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DATA RECORDING/REPRODUCING APPAR~TUS CORRESPONDING TO 
A PLURALITY OF ERROR CORRECTING SYSTEM A~D A DATA 
RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a data 

recording/reproducing apparatus for properly changing 

selecting an error correction code encoding process 

depending on whether a data recording medium is a 

recordable/ reproducible type or·a reproduction-only 

type, a method thereof, and a data recording medium .. 

Description· of the Related Art 

As external storing units for use with 

computers, from view points of large storage capacity 

and high speed access 1 optical dis.c drives are becoming 

popular. CD-ROM (or CD-I (CD inter~ctive)) drives and 

MO (magneto-optical disc) drives have been rapidly and 

widely used. An MO disc is one type of erasable discs. 

In addition, an MD (mini..,-disc) that i_s an erasable type 

disc has been proposed. Moreover, as a picture record 

medium, a DVD (digital video .. disc) is now under 

development. 

The DVD· is a reproduction-only disc with the 

same diameter as the diameter of the CD or a 

recordable/reproducible optical disc that is an MO type 
.·' 

disc or a phase change type disc that reproduces or 
.. · 

records/reproduces picture information compressed 

corresponding to the MPEG standard or the like. As 

well as the wavelength of laser rays decreases and the 

NA of an objective lens increases, the digi tarrL-----------. 
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modulation and the error correction code encoding 

process have been improved, the recording density has 

been further improved. In the case that the DVD _is a 

single layer type disc, the data storage capacity is as 

much as around 3.7 Gbytes. The CD and MD were 

originally develope~ for digital audio discs. 

Thereafter, these discs have been used for external 

storage mediums for computers. Likewise, the DVD with 

much larger storage capacity than the CD and MD are 

expected to be used for external storage mediums for 

computers. 

Data recording mediums such as optical discs 

can be categorized as a reproduction-tyPe disc and a 

recordable/reproducible disc. In the recordable/ 

reproducible disc, countermeasures against errors are 

performed by a data substituting process especially for 

.computers. However, in the reproduction-only disc, 

since the data substituting process cannot be 

performed, a high error correction performance is 

required. In the reproduction-only disc, since data is 

continuously read, a relatively large sector size and a 

folding type encoding process can be used. However, in 

the recordable/ reproducible disc on which data is 

randomly rewritten, data with a large sector size is 

not always continuously recorded on the disc. In 

addition, data sho_uld be unnece$sarily reproduced for 

correcting errors. Thus, the throughput increases and 

, 
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the harmonization to the computers deteriorates. 

Considering the difference of characteristics 

of .th€ reproduction-only disc and the 

recordable/reproducible disc, dedicated error 

'correction code encoding processes are performed for 

the reproduction-only disc and the 

recordable/reproducible disc. Thus, for these error 

correction code encoding process, dedicated algorithms 

for encoding and decoding processes should be 

developed. In addition, dedicated encoders and 

decoders should be designated for the error correction 

code encoding processes. Moreover, IC circuits for the 

encoder and decoder should be designed. 

OBJECT AND SUMMARY OF THE INVENTION 

Thus, an object of the present invention is 

to provide a data recording/reproducing apparatus for 

properly performing an.error cor~ection code encoding 

process depending on a data recording medium is a 

recordable/ reproducible type or read-only type and for 

simplifying the error correction code encoding process 

with a common structure of pasic portions for the 

process, a method thereof, and a data recording medium. 

A fi~st aspect of the present invention is a 

data recording apparatus for recording digital data to 

a data recording medium, comprising an error correction 

code encoding means for interleaving· a predet~rmined 
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unit of data to be recorded and encoding the resultant 

data with an error correction code, and an identifying 

means- for identifying whether the data to be recorded 

is reproduction-only data or rewritable data, wherein 

said error correction code encoding mean~·is adapted 

for changing the interleave length correspondi~g to the 

output of said identifying means. 

A second aspect of the present invention is a 

data recording method for recording digital data to a 

recordable data recording medium, comprising the steps 

of interleaving a predetermined unit of data to be 

recorded and encoding the resultant data with an error 

correction code, recording the resultant data on the 

recording medium, and identifying the data to be 

recorded.is reproduction-only data or rewritable data 
. . 

so as to change-th~ interleave length, wherein the 

error correction code is a folding type code. 

A third aspect of the present invention is a 

data reproducing apparatus for reproducing data from a 

data recording medium on which digital data has been 

recorded with an error correction 'code that has been 

interl~aved and· encoded, comprising a means for 

reproducing t~e digital data, an error correcting means 

for correcting an error of the reprodu.ced digital data 

with the error correction code, and a means for 

detecting an identification signal from the reproduced 

digital data, wherein said error correcting means is 
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adapted for deinterleaving the reproduced data 

corresponding to the identification signal. 

A fourth aspect of the present invention is a 

method for correcting· errors of first type data 

recorded on a reproduction-only disc and second type 

data recorded on a recordable disc, comprising the . 

steps of determining whether data reproduced from a 

disc is the first type or the second type, and 

aeinterleaving the reprqduced data corresponding to the 

identified data and correcting errors of the resultant 

data. 

A fifth aspect of the present invention is a 

disc-shaped recording medium having a reproduction-only· 

region and a recordable region, each of which has an 

error· correction code that is added to a predetermined 

unit of digital data and that is interleayed and 

encoded, the interleave length of the error correction 

code in the reproduction-only region being longer than . 
. . 

that in the reproduction-only region. 

A sixth aspect of the present invention is a 

method for encoding and decoding data recorded-on a 

reproduction-only disc and a recordable disc with an 

error correction code, compris~ng the steps of 

identifying WQether input data is reproduction-only 

data or rewritable data when the input data is 

·recorded, interleaving the input data corresponding to 

the identified data and encoding the.resultant data 
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with the error correction code, identifying whether the 

input data is reproduction-only data or rewritable data 

when -the input data is reproduced, and deinterleaving 

the reproduced data corresponding to the identified 

data arid correcting an error of the resultant data with 

the error correction code. 

When the dual code encoding process is 

performed, the interleave length for the ROM type disc 

· is longer than that for the RAM type disc so as to 

protect an error of the ROM type disc and improve the 

access characteristic of the RAM type disc. Likewise, 

data to be recorded on the ROM type disc is encoded by 

the folding type dual code encoding process. Data to 

be recorded on the RAM type disc is encoded by the 

predetermined unit completion type encoding process. 

Moreover, the unit size of the error' correction code 

encoqing process for the ROM type disc is larger than 

that for the RAM type disc. 

These and other objects, features and 

advantages of the present invention will become more 

apparent.in light of the following detailed description 

of a b~st mode embodiment thereof, as illustrated in 

the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is ·a block diagram showing a 

recording/ reproducing circuit according to ah 

, 
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embodiment of the present invention;" 

Figs. 2A and 2B are schematic diagrams 

showi-ng an example· of a sector structure according to 

the present invention; 

Fig. 3 is a block dia~ram .showing an example 

of an error correction code encoding circuit; 

Fig. 4 is a schematic diagram for expla~ning 

an error correction code encoding process of which the 

present invention is applied for a folding type dual 

code encoding process; 

Fig. 5 is a functional block diagram showing 

an example of an error correction code encoding process 

in a record processing circuit; 

Fig. 6 is a functional block diagram showing 

an example of an error -correction code decoding process 

in a reproduction processing circuit; 

Fig. 7 is a functional block diagram· showing 

another example of an error correction code encoding 

process in a record processing circuit; 

Fig. 8 is a functional block diagram sho~ing 

another example of an error correction code .encoding 

process in a reproduction processing circuit;. 

Fig. 9 is a schematic diagram for explaining 

another example of the error correction code encoding 

process of which the present invention is applied for 

the _fol.ding type dual code encoding process; 

Fig. 10 is a schematic diagram for explaining 
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an example of a block completion type error correction 

code in the case that the folding type dual code 

encoding process and the block completion type encoding 

process are used; 

Figs. llA and llB are schematic diagrams for 

explaining another example of the block completion type 

error correction code in the case that the folding type 

dual code encoding process· and the block c~mpletion 

type encoding process are used; ·and 

Figs. 12A and 12B are schematic diagrams for 

explaining an example of which the unit of the error 

correction code encoding process is varied. 

DETAILED DESCRIPTION OF THEPREFERRED EMBODIMENT 

Next, with reference to the accompanying 

drawings, an embodiment of the present invention will 

be described. Fig. 1 is a block diagram showing a 

structure o~ an optical disc recording/reproducing 

system according to the present invention. In this 

embodiment, data received from a host computer 1 or an 

optical disc drive 2 is recorded on an optical disc 3. 

In addition, data is reproduced from the optical disc 3 

and sent to the post computer 1. 

The present invention can .be applied.for a 

mastering system for a read-only optical disc as well 

as a drive for a recordable/reproducible optical disc. 

Thus, the recording/reproducin~ syst~m shown in Fig. 1 
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can be applied for an optical disc drive (such as a DVD 

drive) as an external sto-ring · d~vice for a computer and 

a mastering system for a DVD-ROM disc. In the 

following description, the recordable/reproducibl~ 

optical disc drive system is referred to as a RAM type, 

whereas the mastering system is referred to as a ROM 

type. A master tape reproducing device may be 

connected to an interface circuit 4. 

In addition, the present invention can be 

applied for a drive that selectively uses a 

recordable/reproducible optical.disc and a read-only 

type optical disc as the optical disc 3. In this case, 

a proper error correction code encoding process in the 

reproducing process is selected corresponding to the 

disc type for use. 

Moreover, the present invention can be 

applied for the optical disc 3 that has a 

recordable/reproducible regior_i. and a read-only region. 

Likewise, a proper error correction code encoding 

process in the reproducing process is selected 

corresponding to the disc type for use. 

Returning to Fig. 1, a recording/reproducing 

circuit according to the embodiment of the ~resent 

invention will be described. Digital data received 

rrom the host computer 1 or the optical disc drive 2 is 

supplied to formatting. circuits Sa and Sb through the 

interface circuit (I/F) 4 for example an SCSI 
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interface. The formatting circuits Sa and Sb delimit 

digital data, sector by sector, and add a sector sync 

and fr header to each sector so as to perform error 

correction code encoding process for each sector and an 

error correction code encoding process for data that is 

recorded or reproduced. Each header includes 

identification information that represents whether the 

current disc is the ROM type or the RAM type. 

Alternatively, a record command that is supplied from 

·the host computer 1 to the I/F 4 includes info~mation 

that represents the ROM type or the RAM type. 

The formatting circuit Sa converts the 

received data into RAM type sector structure data and 

performs a RAM type· error correction code encoding 

process for the sector structure data. The formatting 

circuit Sb co~verts the received data into ROM type 

sector structure data and performs a ROM type error 

correction code encoding process for the sector 

structure data. The sector structure may be in common 

·with both the RAM and ROM types. As· an· example of the 

sector structure, a sector format of 2,072 bytes 

composed of user data of 2,048 bytes, a sector sync of 

4 bytes, a header of 16 bytes, and an error detection 

parity of 4 bytes is used·as shown in Figs. 2A and 2B. 

As shown in Fig. 2B, sector information of 4 

bytes and a sector number of 4 bytes are recorded in 

the header portion. The sector information includes a 
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sector type (ST), reflectivity information (REF), an 

area type (AT), and a layer number (LN). The sector 

type ·(ST) represents whether the current sector is the 

ROM type or the RAM type. The reflectivity information 

(REF) represents the reflectivity of the disc recording 

surface. The area type (AT) represents the type of an 

area of the current sector on the disc. The layer 

number (LN) represents that the current layer in the 

case that the disc has two layers. These items of the 

sector information are defined as follows. 

Sector type (ST) ... 0000: ROM type 

0001: RAM type (MO) 

0010: RAM type (PC) 

Reflectivity (REF) 0000: O to 20 % 

0001: 20 to 50 % 

0010: 50 to 70 % 

0011: 70 to 100 % 

Area type (AT) 0000: Blank area 

0001: Data recorded area 

0010: Lead-in area 

0011: Lead-out area 

1111: Write protect area 

Layer number (LN) 0000: Layer 0 

0001: Layer 1 

The output data of the fo~matting circuits Sa 

and 5b is selected by a switch circuit 6. The selected 

data is supplied to a digital modulating circuit 7. 

. . :~ 
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The switch circuit 6 selects the output data 

corresponding to a control signal received from the 

inter-face circuit 4. In the RAM type, the switch 

circuit 6 selects the output data of the formatting 

circuit Sa. In the ROM type, the switch circuit 6 

selects the output data of the formatting circuit Sb. 

When a control signal is supplied from the interface 

circuit 4 to the formatting circuits Sa and Sb, one of 

these circuits can be operated. 

The digital modulating circuit 7 maps for 

example a data symbol of 1 byte (8 bits) into a code 

word of 16 bits corresponding to a predetermined table 

and generates modulated output data whose DC component 

is small. Alternatively, as a digital modulating 

method, the EEM method used for a CD, the 8-15 

·modulating method of which a data symbol of 8 bits is 

converted into a code word of 15 bits, or the like can 

be used. The output data of the digital modulating 

circuit 7 is supplied to a sync adding circuit 8. The 

sync adding circuit 8 adds a sync to each transmission 

frame (for example, every 32 code words) . The output 

data of the sync adding circuit 8 is supplied to a 

·driver 9.. As an example of the sync, a special bit 

pattern that does not appear in digitally modulated 

data is used. 

Record data is supplied to an optical pickup 

10 through the driver 9 and then recorded on the 

THIS SHEET HAS BEEN 
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optical disc 3. The record data is recorded by the 

magneto optical recording method or the phase change 

method. The optical disc 3 is rotated at CLV (constant 

linear velocity) or CAV (constant angular velocity) by 

a spindle motor 11. The minimum unit of data 

recorded/reproduced by the optica~ pickup 10 is one 

block that contains a predetermined number of sectors. 

Data that is recorded is immediately reproduced so as 

to determine whether or not an error takes place in the 

reproduced data (by a read-after-write operation) . 

When an error is detected, the write operation is 

retried. When data is read, if the data has an error, 

the read operation is retried. After the read 

operation has been retried a predetermined number of 

times, if correct data cannot be obtained, an error 

message is sent to the user and the read operation is 

stopped. 

_Reproduction data read by the optical pickup 

10 is supplied to a detector circuit 21 that includes 

an RF amplifier and a PLL circuit that extracts a 

clock. The output data of the detector circuit 21 is 

supplied to a servo controlling circuit 22 and a sync 

separating circuit 23. The servo controlling circuit 

22 controls a focus servo, a tracking servo, and seek 

operation for the optical pickup 10, a laser power for 

the write operation, and so forth. The sync separating 

circuit 23 ·separates from the reproduction data a frame 
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sync that has been added by the sync adding circuit 8. 

The separated frame sync is supplied to a 

timing generating circuit (not shown). The timing 

generating circuit generates a timing signal that 

synchronizes with the re.production data. The sync 

separating circuit 23 is connected to a digital 

demodulating circuit 24. The digital demodulating 

circuit 24 performs the reverse process of the digital 

modulating circuit 7 and generates data of which one 

symbol is restored to one byte. 

The digital demodulating circuit 24 is 

connected to format separating circuits 25a and 25b and 

a header detecting circuit 26. The deformatting 

circuit 25a performs the reverse process of the 

formatting circuit Sa on the record side. The 

deformatting circuit 25b performs the reverse process 
-of the formatting ci~cuit Sa. The deformatting circuit 

25a performs an error correction code decoding process, 

obtains user data from the RAM type sectors, and 

detects an error thereof. The deformatting circuit .25b 

performs an error correction code decoding process, 

obtains user data from the ROM type sectors, and 

detects an error thereof. The header detecting circuit 

26 detects a header from each sector (see Fig. 2B) and 

determines whether or not the current disc is the ROM 

type or the RAM type corresponding to the header 

information (namely, the sector type) . 
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One of user data obtained by the deformatting 

circuits 25a and 25b is selected by a switch circuit 27 

and then supplied to the interface circuit 4. The 

switch circuit 27 is controlled corresponding to the 

header information (ROM/RAM) received from the header 

detecting circuit 26. The switch circuit 27 selects 

the output data of the circuits 25a and.25b 

corresponding to the type of the disc. The 

reproduction data selected by the switch circuit 27 is 

supplied to the interface circuit 4. Thus, data 

reproduced from the optical· disc .3 can be supplied to 

the host computer 1 through the interface circuit 4. 

Alternatively, by supplying the header information 

(ROM/RAM) from tne header detecting circuit 26 to the 

deformatting circuits 25a and 25p, one of these 

circuits can be operated instead of using the switch 

circuit 27. 

Fig. 3 is a block diagra~ showing an example 

of the structure of an error correction code encoding 

circuit disposed in a signal processing block 28 that 

has the formatting circuits Sa and Sb. In Figs. 2A and 

2B, reference numeral 31 is a data bus. The data bus 

31 is connected to a data input/output circuit 32, a 

memory (RAM) 33, a Cl parity generating circuit 35, and 

a C2 parity generating circuit 36. A read/write 

operation, an address, and so forth of the memory 33 

are controlled by a memory controlling circuit 34. In 
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addition, a controller 37 that controls the operations 

of the error correction code. encoding circuit is . 

provided. A· switch control signal ROM/RAM is supplied 

from the controller 37 to the memory controlling 

circuit 34. The error correction code encoding circuit 

shown in Fig. 3 is actually composed of one IC chip. 

An error correction code decoder is provided 

for a signal processing block 29 that has the 

deformatting circuits 25a and 25b. The structure of 

the error correction code decoder is the same as that 

shown in Fig. 3. The hardware of the encoder may be 

partially shared with the hardware of the decoder.' 

As an example of the error correction code 

encoding process, a folding type dual code encoding 

process is used. The interleave length for the RAM 

type is different from the interleave length for the 

RAM type. As shown in Fig. '4, data of 148 symbols 

arranged in vertical direction (recording/reproducing 

dir~ction) (1 symbol = 1 byte) and a C2 code parity 

(parity Q) of 14 symbols are encoded with·a [170, 162, 

9] Reed-Solomon code. Thus, a .Cl code parity (parity 
.. 

P) of 8 symbols is generated. Data of 148 symbols (1 

symbol = 1 byte) and the parity P of 8 symbols are 

encoded with a [170, 156, 15] Reed-Solomon code. Thus, 

a parity Q of 14 symbols is generated. 

As shown in Fig. 4, in the interleaving 

process for the C2 code, the interleave length a for 

· ....... · .. 
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the ROM type and the interleave length b for the RAM 

type have the relation of (a > b) (for example, a= 170 

and b·= 112). Generally, the error correction 

performance (especially, against a burst error) is 

proportional to the interl·eave length. Thus, the error 

correction performance for the ROM type is larger th.an 

that for the RAM type. In other words, for the ROM 

type, the data substituting process cannot be performed 

unlike with the RAM type. When the interleave length 

is long, since all data thereof should be recorded or 

reproduced, a long acce.ss time is required. · Thus, the 

scale of the interleaving process becomes large. From 

this point of view, a ·structure of which the interleave 

length for the RAM type is shorter than the interleave 

length for the ROM type is used. 

In Fig. 4, the horizontal interleave length b 

= 112 is equal to the number of symbols of which eight 

sectors are arranged in the horizontal direction shown 

in Fig. 2A. In other words, the interleave length of 

the RAM type can be just divided by the number of 

sectors. When data as blocks of eight sectors is 

recorded on a disc, the interle~ving process is 

completed within the unit of data for the 

recording/reproducing operation. Thus, the error 

correcting process can be quickly performed for the 

recording/reproducing operation. For the ROM type, the 

horizontal interleave length is not .completed within 
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one block. However, data reproduced from the disc is 

almost sequential data. Thus, no problem takes place 

in.this case. 

Next, with reference to Fig. 3, an example of 

an encoding/decoding process for correcting errors will 

be described. 

When data is encoded with an error correction 

code, data that is larger than one block is supplied 

from the host computer i or the optical disc drive 2 to 

the data input/output circuit (I/O} 32 of the 

formatting circuit Sa or Sb through the interface 

circuit (I/F} 4 and then temporarily stored in the 

memory 33 through the data bus 31. At this point, 

header information is supplied from the interface 

circuit 4 to the controller 37. The controller 37 

determines whether or not data in the memory 33 is the 

ROM type or the RAM type·and controls the memory 

controlling circuit 34 so as.to control the memory 33 

corresponding to the determined type. Thus, the memory 

controlling circuit 34 designates an address of data 

read from the memory 33 to the Cl parity generating 

circuit 35 and the C2 parity generating circuit 35 so 

that the data is interleaved in the C2 ROM direction 

for the ROM type and that data is interleavep in the C2 

RAM direction for .the RAM type as shown in Fig. 4. The 

encoding process is performed for all data stored in 

the memory 33 by the Cl parity generating circuit 35, 
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the C2 pa.rity generating circuit 36, and the memory 33. 

Thereafter, P and Q parities are added to the encoded 

data.· The resultant data is supplied from the memory 

33 to the digital modulating circuit 7 through the I/O 

32. In this case, the switch circuit 6 is accomplished 

in such· a manner that the controller 37 shown.in Fig. 3 

controls the output of one of two data types through 

the I/0 32. 

Next, an error correction code decoding 

process for decoding data reproduced from a disc will 

be described. Data that has been modulated by such as 

8-16 modulating method is demodulated by the digital 

demodulating circuit 24 and several blocks of the 

demodulated data are stored in the memory 33 of the 

deformatting circuit 25a or 25b. The controller 37 

dete.cts the sector type (ST) of the header portion of 

the sector structure data stored in the memory 33. The 

controller 37 controls the memory controlling circ~it 

34 corresponding to the detected type as with the 

encoding operation. In other words, data that has 

interleaved is restored to original data (this process 

is referred to as deinterleaving process) . The Cl 

parity generating circuit 35 and the C2 parity 

generating circuit 36 multiply the deinterleaved data 

by a predetermined coefficient stored in a memory (ROM) 

(not shown} so as to correct error of the Cl sequence. 

and the C2 sequence, respectively. The error corrected 
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data is stored in the memory 33. The error-corrected 

data is supplied from the memory 33 to the interface 

circuit 4 through the I/O 32. The switch circuit 27 is 

accomplished in such a manner that the controller 37 

supplies output data of the I/O 32 as one of the ROM 

type or RAM type. 

Figs. 5 and 6 are functional block diagrams 

showing an error correct~on code ·encoding process and 

an error correction code decoding process. Fig. 5 is a 

functional block diagram showing the above-described 

folding type dual code encoding process (for the ROM 

type) . The error correction code is similar to the 

c~oss interleave Reed-Solomon code (CIR~) used for a 

CD. 

Input symbols of 148 bytes are· supplied to a 

Cl encoder 41. The output data of the Cl encoder 41 

(data symbols of 148 bytes and a parity P of 8 bytes) 

is supplied_ !:O a C2 encoder 43 through a. delaying 

circuit group 42. In the structure shown in Fig. 3, 

the delaying process of the delaying circuit group 42 

is accomplished by the memory 33 and the memory 

controlling circuit 34. 

The C2 encoder 43 performs an encoding 

process with the [170~ 156, 15] Reed-Solomon code and 

generates a parity Q of 14 bytes. The Cl encoder 41 

performs an encoding process for not only data, but 

parity Q with a Cl code. Thus, the C2 encoder 43 feeds 

-~ -.:. 
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back the parity Q to the Cl encoder 41 from the C2 

~needer 43 through the delaying circuit group 42a. 

Thus,·the Cl encoder 41 performs.an encoding process 

with the [170, 162, 9] Reed-Solomon code. 

170 bytes (data of 148 bytes, a Cl parity of 

8 bytes, and a C2 parity of 14 bytes) received from the 

Cl encoder 41 are extracted as output symbols through 

an array changing circuit 44 including a delaying 

circuit. The array changing circuit 44 is composed of 

the memory 33 and the memory controlling circuit in the 

structure shown in Fig. 3. The output symbols are 

supplied to the ~igital_modulating circuit 7. The 

interleave length of the folding tyPe dual code 

encoding process is 170 frames (that represents the 

length of the Cl code sequence) . The interleave length 

is also referred to as the restriction length of the 

interleave or the depth of the interleave. 

Next, with reference to Fig. 6, the process 

of the decoder corresponding to the encoder shown in 

Fig. 5 will be described. The input symbols (of 170 

bytes) are supplied from the digital demodulating 

circuit 2·4 to a Cl decoder 52 through an array changing 

circuit 51. The array changing circuit 51 performs the 

reverse process of the array changing circuit 44 of the 

encoder. The Cl decoder 52 performs a decoding process 

with a [170, 162, 9] Reed-Solomon code. 

The output data of the Cl decoder 52 is 
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supplied to a C2 decoder 54 through a delaying circuit 

group 53. The C2 decoder 54 performs a decoding 

process with a [170, 156, 15] Reed-Solomon code. The 

decoded output data of the C2 decoder 54 is supplied to 

a Cl decoder 56 through a deinterleave delaying circuit 

55. Thus, output symbols of 148 bytes that have been 

error-corrected by the Cl decoding process, the C2 

decoding process, and the Cl decoding process are 

extrac.ted. 

By changing the delay amounts of the delaying 

circuit groups 42, 53, and 55, the interleave length 

can be changed to the RAM type value 112. In the 

structure shown in Fig. 3, as described above, the 

switch control signal ROM/RAM is supplied to the memory 

controlling circuit 34 so as to switch the address 

control of the memory controlling circuit 34. Thus, 

the delay amounts are changed. In this example, since 

the relation of (170 > 112) is satisfied, the delay 

amount of O is added so as to accomplish the interleave 

length of 112. 

For example, in the encoding process, since 

the delay amounts of the delaying circuits 46 and 46a 

for two adjacent signals are equally designated, a 

delaying process· for 112 symbols is performed. In the 

decoding process, as shown in Fig. 8, the delay amounts 

of the delaying circuit groups 57 and 58 for two 

adjacent circuits are equally designated. Thus, an 

..· ", 



-----~------

23 
input symbol of 170 bytes of which the interleave 

length is 112 is deinterleaved and output. 

Fig. 9 shows another example of the folding 

type dual code as an error correction code. When the 

number of symbols of data is 116 (bytes), in the 

feedback type structure as with the structures shown in 

Figs. 5 and 6, a parity P of 10 symbols and a parity Q 

of 12 sylnbols are formed. In other words, in the 

example shown in Fig. 9, the Cl encoder performs an 

encoding process with a [138, 128, 11] Reed-Solomon 

code and the C.2 encoder performs an encoding process 

with a [138, 126, 13] Reed-Solomon code. At this 

point, the· interleave .length for the ROM type is (a = 

276), whereas the interleave length for the RAM type is 

(b = 138). Since the length of the Cl code sequence is 

138 symbols, by the delaying process that varies the 

symbols one by one, an interleave of b = 138 can be 

accomplished in the error correction code ending 

process and the error corre.ction code decoding process. 

By a delaying process that varies the. symbols two by 

two, an interleave of a = 276 can be accomplished. 

As described in the embodiment, the 

interleave length is varied depending on whether the 

current disc is the ROM type or the RAM type. The 

folding type dual code encoding process (interleave 

length a = 170) may be performed for the ROM type. The 

block completion type dual code encoding process is 
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performed for the RAM type. In the block completion 

type process, data of a two-dimensional array with a 

predetermined size is treated as a block and the 

interleaving process is performed in the block. Fig. 

10 is a schematic diagram showing a block completion 

type dual code encoding process. 148 symbols that are 

arranged in the vertical direction (read/write 

direction) of (148 x ·224). sylltbols of a block are 

encoded with a Cl code Reed-Solomon code so as to 

generate the parity P. In addition, data in diagonal 

direction is encoded with a Reed-Solomon code so as to 

generate a C2 code parity Q. As with the· above­

described embodiment, the memory controlling circuit 34 

controls the memory 33 so as to perform the 

interleaving process in the diagonal direction. 

As the block completion type dual code 

encoding process, the non-feedback type or the feedback 

type may be used. For example, the folding type dual 

code encoding process used in a CD is· the non-feedback . 

type process. In the case of the non-feedback type, an 

encoding process is performed with a [162, 148, 15] 

Reed-Solomon code that is the C2 code. Thus, the 

parity Q of 14 bytes is generated. In addition, data 

and the parity Q are encoded with a [170, 162, 9] Reed-
.. 

Solomon code that is the Cl code. Thus, t he parity of 

8 bytes is generated. When an error correcting process 
. . 

(namely, a decoding process) is performed, the Cl code 
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is decoded. Thereafter, the C2 code is decoded. On 

the other hand, in the feedback type, as with the 

structure shown in Fig. 5, the parity.Q is encoded with 

a [170, 162, 9} Reed-Solomon code. Thus, the parity P 

is generated. In addition, data and the parity P are 

encoded with a [170, 156, 15] Reed-Solomon code. 

Figs. llA and llB are sche~atic diagrams 

showing another example of the block completion type 

error correction code. In Fig. llA, the block 

completion type dual code encoding process is perfor~ed 

for data symbols of 116 ·(in vertical direction -

read/write direction) x 114 (in horizontal direction). 

In Fig. llB, the block completion type dual code 

encoding process is performed for data symbols of 116 

(in vertical directio"n - read/write direction} x 288 

(in horizontal direction). In other words, in Fig. 

llB, data shown in Fig. llA is treated as data of one 

block and a parity thereof is gen~rated. _ The block 

completion type encoding process is performed for the 

RAM type so as to improve the access characteristic~ 

In the case of the block completion type, the data 

amount of each block is preferably 16 kbytes, 32 

kbytes, or the like. 

In addition, according to the present 

invention, the block size that is the·unit of an error 

correction code may be varied. Figs. 12A and 12B are 

schematic diagrams showing another example. As shown 

... ------------·------
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in Fig. 12A, the block. size of the RAM type is ( 170 (= 

data of 148 symbols + a parity of 22 bytes) x 14) . On 

the other hand, as shown in Fig. 12B, the block size of 

the ROM type is (170 (data of 148 symbols + a parity of 

22 bytes) x 112). In the example shown in Figs. 12A 

and 12B, the recording/reproducing direction is the 

horizontal direction of ~ach block, whereas the 

encoding direction is the diagonal direction of each 

block. As a code, a [170, 148, 23] Reed-Solomon code 

can be used. 

It is said that as shown in Figs. 2A and 2B, 

when the number of parities for particular data is the 

same as that for another data, the power of the error. 

correcting process depends on the size of dat~ bloc~. 

In this case, the diagonal interleaving process is 

performed by the memory 33 and the memory controlling 

circuit 34 as with the above-described embodiment. 

According to the present invention, error 

correction code encoding processes corresponding to the 

RAM type and the ROM type can be per~ormed. In 

addition, since the interleave length and the block 

size are varied, hardware can be commonly used for the 

error correction code encoding process and the error 

correcting process. Thus, the structure of the 

hardware can be simplified. Moreover, according to the 

present invention, .a hybrid disc that has both a ROM 

type region and a RAM type region can be accomplished. 
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Although the present invention has been shown 

and described with respect to a best mode embodiment 

thereof, it should be understood by those skilled in 

the art that the foregoing and various other changes, 

omissions, and additions in the form and detail thereof 

may be made therein without ·departing from the spirit 

and scope of the present invention. 
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What is claimed is: 

1. A data recording apparatus for recording 

digital data to a data recording medium, comprising: 

error correction code encoding means for 

interleaving a predetermined unit of data to be 

recorded and encoding the resultant data with an error 

correcti'on code; and 

identifying means· for identifying. whether the 

data to be recorded is reproduction-only data or 

rewritable data, 

wherein said error correction code encoding 

means is adapted for changing the interleave length 

corresponding to the output of said identifying means. 

2. The data recording apparatus as set forth in 

claim 1, 

wherein said error correction code encoding 

means is ·adapted for encoding a first se_qu.ence and a 

second sequence, at least one of the first and second 

sequences being a folding type encoding sequence. 

3. The data recording apparatus as set forth in 

claim 1, 

wherein said error correction code encoding 

means is adapted for encoding at least two encoding 

sequences with different interleave lengths and 

encoding an encoding sequence that has a longer 
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interleave length when input data is the reproduction-

only data. 

4. The data recording ·app.aratus as set forth in 

claim 1, 

wherein said error correction code encoding 

means is adapted for encoding data that exceeds a 

recording data unit with a folqing type encoding 

sequence when input data is reproduction-only data and 

for interleaving and encoding data that is completed 

within the recording data unit when the input data is 

rewritable data. 

5. The data recording apparatus as set forth in 

claim 1, further comprising: 

adding means for adding identification data· that 

represents whether data identified by said identifying 

means is reproduction-only data or rewritable data. 

6. A data recording method for recording digital 

data to a recordable data recording medium, comprising 

the steps of: 

interleaving a predetermined unit of data to 

be recorded and encoding the resultant data with an 

error correction code; 

recording the resultant data on the recording 

medium; and 

' 11111111111111 11111 1111111 1111 
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identifying the data to be recorded is 

reproduction-only data or rewritable data so as to 

change the interleave length, 

wherein the error correction code is a 

folding type code. 

7. The data recording method as set forth in 

claim 6, 

wherein said error correction code encoding 

step includes the step of: 

interleaving data with a longer interleave 

length than that of rewritable data when data to be 

recorded is reproduction-only data. 

8 . The data recording method as set forth in 

claim 6, 

wherein said error correction code encoding 

step includes the step qf: 

interleaving data that is completed in a 

recording data unit when the data to be recorded is 

rewritable data. 

9. The data recording method as set forth in 

claim 6, further comprising the step of: 

adding to the identified data identification 

data that represents the interleave length thereof. 
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10. A data reproducing apparatus for reproducing 

data from a data recording medium on which digital data 

has been recorded with an error correction code that 

has been interleaved and encoded, comprising~ 

means for reproducing the digital data; 

error correcting means for correcting an 

error of the reproduced _digital data with the error 

correction code; and 

means for detecting an identification signal· 

from the reproduced digital data, 

wherein said error correcting means is 

adapted for deinterleaving the reproduced data 

corresponding to the identification signal. 

11. The data reproducing apparatus as set forth 

in claim 10, 

wherein said error correcting means is 

adapted for changing the deinterleave length for the 

digital data corresponding to the identification 

signal. 

12. The data reproducing apparatus as set forth 

in claim 11, 

wherein said detecting means is .adapted for 

detecting an identification signal that represents 

whether the reproduced digital data is reproduction­

only data or rewritable data, and 

111111111111111111111111111111 
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wherein said error correcting means is 

adapted for designating a longer deinterleave length 

for digital data that is reproduction-only data than 

that for rewritable data corresponding to the 

identification signal so as to correct an error. 

13. The data reproducing apparatus a·s set forth 

in claim 12, 

wherein said reproducing means is adapted for 

reproducing digital data recorded on the recording 

medium as a predetermined block, and 

wherein said error correcting means is 

adapted for deinterleaving the digital data 

corresponding to the identification signal so that the 

deinterleaving process is performed with a plurality of 

blocks when the digital _data is reproduction-only data 

and that the deinterleaving process is performed within 

one block when the digital data .is rewritabl.~ data. 

14. The data reproducing apparatus as set forth 

in claim 8, 

wherein the data recording medium includes at 

least a ROM disc and a RAM disc, a folding type dual 

error correction code being added to digital data 

recorded on these discs. 

15. A method for correcting errors of first type 

111111~ 1111~ 11~1111!1111111 



---·----------------

33 

data recorded on a reproduction-only disc and second 

type data recorded on a recordable disc, comprising the 

steps of: 

determining whether data reproduced from a 

disc is the first type or the second type; and 

deinterleaving the reproduced data corresponding 

to the identified data and correcting errors of the 

resultant data. 

16. The method as set forth in claim 15, 

wherein the deinterleave length for the first 

type data is longer than that of the second type data. 

17. A disc-shaped recording medium having a 

reproduction-only region and a recordable region, each 

of which has an error correction code that is added to 

a predetermined unit of digital data and that is 

interleaved and encoded, the interleave length of the 

error correction code in the reproduction-only region 

being longer than that in the reproduction-only region. 

18. The disc-shaped recording medium as set forth . 

in claim 17, 

wherein the· reproduction--only region and 

recordable.region each have identification infor~ation 

that repres~nts the interleave length corresponding to 

the data recorded in these regions.· 

., 
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19. The disc-shaped recording medium as set forth 

in cl-aim 18, 

wherein each of the reproduction-only region 

and the recordable region is composed of a plurality of 

sectors, each of ~hich includes the digital data, a 

header portion of each sector including the 

identification information. 

20. The disc-shaped recording medium as set forth 

in claim 19, 

wherein each of the reproduction-only re.gion 

and the recordable region has a plurality of blocks, 

ea,ch of which is compo·sed of sectors, data recorded in 

the recordable region being interleaved within a block, 

data recorded in the reproduction-only region being ' 

interleaved in a plurality of blocks. 

2i. A method for encoding and decoding data 

recorded on a reproduction-only disc and a recordable 

disc with an error correction code, comprising the 

steps of: 

identifying whether input data is 

reproduction-only data or rewritable data when the 

input data is recorded; 

.inte~leaving the input data corresponding to 

the identified data and encoding the·r~sultant data 
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with the error correction code; 

identifying whether the input data is 

reproduction-only data or rewritable data when the 

input data is reproduced; and 

deinterleaving the reproduced data 

corresponding· to the identified data and correcting an 

error of ·the resultant data with the error correction 

·code. 

22. The method as .set forth in claim 21, further 

comprising the step of: 

when data is recorded and identified data is 

reproduction-only data, designating a larger interleave 

length to the reproduction-only data than that of the 

recordable data.-

23. The method as set forth in claim 21, 

wherein said encoding step is performed by 

interleaving data recorded as a predetermined unit of 

blocks, interleaving the reproduction-only data with an 

interleave length that is larger than the block size, 

and interleaving the rewritable data with an inter~eave 

length that is smaller than the block size. 
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DATA RECORDING/REPRODUCING APPARATUS CORRESPONDING TO 
A PLURALITY OF ERROR CORRECTING SYSTEM AND A DATA 
RECORDING MEDIUM 

--· 
ABSTRACT OF THE DISCLOSURE 

A data-recording apparatus for recording 

digi~al data to a data recording medium is disclosed, 

that comprises an erro·r correction code encoding means 

for interleaving a predetermined unit of data to be 

recorded and encoding the resultant data with an error 

correction Gode, and an identifying means for 

identifying whether the data to be recorded is 

reproduction-only data or rewritable data, wherein said 

error correction code encoding means is adapted for 

changing the interleave length co~responding to the 

output of s·aid identifying means. 

Fig 1 
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A.PLUR ITY OF ERROR CORRECTING SYSTEM AND A DA 
RECORD G MEDIUM &---~----~~~--' 

BACKGROUND OF THE INVENTION 

Field of the Invention 

. The present invention relates to a data 

recording/reproducing apparatus for properly performing 

an error correction code encoding process 

depending on whether a data recording medium is a 
. 

· recordable/ reproducible type or a repro~uction-only 

type, a method thereof, and a data recording medium. 

Description of the Related Art 

As external storing units for use with 

computers, from view points of large storage capacity 

and high access speed , optical dis.c drives are 

popular. CD-ROM (or CD-I (CD interactive)) drives and 

MO (magnet~-optical disc) drives have been rapidly .and 

widely used. An MO disc is one type of erasable discs. 

In addition, an MD (mini-disc) that is an erasable type 

disc has been proposed. Moreover, as a picture record 

medium, a DVD (digital video .. disc) is now under 

development. 

The DVD is a reproduction-only disc with the 

same diameter as the diameter of the CD or a 

recordable/reproducible optical disc that is an MO type 

disc or a phase change type disc that reproduces or 

records/reproduces picture information compressed 

corresponding to the MPEG standard or the like. As 

well as the wavelength of laser rays decreases and the 

NA of an objective lens increases, the digital 
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modulation and the error correction code encoding 

process have been improved, the recording density ha~ 

been further improved. In the case that the DVD.is a 

single lay~r type disc, the data storage capacity is as 

much as around 3.7 Gbytes. The CD and MD were 

originally developed for digital audio discs. 

Thereafter, these discs have been used for external 

storage mediums for computers. Likewise, the DVD with 

much larger storage capacity than the CD and MD .is 

expected to be used for external storage medium for 

computers. 

Data recording mediums such as optical discs 

can be categorized as a reproduction-type disc and a 

recordable/reproducible disc. In the recordable/ 

reproducible disc, countermeasures aga~nst errors are 

p·erformed by a data substituting process especially for 

computers. However, in the reproduction-only disc, 

since the data substituting process cannot be 

performed, a high error correction performance is 

required. In the reproduction-only disc, since data is 

continuously read, a relatively large sector size and a 

folding type encoding process can be used. However, in 

the recordable/ reproducible disc on which data is 

randomly rewritten, data with a large sector size is 

not always continuously recorded on the disc. In 

addition, data should be unnecessarily reproduced for 

correcting errors. Thus, the throughput increases and 
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the harmonization to the computers deteriorates. 

Considering the difference in characteristics 

of the reproduction-only disc and the 

recordable/reproducible disc, dedicated error 

correction code encoding processes are performed for 

I 
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the reproduction-only disc and the 

recordable/reproducible disc. Thus, for these error 

correction code encoding process, dedicated algorithms 

for encoding and decoding processes are necessary. 

In addition, dedicated encoders and 

decoders must be designated for the error correction 

code encoding processes. Moreover, IC circuits for the 

encoder and decoder must be designed. 

OBJECT AND SUMMARY OF THE INVENTION 

Thus, an object of the present invention is 

to provide a data recording/reproducing apparatus for 

properly performing an error correction code encoding 

process depending on whether a data recording medium is a 

recordable/ reproducible type or read-only type and for 
simplifying the error correction code encoding process 

with a common structure of basic portions for the 
process, a method thereof, and a data recording medium. 

A first aspect of the present invention is a 

data recording apparatus for recording digital data to 
a data recording medium, comprising an error correction 
code encoding means for interleaving a predetermined 
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unit of data to be recorded and encoding the resulting 

data with an error correction code, and an identifying 

means· (or identifying whether the data to be recorde~ 

is reproduction-only data or rewritable data, wherein 

said error correction code encoding means.is adapted 

for changing the interleave length corresponding to the 

output .of said identifying means . 

A second aspect of the present invention is a 

data recording method for recording digital data to a 

recordable data recording medium, comprising the steps 

of interleaving a predetermined unit of data to be 

recorded and encoding the resultant data with an error 

correction code, recording the resultant data on the 

recording medium, and identifying the data to be 

recorded-is reproduction-only data or rewritable data 

so as to change th~ interleave length, wherein the 

error correction code is a folding type code. 

A third aspect of the present invention is a 

data reproducing apparatus for reproducing data from a 

data recording medium on which digital data has been 

recorded with an error correction code that has been 

interleaved and· encoded, comprising a means for 

reproducing t~e digital data, an error correcting means 

for correcting an error of the reproduced digital data 

with the error correction code, and a means for 

detecting an identification signal from the reproduced 

digital data, wherein said error correcting means is 
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adapted for deinterleaving the reproduced data 

corresponding to the identification signal. 
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A fourth aspect of the present invention is a 

method for correcting errors of a first type data 

recorded on a reproduction-only disc and a second type 

data recorded on a recordable disc, comprising the 

steps of determining whether data .reproduced from a 

disc is the first type or the second type, and 

deinterleaving the reproduced data corresponding to the 

identified data and correcting errors of the resulting 

data. 

A fifth aspect of the present invention is a 

disc-shaped recording medium having a reproduction-only 

region and a recordable region, each of which has an 

error correction code that is added to a predetermined 

unit of digital data and that is interleaved and 

encoded, the interleave length of the error correction 

code in the reproduction-only region being longer than 

that in the reproduction-only region. 

A sixth aspect of the present invention is a 

method for encoding and decoding data recorded on a 

reproduction-only disc and a recordable disc with an 

error correction code, comprising the steps of 

identifying whether an input data is reproduction-only 

data or a rewritable data when the input data is 

recorded, interleaving the input data corresponding to 

the identified data and encoding the resulting data 
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with the error correction code, identifying whethet the ij 

input data is reproduction-only data or rewritable data 

when .the input data is reproduced, and deinterleaving 

the reproduced data corresponding to the identified 

data arid correcting an error of the resulting data with 

the error correction code. 

When the dual code encoding process is 

performed, the interleave length for the ROM type disc 

_ is longer than that for the RAM type disc so as to 

protect an error of the ROM type disc and improve the 

access characteristic of the RAM type disc. Likewise, 

data to be recorded on the ROM type disc is encoded by 

the folding type dual code encoding process. Data to 

be recorded on the RAM type disc is encoded by the 

predetermined unit completion type encoding process. 

Moreover, the unit size of the error.correction code 

encod.ing process for the ROM type disc is larger than 

that for the RAM type disc. 

These and other objects, features and 

advantages of the present invention will become more 

apparent in light of the following detailed description 

of a best mode embodiment thereof, as illustrated in 

the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a 

recording/ reproducing circuit according to an 

t=~~--·-····'' 
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I an example of a block completion type error corre~c~t~i=o=n~~ 

code in the case that the folding type dual code 

encoding process and the block completion type encoding 

process are used; 

Figs~ llA and llB are sch~matic diagrams for 
• 

explaining another example of the block completion type 

error correction code in the case· that the f?lding type 

dual code encoding process· and the block completion 

type encoding process are used; ·and 

Figs. 12A and 12B are schematic diagrams for 

explaining an example of which the unit of the error 

correction code encoding process is varied. · 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Next, with reference to the accompanying 

drawings, an embodiment of the present invention will 

be described. Fig. 1 is a block diagram showing a 

structure o~ an optical disc recording/reproducing 

system according to the present invention. In this 

embodiment, data received from a host computer 1 or an 

optical disc drive 2 is recorded on an optical disc 3. 

In addition, data is reproduced from the optical disc 3 

and sent to the post computer 1. 

The present invention can be applied.for a 

mastering system to · a read-only optical disc as well 

as a drive for a recordable/reproducible optical disc. 

Thus, the recording/reproducing system shown in Fig. 1 
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can be applied to an optical disc drive (such as 

drive) as an external storing device for ·a computer and 

a mastering system for a DVD-ROM di~c. In the 

fol ~owing descr ipt.ion, the recordable/ reprod:ucible 

optical disc drive system is referred to as a RAM type, 

whereas the mastering system is referred to as a ROM 

type~ A master tape reproducing device may be . 

connected to an interface circuit 4. 

In addition, the present invention can be 

applied to a drive that selectively uses a 

recordable/reproducible optical disc and a read-only 

type optical disc as the optical disc 3. In this case, 
• 

a proper error correction code encoding process in the 

reproducing process is selected corresponding to the 

disc type for use. 

Moreover, the present invention can be 

applled to the optical disc 3 that has a 

recordable/reproducible region and a read-only region. 

Likewise, a proper error correction code encoding 

process in the reproducing process is selected 

corresponding to the disc type for use. 

Returning to Fig. 1, a recording/~eproducing 

circuit according to the embodiment of the ~resent 

inv~ntion will be described. Digital data received 

from the host computer 1 or the optical disc drive 2 is 

supplied to formatting circuits 5a and 5b through the 

interface circuit (I/F) 4 for example a SCSI 
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interface. The formatting circuits Sa and Sb delimit 

digital data, sector by sector, and add a sector sync 

and & header to each sector so a~ to perform error 

correction code encoding proces·s for each sector and an 

error correction code encoding process for data that is 

recorded or reproduced. Each header includes an 

identification information that represents whether the 

current disc is a ROM. type or a RAM type. 

Alternatively, a record command that is supp~ied from 

·the host co~puter 1 to the I/F 4 includes infoi:mation 

that represents the ROM type or the RAM type. 

The formatting·c~rcuit Sa converts the 

received data into RAM type sector.structure data and· 

performs a RAM type error correction code encoding 

process for the sector structure data. The formatting 

circuit Sb co~verts the received data into a ROM type 

sector structure data and performs a ROM type error 

correction code encoding process for the sector 

structure data. The sector structure may be in common 

·with both the RAM and ROM types. As an example of the 

sector structure, a sector format of 2,072 byte9 

composed of user data of 2,048 bytes, a sector sync of 

4 bytes, a header of 16 bytes, and an error detection 

parity of 4 bytes is used as shown in Figs. 2A and 2B. 

As shown in Fig. 2B, sector information of 4 

bytes and a sector number of 4 bytes are recorded in 

the header portion. The sector information includes a 
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The switch circuit 6 selects the output data 

corresponding to a control signal received from 
~ I 

h 
_ ___., I 

e : 

interface circuit 4. In the RAM type, the switch"'----~~~~~~-=~ 

circuit 6 selects the output data of the formatting 

circuit Sa. In the ROM type, the switch circuit 6 

selects the output data of the formatting circuit Sb. 

When a control signal is supplied from the interface 

circuit 4 to the formatting circuits Sa and Sb, one of 

these circuits can be operated. 

The digital modulating circuit 7 map, for 

example, a data symbol of 1 byte (8 bits) into a code 

word of 16 bits corresponding to a predetermined table 

and generates a modulated output data whose DC component 

is small. Alternatively, as a digital modulating 

method, the EFM method used for a CD, the 8-1S 

modulating method of which a data symbol of 8 bits is 

converted into a code word of lS bits, or the like can 

be used. The output data of the digital modulating 

circuit 7 is supplied to a sync adding circuit 8. The 

sync adding circuit 8 adds a sync to each transmission 

frame (for example, every 32 code words) . The output 

data of the sync adding circuit 8 is supplied to a 

driver 9. As an example of the sync, a special bit 

pattern that does not appear in digitally modulated 

data is used. 

Record data is supplied to an optical pickup 

10 through the driver 9 and then recorded on the 
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One -0£ the user data obtained by the deformatting· 

circuits 25a and 25b is selected by a switch circuit 27 

and then supplied to the interface circuit 4. The 

s·witch circuit 27 is controlled corresponding to the 

header information (ROM/RAM) received from the header 

detecting circuit 26. The switch circuit 27 selects 

the output data of the circuits 25a and 25b ·. 
corresponding to the type of the disc. The 

reproduction data selected by the switch circuit 27 is 

supplied to the interface circuit 4. Thus, data 

reproduced from the optical· disc 3 can be supplied to 

the host computer 1 through the interface circuit 4. 

Alternatively, by supplying the header information 

(ROM/RAM) from the header detecting circuit 26 to the 

deformatting circuits 25a and 25b, one of these 

circuits can be operated instead of using the switch 

circuit 27. 

Fig. 3 is a block diagra~ showing an example 

of the structure of an error correction code encoding 

circuit disposed in a signal processing block 28 that 

has the formatting circuits Sa and Sb. In Figs. 2A and 

2B, reference numeral 31 is a data bus. The data bus 

31 is connected to a data input/output circuit 32, a 

memory (RAM) 33, a Cl parity generating circuit 35, and 

a C2 parity generating circuit 36. A read/write 

operation, an address, and so forth of the memory 33 

are controlled by a memory controlling circuit 34. In 

.J 
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the C2 parity generating circuit 36, and the memory 33. 

Thereafter, P and Q parities are added to the encoded 

data.- The resulting data: is supplied from the memory 

33 to the digital modulating circuit 7 through the I/O 

32. In this case, the switch circuit 6 is accomplished 

in such a manner that the controller 37 shown in Fig. 3 

controls the output of one of two data types through 

the I/O 32. 

Next, an error correction code decoding 

process for decoding data reproduced_from a disc will 

be described. Data that has been modulated by such as 

8-16 modulating method is demodulated by the digital 

demodulating circuit 24 and several blocks of the 

demodulated data are stored in the memory 33 of the 

deformatting circuit 25a or 25b. The controller 37 

dete.cts the sector type (ST) of the header portion of 

the sector structure data stored in the memory 33. The 

controller 37 controls the memory controlling circµit 

34 corresponding to the detected type as with the 

encoding operation. In other words, data that has 

interleaved is restored to original data (this process 

is referred to as deinterleaving process) . The Cl 

parity generating circuit 35 a~d the C2 parity 

generating circuit 36 multiply the deinterleaved data 

by a predetermined coefficient stored in a memory (ROM) 

(not shown) so as to correct error of the Cl sequence 

and the C2 sequence, respectively. The error corrected 
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input symbol of 170 bytes of which the interleave 

length is 112 is deinterleaved and outputted. 

Fig. 9 shows another example of the folding 

type dual code as an error correction c·ode. When the 

number of symbols of data _is 116 (bytes), in the 

feedback type structure as with the structures shown in 

Figs. 5 and 6, a parity P of 10 symbols and a parity Q 

of 12 symbols are formed. In other words, in the 

example shown in Fig. 9, the Cl encoder performs an 

encoding process with a [138, 128, 11] Reed-Solomon 

code and.the C2 encoder performs an encoding process 

with a (138, 126, 13] Reed-Solomon code. At this · 

point, the interleave length for the ROM type is (a = 

276), whereas the interleave length for the RAM type is 

(b = 138). Since the length of the Cl code sequence is 

138 symbols, by the delaying process that varies the 

symbols one by one, an interleave of b = 138 can be 

accomplished in the error correction code ending 

process and the error correction code decoding process. 

By a delaying process that varies the symbols two by 

two, an interleave of a = 276 can be accomplished. 

As described in the embodiment, the 

interleave length is varied depending on whether the 

current disc is the ROM type or the RAM type. The 

folding type dual code encoding process (interleave 

length a = 170) may be performed for the ROM type. The 

blocY. completion type dual code encoding process is 
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performed for the RAM type. In the block completion 

type process, data of a two-dimensional array with a 

predetermined size is treated as a block and the 

interleaving process is performed in the block. Fig. 

10 is a schematic diagram showing a block completion 

type dual code encoding process. 148 symbols that are 

arranged in the vertical direction (read/write 

direction) of (148 x 224} symbols of a block are 

encoded with a Cl code Reed-Solomon code so as to 

generate the parity P. In ad4it~on, data inthe diagonal 

direction is encoded with a Reed-Solomon code so as to 

generate a C2 code parity Q. As with the above­

described embodiment, the memory controlling circuit 34 

controls the memory 33 so as- to.perform the 

interleaving process in the diagonal direction. 

As the block completion type dual code 

encoding process, the non-feedback type or the feedback 

type may be used. For ex.ample, the folding type dual 

code encoding process used in a CD is the non-feedback 

type process. In the case of the non-feed.back type, an 

encoding_ process is performed with a [162, 148, 15] 

Reed-Solomon code that is the C2 code. Thus, the 

parity Q of 14 bytes is generated. In addition, data 

and the parity Q are encoded with a [170, 162, 9) Reed-

Solomon code that is the Cl code. Thus, a parity of 

8 bytes is generated. When an error correcting process 

(namely, a decoding process) is performed, the Cl code 
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What is claimed is: 

1. A data recording apparatus for recording 

digital data to a data recording medium, comprising: 

error correction code encoding means for 

interleaving a predetermined unit of data to be 

recorded on a sector basis, each predetermined unit of data 

including a plurality of sectors where each sector has a 

sector header, and encoding the resulting data with an error 

correction code; and 

identifying means for identifying whether the 

data to be recorded is a reproduction-only data or a 

rewritable data; 

wherein said error correction code encodfng 

means is adapted for changing the interleave length 

corresponding to the output of said identifying means on a 

sector size basis. 

2. The data recording apparatus as set forth in 

claim 1 

wherein said error correction code encoding 

means is adapted for encoding a first sequence and a 

second sequence, at least one of the first and second 

sequences being a folding type encoding sequence. 

3. The data recording apparatus as set forth in 

claim 1 

wherein said error correction code encoding 

means is adapted for encoding at least two encoding 

sequences with different interleave lengths and 

encoding an encoding sequence that has a longer 

I If Ill~ 1111~ 1111111111111111 
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interleave length when an input data is the reproduction­

only data. 

4. The data recording apparatus as set forth in 

claim 1 

wherein said error correction code encoding 

means is adapted for encoding data that exceeds a recording 

data unit with a folding type encoding sequence when an 

input data is said reproduction-only data and for 

interleaving and encoding data that is completed 

within the recording data unit when the input data is said 

rewritable data. 

5. The data recording apparatus as set forth in 

claim 1, further comprising 

adding means for adding an identification data that 

represents whether said data identified by said identifying 

means is reproduction-only data or said rewritable data. 

6. A data recording method for recording digital 

data to a recordable data recording medium, said method 

comprising the steps of 

interleaving a predetermined unit of data to 

be recorded on a sector basis, each predetermined unit of 

data including a plurality of sectors where each sector has 

a sector header, and encoding the resulting data with an 

error correction code; 

recording the resulting data on a recording 

medium: 

11111111111111 11111 1111111 1111 
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identifying that the data to be recorded .s a 
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reproduction-only data or rewritable data so as to 

change the interleave length on a sector basis; 

wherein the error correction code is a 

folding type code. 

7. The data recording method as set forth in 

claim 6 

wherein said error correction code encoding 

step includes the step of 

interleaving a data with a longer interleave 

length than that of said rewritable data when said data to 

be recorded is said reproduction-only data. 

8. The data recording method as set forth in 

claim 6, 

wherein said error correction code encoding 

step includes the step of 

interleaving a data that is completed in a 

recording data unit when the data to be recorded is said 

rewritable data. 

9. The data recording method as set forth in 

claim 6 further comprising the step of 

adding to the identified data an identification 

data that represents the interleave length thereof. 

111111111111111111111111111111 
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10. A data reproducing apparatus for reproducing 

data from a data recording medium on which a digital data 

has been recorded with an error correction code that 

has been interleaved and encoded, comprising: 

means for reproducing a digital data on a sector basis; 

error correcting means for correcting an error of the 

reproduced digital data with an error correction. code; and 

means for detecting an identification signal 

from the reproduced digital data : 

wherein said error correcting means is 

adapted for deinterleaving the reproduced data 

corresponding to the identification signal said reproduced 

data including a· plurality of sectors where each sector has 

a sector header. 

11. The data reproducing apparatus as set forth 

in claim 10 

wherein said error correcting means is 

adapted for changing the deinterleave length for the 

digital ~ata corresponding to the identification 

signal on a sector size basis. 

12. The data reproducing apparatus as set forth 

in claim 11 
wherein s·aid detecting means is adapted for 

detecting an identification signal that represents 

whether the reproduced digital data is a reproduction­

only data or a rewritable data, and 

I 1111111111111 11111 1111111 1111 · 
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wherein said error correcting means is 

adapted for designating a longer ~einterleave length 

for digital data that is said reproduction-only data than 

that for said rewritable data corresponding to the 

identification signal so as to correct an error. 

13. The data reproducing apparatus as set forth 

in claim 12, 

wherein said reproducing means is adapted for 

reproducing digital data recorded on the recording 

medium as a predetermined block, and wherein said error 

correcting means is adapted for deinterleaving the digital 

data corresponding to the identification signal so that the 

deinterleaving process is performed with a plurality of 

blocks when the digital data is said reproduction-only data 

and that the deinterleaving process is performed within 

one block when the digital data is said rewritable data. 

14. The data reproducing apparatus as set forth 

in claim 10 

wherein the data recording medium includes at 

least a ROM disc and a RAM disc, a folding type dual 

error correction.code being added to digital data 

recorded on these discs. 

15. A method for correcting errors of a first type 

111111111111111111111111111111 
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data recorded on a reproduction-only disc and a second 

type data recorded on a recordable disc, said method 

comprising the steps of: 

determining whether data reproduced from a 

disc on a sector basis is a first type data recorded on a 

reproduction-only disc or a second type data recorded on a 

recordable dis.c, each of said ·first and second type data 

including a plurality of sectors where each sector has a 

sector header; and 

deinterleaving the reproduced data corresponding 

to the identified data and correcting errors of the 

resulting data. 

16. The method as set forth in claim 15 

wherein the deinterleave iength for the first 

type data is longer than that of the second type data. 

17. A disc-shaped recording medium having a 

reproduction-only region and a recordable region, each 

of which has an error correction code that is added to 

a predetermined unit of digital data, each unit· of data 

including a plurality of sectors where each sector has a 

sector header, and that is interleaved and encoded, the 

interleave length of the error correction code in the 

reproduction-only region being longer than that in the 

reproduction-only region. 

18. The disc-shaped recording medium as set forth 

in claim 17 

wherein the reproduction-only region and 

recordable region each have an identification information 

that represents the interleave length corresponding to 

the data recorded in these regions. 

---------=----
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19. The disc-shaped recording medium as set fol.jA---------------­

in claim 18 

whe·rein each of the reproduction-only region 

and the recordable region is composed of a plurality of 

sectors, each of which includes the digital data, a 

header portion of each sector including the 

identification information. 

20. The disc-shaped recording medium as set forth 

in claim 19 

wherein each of the reproduction-only region 

and the recordable region has a plurality of blocks, 

each of which is composed of sectors, data recorded in 

the recordable region being interleaved within a block, 

data recorded in the reproduction-only region being 

interleaved in a plurality of blocks. 

21. A method for encoding and decoding data 

recorded on a reproduction-only disc and a recordable 

disc with an error correction _code, said method comprising 

the steps of: 

identifying whether an input data is a 

reproduction-only data or 

input data is recorded 

including. a plurality of 

sector header; 

a rewritable data when the 

on a sector basis, each data 

sectors where each sector has a 

interleaving the input data corresponding to 

the identified data and encoding the resulting data 
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with an error correction code; 

identifying whether the input data is said 

reproduction-only data or said rewritable data when the 

input data is reproduced on a sector basis; and 

deinterleaving the reproduced data 

corresponding to the identified data and correcting an 

error of the resultant data with the error correction 

code. 

22. The method as set forth in claim 21 further 

comprising the step of, 

when data is recorded and said identified data is said 

reproduction-only data, designating a larger interleave 

length to the reproduction-only data than that of the 

recordable data. 

23. The method as set forth in claim 21 

wherein said encoding step is performed by 

interleaving data recorded as a predetermined unit of · 

blocks, interleaving the reproduction-only data with an 

interleave length that is larger than the block size, 

and interleaving the rewritable data with an interleave 

length that is smaller than the block size 
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