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BACKGROQND OF THE INVENTION 

Field of .the Invention: 

The present invention relates to a method of and 

an apparatus for recording and reproducing data, and trans­

·mitting dat~. 

Description of the .Related Art: 

Optical disks which have heretofore been proposed 

include a magnetooptical 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 

writable 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 manufactured, then a sector positioned 

adjacent to the defective sector is used as a replacement 

sector for the defective sector, and information as to the 

replacement sector is recorded in a given area on the magne­

tooptical 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 

magnetooptical 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 disk 

by an.optical disk drive. As well known in the art, when a 

read-only ·optical disk is manufactured., 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 

optical 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 proces·s and an error­

correcting P,rocess 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 eig~t bits and data of k symbols, then a parity bit 

is added to the k symbols, resulting .in a code of n symbols. 

The term which· represents the correcting ability of the er­

ror-correcting code is uminimum distanceu. 

For example, if one symbol is represented by one 

bit, then the n symbols are represented by n bits, and hence 

there are 2n binary data strings available for the n symbols 

to assume. Without the parity bits, there are 2k binary data 

.... 
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strings available for the k symbols to assume. The 2kbinary 

data strings are taken from the 2n binary data strings, and 

if there are different d bits between any two data strings, 

then nd" is referred to as a "distance". A minimum one of 

the. distances determined with respect to all.the 2k binary 

data strings is referred to as a "minimum distanc~"· The 

term nmininium distance" will hereinafter be referred to as a 

ndistance". 

· The distance d of a code for correcting tl errors 

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

d ~ 2tl + 1. • •• ( 1) 

If the distanced is "17", for example, then tl 

is B. That is, the code can correct up to B 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 (2): 

t2 = d - (2tl + 1) (t2 ~ 0). • •• (2) 

For example, the number tl of correctable errors 

and the number t2 of detectable errors in the case where the 

distance d is-"17" are given in the following table 1: 

0 symbol correction· • • tl = o, t2 = 16 

1 symbol correction•••tl = 1, t2 = 14 

2 symbol correction· • • tl = 2, t2 = 12 

3 symbol correction•••tl = 3, t2 = 10 

4 symbol correction· • • tl = 4, t2 = B 
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5 symbol correction···tl = 5, t2 = 6 

6 symbol correction•••tl = 6, t2 = 4. 

7 symbol correction•••tl = 7, t2 = 2 

8 symbol correction•••tl = 8, t2 = O~··(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 not be able to detect errors properly. if er­

rors of 9 symbols or more are.generated for the 8 symbol 

correction. If the dis.tance d is of an increased value, 

then the number of detectable errors is increased while 

keeping.the ability to detect errors. The Reed-Solomon cOde 

thus 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 magnetooptical disks, ~ead-only optical·disks, 

or the like; data are recorded after the above Reed-Solomon 

code has been constructed. When the recorded data are re­

produced, random errors or a burst of errors having a length 

depending on the distance d, 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 understood from the table 1 cibove, if 

the distance · d is 11 l 7 '1 
, then the number of correctable er­

rors is 8 at maximum. Therefore, if a burst of 9 successive 

errors or more occurs, then the errors cannot be corrected, 

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 replacement 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 exclusive-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 parity sector. 

When data to be processed on a real-time basis, 

such as moving-image data, are handled, the former process 

which uses replacement sectors poses a problem in that the 

processing speed is slowed by the use of replacement sec­

tors. The latter process of correcting errors on the wri­

table disk with parity sectors is also disadvantageous 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 errors 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 distanced or_parity sectors insofar as only a pre-

· recorded error-correcting code is relied upon. The in­

creased distance d has problems 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 composed of sectors 

in a circumferential track or every set of cir9umf erential 

tracks, it is necessary to reproduce again the data from the· 

area, and correct the purst of errors based on the data re­

produced again and the parity data recorded in the parity 

sector. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present 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 capacity 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, co~prising 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 dat~ of 

record units from the predetermined amount of data, the 

first error-processing 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 

amount 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 errQrs 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 t~ another aspect of the present inven­

tion, there is provided a method of transmitting data, com­

prising the steps of (a) gener~ting first error-processing 
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data with respect to a predetermined amount of data, and 

generating second error-processing 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

ror-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·which 

have been transmitted with the first error-processing data 

with ~espect to each of the transmitted units, (e) if errors 

cannot be corrected in the step (d), at least detecting er­

rors in the transmitted data in 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 correcti~g 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 recordi~g and 

reproducing data, comprising.error-processing data generat­

ing means for generating first error-processing data with 

respect to a predetermined amount of data, and second error­

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 
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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

~ecting means for correcting errors in the predetermined 

amount of data in the data of record units reproduced by the 

recording and reproducing means with the first error­

processing data with respect to each of the record units, 

and if errors cannot be corrected, at least detecti~g errors 

in the predetermined amount of data in each of the blocks 

with the second error-processing data, and when errors are 

detected in 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 

erased, thereby correcting errors in the predetermined 

amount of dat~ 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-proeessing data generating means 

for generating first error-processing data with respect to a 

predete~ned amount of data, and second error-processing 
• 

data with respect to each of a plurality of blocks 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 error correcting means for correcting 

errors· in the transmission data of units which have been 

transmitted with the first error-processing data with re­

spect to each of the·transmitted units, and if errors cannot 

be corrected,· at leas.t 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 blocks, as being erased, thereby c_orrecting er­

rors in the predetermined amount of data in the transmitted 

units with the.first error-processing data. 

According to a further aspect of the present in­

vention, there is provided. a method of reproducing 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 predetermined amount of data, and 

second error-processing data generated with respect to each 

of a plurality of blocks produced by dividing the predeter­

mined amount of ~ata, 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 ~o each of the record units, 

(c) if errors cannot be corrected in the step (b), at least 
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detecti~g errors in the predetermined amount of data in each 

of the bloc~s with the second error-processing data, and (d) 

when errors are detected in N (N is a positive integer) suc­

cessive ~locks, 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 a_ still further aspect of the pres­

ent invention, there is provided a method of transmitting 

data, comprising the steps of (a) transmitting transmission 

data of units which are composed of a·predetermined amount 

of data, first erro~-processi~g data generated 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 wi~h respect to each of the 

transmitted units, (c) if errors cannot be co.rrected in the 

step (b), at least detecting errors in the transmission data 

in each of the blocks with the second error-processing data, 

and (d) when errors are detec~ed 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 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 ~dium on which there 

are recorded a predetermined amount of data, first-error­

processing data generated with respect to -the predetermined 

amount 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 record units, error correcting means for correcting 

errors in the predetermined amount of data in the data of 

record unit~ 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 error-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 ena of the N successive 

blocks, as being erased, thereby correcting ~rrors in the 

predetermined amount of data in the record units 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 generating 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 pred~termined amount of data, the 

first error-proce~sing 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, 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 video 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 reproducing 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 positive 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 reproducing 

data, compr~sing reproducing mea~s 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 gen~rated ~ith respect to the predetermined 

amount 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 record units, error detecting means for detecting an 

. error status, in e~ch of the blocks, of a reproduced signal 

indicative the data of record units which are reproduced by 

the reproducing means, based on 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 each of the rec­

ord units, and if errors cannot be corrected, determining 

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 all 

data in at least one block which is· not positioned at an end 

of the N successive blocks, as being erased, thereby cor-. 

recting erro~s in the predetermined amount of data in the 

record units with the first error-processing data •. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a block diagram 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 bl9Ck 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 the optical 

di~k shown in FIG~ 4 and data clock frequencies used in the 

areas; 

FIGS. 6A, 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 diagram showing how to.process a plu­

rality of bursts of errors occur ·in a sector; 

FIG. 10 is a flowchart of a 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; 

FIG •. 11 is a flowchart of subroutines of the 

process shown in FIG. 10; 
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FIGS. 12 and 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 emJ?o<iiment 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 a flowchart of operation. of the con­

troller shown in FIG. 15. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows, by way of example, an arrangement 

of an optical disk drive.ac~ording to the.present inventio~. 

The optical disk drive is capable of recording data on and 

reproducing data from a magnetooptical disk and a write-once 

disk, reading data from a read-only optical disk, writing 

data in and reading data from a writable/readable area on a 

so-callea partial ROM, and reading data from a read-only 

area on such a partial ROM. 

As shown in FIG. 1, the optical disk drive in­

cludes a drive 1 for recording data on and reading da~a 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·magn~tooptical 

disk, an optical disk as a phase-change ~edium, a write-once 



17 

disk, a partial disk having a writable area (RAM) and a 

read-only area (ROM), a read-only-optical disk, or the like. 

The drive 1 comprises a loading mechanism 5 for 

loading the optical disk 4, a spindle motor 6 for rotating 

the optical disk 4 which has been loaded by the loading 

mechanism 5, a driver 7 for energizing the spindle motor 6, 

an optical block a, a driver 14 for energizing a laser diode 

13 in the optical block 8, an I-V/matrix amplifier 16 for 

converting 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/matrix amplifier 16.produces ~n RF signal and an MO 

(magnetooptical) signal by combining a plurality of output 

signals from a photodetector 15 in the optical block a. 
The optical block 8 comprises an objective 9 for 

applying a laser beam to the optical disk 4 and applying a 

laser beam reflected from the optical disk 4 to a photode­

tector 15, a slide motor 10 for moving the optical block 8 

radially with respect to the optical disk 4, a galvanometer 

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 connected through an input terminal lil to an output ter­

minal 2ol of the drive controller 2. The driver 14 for en­

ergizing the laser diode 13 is connected through input ter­

minals li2, li3 to output terminals 2o2, 2o3 of the drive 

controller 2. The I-V matrix amplifier 16 is connected 

through output terminals lol, lo2, lo3, lo4, 105 to input 

terminals 2il, 2i2, 2i3, 2i4, 2i5 of the drive controller 2. 

The focus actuator 12 is connected through an input terminal 

li4 to an output terminal 2o4 of the drive controller 2. 

The ~alvanometer motor 11 is connected through an input ter­

minal li5 to an output terminal 2o5 of the drive controller 

2. The slide motor 10 is· connected through -_an input termi­

nal li6 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 lio7 to an input/output 

terminal 2io7 of the drive controller 2. The loading mecha­

nism 5 is connected through an input terminal .li7 to an out­

put terminal 2o7 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-correcting 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, and 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 

various blocks in the drive 1. 

FIG. 2 illustrates, PY 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 from a digital signal 

processor 53 through a bus 43, through a D/A converter 32 

and the output terminal 2o2 to the driver 14 shown in FIG. 

1. The drive controller 2 also has a selector/clamp circuit 

33 for selecting output signals supplied frqm the I-V/matrix 

amplifier 16 (FIG. 1) through the input terminals 2il, 2i2 

based on a timing signal from a servo control systeill: 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 41. 

A data system clock generator 35 generates a data 

system clock s.ignal based on a servo system clock signal 

from a servo system clock generator 39. A data system tiln­

ing generator 36 generates a data system timing signal based 

on the data system clock signal. Based on reference phase 

data extracted from reproduced data from the A/D converter 

'34, a data phase control circuit 37 controls the phase of 

the data system clock signal from the data system clock gen­

erator 35, suppli~s the phase-controlled data system clock 
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signal as a reading clock signal to a reaqing/writing cir­

cuit 38, controls the phase of a writing position control 

signal from the reading/writing circuit 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 controlle~ 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 circuit 38 responds to a request signal from the 

controller 44 to supply data fro~ the controller 44 through 

the output terminal 2ol and the input terminal lil shown in 

FIG. 1 to the driver 18. 

The servo system clock 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 from the 

I 

servo system clock generator 39, supplies the~enerated 

servo system timing signal to the clock selector 41, the 

addres·s decoder 42, and the selector /clamp circuit 33, and 

also supplies the generated servo system timing signal 
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through the output terminal 2o3 and the input terminal li3 

(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 focus error signal, and a pull-in signal 

supplied through the respective input terminals 2i3, 2i4, 

2i5 from the I-V/matrix amplifier 16 to an A/D converter 46. 

An input/output circuit 47 supplies.output data from the.AID 

converter 46 through the bus 43 to the digital signal proc­

essor 53. A PWM (pulse-width-modulation) circuit 48 serves 

to modulate data for actuating 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 e.nergizing the focus actuator 12 (FIG. _l), 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 connected to the focus actuator 

12 through the output terminal 2o4 and the input terminal · 

li4 shown in FIG 1. The driver 50 is connected to the gal­

vanometer motor.10 through the output terminal ·20s and the 

input terminal li5 shown in FIG 1. The driver 51 is con­

nected to the slide motor 10 through the output terminal 206 

·and the input terminal li6 shown in FIG 1. 

An input/output circuit 52 suppli~s a drive sig­

nal supplied from the digital signal processor 53 to the 

spindle motor 6 (FIG. l) through the input/output terminal 
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·1io7, 2io7 and.the driver 7 (FIG. 1). The digital signal 

processor 53 sexves 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 shown in FIG. 2. 

In response to a request from the host computer 3 

with the optical di~k 4 mounted on the spindle motor 6 by 

the loading J[lechanism 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 predetermined rotational speed, the driver 7 out­

puts a lock signal to indicate 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 opti-cal 

block 8 radially inwardly.or outwardly of the optical disk 

4. 

If the laser beam were focused in the user area, 

the data of the optical disk 4 which is highly sensitive 

would possibly be erased 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 ~t 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 and the D/A converter 32 to the driver 

14, and outputs a command to the servo system timing genera­

tor 40 to turn on the laser diode 13 to emit a laser beam. 

The laser beam emitted from the laser diode 13 is 

applied to the photodetector 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 ampl~fier 16, which converts the detected output 

signal into a voltage signal that is then supplied as a 

front APC signal to the multiplexer 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 digital 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 diode 13 based on the digital front APC sig-

. nal, and sends back intensity control 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 c0ntrol the laser diode 13 to produce a con­

stant laser beam power. 

Then, the digital signal processor 53 controls 

the PWM circuit 48 to supply a current to the driver 49 for 

thereby energizing the focus actuator 12 in·a vertical di­

rection to bring the focus actuator 12 into a focus search 

mode. At.this time, the laser beam reflected by the optical 

disk 4 is applied to a light-detecting surf ace of the pho­

todetector· 15. The laser beam detected by the photodetector 

15 is converted into an ·electric signal, which is supplied 

as a detected output signal to the I-V/matrix amplifier 16. 

The I-V/matrix amplifier 16 converts the supplied signal 

into a voltage signal and_ amplifies the voltage signal. The 

amplified voltage signal is then supplied from the I~ 

V/matrix amplifier 16 as a focus error signal to the multi­

plexer 45. 

The focus error signal is time-division-

mul tiplexed together with the front APC signal by the multi­

plexer 45, and then converted 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 

digital signal processor 53. The digital signal processor 

53 digitally filters the digital focus 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 signa1 outputted from the photodetector 15 and 

produced through the I-V/matrix 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 RF signai 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 ~he 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 determining 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 clock se·lector 41 to open a window in a position 

where a next pattern is to appear, and confirms whether pat­

terns agree with e~ch 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 ciock generator 39 is locked to the pattern of 

pits on the optical disk 4. Phase information is produced 

by determining the.difference between the amplitudes at both 

sides of wobble pits in the servo area. By adding phase 

information produced from both of two wobble pits, a gain 
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variation caused by a change in amplitude depending on the 

tracking position is absorbed. 

When the servo system clock generator 39 is 

locked, the positions ot segment units ·are made clear and 

the positions of segment mark pits on the optical disk 4 can 

be recognized. RF signals are sampled at a plurality of. 

positions Arl, Ar2, Arl, Ar4 with respect to segment mark 

pits, address mark pits, sector flag 1 pits, and sector flag 

2 pits, 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 

address mark, and its segment is· an address se.gment, 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 composed of 14 segments, then the 

clock selector 41 is controlled to open a window in every 14 

segments, and frame ·synchronization is judged as being 

locked when the segments can be successively recognized as 

an address mark. 

When frames are synchronized, the positions where 

addresses are recorded·on the optical disk 4 can be recog­

nized. Consequently, track addresses a~d frame codes are 

decoded by the address decoder 42. The address decoder 42 

decodes track addresses and frame codes by checking agree­

ment between patterns in the form of gray codes 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 "l" 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 frame counter. for each frame is compared with an 

actually reproduced frame, and it is confirmed that nulileri­

cal values agree successively with actually reproduced 

frames. Thereafter, numerical values produced by the frame 

counter are returned as frame codes to the digital signai 

processor 53 for preventing 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 

enters 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 processor 53 digitally filers the tracking error sig­

nal to produce tracking control data, 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 emitt~d 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 digital signal processor 53 detects 

the position of the start of a desired track. The segment 

at· the start of each sector ~nd a segment preceding the seg­

ment are associated with sector marks. The clock selector 

41 is controlled to open a windO\f in each of the above four 

positions Arl, Ar2, Ar3, Ar4, and when the position with the 

maximum amplitude among RF signals sampled at the four posi­

tions Arl, Ar2, Ar3, Ar4 is the position 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 the start 

of a sector is determined by converting an sector address 

given by the host computer 3 into a physical sector and cal­

culating which ~egment of which track the sector belongs to. 

The probability that the sector mar~s of the above two types 

will simultaneously be defective is very small, and hence 

the probability that defective sectors will be produced 

thereby is also very small. 

The data system clock generator 35 generates a 

data clock signal by multiplying, by M/N, a frame-



29 

synchronized servo clock signal produced from the servo sys­

tem clock generator 39, and imparts the generated data clock 

signal to the data system timing generator 36 and the read­

ing/writing circuit 38. 

In a recording mode, the reading/writing circuit 

38 is supplied with data to be 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 = X7 + 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 non ·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 ori the modulated signal, and applies the magnetic 

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 laser diode 13, for thereby recording the NRZI data 

on the optical 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 output signal from the pho~odetector 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-
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cuit 38. The reading/writing circuit 38 digitally filters 

the digital reproduced signal_ from the A/D converter 34 ac­

cording to a partial response, and reproduces NRZI data 

based on Viterbi decoding. After having converted the NRZI 

data into NRZ data in each segment, the reading/writing cir­

cuit 38 descrambles the NRZ data in each sector, converts 

. the descrambled data into· reproduced data, and transfers the 

reproduced data through the controller 44 to the host com­

puter 3·. The MO signal and the RF signal are produced by 

coi.nbining a number of output signals from the photod~tectors 

15 in different 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 data, etc. for effecting 

various processes in the repr~ducing mode, a RAM 63 for use 

as a work storage area for storing program data, parameter 

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 input/output termi­

nal 65 connected to the reading/writing circuit 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. 

the decoder 67, and another fixed contact "b" connected to 

an output terminal of the encoder 68. 

The decoder 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 11b" of the switch 69. The switch 69 has a movable 

contact 0 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 interf~ce 71. The inter­

face 71 has another input/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 67 effects error detection on repro­

duced data supplied through the switch 66 using a first ECC, 

effects error checking using the CRC when t'he 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 comprises RAMs 67a; 67b and a RAM 

controller 67c for controlring 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 detection using the 

second ECC upon occurrence o·f a burst of errors for which 

the error correction and the error checking are ineffective. 

Each pf the RAMs 67a, 67b has a storage capacity for storing 

one sector (composed of 2352 bytes in this embodiment) of 

reproduced data, and various data generated in an error de-
.. 

tecting process and an error.checking process.described 

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 given area of a sector next to the sector be­

ing recorded, 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 d~tect 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 

checking using the CRC. 

As shown in FIG.· 3, theencpder 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 data. However, the encoder 68 

adds only the parity data 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 the par­

ity data as the second ECC in the preceding sector to the 

data. 

The parity data for error checking and the parity 

data for error correction can be recorded in a writable area 

on a magnetooptical 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 connected to the in­

put/output 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/output port 64 is connected 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 input signal of the reading/writing 

circuit 38 shown in FIG. 2. 

A process of 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 switches 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 

4. 

At this.time, the encoder 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 the buffer 70 and the interface 71 to receive 

next input data. In this manner, all data of the Nth sector 

are supplied to the drive 1 and recorded on the optical disk 

4, during which t~e next input data are stored as data of a 

next sector ((N+l)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 

movable contacts nc" to the fixed contacts na". Reproduced 

data read from the optical disk 4 and supplied through the 
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reading/writing circuit 38, the input/output terminal 6·5, 

and the switch 66 are supplied to the decoder.67. The·de­

coder 67 detects and corrects errors in the reproduced data, 

and supplies the reproduced data through the switch 69, the 

buffer 70, the interface 71, and the input/output terminal 

iol to the host domputer 3 shown in FIG. 1. 

At this time, when the decoder 67 corrects errors 

with parity data as first BCC, check errors with CRC parity 

data, 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+l)th sector stored in the RAM 67b, and detects the 

position of errors using the parity data as the second ECC. 

After having recognized the position of errors, the decoder· 

67 corrects the errors with the parity data as· the first ECC 

to correct the data of the Nth sector, and then checks -er­

rors with the CRC parity 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/writing circuit 38 shown ·in FIG.·2 to reproduce data of 

a next sector. In this manner, all data of the sector are 

supplied to the buffer 70, after which reproduced dat~ of an 

(N+2)th sector read from the optical disk 4 are s·upplied 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 area in addition to a read-only area, a 

.disk having only a read-only 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 

optic.al disk 4. 

As shown in FIG. ~, the optical disk 4 has a GCP 

(gray code part) area in which disk type data, etc. are re­

corded, a CTL (control) area, a TEST area, a BAND O, BAND 1, 

···,BAND 15, a TEST area, a CTL area, and a GCP area which 

are arranged· 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 be read even in a seek mode. 

The CTL area is an area in which information indicative of 

the medium type is recorded, and the TEST area is an area 

for writing data therein on a trial basis. 

FIG.. 5 _shows, by way of example, a specific for­

ma~ of the optical disk 4 shown in FIG. 4. In FIG. s, 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 ar~anged 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 example, the optical disk 4 is a zone CAV 

disk. Therefore, as shown in FIG. 5, the data clock fre­

quency varies froni zone to zone. 

FIGS. 6A, 6B, and 6C show, by way of example, a 

sector format of the optical disk 4. The contents of one 

sector are illustrated in FIGS. 6A, 6B, and 6C. 

In FIGS. 6A,.6B, and 6C, i denotes a code word 

(uline" in FIGS. 6A, 6B, and 6C), and j denotes a byte. The 

solid-line arrow represents the direction in which data are 

written. Data indicated by DO - D2047 represent use~ data, 

data indicated by (Pl, P2) - (P35, P36) represent parity 

data with respect to the user data DO - D127, ••• Dl920 -

D2047 indicated respectively by i = 130 - 123, ••• i = 10 -

3, data indicated by (Ql, Q2) represent parity data with 

respect to the parity data Pl - P36, data indicated by (QJ, 

Q4) represent parity data with respect to the pa~ity data Pl 

- P36 and the parity data (01, 02), and data ind~cated by 

CRCl - CRCB represent error-checking parity data with re- · 

spect to the user data DO - D2047. 

Data indicated by (El, 1) - (El6, 16).represent 

parity data of the Reed-Solomon code with respect to the 

user data DO - D2047 indicated raspectively by j = O - j = 
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15, the parity data Pl - P36, and the parity data CRCl -

CRCB. Specifically, the parity data j = O composed of ·the 

parity data (El, 1) - (El, 16) are parity data with respect 

to the data DO, Pl6, ••• D2032, and the d~ta indicated by j 

= o, i = 130 - 0.1 and the data indicat.ed by j·= 1, i = - 1 -

- 16 composed of the parity data (E2, 1) - (E2, 16) are ·par­

ity data with respect to the data indicated by j = 1, i = 
130 - o. Similar parity data are given to the other lines. 

As described above with reference to FIGS. 6A, 

6B, and 6C, if Reed-Solomon codes.are 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 above, up to 8 successive errors can be detected and 

correct~d, but 9 or more successive errors cannot be cor-

rected. 

In this example, the parity data Pl - P36 as the 

second ECC for error checking and correction with respect to 

the data indicated by i = 130, j =.O - i = 3, j = 15, i = O, 

j = 15 - i = - 16, j = 15 are generated and used when data 

are reproduced. 

Since the parity data (El, 1) - (E16, 16) each 

have a vertical length of 147 bytes, the data length in the 

vertical direction of the user data DO - 02047 to which the 

parity data are added is of 131 bytes, and the data length 

in the vertical dir~ction of the parity data is of 16 bytes, 

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

scribed above, one sector is of 16 bjtes 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. 1.· 

• As can be seen from FIG. 7, parity data Pl, P2 

are gen~rated with respect to all the data composed of 7 

lines ranging from i = 130 to 124 shown in FIGS. 6A, 6B, and · 

6C, parity dat~ P3; P4 are generated 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 PS, P6 are gener­

ated with respect to all the data composed of 7 lines rang­

ing from i = llS to 109 shown in FIGS. 6A, 6B, and 6C • 

. silnilarly, parity data are generated successively in the 

order of 7 lines, 8 lines, and 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 on the optical disk 4, parity data as 

the first ECC for error-correcting 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 depending 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 such 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, the 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 

use 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-

f erred to as blocks. 

It is assumed that 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 n17". ·However, errors in a certain block can be 

detected using the parity data Pl - P40 as the second ECC, 

and c·an be erasure-corrected by regarding the bl~ck contain­

ing the errors as being erased. For the pattern of 7 lines 

- 8 lines - 7 lines, the ·data that can be erasure-corrected 

are a maximum 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 lines, the data that can be erasure-

corrected are composed of 15 lines. 

If the burst of errors extends over the 7-line 

block, the 8-line 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. 

~ccording to the present invention, it is possi­

ble to correct such a burst of errors that extends 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 er~ors are detected using the parity data Pl - P40 as 

. the second ECC, and thereafter, 8 lines are erasµre­

corrected using the parity data LDC as the 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, 

(S+L) lines are erasure-corrected using the parity data LDC 

as 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 remaining M bytes. The patterns of the 

above error correction are given below. 

8-line erasure correction and 4-line detection 

correction •••12 lines, 
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. 10(8 + 1 line, above and below)-line erasure cor­

rection and 3-line detection correction ···13 lines, 

12(8 + 2 lines, above 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 

and 

•••15 lines, 

16(8 + 4 lines, above and below)-line erasure 

correction ···16 lines. 

If the central block is composed of 7 lines, the 

patterns of the error correction are as follows: 

7-line erasure correction and 4-line detection 

correction •••11 lines, 

9(7 + 1 line, above and below)-line erasure cor­

rection and 3-line detection correction •••12 lines, 

11(7 + 2 lines, above and below)-line erasure 

correction and 2-line detection correction •••13 lines, 

13(7 + 3 lines, above and below)-line erasure 

correction and 1-lirie detection correction •••14 lines, 

and 

15(7 + 4 lines, above and below)-line erasure 

correction •••15 lines. 

·Any of the above patterns is _based on the assump­

tion that the distance d is a17" and the data that can be 

corrected do not exceed a17" lines. 

FIG. 9 shows how to process a plurality of bursts 

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

details 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 

spaced positions,_respectively. 

When three bursts of errors occur in spaced posi­

tions, respectively, the errors are detected using t~e par­

ity data Pl - 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 block of 8 lines 

suffering the burst of ~rrors 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 bursts of 

errors are subjected to 4-line detec~ion correction. 
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The blocks which contain bursts of errors may not 

comprise 3 successive blocks, bµt may comprise 2 successive 

blocks and 1 independent block. 

FIGS. 10 through 13 show a 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. 1 

through.J. The flowchart shown in FIG. 10 contains subrou­

tines SUBl - SUBJ. These subroutines SUBl - SUBJ are in-

eluded for illustrative purpose ·only, and will not be gener­

ated as subroutines in an actual program. 

It is determined in a step Sl whether there is a 

command or not, i.e., whether a command composed of a sector 

number, 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 the input/output port 64. 

If uYES", then control goes to a step 52. 

Sectors in a requested range are successively 

read in the step s2. Actually, however, on~ 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 circuit.3~ and the input termi-

nal 65 to the switch 66. The CPU 66 supplies a switching 

control signal to the sw~tches .. 66, 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 proceeds to 

a step SJ. 

In the step SJ,_ 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) - (El6, 16). The decoder 67 now detects and cor­

rects errors in the data DO - D2047. Then, control proceeds 

to a step.S4. 

It is deterinined in the step S4 whether the error 

correction is OK or not, i.e., whether errors have been cor­

rected or not. If "YES", then control goes to a step ss, 

and if "NO",· control goes to a step S7. 

It is determined in the step SS whether CRC 

checking is OK or not, i.e., whether an error is detected by· 

CRC checking or not. If "YES~, then control goes to a step 

56, and if "NO", control goes to a step 59. 

It is determined in the step S6 whether the proc­

essing indicated by the connnand has been finished or not, 

i.e., whether the reading of all the sectors in the range 

requested by the command inputted in the step Sl 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 to 

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 ~n the 

data DO - D2047 block by block, and generates error flags. 

Specifically, the decoder 67 effects error detection on each 

block. If there are errors in a block, then the decoder 67 

regards the block as being erased, and adds a flag indicat­

ing that the block is erased. For example, the decoder 67 

detects whether there are errors or not using the. parity 

data Pl, P2 with respect to a block indicated by i = 130 -

124. If there are errors in that block, then the decoder 67 

adds a flag indicating that the block suffers a burst of 

errors. The decoder 67 effects such processing on all the 

blocks. Then, control procee~s to a step sa. 
It is determined in the step SS whether the num­

ber of error flags is~ 4 or O. If "YES", then control goes 

to a step S9, and if "NO", then control jumps to a step Sll. 

In this example, since errors cannot be corrected if bursts 

of errors occur in four or more blocks in one sector, the 

step sa determines whether the number of error flags is at 

least "4". An error is indicated when the number of error 

flags is 1'0" because when the number of error flags is "0" 

·after the error detection using the parity data Pl - P40 as 

the second ECC regardless of ·the detection of an error using 
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the parity data (El, 1) - (El6, 16), either error detecting 

process is in error. 

An error message is displayed in the step S9, and 

then control goes to a step SlO. Specifically, in the step 

S9, the 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 con­

tain the following message.: · 

''BECAUSE ERROR BAS OCCURRED 1 THE SECTOR IS BEING 

READ AGAIN." 

In the step SlO, the re-reading of the sector is 

set. Thereafter, control goes back to the step S6. In the 

step SlO, the CPU 60 supplies a request signal indicating 

the re-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 optical disk 4. 

It is determined in .the step Sll whether the num­

ber of error flags is 11 3" or not. If 11YES", then control 

proceeds to a step Sl2,· and if "NO", then control goes to a 

step SlOO which is a subroutine SUB2. The number u3,, used. 

as the criterion in the step Sll 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 512, 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.control goes to 
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a step 550 which is a subroutine SUBl, and if "NO", then 

control goes to a_s:tep Sl50 w1!-ich is a subroutine SUBJ. 

Whether the error flags are 3 successive error flags or not 

is determin~d 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 SSl, 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 are era­

sur~-corrected with the LDC, i.e., the first ECC indicated 

by i = - 13 - - 16, and erro~s are detected and corrected. 

Then, control proceeds to a step 552. In the step 551, the 

qentral block and 1 line above and below the central block 

are regarded as being erased, and errors are erasure­

corrected, and errors are detected and corrected using the 

remaining distance. If the central block 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. In 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 

corrected or not. If nYES", then control leaves the subrou­

tine SUBl and goes back to the step SS in the flowchart 

shown in FIG. 10, and if NNO", control goes to a step S53. 

An error message is displayed in the step 853, 

and then control goes to a step S54. Specifically, in the 

step S53, the 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 BAS OC­

CURRED, THE SECTOR IS BEING READ AGAIN." 

In the step S54, the re-reading of the sector is 

set. Thereafter, co~trol goes back to the step 56 in the 

flowchart shown in FIG. 10. In the step 554, the CPU 60 

supplies a request signal indicating ·the re-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 

optical disk 4. 

The subroutine SUB2 will be described below. 

If ''NO" in the step Sll shown in FIG. 10, control 

jumps to a step 8101 of the subroutine SUB2. In the step 

SlOl, errors are erasure~corrected with the LDC and errors 
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are detected and corrected. Then, control proceeds to a 

step Sl02. The step SlOl 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.bursts of errors occur respec­

tively in two separate blocks, or if a burst of errors oc-
• 

curs in one block. In the step SlOl, therefore, the data of 

one block or two blocks are regarded a.s being erased, and 

errors ~re erasure-corrected. With the remaining 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 corrected or not. If "YES", then control leaves the 

subroutine ·sUB2 and goes back to the step SS in the flow­

chart shown in FIG. 10, .and if "NO", control goes to a step 

Sl03. 

An error message is displayed in the step 5103, 

and then control goes to a step S104. Speci~ically, in.the 

step 5103, 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 BURST OF ERRORS HAS BEEN CORRECTED. 

HOWEVER, THE SECTOR IS BEING READ AGAIN BECAUSJ!l OF ERROR IN 

ERROR CHECKING." 

In the step Sl04, the re-reading of the sector .is 
. . 

set. Thereafter, control goes back to the step 56 in the 
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flowchart ~hown in FIG. 10. In the step Sl04, the CPU 60 

supplies a request signal indicating the re-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 

optical disk 4. 

FIGS. 12 and 13 illustrate the subroutine SUBJ 

shown in FIG. io. 
rf the error flags are not 3 successive error 

flags in the step Sl2 of the flowchart shown in FIG. 10, 

then control ~oes to a step 8151 of the subroutine SUBJ 

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 blocks. 

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 Sl51, the first block, 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 5152 whether the error 

correction is OK or not. If uYES", then control goes to the 

steps~ of the flowchart shown in FIG. 10, and if uNO", then 

control proceeds to a step Sl53. In the step SlSJ, th~ 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 blocks, errors up to 4 bytes 

can be detected and corrected. 

It is determined in a step Sl54 whether the error 

correction is OK or not. If "YES", then control goes to the 

step SS of the flowchart shown in FIG. 10, and if "NO", then 

control proceeds to a step Sl55. In the step Sl55, 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, errors up to 4 

bytes can be detected and corrected. 

It is determined ip a step Sl56 whether the er:ror 

co~rection is OK or not •. If "YES", then control goes to the 

step SS of the flowchart shown in FIG. 10, and if "NO", then 

control proceeds to a step Sl60. 

In the step Sl60, it is determined whether there 

are 2 successive blocks, i.e., whether two of the three . . 

blocks are successive blocks or not. If "YES", then control 

goes to a step S161, and if "NO", then control jumps to a 

step Sl66. 

In the step 5161, data which correspond to one 

block and extend over two blocks are. regarded as being 

erased, and errors in the 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 t~ a step 8162. 

The step 8162 determines whether errors have been 

detected or not. If "Y~S", then control goes to a step 

Sl63. If .".~0", then control goes to a step Sl64. 

In the step 8163, the errors are corrected.· 

Then, control proceeds to a step Sl65. 

In the step 5164, _the position of the data which 

correspond to one block and are regarded as being erased is 

shifted one line. Then, control goes back to the step 8161. 

In the step 8164, the position of the data is shifted one 

line because there is an instan~e where.errors may be cor­

rected by shifting ~he position of the block that is re­

garded as being erased. 

It is determined in the step 8165 whether the 

error correction is OK or not. If "YES", then control goes 

to the step SS ·of the flowchart shown in FIG. 10, and if 

"NO", then control proceeds to a step Sl66. 

An error message is displayed in the step 5166, 

and then control goes to a step 8167. Specifically, in the 

step Sl66, 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 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 5167, 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 5167, the CPU 60 

supplies a request signal indicating the re-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 

optical disk 4. 

The re-reading of the sector may be carried out 

only in the step 510, and if an error occurs in other steps, 

re-read~ng ~f the sector may not.be carried out, but the 

processing may be ended. For example, if no recovery from 

an error aan be made when the sector is re-read in the steps 

554, 5104; 5167, then since the optical disk drive may pos­

sibly have failed or a considerable burst of errors may.pos­

sibly have occurred, the processing may suffer looping, re­

sulting in a possibility of failure to remave.the optical 

disk 4. Alternatively, if an error _occurs even after the 

re-reading of the sector has been.carried out three times, 

then the optical disk drive 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 DISK DRIVE.", and then dis­

charge the optical disk 4. 

FIG. 14 shows a level detector according to an­

other embodiment of the p~esent 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 connected 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 termina1 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 connected to the controller 44. The 

level detecting circuit 200 also has an averaging circuit 

203 for averaging the RF signal 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 ~ignal. The DC voltage signal generated by the av­

eraging circuit 203 is supplied to a comparator 204, which 

compares.the DC voltage signal with a reference voltage from 

a reference power supply 205 connected to the comparator 

204. In a sample servo system, it is easy to obtain, in 

.advance, a representative level upon a reduction of the RF 

level which is caused by a tracking error due to the dropout 

of wobble pits that are formed one byte per about ~O bytes 

of data. ~herefore, the reference voltage from the refer-
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ence power 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 reference 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 i~ 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 as the second ECC. The con­

troller shown in FIG. 15 may be incorporated in a drive con­

troller which differs f.rom the drive .controller shown in 

FIG. 2 except that the level detecting circuit 200 is in­

cluded. The controller shown in F~G·. 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 

·described 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 Nb" connected to an output terminal of an encoder 

301. 

The decoder 300 has a data output terminal con­

nected to a fixed terminal Na" of a switch 69, and the en­

coder 301 has an input terminal connected to another fixed 

terminal Nb" of the switch 69. The switch 69 has a movable 

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 input/outpu~ terminal iol to the inp~t/output terminal 

of the host computer 3 shown in FIG. 1. 

The decoder 300 effects error detection and error 

correction on reproduced data supplied through th~ switch 

66, and effects error correction 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/output poit. The 

decoder 300 comprises a RAM 300a having a storage capacity 

of 2 sectors and a RAM controller JOOb 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 the parity data of the LDC upon occurrence 

of a burst of errors for which the error correction and the 

error checking are i~effective, based on the result of de­

tection by the b~rst detecting circuit 302. 

The encoder 301 comp~ises a RAM JOla hav~ng a 

storage capacity of 2 sectors and a RAM controller 30lb for 
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controlling input data stored in the RAM 301a to generate 

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 as the CRC for error correction, 

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 and the parity data for error 

correction can written in writable areas on 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 decoder 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 result 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 operation of the controller 

shown in FIG. 15 will be described below. 
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To reproduce recorded data from the OP,tical.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 0 c" of the switches 66, 69 to the fixed 

contacts na" thereof. Reproduced data read from the optical 

disk 4 and supplied through the reaqing/writing circuit 38, 

the input/output terminal 65, and the switch 66 are supplied 

to the decoder 300. After errors have been detected and 

corrected in the reproduced data by the decoder 300, the 

reproduced data are supplied through the ·sw~tch 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 the 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 based on the result of detection by the 

burst detecting circuit 302, and thereafter effects error 

correction on the data of the sector using the parity data 

as the first ECC, and effects error checking 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 data of the sector,·and supplies a signal 

indicating the .outputting of the data through ~he 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 ~ JOOa. 

FIG. 16 shows a sequence 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 seconq 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. Those steps shown in FIG. 16 which are 

identical to those shown in.FIG. 10 are denoted by identical 

step numbers, and will not·be described in detail below. 

If the errors cannot be corrected as determined 

in the step 54, then control goes to a step 5200 which de­

termines the lengths and positions of bursts of errors from 

the detected RF level. Thereafter, control proceeds to a 

step 5201. In the step 5200, the burst detecting circuit 

302 shown in FIG. 15 determines the number, lengths, and 

positions of bursts of errors in one sector based on the 

result of detection by the level detecting circuit 200 shown 

in FIG. 14. 

It is determined in the step S201 whether the 

error correction is OK or not. If nYES", then control goes 
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to the.step sa, and if "NO", control goes to a step S202. 

In the step 5202, errors are determined as being uncor­

rectable if the number of bursts of errors in one sector is 

at least "4". 

The step S202 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 SlOO which is the subroutine SUB2. The number "3" used 

as the criterion in the step 8202 is essentially the same as 

the number of error flags in the previous embodiment. 

In the step S203, it is determined whether the 

bursts of errors are 3 successive bursts of errors or not. 

If ''YES", then control goes to the step 5150 which is the 

subroutine SUB3, and ~f "NO", then control goes to the' step 

SSO which is the subroutine SUBl. 

The processing in the subroutines SUBl, SUB2, 

SUBJ is the same as that in the previous embodiment. The 

rate of error correction 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 ~mbodiment. 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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rectable burst of errors can be recovered through a sin1ple 

process, resulting in 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 ~f errors occurring over a plurality of blocks. 

·If errors occur over a plurality.of blocks, then 

the data of at least one, which is substantially central, of 

the blocks and the da~a 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. Therefore, errors can be 

corrected efficiently for reproducing 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 ~een shown and described in detail, 

it should be understood that va~ious changes and modifica­

tions may be made therein without departing from the scope · 

of the appended claims. 
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What is claimed is: 

1. A method of recording and reproducing data, 
. 

comprising the steps of: 

(a) generating first error-processing data with 

respect to a predete~ned amount of· data, and generating 

second error-processing data with respect to each of a plu~ 

rality of blocks prod~ced 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 error-processing data; 

(c) recording said data of record units on a re-

·cording· medium; 

(d) repr~ucing said data of .record units on said 

recording medium; 

(e) correctipg errors in said predetermined 

amount of data in the reproduced data of record 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 each of said block~ 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 iii the record units with 

said first error-processing data, thus producing reproduced 

data. 

2. A method according to claim 1, wherein said 

second error-processing data generated in said step (a) com­

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 of data. 

3. A method ac~ording to claim 1, wherein said 

step (g) 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 the record 

units with said first error-processing data. 

4. A method according 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 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 errors cannot be 

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

with said first error-processing data. 

5. A method of transmitting 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 respect to each of a plu­

rality of blocks produced by dividing said predetermined 

amount of .data; 

(b) generating transmission data of units from 

said predetermined amount of data, said first error­

processing data, and said second error-processing data; 

(c) transmitting said transmission 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 transmitted data in 

each of said blocks with said second error-processing data; 

and 

(f) if er~ors 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 blocks, as being erase.ct, thereby correcting ~r-
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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 

second error-processing data generated in said step (a) com­

prise a plurality of parity data in a direction correspond­

ing to th~ order of data which are transmitted, with respect 

to said predetermined amount of data. 

7. A method according to claim 5, wherein said 

step (f) 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 blc:>cks adjacent to 

said at least 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, wnerein · said · 

step (f) 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·bei~g 

erased, thereby correcting errors in the p~edetermined 

amount of data in the transmitted units with said first er-

ror-processing data, and the steps of, when the errors 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 tor recording and reproducing 

data, comprising: 

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 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-process.ing 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 record units, and if errors cannot be corrected, at 

least detecting errors in said predetermined 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, 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 
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predetermined amount of data in the record units with said 

first error-processing data. 

10. An apparatus according to claim 9, 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 reproduced from said recording medium, with 

respect to said predetermined amount of data. 

11. An apparatus according to claim. 9, 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 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 be~ng erased, thereby correcting errors in the 

predetermined amount of data in the record units with said 

first error-processing data, and means for, when the errors 

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 f.irst 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 produced by 

dividing said predetermined amount of data; 

transmission data generating means for generating 

transmission 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 units 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 transmitted data in each of 

said biocks with said second error-processing data, and 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 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 the 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 blocks, regarding data corre­

sponding to one block and extending over said two successive 

blocks as being erased., thereby correcting· errors. in the 

predetermined amount of data in the transmitted units with 

said first error-P.rocessing data, and means fo~, 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

ing errors again with said first error-processing data. 

17. A method pf reproducing data, comprising the 

steps of: 

(a) reproduc~ng data of record units from a re­

cording medium on which there are recorded a predetermined 

amount ·of data, first error-prc>c;essin~ data generated with 

respect to said predetermined amount of data, and second 

error-processing data generated with respect·to each of a ·. 
plurality of blocks produced by dividing said predetermined 

amount of data·, making up said data of record units; . 

( b) correcting e·rrors in said predetern!i.ned 

amount of data in the reproduced data of record units with 

said first error-processing data with respect to each of 

said record units; 

(c) if errors cannot be corrected in the st~p 

(b), at least detecting errors in said predetermined amount 

of data in ~ach o·f 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 parity 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 (d) 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 the record 

units. with said f~rst 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 blqcks 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 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 transmitting data, comprising the 

steps of: 

(a) transmitting transmission data of units which 

are composed of a predetermined amount of data, first error­

processing data generated with respect to said predetermined 

amount of data, and second error-processing data generated 

with respect to each of a plurality of blocks produced by 

dividing said·predetermined amount of data; 

(b) correcting errors in said transmission data 

in the units which are transmitted with re~pect to each of 

the transmitted units; .. 

(c)' if errors cannot be corrected 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 a~ 

least one block which is not position~d at an end of· the N 

successiv~.blocks, as being erased, 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 a 

predetermined amount of data, first error-processing data 
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generated with respect to s~id predetermined amount of data, 

and second 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 correcting means for correcting errors in 

said predeterm.in~d amount of data in the data of record 

units reproduced by said reproducing means, with said first 

error-processing data wi~h respect to each of said record 

units, and if erro~s cannot be corrected, at least detecting 

errors in said predetermined 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 integer) 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 record units with said first error-

processing data. 

23. An apparatus for recording and reproducing 

data, comprising: 

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 produced by 

dividing said predetermine~ 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 ~nits on said r~cording medium; 

error detecting means for detecting an error 

status, in·each of said blocks, of ·a reproduced signal in­

dicative the data of record units which are reproduced by 

said recordi~g and reproducing means, .based on a video level 

of said reproduced signal; 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 record units, and if errors cannot be corrected with 

said first ·error-processing data with respect to each of 

said record units,. determining blocks as errors based on the 

error status detected by said error detecting means, and 

when N (N is a positive integer) successive blocks are de­

termined as errors, regar~ing all data in at least one block 

which is not po~itioned at an end of the N successive 

blocks, as being erase~, 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 ~ 

predetermined amount of data, first error-processing data 

generated with respect to said predetermined amount of data, 

and second 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 detecting an error 

status, in each of said blocks, of a reproduced signal in-

dicative the data of record units which are reproduced by 

said repr~ducing 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 reproducing means, with said first 
• 

error-processing data with respect to each of said record 
' 
units, and if errors cannot be corrected, determining blocks 

as errors based on the error status detected by said error 

detecting means, .and when N (N is a positive integer) suc­

cessive blocks are determined as errors, regarding all data 

in at least one block which is not positioned at an end of 

the N successive bloc~s, as being erased, thereby correcting 
.. 

errors in the predetermined amount of data in the record 

units with said first error-processing data. 


