector
41 is controlled to open a window in each of the above four
positions Afl, Ar2, Ar3, Ar4, and when the position with the
maximum amplitude among RF signals sampled at the four posi-
tions Arl, Ar2, Ar3, Ar4d is the pbsitioﬂ Ar2, each sector
mark represents the segment at the start of a sector, and
when the position.with the maximum amplitude is the position
Ar3, each sector mark represents the segment that precedes
the start of a sector. Basically, the segment at thé start
of a sector is determined by éonverting én sector address
given by the host computer 3 into a physical sector and cal-
culating which 'segment of which track the sectorhbelongs to.
The probability that the sector marks of the above two types
will simultaneously be defective is very small, and hence
the probability that defective.sectots will be produced
thereby is also very small.

The data system ciock generator 35 generates a

data clock signal by multiplying, by M/N, a frame-
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synchronized servo cloqk signal produced from the servo sys-
tem clock generator 39, and imparts the generated data clock
signal to the déta system-timing generator 36 and the read-
ing/writing circuit 38.

| In a fgcording mode, the reading/writing circuit
38 is supplied with data to 59 recorded from the host com-
puter 3 through the controller 44. The reading/writing cir-
cuit 38 then adds random numbers over 127 periods, for exam-
ple, to the supplied data by exlusive-ORing them, thereby
scrambling the data in each sector according to Y = X" + X +
'.1, and modulates the scrambled data into NRZI data in syn-
chronism with a data clock signal. At this time, the read-
ing/writing'circuit.38 sets an initial value to #0" for each
segment, and supplies the modulated signal through the
driver 18 to the magnetic head 17.

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

In a reproducing mode, an MO signal or an RF sig-
nal produced by the I-V/matrix amplifier 16 based on a de-
tected outpﬁt signal from the photodetector 15 is clamped to
a predetermined potential by the selector/clamp circuit 33,
and thereafter converted by the A/D converter 34 into a |

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



30

cuit 38. The reading/writing circui£ 38 digitally filters
the digital reproduced signai_from the A/D converter 34 ac-
cording to a partial response, and reproduces NRZI dat#
based on Viterbi decoding. After having converﬁed the NRZI
data into'NRz data in each segment, the reading/writing cir-
cuit 38 descrambles the ﬁRz data in each sector, converts
. the descrambled data into'réproduced data, and transfers the
reproduced data through the controller 44 to the host com-
puter 3. ?he MO signal and the RF signal are produced by
combining a number of output signals from the photodetectors
15 in differeﬁt combinations. | |

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

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

and an interface 71. The ROM 62, the RAM 63, the in-
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put/output port 64, the decoder 67, the encoder 68, the
buffer 70, and the interface 71 are connected to the bus 61.

The controller 44 also has an iﬁput/output termi-
nal 65 connected to the reading/writing circuit 38 shown in
FIG. 2 and a movable ddntqct #g" of a switch 66. The switch
66 has a fixed contact “a” connected to an input terminal of
the decoder 67, and another fixed contact “b” connected to
an output terminél of the encoder 68.

The decdder 67 has a data output terminal con-
nected to a fixed terminal *a” of a switch 69, and the en-
coder 68 has an input terminal connected to another fixed
terminal “b” of the switch 69. The switch 69 has a mbvable
contact “c” connected to an input/output terminal of the
buffer 70 whose another input/output terminal is connected
to an input/output terminal of the interface 71. The inter-
face 71 has another input[output terminal connected through
the ipput/output terminal iol to the input/dutput terminal
of the host computer 3 shown in FIG. 1.

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

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

RAMs 67a, 67b to effect error correction using the LDC, er-
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ror checking using the CRC, and error deﬁection using the
second ECC upon occurrence of a burst of.errors for which
the error correction and the erfor checking are ineffective.
.Each of the RAMs 67a, 67b has a storage capacity for storing
one sector (combosed of 2352.bytes in this embodiment) of
teproduced data, and various data generated in an error de-
tecting process and an error checking process‘déscribed
later on..

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

As shown in FIG. 3, the encoder 68 comprises RAMs
68a, 68b each having a storage capacity for storing one sec-

tor, and a RAM controller 68c for controlling input data

- stored in the RAMs 68a, 68b to generate parity data as the

first ECC, parity data as the CRC, parity data as the second

ECC, and add these parity'dafa. However, the encoder 68

adds only the parity daﬁa generated as the second ECC with

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

in a next area..
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The encoder 68 adds these parity data to the data
transferred from the_host computer 3 and also adds thée par-
ity data as the second ECC in tﬂe preceding sector to the
data.

The parity data for error checking and the parity
data for error cprréction can be recorded in a writable area .
on a ﬁagnetooptical disk, a write-once disk, and a partial
disk by the optical disk drive shown in FIG. 1. These par-
ity data are recorded in a read-only area on a read-only
" optical disk or a partial disk when the disk is manufac-
tured.

An input/output terminal 72 connécted to the in-

put/oﬁtput port 64 is connected to the bus 43 of the digital
| signal processor 53'shown in FIG. 2. An input/output termi-
nal 73 connected to the input/butput port 64 is connectéd to
an acknowledgment signal input terminal of the read-
ing/writing circuit 38 shown in FIG. 2. An input/output
terminal 74 connected to the input/output port 64 is con-
nected to an request inpqt signal of the reading/writing
circuit 38 shown in FIG. 2.

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

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

~the fixed contacts “b” thereof. Data to be recorded which
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are transferred from the host computer 3 are read from the

buffer 70, and thereafter supplied through the switch 69 to
the encoder 68 which adds error;detecting and error-
correcting codes to the data. Thereafter, the data are sup-
plied through the switch 66- and the input/output terminal 65
to the reading/writing circuit 38 shown in FIG. 2, by which
the data are recorded in the user area of the optical disk.
. |

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

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

data read from the optical disk 4 and suppiied through the
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reading/writing circuit 38, the input/output terminal 65,

and the switch 66 are suppliéd to the decoder .67. The'de-
coder 67 detects and corrects errors in the reproduced data,
and supplies thé reproduced data through the switch 69, the
buffer 7b, the interface 71, and the input/output terminal
iol to the host computer 3 shown in FIG. 1.

At this time, when the decoder 67 corrects errors
with parity data as first ECC, check errors with CRC parity
daté, or fails to correct errors because of a burst of er-
rors, in the data of the Nth sector stored in the RaM 67a,
the decoder 67 reads parity data as second ECC from.the data
of the (N+1)th sector stored in the RAM 67b, and detects the
position of errors using the parity data as the second ECC.
After having récognized the position of errors, the decoder
67.corrects the errors with the parity data as the first ECC
to correct the déta of the Nth sector, and then checks er-
- rors with the CRC éarity data.
| When the above reproducing process is finished,
the decoder 67 outputs the data of the Nth sector; and sup-
plies a signal indicative_of the finishing of the reproduc-
ing process to the CPU 60 through the input/output port 64
and the bus 61. The CPU 60 now instructs the read-
ing/writiné circuit 38 shown in FIG. 2 to réproduce data of
a next sector. In this manner, all data of the sector are
supplied to the buffer 70, after which reproduced data of an

(N+2)th sector read from the optical disk 4 are supplied to.
the RAM 67a.
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The optical disk drive shown in FIGS. 1 through.3
may comprise a read-only optical disk, a disk having only a
read-only area such as a partial disk or the like,.a disk
having a writable érea in addition to a read-only area, a
. disk having only a read-oniy area such as a magnetooptical"
disk, a write-once disk, or the like, or a disk having a
readable atea in addition to a write-only area.

FIG. 4 shows, by way of example, a format of the
optical disk 4. '

As shown in FIG. 4, the optical disk 4 has a GCP
(gray code part) aréa in which disk type data, etc. are re-

" corded, a CTL (control) area, a TEST area, a BAND 0, BAND 1,
«++, BAND 15, a TEST area, a CTL\area, and a GCP area which
are artanged-successively radially inwardly from the outer-
most circumferential zone to the innermost circumferential
zone. The GCP .area is an area in which additional informa—
tion and address information are recorded, and in which pit
patterns are represented by gray codes. The information

" recorded in the GCP area can'pe read even in a seek mode.
The CTL area is an area iﬁ which informatign indicative of
the medium type'is recorded, and thé TEST aiea.is an area
for writing data therein on a trial basis.

FIG. 5 shows, by way of example, a specific for-
mat of the optical'diSk 4 shown in FIG. 4. 1In FIG. 5, the
GCP area in the uppermost row corresponds to the GCP area on
the outermost circumferential zone of the optical disk 4

shown in FIG. 4, and the bands and areas arranged succes-
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sively from the uppermost row toward the lowermost row cor-
respond respectively to the areas arranged successively ra-
dially inwardly from the outermost circumferential zone to
the innermost circumferential zone on the optical disk 4
shown in FIG. 4.

In this examplé, the optical disk 4 is a zone CAV
disk. Therefore, as shown in FIG. 5; the data.clock fre-
quency varies from zone to zone.

FIGS. 6A, 6B, and 6C show,_by way of example, a
sector format of the'optical disk 4. Thé contents of one |
sector are illuétrated in FIGS. 6A, 6B, and 6C.

In FIGS. 6A, 6B, and 6C, i denotes a code word
(“1line” in FIGS. 6A, 6B, and 6C), and j denoteé a byte. The
solid-line érrow represents the diregtion in which data are
written. Data indicated by DO ~ D2047 represent user data,
data indicated by (P1, P2) ~ (P35, f36) represent parity
data with respect to the user data DO ~ D127, «-- D1920 ~

D2047 indicated respectively by i = 130 ~ 123, .-+ i

10 ~
3, data indicated by (Q1l, Q2) represent parity data with
respect to the paiity data Pl ~ P36, data indicated by (Q3,
'Q4) represént-parity data with respect to tﬁe parity data Pl .
~ P36 and the parity data (Ql1, Q2), and data indicated by
CRC1 ~ CRC8 reéresent error—checkiné parity data with re-
spect to the user data DO ~ D2047. |
Data indicated by (El, 1) ~ (E1l6, 16). represent
parity data of the Reed-Solomon code with respect to the

user data D0 ~ D2047 indicated respectively by j = 0 ~ j =
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15, the parity data P1 ~ P§6, and the parity data CRC1 ~
CRC8. Specifically, the parity data j = 0 composed of the
.parity data (E1, 1) ~ (E1, 16) are parity.data with respect
to the data DO, D16, +-- D20§2, and the data indicated by j
=0, i=130 ~:0, and the data indicated bj j=1,i=-1~
- 16 composed of the parity data (E2, 1) ~ (Ez; 16)'are'par-
ity data with respect to the data indicated by j =1, i =
130 ~ 0. Similar parity'data are given to the_osher lines.

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

In this example, the parity data Pl ~ §36 as the
second ECC fos error checking and correction with respect to
the data indicated by i = 130, j=0~1i=3, j =15, i =0,
§=15~41i =~ 16, j = 15 are generated and used when data
are reproduced.

Since the parity data (El, 1) ~ (El6, 16) each
have a vertical length of i47 bytes, the data length in the
vertical direction of the user data DO ~ D2047 to which the
parity data are added is of 131 bytes, and the data length
in the vertical direction of the patity data is of 16 bytes,

the distance is 17, and hence they make up a (147, 131, 17j
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Reed-Solomon code. One code word is of one byte. As de-

scribed aboﬁe, one sector is of 16 bytes x 147 = 2352 bytes.
The pattern of 7 lines ~ 8 lines - 7 lines with
respect to the data of the sector shown in FIGS. 6A, 6B, and
6C will be described with reference to FIG. 7.
As cén be seen from FIG. 7; parity data Pl,.PZ

are generated with respect to all the data composed of 7

lines ranging from i = 130 to 124 shown in FIGS. 6A, 6B, and
6C, parity data P3,; P4 are generatéd with respect to all the
data composed of 8 lines ranging from i = 123 to 116 shown
in FIGS. 6A, 6B, and 6C, and parity data P5, P6 are gener-
ated with respect to all the data cgmposed of 7 lines rang-
ing from i = 115 to 109 shown in FIGS. 6;, 6B, and 6C.
. Similarly, parity data are generated successively in the
order of 7 lines, 8 lines, énd 7 lines.

Upon generation of the parity data Pl ~ P40,
three sets of Reed-Solomon codes composed of (114, 112, 3),
(130, 128,.3), and (114, 112, 3) are successively produced.
‘ According to this example, as described above,
when data are recorded 6n the optical disk 4, parity data as
the first ECC for error—corrgcting the data, parity;data as
the CRC for checking the data, and the parity data as the
second ECC are generated in the pattern of 7 lines ~ 8 lines
- 7 lines. If the optical disk 4 comprises a read-only
_disk, only the.parity data as the second ECC are recorded in
a particular area in an (n+l)th sector following an nth sec-

tor on the optical disk 4.
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There is a possibility for uncorrectable data to
be produced depénding on the manner in which a burst of er-
rors occurs upon reproduction of data. The reasons for such
a possibility, and a procedure of coping with éuch a burst
of errors will be described below.

FIG. 8 shows_how to process a burst of successive
errors which occurs in a certain sector.

In FIG. 8, thé'reference characters SEC represent
a sector, and the reference characters SEC’ represent de-
tails of the sector. The sector SEC, SEC’ is based on the
ﬁée of the pattern of 7 lines - 8 lines - 7 lines which has
" been described above with reference to FIG. 7. Groups of
data composed of 7 lines and 8 lines will hereinafter re-
ferred to as blocks. |

It is assumed thét all the data contained in an
area, shown hatched, in the sector SEC shown in FIG. 8 suf-
fer a burst of errors. When such a burst of errors occurs
in the sector SEC, it cannot be detected using the parity
data LDC as the first_ECC because the parity data LDC as the
first ECC can detect up to errors of 8 bytes since its dis-
tance d is #177. However, errors in a certain block can be
detected using the parity data P1 ~ P40 as the second ECC,
and can be erasure-corrected by regarding the block contain-
ing the errérs as being erased. For the pattern of 7 lines
- 8 lines - 7 lines, the data that can be erasure-corrected
are a makimum_of 15 lines when the burst of errors extends

exactly over the 7 lines and the 8 lines. For a pattern
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composed of only 8 iines, the data that can be erasure-
cbrreqted aré composed of 15 lines. 

If the burst of érrors extends over the 7-line
block, the 8—1ine.block, and the 7-line block, is composed
of 11 lines, then it is necessary that the data of 22 lines
(=7 + 8 + 7 lines) be erasure-corrected. In this case, the
data cannot be erasure-corrected even with the parity data
Pl ~ P40 as the second ECC.

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

8-line erasure correction and 4-line detection

correction ' : se¢12 lines,
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. 10(8 + 1 line, above and below)-line erasure cor-
rection and 3fline detection correction ~---13 lines,
12(8 + 2 lines,labove and below)-line erasure
correction and 2-line detection correction *++14 lines,
14(8 + 3 lines, above and below)-line erasure
correction and 1-line detection'correction *++15 lines,
and
16(8 + 4 lines, above and below)fline erasure
cérrection ' *++16 lines.
If the central block is composed of 7 lines, thé
patterns of the error correction are as follows:l
7-line erasure correctibn and 4-line detection
correction +++11 lines,
9(7 + 1 line, above and below)-line e:ésure cor-
rection and 3-line detection correction +¢-+¢12 lines, |
11(7 + 2 lines, above and below)-line erasure
correction and 2-line detection éorrection *++13 lines,
13(7 + 3 lines, above and below)-lihe erasure
correction and 1l-line detection correction +++14 lines,
and |
15(7 + 4 1ines; above and below)-line erasure
correction o »++15 lines.
‘Any of the above patterns is based on the assump-
tion that the distance d is “17” and the data that can be
corrected do not exceed ”17" lines.
' FIG. 9 shows how to process a plurality of bursts

of errors occur in a sector.
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In FIG. 9, the reference characters SEC represent

detéils of a sector. The sector SEC is based on the use of
the pattern of 7 lines - 8 lines - 7 lines which has been
described above with reference to FIG. 7.

In the example shown in FIG. 9, a burst of errors
in excess of 8 lines occurs in a position which contains a
block of 8 lines, and bursts of errors occur in respective
two positions each in a block of 7 lines, both spaced from
the position in which the burst of errors in excess of 8
lines occurs. _Therefore, three bursts of errors occur in
sbaced positions,_respectivély.

When three bursts of errors occur in spaced posi-
tions, respectivély, the errors are detected uéing the par-
ity data P1 ~ P40 as the second ECC, and if the number of
error flags obtained as a result of the error detection is
#3” and the error flags are detected as being successive,
then it is assumed that three bursts of errors occur in
spaced'positions, respectively, and the data of any one of
the blocks are regarded as being erased and hence erasure-
corrected, and the errors in the data in the other blocks
are detected and corrected. |

In this example, the data in the biock of.8 lines
suffering the burst of errors are regarded as being erased,
and subjected to 8-line erasure correction, and the data in
the two blocks each of 7 lines suffering the other bu:sts of

errors are subjected to 4-line detection correction.



The blocks which cﬁitaih bursté of errors may not
comprise 3 successive blocks, but may comprise 2 successive.
blocks and 1 independent block. .
FIGS. 10 through 13 show é process of operation
"of the controller shown in FIG. 3, for processing data upon'
reproduction thereof by the optical disk drive shown in FIG.
1. The process of operation of_the controller for process-
ing data upon reproduction thereof will.be described below
with reference to FIGS. 10 through 12 as well as fIGS. i
through.3. The flowchart shown in FIG. 10 contains sﬁbrdu-
tines SUB1 ~ SUB3. These subroutines SUBl ~ SUB3 are in-
cluded for illustrative purpose only, and will ﬁot be gener-
ated as subroutinés in an actual program.

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

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

reached. The data read from the optical disk 4 are supplied
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through the reading/writing circui£_38 and the input termi-
nal 65 to the switch 66. The CPU 66 supplies a switching
control signal to the switchesu66, 69 to connect the movable
" contacts “c” to the fixed contacts “a” thereof. The repro-
duced data supplied from the switch 66 are supplied through
the switch 66 to the decoder 67. Then, control pfoceeds to
‘a step S3.

In the step S3, errors are.detected.and corrected
using the LDC. Specifically, the CPU 60 instructs the de-
coder 67 to detect and correct errors using the parity data
(El, 1) ~ (E16, 16). The decodet 67 now detects and cor-
rects errors in the data DO ~ D2047. Then, controi proceeds
to a step S4. _ .

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

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

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

finished or not. If “YES”, then the processing sequence
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comes to an end, and if “NO”, then control goes back to the
step S2. |

In the step S7,'errors'are detected according fo
the second ECC, and flags are added.. Specifically, the CPU
60 instructs the decoder 67 to detect errors using the par-
ity data Pl ~ P40. The decoder 67 now detects errors in the
data D0 ~ D2047 block by block, and generates error flags.
Specifically, the decoder 67 effects error detection on each
-block. If there are errors in a bldck, then the decoder.67
regards the block as being erased, and adds a flag indicat- -
ing that the block:is e;ased. For example, the decoder 67
detects whether there are errors or not uéing the.parity
data P1, P2 with respect to a block indicated by i = 130 ~
124. If there are errors in that block, then the decoder 67
ﬁdds a flag indicaﬁing that the block suffers a burst of
errors. The decoder 67 effects such processing on all the
blocks. Then, control proceeds to a step S8.

it is determined in the step S8 whether the num-
ber of error flags is = 4 or 0. If “YES”, then control goes
to a step 89, and if “NO”, then control jumps to a step Sl1l.
In this example, since errors cannot be corrected if bursts
of errors occur in four or more blocks in one sector, the
step S8 determines whether the numbei of error flags is at
least “4”. An error is indicated when the number of errbr
- flags is “0” because whén the number of error flags is “0”
"after the error detéction using the parity data Pl ~ P40 as

the second ECC regardless of the detection of an error using



47
the parity data (El, 1) ~ (E16, 16), either error detecting
process is in error.

An erroi message is displayed in the step S9, and
then control goes to a step S10. Specifically, in the step
S9, the CPﬁ 60 supplies message data stored in the ROM 62 to
the host computer 3, which displays a message image on the
display of the host computer 3. The message image may con-
tain the following message:

”_BECAUSE ERROR HAS OCCURRED ’ _'I‘HE SECTOR IS BEING
READ AGAIN.” | |

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

It is determined in the step S11 whether the num-
ber of error_flags is #3” or not. If “YES”, then control
- proceeds to a step Slz,-and'if “NO”, then control goes to a
step S100 which is a subroutine SUB2. The number “3” used .
as the criterion in the step S11 is the number of blocks
which contain bursts of errors in one sector, and is equal
to the maximum number of errors that can be corrected.

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

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



48 | |

a step S50 which is a subroutine SUBl1, and if “NO”, then
control goes to a step S150 which is a subroutine SUB3.
Whether the error fiags are 3 successive error flags or not
is determined in order to determine whether the blocks which
contain bursts of errors are successive or separate for ef-
fecting subsequent processes optimum for both cases.

FIG. 11 illustrates the subroutines SUBl, SUB2
shown in FIG. 10. First, the subroutine SUBl will be de-
scribed below. |

If “YES” in the step S12 shown in FIG. 10, con-
trol jumps to a step S51 of the subroutine SUBL. In the
step S51, the central block and one line, closer to the cen-'
tral block, in each of the blocks before and after the cen-
tral block are regarded as being erased, and errors aré.era-
sure-corrected with the ILDC, i.e., the first ECC indicated
by i = - 13 ~ - 16, and errors are detected and corrected.
Then, control proceeds to a step §52. 1In the step S51, the
central block and 1 line above and below the central block
- are regarded. as being erased, and errors are erasure-
correcied, and errors are detected and corrected using the
remaining distance. If the central biock is composed of 7
lines, then a total of 9 lines composed of the 7 lines and 1
line above and below the 7 lines are erasure-corrected for 9
bytes, and errors are detected and corrected using the re-~
maining distance. 1In this case, up to 3 bytes can be de-

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

lines, then a total of 10 lines composed of the 8 lines and
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1 line above and below the 8 lines are erasure-corrected for

10 bytes, and errors up to 3 bytes are detected and cor-
rected using the remaining distance. |

It is determined in the step S52 whether the er-
ror correction is OK or not, i;e., whether errors have been
corfected or not. If “YES”, then conﬁrol leaves the subrou-
tine SUB1l and goes back to the step S5 in the flowchart
shown in FIG. 10, and if “NO”, control goes to a step S53.

An error message is'displayed in the step S53,
and then control goés to a step S54. Specifically, in the
step S53, ihé CPU 60 supplies message data stored in the ROM
62 to the host computer 3, which'displays a message image on
the display of the host computer 3. The message image may
contain the following message: |

“BECAUSE UNCORRECTABLE BURST OF ERRORS HAS OC-
CURRED, THE SECTOR IS BEING READ AGAIN.”

In the step S54, the re-reading of the sector is
set. Thereafter, control goes back to the step S6 in the
flowchart shown in FIG. 10. In the step S54, the CPU 60
supplies a request signal indicating the re-reading of the
sector to the reading/writing circuit 38 through the output
terhinél 73. Thé data of the sector are read again from the
optical disk 4.

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

S101, errors are erasure-corrected with the ILDC and errors
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are detected and corrected. Then, control préceeds to a
step S102. The step S101 is executed if the number of error
flags is “2" or “1”, i.e., either if a burst of errors oc-
curs over two blocks, or if_buréts oflerIOrs occur respec-
tively in two separate blocks, or if a burst of errors'oc-
" curs in one block. In the step s1o01, ;herefore, the data of
one block or two blocks are regarded as being erased, and
errors are erasure-corrected. With the.remainihg distance,
errors are checked if two blocks are erased, and errors are
detected and corrected if one block is erased. |

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

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

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

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

set. Thereafter, control goes back to the step S6 in the_
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flowchart shown in FIG. 10. In the step S104, the CPU 60
supplies a request signal indicating the re-reading of the
sector to the reading/writing circuit 38 through the outpuf
terminal 73. The data of the sector are read again from the
optical disk 4.

| FIGS. 12 and 13 illustrate the éubroutine SuUB3
shown in FIG. 10.

| If the error flags are not 3 succeésive error
flags in the step S12 of the flowchart shown in FIG. 10,
then control goes to a step S151 of the subroutine SUB3
shown in FIG. 12. The flowchart illustrated in FIGS. 12 and
13 is based on the assumption that bursts of errors occur in
three blocks, with at least one of the blocks being spaced
from the other two blocké.

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

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

It is determined in a step S152 whether the error
correction is OK or not. If “YES”, then conﬁrol goes to the
step S5 of the flowchart shown in FIG. 10, and if “NO”, then

control proceeds to a step S153. In the step S153, the sec-
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ond block,.i.e., the middle block shown in FIG. 11, is re-
garded as being.erased, and errors are erasure-corrected,
and errors are detected and corrected in the first and third
blocks. In the first and third blocké, errors up to 4 bytes
can be detected and corrected. |

It is determined in_a step S154 whether the error
correction is OK or not. If “YES”, then control goes to the
step S5 of the fléwchart shown in FI1G. 10, and if “NO”, then
control proceeds to a step S155. In the step S155, the
third block, i.e., the lowermost block shown in FIG. 11, is
regarded as being erased, and errors are erasure-corrected,
and errors are detected and corrected in the first and sec-
ond blocks. In the first and second blocks, errofs up to 4
bytes can be detected and corrected. |

It is determined in a step S156 whether the error
correction is OK or not.  If “YES”, then control goes tolthe
step S5 of the flowchart shown in FIG. 10, and if ~No-~, then

control proceeds to a step S160. '

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

In the sté§ S161, data which correspond to one
block and extend over two blocks’are_regarded as being
erésed, and errors in £he remaining data are detected and

corrected. Errors up to 4 bytes can be detected and cor-
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rected in the data in the two blocks which are not regarded

as being erased. Thereafter, control goes to a step S162.

The step s162 detgrmines whether errors have been
detected or not. If “YES”, then control goes to a step
S163. If “NO”, then control goes to a step S164.

| In the step S$163, the errors are corrected.
Then, control proceeds to a step S165.

In the step 8164,_thé positibn of the data‘which_
correspond to.one block and are regarded as being erased is
shifted one 1ine.' Then, control gées back to the step S161.
In the step S164, the position of the data is shifted one
line because there is an instance where .errors may be cor-
rected by'shifting the position of the block that is re~
garded as being erased. _

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

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

“CORRECTABLE BURST OF ERRORS HAS BEEN CORRECTED.
HOWEVER, THE SECTOR IS BEING READ AGAIN BECAUSE OF ERROR IN
ERROR CORRECTION.”
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In the step S167, the re-reading of the sector is
set.  Thereafter, control goés back to the step S$6 in the_
flowchart shown in FIG. 10. In the step S167, the CPU 60
supplies a request signal indicating the ré-reading.of the .
sector to the reading/writing circuit 38 through the output
terminal 73. The data.of the sector are read again from the
oétical disk 4.

The re-reading of the sector may be carried out

only in the step 810, and if an error occuré in oéher steps,
re—feading of the secﬁor may not be carried out, but the
processing may be ended. For example, if no recovery from
an error can be made when the sector is re-read in the steps
S54, S104, S167, then since the optical disk drive may pos-
sibly have failed or a considerable burst of errors may,pés—
sibly have occurred, the processing may suffer looping, re-
sulting in a possibility of failgre to remove. the optical
disk 4. Alternatively, if an errorloccurs even after the-
re-reading of the sector has been carried out three times,
" then the optical disk drivé may supply the host computer 3 -
with message data representing a message #OPTICAL DISK WILL
BE DISCHARGED BECAUSE OF POSSIBILITY OF UNCORRECTABLE BURST
OF ERRORS OR FAILURE OF OPTICAL DISKIDRIVE.", and then dis-
charge the optical disk 4.

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

sary to detect the length and position of a burst of errors
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by detecting an RF level instead of parity data as the sec-

ond ECC used in the previous embodiment.

The drive controller shown in FIG. 2 may include
a level detecting circuit 200 eonnected to the selec-
‘tor/clamp circuit 33, the data system clock generator 35,
and the controller 44. The level detecting circuit 200 may
have an internal structure as shown in FIG. 14.

In FIG. 14, the level detecting circuit 200 has
an input terminal 201 for being supplied with an RF signal,
before being clamped, from the selector/clamp circuit 33, an
input terminal 202 for being supplied with the data system
clock signal from the data system'clock,generator 35, and an
output terminal 207 eonnected to the controller 44. The
level detecting circuit 200_é1so has an averaginglcircuit
203 for averaging the RF°signa1 supplied through the input
terminal 201 in timed relation to the.data system clock sig-~
nal supplied through the input terminal 202, producing a DC
voltage signal. The DC voltage signal generated by tﬁe av-
eraging circuit 203 is supplied to a compafator 204, which
compares the DC voltage signal with a reference voltage from
a reference power supply 205 connected to.the comparator
204, In a semple sexrvo system, it is easy to obtain, in
.advance, a representative level upon a reduction of the RF
level which is'cauEed'by a tracking error due to the dropoﬁt
of wobble pits that are formed one byte pef about 20 bytes

of data. Therefore, the reference voltage from the refer-
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ence poﬁer supply 205 should be of a level lower than the Rf
level in a condition free of tracking errors.

The comparator 204 outputs an error signal of “1”
when the DC voltage signal from the averaging circuit 203 is
smaller than the reférence voltage from the reference power
supply 205. The error signal is supplied to a delay circuit
206, which delays'the error signal by a period-of time cor-
responding to the processing time for main signals, and sup~
plies the delayed signal to the controller 44 when errors
'.are detected in reproduced. data. |

| FIG: 15 shows a controller according to the other
embodiment of the present invention, for detecting the
length and position of a burst of errors by detecting an RF
level instead of parity data és the second ECC. The con-
troller shown in FIG. 15 may be incorporated in a drive con-
troller which differs from the drive controller shown in
- FIG. 2 except that the level detecting circuit 200 is in-
cluded. The controller shown in FIG. 15 is similar to the
controller shown in FIG. 3, and those parts shown in FIG. 15
which are identical to those shown in FIG. 3 will not be
'deséribed in detail below. |

As shown in FIG. 15, the controller has an in-
put/output terminal 65 connected to.the reading/writing cir-
‘cuit 38 shown in FIG. 2 and a movable contact “c” of a
switch 66. The switch 66 has a fixed contact “a” connected

to an input terminal of a decoder 300, and another fixed
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contact “b” connected to an output terminal of an encoder

301. _

The decoder 300 has a data output terminal con-
nected to a fixed terminal “a” of a switch 69, and the en-
coder 301 has an input terminal connected to another fixed
terminal “b” of tﬁe switch 69. The switch 69 has a movable
contact “c” connected to an input/output terminal of the
buffer 70 whose another input/oﬁtput terminal is connected
to én input/output terminal of the interface 71. The inte;-
face 71 has another inpuf/output terminal connected through
the input/output terminal iol'to the input/output terminal
of the host computer 3 shown in FIG. 1.

The decoder 300 effects error detection and error
correction on réproduced data supplied through the switch
66, and effects error correctioﬁ based on the result of de-
tection by a burst detecting circuit 302 if there is a re-
quest from the CPU 60 through the input/outpﬁt poft..'The
decoder 300 comprises a RAM 300a having a storage capacity
of 2 sectors and a RAM controller 300b for controlling re-
produced data stored in the RAM 300a to effect error correc-
. tion using the LDC, error checking using the CRC, and error
correction using fhe parity data of the LDC upon 6ccurrence
of a burst of errors for which the error correction and the
error checking are inefféctive, based on the result of de-
tection by the burst detecting circuit 302.

The encoder 301 comprises a RAM 30la having a

storage capacity of 2 sectors and a RAM controller 301b for
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controlling input data storéd in the RaM 30la to generaté
parity data as the first ECC, parity data as the CRC, and
add these parity data.

The encoder 301 adds the parity data for error
detection, the parity data asAthe CRC for_error cérrection,
and parity data as the first ECC to data which have been
transferred from the host computer 3, stored into the buffer
70 through the interface 71, read from the buffer 700, and
supplied through the switch 69 for being recorded.

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

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

Major aspects of ope:ation of the controller

shown in FIG. 15 will be descfibed below.
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To reproduce recorded data from the optical disk
4, the CPU 60 supplies a switching control signal through
the input/output port 64 to the switches 66, 69 to connect
the movable contacts “c” of the switches 66, 69 to the fixed
contacts “a” thereof. Reproduced data read from the optical
disk 4 and supplied through the reading/writing circuit 38,
the input/outpuﬁ terminal 65, and the switch 66 are supplied
to the decoder 300. After errors have beén detected and
corrected in the reproduced data by the decoder 300, the
reproduced data are'supplied.thrdugh the switch 69, the
buffer 70, the interface 71, and the input/output port iol
to the host computer 3.

At this time, the decoder 300 effects error cor-
rection on the data of one of thé-two sectors stored in the
-RAM 67a, using the parity data as the first ECC, and effects
error checking'on the same data using the parity data as the
CRC. If a burst of errors occurs, making it impossible to
effect such error correction.and error checking, then the
decoder 300 recognizes the magnitude and position of the
burst of errors bﬁsed on the result of detection by the
. burst deteéting circuit 302, and thereafter effects error
correction on the data of the sector using the parity data
as the first ECC, and effects error chécking on the data of
the sector using the parity data as the CRC. After the.
processing of the reproduced data is finished, the decoder
300 outputs the déta of the sector, - and suppiies a signal

indicating the .outputting of the data through the in- -
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put/output port 64 and the bus 61 to the CPU 60. The CPU 60

then instructs the reading/writing circuit 38 shown in FIG.
2 to reproduce a next sector. All the data of the above
sector are supplied to the buffer 70, after which reproduced
data from the next sector read from the optical disk 4 are
supplied to the RAM 300a.

FIG. 16 shows a séquencé of operation of the con-
" troller shown in FIG. 15, for detecting a burst of errors;
upon reproduction of data, by detecting an RF level instead
of the second ECC. The flowchart shown in FIG. 16 corre-
sponds to the flowchart shown in FIG. 10, and contains sub-
routines that are identical to those shown in fiGS. 11
through 13. Therefore, these subroutines will be omitted
from illustration. Thosé steps shown in FIG. 16 thch afe
identical to those shown in FIG. 10 are denoted by identical
siep numbers, and will not be described in detail below.

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

It is détermined in the step S201 whether the

error correction is OK or not. If “YES”, then control goes
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to the_step S8, and if “NO”, control goeé to a steé S202.
In the step S202, erfors are determined as being uncor-
rectable if the number of bursts of errors in one sector is
at least “4”.

The step 8202 determines whether the number of
bursts of errors is “3” or not. If “YES”, then control pro-
ceeds to a step S203, and if “NO”, then control goes to the -
step S$100 which is the subroutine-SUBz. The number “3” used
as the criterion in the step S202 is essentially the same as
the number of errof flags in the previous embodiment.

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

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

" According to the present invention, data contain-
' ing successive errors that cannot be corrected with an in-
tersymbol minimum distance of first error-processing data

can be recovered. Therefore, data which contain an uncor-

- 61 -
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rectaﬁle burst of errors can be recovered through a simple
process, resulting iﬁ an increased error-correcting capabil-
ity for reliable data reproduction.

Furthermore, the present invention makes it pos-
sible to increase the error—correcting capability in the
event of errors occurring over a plurallty of blocks.

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

Although certain preferred embodiments of the
present invention have been-shoﬁn and described in detail,
it sheuld be understood that various changes and.modifica-
tlons may be made therein without departlng from the scope7

of the appended claims.
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mee 1s camea o I

1. Almethoa.of recording and reproducing data,
comprising the steps'of:

(a) generating first erfor—procéssing data with
respect to a'predetermined amount of. data, and generating.
second error-processing data with :es?eci to each of a plu-
.fality of blocks produce@ by dividing said predetermined
amount of data;

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

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

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

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

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

(g) if errors are detected in N (N is a positive
integer) successive blocks, regarding all data in at least

one block which is not positioned at an end of the N succes-~
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sive blocks, as being erased, thereby correcting errors in
the predetermined amount of data in the record units with
said first error-processing data, thus producing reproduced

_data.

2. A method according to claim 1, wherein said
sécpnd error-processing data generated'in said step (a) com- i
prise a plurality of parity data in a direction correspond-
ing to the order of data reproduced from said recording me-

dium, with respect to said predetermined amount éf data.

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

units with said first error-processing data.

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

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

corrected, positionally shifting the data of one block which
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is regarded as being erased, and correcting errors again

with said first error-processing data.

5. A method of transmitting data, comprising the

steps of{

| (a) generating'first'error4processing data with
respect to a predetermined amount of data, and generating
second error-processing data with respect to each of a plu-
rality of blocks ﬁroduced by dividing said predetermined
amount of_data;

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

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

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

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

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

successive blocks, as being erased, thereby correcting er-
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rors in the predetermined amount of data in the transmitted

units with said first error-processing data.

6. A method according to claim 5, wherein said
Secohd error-processing data generated in said step (a) com~
prise a plurelity of parity data in a direction correspond-
ing to the order of data which are transmitted, with respect

. to said predetermined amount of data.

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

ted units with said first error-processing data.

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

rors again with said first error-processing data.
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9. An apparatus for recording and reproducing
data, comprising: |

error-processing deta generating means for gener-
ating first error-processing data with respect to a prede-
termined amount of data, and second error-processing data
with respece to each of a plurality of blocks produced by
dividing said predetermined amount of data;

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

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

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

blocks, as being erased, thereby correcting errors in the
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predetermined amount of data in the record units with said

68

first error-processing data.

10. An apparatus according to claim 9, wherein
said error-processing data generating meané comprises means
for generating as said second error-proceésing data a plﬁ-
rality of parity data in a direction corresponding to the
order of data reproduced from.said recording medium, with

respect to said predetermined amount of data.

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

data.

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

cannot be corrected, positionally shifting the data of one
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block which is regarded as being erased, and correcting er-

rors again with said first error-processing data.

13. An apparatus for transmitting data, compris-
ing:

error—processing data generating means for gener-
ating first error-processing data with respect to a prede-
termined amount of data, and second error-processing data
with respect to each of a plurality of blocks produéed by
dividing said predetermined amount of data;

iransmission data generating means for generating
ransmission data of units from said predetermined amount of
data,'said first error-processing data, and said second er-
ror-processing data;

transmitting means for transmitting said trans-
mission said data of units;'and

error correcting means for correcting errors in
said transmission data of unité which have been transmitted
with said first error-processing data with respect to each
of the transmitted units, and if errors cannot be corrected,
at least detecting errors in the tfansmitted data in each of
said blocks with said second error-processing data, and if
errors are detected in N (N is an integer of at le&st 3)
successive blocks, regarding all data in at leaét one block
which is not positioned at an end of the N successive

blocks, as being erased, thereby correcting errors in the
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predetermined amount of data in the transmitted units with

said first error-processing data.

14. An apparatus according to claim 13, wherein
said error-processing data generating means comprises means
for generating as said second error-processing data a plu-
rality of parity data in a direction corresponding to the
order of data which are transmitted, with respect to said

predetermined amount of data.

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

processing data.

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

errors cannot be corrected, positionally shifting the data
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of one block which is regarded as being erased, and correct-
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ing errors again with said first error-processing data.

17. A method of reproducing data, comprising the
steps of: | |

(a) reproducing data of record units from a re-
cording medium on which there are recorded a predetermined
améunt‘of data, first error-processing data generated with
respect-to said predetermined amount of data, and second
error-processing data generated with'respectzto each of a
plurality of blocks produced by dividing said predetermined
amount of data, making up said data of record units;

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

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

(d) if errors are detected in N (N is a positive
integer) successive blocks; regarding all data in at least
one block which is not positioned at an end of the N succes-
sive blocks, as being erased, thereby correcting errors in
the predetermined amount of data in the record units with

©

said first error-processing data, thus producing reproduced,

data.
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18. A method according to claim 17, wherein said
second error-processing data generated in said step (a) com-
prise a plurality of ﬁarity data in a direction correspond-
ing to the order of data reproduced from said recording me-

dium, with respect to said predetermined amount of data.

19. A method according to claim 17, wherein said
step (&) comprises the step of regarding all data in at
least one block which is not positioned at an end of the N
successive blocks and portions of data of blocks adjacent to
said at least one block, as being erased, thereby correcting
errors in the predetermined amount of data in thé record

units with said first error-processing data.

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

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

with said.first error-processing data.
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21. A method of trénsmitting data, comprising'the
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steps of:

(a) transmitting transmission data of units which
are composed of a predetermined amount of data, first error-
_ procéssing_data generated with respect to said predetermined
amount of data, and secpnd error-processing data generated
with respect to each of a plurality of blocks produced by
dividing said'piedetermined amount of data}

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

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

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

units with said first error-processing data.

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

predetermined amount of data, first error-processing data

N
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generated with respect to said predetermined amount of data,
and second error—processiﬁg data generated with respect to
each of a plurality of blocks produced by dividing said pre-
determined amount of data, making up said data of record
units: |

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

processing data. ' .

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

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

dividing said predetermined amount of data;
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record unit data generating means for generating
data of record units from said predetermined amount of data,
said first error-processing data, and said second error-
processing data;

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

error detecting means for deteéting an error
status, in each of said blocks, of a reproduced signal in-
dicative the data of record units which are reproduced by
said recording and reproducing means, .based on a vidéo level
of said reproduced signal; and
| error cofrecting means for correcting errors in
said predetermined émbunt of data in the data of record
units reproduced by said recording and reproducing means,
with said first error-processing data with respect to each
6f said recofd units, and if exrors cannot be corrected with
said'firstIerror-processing data with respect to each of
said record ﬁnits,.determining bloéks as errors-based on the
error status detected by said error detecting meéns, and
when N (N is a positive integer) successive blocks are de-
termined as errors, regarding all data in at least one block
which is not positioned at an end of the N successive
blocks, as being_erased, thereby correcting errors in the

predetermined amount of data in the record units with said

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

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

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

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

units with said first error-processing data.



