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APPARATUS FOR RECORDING AND REPRODUCING INFORMATION 

BACKGROUND OF THE INVENTION 

The invention relates to a novel optical disk and, more . ' 
particularly, to that disk, to a method of recording and reading 

information on the disk and to apparatus for carrying out that 

method. 

Optical disks have been used as mass storage devices 

for computer applications, and such optical disks are known as 

CD-ROMs. The disk which is used as the CD-ROM is modeled after 

the standard compact disk (CD) that has been developed for audio· 

applications and is basically an audio CD with various 

improvements and refinements particularly adapted for computer 

application~. Using such a CD as a standard, the CD-ROM has a 

data storage capaci~y of about 600 Mbytes. By using audio CD 

technology as its basis, the, CD-ROM and its disk drive have 

become relatively inexpensive and are quite popular. 

However, since conventional audio· CDs with their 

inherent format and storage capa·ci ty have been adapted for CD­

ROMS, it has heretofore been difficult to improve the data .... -.,.... .. ·~ -· 

storage-capacity. In typical computer applications, a capacity 

of 600 Mbytes has been found to be insufficient. 

Also, the data transf~r rate that can be obtained from 

audio CDs generally is less than 1. 4 MbitsJ.sec (Mbps) • However,, 

computer applications generally require a transfer rate far in 

excess of 1.4 Mbps; but it is difficult to attain a faster 

transfer rate with conventional CD-ROMS. 
·--· -----·------
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Yet another disadvantage associated with conventional 

CD-ROMs, and which is due to the fact that the audio CD format 

has been adapted for computer applications, is the r_elati vely 

long access time associated with accessing a particular location 
~ 

on the disk. Typically,· relatively long strings of data are read 

from audio CDs, whereas computer applications often require 

accessing an arbitrary location to read a relatively small amount 

of data therefrom. For example, accessing a particular secto~ 

may take too much time for the CD co~troller to identify which 

sector is being read by the optical pick-up. 

~A still. further difficulty associated with CD-ROMs, and 

which also ls ~ttributed to the fact that such CD-ROMs are based 

upon audio CD technology, is the error correcting ability 

thereof. When audio data is reproduced from an audio CD, errors 

that cannot be corrected nevertheless can be concealed by using 

interpolation based upon the high correlation of the audio 

information that is played back. However, in computer 

applications, interpolation often cannot be used to conceal 

errors because of the low correlation of such data. Hence, the 

data that is recorded on a CD-ROM must be encoded and modulated 

in a form exhibiting high error correcting ability. Heretofore, 

data has been recorded on a CD-ROM in a conventional cross 

interleave Reed·-solomon code (CIRC) plus a so-called block 

completion error correction code. However, . ,the block completion 

code generally takes a relatively long amount of time to decode 
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the data, and more importantly, its error correction ability is 

believed to be insufficient in the event that multiple errors are 

present in a block. Since two error correction code (ECC) 

techniques·are used for· a CD-ROM, whereas only one ECC technique 

is used for an audio CD (namely, the CIRC technique), a greater 

amount of non-data information must be recorded on the CD-ROM to 

effect such error correction, and.this non-data information is. 

referred to as "redundant" data. In an attempt to improve the 

error correction ability of a CD-ROM, the amount of redundancy 

that must be recorded is substantially increased. 

OBJECTS OF THE XNVENTXOH 

~he~efor, it is an object of the present invention to 

provide an improved optical disk having particular use as a CD­

ROM which overcomes the aforenoted difficulties and qisadvantages 

associated with CD-ROMs which have been used heretofore. 

Another object of this invention is to provide an 

optical disk which exhibits a higher access speed, thereby 

permitting quick access of arbitra~y locations, such as sectors, 

to be accessed quickly. 

A further object of this invention is to provide an 

improved optical disk having a higher transfer rate than the 

transfer rate associated with CD-ROMs heretofore used. 

A further object of this invention is to improve the­

storage capacity of an optical disk, thereby making it more 

advantageous for use as a CD-ROM. 
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An additional object is to provide an improved optical 

disk which stores data with reduced r~dundancy. 

Still another object of this invention is to provi~~ an 

improved recording format for an optical disk which enhances the 

error correcting ability thereof. 

Another object of this invention is to provide an 

optical disk having a substantially improved recording density, 

thereby facilitating use of the disk as a CD-ROM. 

A further object of this invention is to provide an 

improved optical disk having data recorded in sectors, with each 

sector having a sector header that is easily and rapidly read, 

particular+.y because the sector header is not encoded in a form 

which requires a substantially long amount of time before it is 

successfully decoded and recognized. 

. Various other ob]ects, advantageous and features of the 

present invention will become readily apparent from the ensuing 

detailed description, and the novel features will be particularly 

pointed out in the appended claims. 

SUMMARY OF THE INVENTION 

In accordance with this invention, an optical disk, a 

method· and apparatus for recording that disk and a method and 

apparatus for reading data from that disk are provided. The disk 

has a diameter of less than 140nun, a thickness of 1.2nun ± O.lnun, 

and ·a plurality of record tracks exhibiting a track pi~ch in the 

range between o.646µm and 1.05µm with data recorded in those 
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tracks as embossed pits •. The tracks are divided into a lead-in 

area, a program area and a lead-out are, with table of content 

(TOC) information being recorded in at least one TOC track in the 

lead-in area and user information recorded in a plurality of user 

tracks in the program area. Each track is divided into sectors 

and the TOC information includes addresses of the start sectors 

of each user track. The data (both TOC and user information) is. 

encoded in a long distance error cor~ection code having at least 

eight parity symbols, the encoded data being modulated and 

recorded on the disk. Preferably, the data is modulated as run 

length limited (RLL) data. 
_:: 

Ip the preferred embodiment, the data is recorded with 

a iinear density in the range between q.237µm per bit and 0.378µm 

per bit. Also, the program area is disposed in a portion of the 

disk having _a radius from 20mm -to 65mm. 

The format of the data ad~antageously permits rapid 

access to a desired sector. Reduced redundancy in the recorded 

data and a higher storage capacity are attained. Advantageously, 

the optical disk may recqrd data having particular computer 

application, referred to computer data, or video and audio data, 

the latter being.compressed by the so-called MPEG (Moving Picture 

Image Coding Experts Group) technique. Audio data which also may 

be recorded preferably is_ compressed and then muitiplexed with -

the MPEG-compressed video data-• 
.. .... 

; }· .. •. :; 
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The error correction code used with the present 

invention preferably is a long distance code having at least 

eight parity symbols. ECC techniques which have been used 

heretofore have relied upon so-called short distance codes in 

which a block of data is divided into two sub-blocks, each sub-

block being associated with a number of parity symbols, such as 4 

parity symbols. It is known, however, that 4 parity symbols may 

be used to correct 4 data symbols, and if 4 data symbols in each 

sub-block are erroneous, the total number of 8 erroneous data 

symbols can be corrected. But, if one sub-block contains 5 

erroneous data symbols, whereas the other sub-block contains 3 
.. =.--

erroneous qata symbols, use of the short distance code may be 

effective to correct only 4 data symbols in the one sub-block, 

thus permitting a total error correction of 7 data symbols. But, 

in the long distance code, the block of data is not sub-divided; 

and as a result, all 8 erroneous data symbols, if present in the 

long distance coded data, can be corrected. 

As another feature of this invention,· the RLL code that 

is used preferably converts 8 bits of input data into 16 bits of 

data for recording (referred to as 16 channel bits) with no 

margin bits provided between successive 16-bit symbols. In RLL 

codes used heretofore, 8 data bits are converted into 14 channel 

bits and· three margin bits are inserted between successive 14-bit 

symbo!l.s. Thus, the present invention achieves a · reduction in. 

redundancy. 
--~---------
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The following detailed description, given by way of 

example and not intended to limit the present invention solely 

thereto, will best understood in conjunction with the 

accompanying drawings in which: 

Fig. 1 is a block diagram of the preferred technique by 

which optical disks are made in accordance with the present 

invention; 

Fig. 2 is a block diagram of apparatus incorporated in 

the present invention for reproducing data from the optical disk 

that has been made in -accordance with the technique shown in Fig 

1• . I 

Fig. 3 is a schematic representation of the recording 

areas for the disk made by the technique shown in Fig. 1; 

Fig. 4 is a schematic representation showing the 

Fecording areas of Fig. 3 in greater detail; 

Fig. 5 is a schematic representation of another format 

of the recording areas; . 

Fig. 6 is a schematic representation of still another 

format of the recording areas; 

Fig. 7 is a schematic representation of yet another 

format of the recording areas; 

Fig. 8 is a tabular representation of a portion of the 

information recorded in the TOC region of the disk; 
........ 

-----··--------
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Fig. 9 is a tabular representation of another portion 

of the data recorded in ·the TOC region; 

Fig. 10 is a schematic representation of a sector of 

data recorded on the disk; 

Figs. llA-llE are tabular representations of different 

types of subcode data that may be.recorded in a sector; 

Fig. 12 is a tabular representation of copyright data 

that may be recorded as subcode information in a sector; 

Fig. 13 is a tabular representation of application ID 

information that may be r·ecorded as the subcode information in a 

sector; 

P:..ig. 14 is a tabular representation of time-code data 

that may be recorded as the subcode information in a sector; 

Fig. 15 is a tabular representation of picture-type 

data that may be recorded as the subcode information in a sector; 

Fig. 16 is a tabular representation of ECC type data 

that may be included in the TOC information recorded in the TOC 

regions; 

Fig. 17 is a ··schematic representation of one frame of 

error correction encoded data, identified as a Cl code word; 

Fig. 18 is a schematic representation of the long 

distance error correction code format used with the present 

invention; 
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Fig. 19 is a schematic representation of a short 

distance error correction code format that could be used with the 

present .invention; 

Fig. 20 is a schematic representation of the sequential 

order of rearranged data symbols after those symbols have been 

played back from the disk; 

Fig. 21 is a schematic representation of a sector of 

data that has· been error correction encoded; 

Fig. 22 is a schematic representation of a block code 

of error correction encoded data in the long distance format; 

. Fig. 23 is a schematic representation of a block code 
.=: 

,of error correction encoded data in the short distance format; 

Fig. 24 is a schematic representation of a string of 

data symbols exhibiting EFM modulation; 

Fig. 25 is a flowchart explaining how margin bits are 

selected in the EFM modulated data shown in Fig. 24; 

Fig. 26 is a block diagram of an EFM modulator that can 

be used to produce the data string shown in Fig. 24; 

Fig. 27 is a schematic representation of a frame of EFM 

modulated data; 

Fig. 28 is a table which explains how margin bits are 

selected/inhibited when forming the string of EFM data shown in 

Fig. 24; 

Figs. .29A-29D are explanatory waveforms which are 

useful in understanding how margin bits ·a·re selected; 

9 



Fig. 30 is a block diagram of a modulator that may be 

used with the present invention; 

Fig. 31 is a block diagram of a demodulator that may be 

used with the present invention; 

Fig. 32 is a block diagram of apparatus which may be · 

used to supply data for the recording technique shown in Fig. 1; 

and 

Fig. 33 is a block diagram of data reco~ery apparatus 

that may be used with th~ playback apparatus shown in Fig. 2. 

DETAILED DESCRIPTION OF PREFERRED .EMBODIMENTS 

·The present invention records different types of data 
): 

on an optical disk, preferably for use as a CD-ROM but also 

adapted for use as~ digital video disk (DVD). Such data may be 

file data or application data to be used by a computer, or it may 

c~mprise video data which sometimes is referred to herein as 

motion picture data which includes image information and audio 

information and which preferably is compressed in accordance with 

the various conventional video data compression standards, such 

as those known MPEG-1, MPEG-2, or when still video pictures are 

recorded, JPEG. It will be appreciated, therefore, that the 

inf·ormation on the disk admits of "multimedia" applications. 

Before describing the technique used to record data on 

the optical disk, a brief description is provided of the disk 

itself. The physical parameters of the optical disk used with 

the present invention are quite ·similar to the conventional audio 
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co; and for this reason, a drawing figure of the disk is not 

provided. Nevertheless, it will be appreciated that the diameter 

of the disk is 140mm or less, preferably 1·2omm or 135mm. Data is 

recorded in tracks, and will be described in greater detail, 

~aving a track pitch in the range between o.646µm and 1.osµm, and 

preferably in the range of 0.7 to 0.9µm. Like audio co data, the 

data recorded on the optical disk is in the form of embossed pits 

having a linear density in the range between 0.237µm per bit and_ 

0.387µm per bit, although this range could be in the range of 

0.3µm to 0.4µm per bit. Data is recorded in that portion of the 

disk having a radius from 20mm to 65mm. The disk, whose 
-~.: 

thickness is 1.2mm ± O.lmm, is intended to be driven for a 

playback operation such that its linear velocity is in the range 

of 3.3m to 5.3m per second. 

As a result of the linear density and track pitch of 

the disk, information is optically read from the disk by a pick­

up head which projects a light beam·of wavelength l through a 

lens having a numerical aperture NA such that the projected beam 

exhibits a spatial frequency t, where t = 1/(2NA). The light 

source for the optical pick-up preferably is a laser beam whose 

wave length is 1 = 635nm, this laser beam being projected through 

a lens whose numerical aperture is NA = 0.52, resulting in the 

spatial frequency t = 611nm. 

Typical examples of the physical parameters associated 

with the optical disk are as following: 
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Disk diameter ~ 120mm. 

Program area = 23mm to 58mm. 

Track pitch = 0.84µm. 

Linear density = 0.307µm. 

THIS SHii=:'."~.T HAS BEEN 
Ri::-7·~:..ACED 

This results in a data storage capacity of 4.4Gbytes. 

One proposed. structure for recording data on the 

optical disk is known as-the EFM Plus frame (EFM refers to eight­

to-fourteen modulation). An EFM Plus frame is formed of 85 data 

symbols (each symbols is a 16-bit representation of an 8-bit 

byte) plus two synchronizing symbol~ thus consisting of 87 16-bit 

symbols. ~ One sector is comprised of 14 x 2 EFM plus frames. 
): 

.But, the a•ount of user information that is present in a sector, 

that is, the amount of information which contains useful data and 

thus excludes sector header.information, error detection code 

(EPC) information, et cetera, is 2048 symbols. Accordingly, the 
. 

efficiency of the EFM Plus format may be cafculated as: 

(2048 x 16)/(87 x 16 x 14 x 2) = 0.8407. 

That is, the efficiency of the EFM Plus format is approximately 

·84%, which means that 84% of all of the data that is recorded in 

a sector is useful data. Therefore, if the storage ·capacity of 

the optical disk is 4.4 Gbytes, as mentioned above, the amount of 

user data that can be stored on the disk is 84% x 4.4 Gbytes =-
3.7Gbytes. 

Of course, if the track pitch is varied and/or if the 

linear density of.the embossed pits is varied, the storage 
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capacity of the disk likewise is varied. For example, if the 

track pitch is on the order of about .646µm, the storage capacity 

of the disk may be on the order of about 6.8Gbytes, whereas if 

the track pitch is on the order of about 1.05µm, the storage 

capacity is on the order of about 4.2Gbytes. As a practical 

matter, however, the ~patial frequency of the pick-up beam 

determines the minimum track pitch and minimum linear density 

because it is desirable that the track pitch be no less than the 

spatial frequency.of the pick-up beam and the linear density be 

no less than one-half the spatial frequency of the pick-up beam • 

..when compared to the audio CD, the linear density of 

the recorde~. d~ta of the optical disk used in the present 

invention is approximately 1.7 times the li~ear density of the 

audio CD and the recording capacity of the optical disk used with 

the present invention is approximately 5.5 times the recording 

~apacity of the audio co. The optical disk of the present 

invention is driven to exhibit a linear velocity of approximately 

four times the linear velocity of the audio CD and the data 

transfer rate of the optical disk of the present invention is 

approximately 9 Mbps, which is about six times the data transfer 

rate of the audio co. 

With the foregoing in mind, reference is made to Fig. -1 

which is a block·diagram of the technique used to make an optical 

disk of the type that has just been described. An ~nput terminal 

121 is supplied with user data to be recorded, this data being 
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formed of, for example, multiplexed video and audio information, 

title data and sub-information such as, but not limited to, 

computer files, charact~r data, graphic information, et cetera. 

The data supplied to input terminal 121 is produced by the 

apparatus shown in Fig. 32 and will be described below. 

The user data is coupled to a change-over switch i24 

which also is adapted to receive table of content (TOC) 

information supplied to the switch from an input termi~al 122 via 

a TOC encoder 125. The TOC information identifies various 

parameters of the disk which are used for accurate reproduction 

of the user information recorded thereon; and the TOC information 

also includes data related to the user information per se, such 

~s information that is helpful in· rapidly accessing the user 

information recorded in particular tracks. The structure of the 

TOC information is described below. 

Switch 124 selectively couples user data supplied at 

input terminal 121 and encoded TOC data supplied at input 

terminal 122 to an error detection code (EDC) adder 127. As will 

be described, TOC information is recorded on one portion of th1a 

disk and user data is record~d on another portion; a~d switch 124 

selects either the TOC information or the user data at the 

appropriate times. As will be described below in conjunction 

with, for example, Fig. 21, the error detection code is added at 

the end of a sec~or pf user data or TOC information; and adder 

127 serves to produce the error -d~tection code.after a sector of 
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data has been received and then adds the error .detection code to 

the end of the sector of data. In the preferred embodiment, a 

sector is comprised of 2048 bits ~f useful data, plus parity 

bytes,.plus sector header data, plus a number of "reserved" 

bytes, plus the EDC code. 

A sector header adder 128 is adapted to add a sector 

header to each sector of user information supplied thereto by way 

of EDC adder 127. As will be described below in conjunction with 

Fig. 10, a sector header includes a synchronizing pattern and 

information useful t? rapidly identify access the sector. .Such 

infor:ni.a.tion, particularly in sectors containing user data, 
.. =.: 

includes sU;pcode information which is coupled to· the sector 

header adder by way of a sector header encoder 129, the latter 

operatinq to encode subcode information supplied thereto by way 

of input terminal 123. Such subcode information is generated by 

a suitable source and, as will be described further below in 

conjunction with Fig. 11, is used to provide helpful identifying 

and control information related to the user data· that is recorded 

on the disk. For example, the subcode information id·entifies the 

track number in which the sector which contains this subcode 

information is recorded, copyright management information which 

determines whether the data reproduced from the disk, such as 

video data, may be copied, application ID information which 

designates the particular user-application for the data recorded 

in the sector, time code data which represents time information 
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at which the user data is recorded, and information relating to 

video pictures that may be recorded on the disk, such as the 

distance, or separation, between a video picture recorded in this 

sector and the next-following and the next-preceding video 

pictures. A system· controller 110 controls sector header encoder 

129 to. make certain that the proper subcode information and other 

sector header information (as shown in Fig. 10) is placed in the 

proper data location for proper record.ing in a user track. 

User data, including the sector header added thereto by 

reason of sector header adder 128, is subjected to error 

correction encoding carried out by an ECC circuit 132 in 

combination~with a memory 131 and a memory control section 133, 

the latter being controlled by system controller 110. An example 

of ECC encoding that may be used with the present invention, 

subject to modification so as to be applicable to the data 

recorded on the optical data, is described in United States 

Reissue Patent Re 31,666. In one embodiment of the present 

invention, the ECC encoding produced by circuit 132 is 

convolution coding and is described in greater detail below in 

conjunction with Fig. 17. It is sufficient for an understanding 
. 

of Fig. 1 simply to point out that the ECC encoding assembles a 

frame of data bytes or symbols, referred to as a C2 code word 

formed of, for example, 116 bytes or symbols, and generates c~ 

parity bytes as a function of·a respective data byte or symbol in 

a predetermined number of C2 code words. For examples if the 
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data bytes or symbols in each C2 code word exhibit the sequence 

1, 2, ••• 116, a C2 parity byte, or symbol, may be produced by 

combining byte 1 from C2 code word C2 1 and byte 2 from c22• 

Another C2 parity byte may be produced by compining the third 

byte of C2 code word C23 and the fourth byte of c24• In this 

manner, the C2 parity bytes are generated by a cross-interleave 

technique; and as an example, 12 such C2 parity bytes are add~d 

to the C2 cod·e word c211 even though such C2 parity bytes relate 

to data bytes included in other C2 words. Then, Cl parity bytes 

are generated for the C2 word (such as C21 ) to which has been 

added the, C2 parity bytes, resulting in what is referred herein 
,::· 

·as a Cl code word (such as c11). The resultant.Cl code word, 

consisting of 116 data bytes, plus 12· C2 parity bytes, ·plus 8 Cl 

parity bytes is stored in memory 131. 

The sequential order of the data bytes in the Cl code 

words stored in memory 131 is rearranged by, for example, 

delaying the ~dd bytes so as to form an odd group·of data bytes 

and an even group of data bytes. since each group consists of 

only one-half of the data bytes ·included in the Cl code word, an 

odd qr~up of data bytes of one Cl code word is combined with an 

even group. of data bytes of the next-following Cl code word, thus 

forming a disarranged order of bytes. This disarranged order 

improves the burst error immunity of the ECC encoded data. The 

disarranged order of the ECC-encoded bytes is supplied from 

memory 131 to a modulator 140 which, preferably, carries out a-
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to-16 modulation, although s-to-14 (EFM) modulation could be 

used, if desired. 

Memory controller 133 supplies to memory 131 the 

necessary read and write addresses to enable the generation of 

the C2 parity bytes in cross-interleaved form and also to 

rearrange ~he sequential order of the data bytes into the 

aforementioned disarranged order. 

In the pref erred embodiment of the ECC encoding 

technique, a long distance code, also known as the L format, is 

use. The L format results in Cl code words that are arranged as 

shown in. Fig. 18, descriJ:>ed further below. If desired, the ECC­.:: 

encoded data may exhibit a short-distance code ors format, such 

as is depicted in Fig. 19, described below. Depending upon 

whether the L format or the s format is selected, system 

controller 110 controls memory controller 113 such that the read 

and write operations of memory 131 permit the data bytes to be 

ECC encoded in either the L format or the S format. 

Modulator 140 serves to converts a-bit bytes supplied 

thereto from memory 131 into 16-bit symbols. Each symbol is run 

length limited (RLL), as wiil be described. It will be 

appreciated that, by generating 16-bit symbols, the accumulated 

digital sum value (DSV), which is a function of the run length of 

the digital signal, that is, the number of consecutive Os or the 

number of consecutive ls, is limited to permit the DC component 

tiihich is produced _ .. as .a function of such consecutive Os or ls, to 
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remain at or close to o. ~y suppressing the DC, or lower 

frequency component of the digital signal that is recorded, 

errors that otherwise would be present when that digital signal 

is reproduced are minimized. 

Modulator 140 thus produces a recording signal which is 

coupled to cutting apparatus 150. This apparatus is used to make 

· an original disk from which one or more mother disks may be 

.produced and from which copies may be stamped for distribution to 

end users. That is, such stamped disks constitute the CD ROMs. 

In one embodiment, the cutting apparatus includes an 

electro-opt;ical modulator 151 which relies upon the so-called 

Pockels effect to modulate a light beam that is used to "cut" an 

original disk. This original disk is used by a mastering 

apparatus 160 to produce a master of the original disk. The 

mastering apparatus relies upon conventional techniques, such as 

development and vacuum deposition, to produce a plurality of 

mother disks. Such mother disks are used in stampers which 

ejection mold copies that subsequently are packaged and 

distributed. Blocks 171 and 1.72 in Fig. 1 are intended to 

represent the injection molding and packaging apparatus in 

manufacturing such disks. The completed disk is depicted as disk 

100. 

The technique used to reproduce the information 

recorded on optical di~k lOO now will be described in conjunction 

with the block diagram. shown in Fig. 2. Here, the disk is 

19 -----------
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optically read by an optical pickup 212 which projects a light 

beam, such as a laser beam having the spatial frequency t=1/2na, 

this beam being reflected from the disk and detected by a 

conventional pickup detector. The detector converts the 

reflected light beam to a corresponding electrical signal which 

is supplied from pickup 212 to a waveform equalizer 213 and 

thence to a phase locked loop clock reproducing circuit 214 ·and 

to a demodulator 215. Transitions in ~he recovered eiectrical 

signal are used to synchronize the phase locked loop to extract 

therefrom the clock signal which was used to record data on the 

disk. The extracted clock is coupled to demodulator 215 which. 

performs RLL demodulation that is described in greater detail 

below in conjunction with Fig. 31. Suffice it to say that if 

data is recorded on disk 100 as 16-bit symbols, demodulator 215 

demodulates each 16-bit symbol to an 8-bit symbol or a byte. 

The demodulated data reproduced from disk 100 is 

supplied to a ring buffer 217. The clock signal extract~d by · 

phase locked loop clock reproducing circuit.~14 also is supplied 

to the ring buffer to permit the "clocking in" of the demodulated 

data. The demodulated data also is supplied from demodulator 215 

to a· sector header detector 221 which functions to detect and 

separate the sector header from the demodulated data. 

Ring buffer 217 is coupled to an error correcting 

circuit 216 which ·functions to correct errors that may be present .. 

iri the data stored in the ring buffer. For example, when data is 

20 
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recorded in the long distance code formed of, for example, Cl 

code words, each comprised of 136 symbols including 116 symbols 

representing data (i.e. C2 data), 12 symbols representing c2· 

parity and 8 symbols representing Cl parity, error correcting­

circuit 216 first uses the Cl parity symbols to correct errors 

that may be present in the Cl word. A corrected Cl word is 

rewritten into ring buffer 217; and then the error correcting 

circuit uses the C2 parity symbols for further error correction. 

Those data symbols which are subjected to further error 

correction are rewritten into the ring buffer as corrected data. 

Reference ~is made to aforementioned Reissue Patent RE 31,666 for 

an example qt ~rror correction. 

In the event.that an error in the sector header is 

sensed, error correcting circuit 216 uses the Cl parity symbols 

to correct the sector header, and the corrected sector header is 

rewritten into a sector header detector 221. Advantageously, the 

C2 parity symbols need not be used for sector header error 

correction. 

As mentioned above, the input data symbols supplied 

four error correction encoding exhibit a given sequence, but the 

error correction encoded symbols are rearranged in a different 

sequence for recording. In one arrangement, the odd and even 

symbols are separated and the odd symbols of a Cl code word are 

recorded in an odd group while the even symbols of that Cl code 

word are recorded in an even group. Alternatively, odd and even 
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symbol$ of different Cl code words may be grouped together for 

recording. Still further, other sequential arrangements may be 

used to record the data. During playback, error correcting 

circuit 216 and ri~g buffer 217 cooperate to return the recovered 

data symbols to their original, given sequence. That is, the 

data symbols may be thought of as being recorded in a disarranged 

order and the combination of the error correcting circuit and 

ring buff er operate to rearrange the order of the symbols in a Cl 

code word to its properly arranged sequence. 

Error corrected data.stored in ring buffer 217 is 

coupled to- error detecting circuit 222 which uses the EDC bits _:: 

added to the·:. recorded data by EDC adder 127 (Fig. 1) to detect an 

uncorrectable error. In the event that data cannot be corrected, 

EDC detector 222 provid.es a suitable indication, such as an error 

flag in a particular uncorrectable byte or an error flag in an 

uncorrectable Cl code word, and the er-ror corrected data, either 

with or without such error flags, as the case may be, is coupled 

to output terminal 224. 

In addition, TOC information that is recovered from 

disk 100,. after being error corrected by error correcting circuit 

216 and error detected by EDC detector 222, is coupled to a TOC 

_memory 223 for use_ in controlling a data playback operation and -

for permitting rapid access to user data. The TOC information 

s~ored in memory 223, as well as sector information separated 

from the rep~oduced data by sector header detector 221 are 
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coupled to a system controller 230. The system controller 

responds to user-generated instructions supplied thereto by a 

user interface 231 to control disk drive 225 so as to access 

desired tracks and desired sectors in those tracks, thereby 

reproducing user data requ~sted by the user. For example, the 

TOC information stored in TOC memory 223 may include data 

representing the location of the beginning of each track; and 

system controller 230 responds to a use~-generated request to 

access a particular track to control disk drive 225 such that the 

requested track is located and accessed. Particular identifying 

information representing the data in the accessed track may be 
:: 

recovered and supplied to system controller 230 by sector header 

detector 221 so that rapid access to such data may be achieved. 

A further description of ~he TOC information and sector 

information useful for controlling the disk drive in the manner 

broadly mentioned above is discussed in greater detail below. 

It will be appreciated from the ensuing discussion of 

Figs. 10 and 21 ·that sector header information that is recovered 

from the disk may be error corrected by using the Cl parity 

symbols included in the same C1 code word as the sector header. 

There is a high probability that any errors that may be present 

in the sector header can be corrected by using the Cl parity 

symbols only. Since a Cl code word contains C2 parity symbols 

that _are generated from the data synibols included in different Cl 
- . 

code words, sectoi; information is 9uickly detected quickly by not 
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waiting for-all of the C2 parity symbols to be assembled before 

correcting the sector header. Thus, position information of a 

sector, which is included in the sector header as a sector 

address, is detected, thus facilitating rapid access to a desired 

sector. This is to be compared with a conventional CD-ROM 

wherein sector header information is interleaved in several. C1 

code words, thus requiring the recovery and error correction of 

all of those Cl code words before the sector header data can be 

assembled and interpreted. 

Fig 3 is a schematic representation of the manner in 

which the.recording surface of disk 100 is divided into separate 

areas, refe~re~ to as the lead-in area, the program area and the 

lead-out area. Fig. 3 also identifies the lead sector addresses 

of the program area and the lead-out area. In the illustrated 

embodiment, the sectors included in the lead-in area exhibit 

negative sector addresses ending with the sector address -1 

which, in hexadecimal notation is OxFFFFFF. The sector address 

of the first sector in the program area is identified as address 

o. As indicated, the length or duration of the program area is 

dependent upon the amount of data recorded therein and, thus, the 

address of the last sector recorded in the program area is 

variable. It.is appreciated, therefore, that the first sector 

address of the lead-out area is variable and is dependent upon 

the length of the program area. 
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One embodiment of the disk configuration shown broadly 

·in Fig. 3 is schematically illustrated in Fig. 4. Here, the TOC 

region, which ·is comprised of one or more TOC tracks, is disposed. 

in the lead-in areas and TOC information is recorded in sectors 

identified as -32 to -1. These 32 sectors of TOC information 

occupy a fixed position, such as a single TOC track, in the lead­

in area. The program area shown in Fig. 4 is comprised of N 

tracks, where N is variable. The sector address of the first 

track of the program area is identified as address O;.and the 

total number of tracks included in the program area is dependent· 

upon the amount of information stored on the disk, and since the 

number of sectors included in each track likewise is variable, 

the sector addresses of the lead sectors of tracks 2, 3, ••• N 

are variable. Of course, the lead-out area commences after the 

Nth track is recorded. 

In one embodiment, the data recorded on a given disk 

may admit of different applications. However, it is preferred 

that all of the data recorded in a respective track admit of the 

same application. 

Fig •. 5 illustrates another disk configuration wherein 

TOC information is recorded. in the lead-in area from, for 

example, sector -3 2 to sector -1, as was the case in Fig. 4 , and .. 

a copy of the TOC information is recorded in the program area. 

In the example shown in Fig. 5, the copy of the TOC information 

is recorded in at least one track whose.lead sector is, for 
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example, sector number 10·24. Since the size of the TOC region is 

fixed at 32 sectors, as will be described, the last sector of the 

copie~ TOC region is sector 1055; and the lead sector of the 

next-fo~lowing user data ~rack is identified as sector.1056. One 

reason for providing a copy of the TOC information in the program 

area is that some computer applications do not easily recognize 

data recorded in sectors having nega.tive addresses (such as 

sectors -32 to -1 of the TOC information recorded in the lead-in 

area). 

Still another embodiment of the data conf iquration 

recorded on the optical disk is illustrated in Fig. 6, wherein 

the TOC region is provided in the program area at sectors o to 

31. Here, the recording of TOC information in the program area 

differs from the recording of TOC information in the program area 

of Fig. 5 in that the Fig. 6 arrangement does not include a copy 

of the TOC information. Nevertheless, since the TOC information 

is recorded in positive sector addre~ses in Fig. 6, the 

possibility of misinterpretation due to the difficulty of 

recognizing negative sector addresses by a computer is obviated. 

In the embodiments of Figs. 5 and 6 wherein TOC 

.information is recorded in the program area, it is appreciated 

that the TOC region is segregated from data files which are 

particularly relevant to the· computer with which the optical disk 

is to be used. Fig. 7 illustrates a still further example of the 

data configuration recorded on the optical disk and illustrates 
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the TOC region to be located from sector address 32 to sector 

address 63. rn this arrangement, information recorded in sectors 

o to 31 is reserved. for computer files that are particularly 

applicable to the computer. system with which the optical disk is 

to be used. Thus, in the embodiments of Figs. 5, 6 and 7 wherein. 

TOC information is recorded in the program area, such TOC 

information is segregated from and, thus, does not interfere w~th 

file ~ystem data that may be recorded on the disk. such file 

system ~ata may occupy several sectors or several tens of 

sectors; and since the TOC information is recorded in a fixed 

number of sectors so as to occupy a fixed TOC region, there is no 

interference::" by. the TOC information with such file system data. 

As mentioned above, in the preferred embodiment TOC 

information is recorded in 32 sectors. Preferably, although not 

necessarily, each sector. is comprised of 2048 bytes and an 

example of the TOC information recorded in a TOC region is set 

out in the following Taole 1. 
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Field Name 
• Bytes 

Disc Information 
Track Information (1-st Track) 
Track Information (2-nd Track) 
Track Information (3-rd Track) 

. 

. 
Track Information (N-th Track) 
Reserved· 

t~ . 

TOTAL ' ,. 

THIS SHCET HAS BEEN 
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2048 

32 

32 

32 

32 

63488-32N 

65536 

From the foregoing table, it is appreciated that the 

TOC information includes 9ne sector dedicated to disk 

information, described more particularly with respect to Table 2, 

and up to 31 sectors in which track information (see T~ble 3) is 

recorded. The TOC region also includes a reserved area for the 

recording of information that may be useful in the future. In a 

practical adaptation of the optical disk of the present 

invention, user information may be recorded in N tracks where, 

for example, N=256. The.track information which is recorded in 

the TOC region relates to the data that is recorded only in a 

corresponding track, as will be described in conjunction with 

Table 3. · 
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The data which constitutes the disk information 

recorded in the TOC region is shown in the following Table 2: 

Field Name 

HD-CD ID 

Disk Type 

Reserved for Disk Size 

Lead Out Sector Address 

Table 2 

Disk Information 

Reserved for Multi Session Parameters 

Reserved for Writable Parameters 

Volume Number 

·Total Volume Number 

catalog Number 

Reserved for Application ID Strings 

Disk Title in English/IS0646 

Local Language country Code 

Length of Disk Title in Local Lan. (=N) 

Disk Title in Local Lang. 

First Track Number 

No. of Track Entry 

Reserved 

TOTAL 

Byte(s) 

8 

1 

1 

3 

20 

20 

1 

1 

16 

8 

16 

3 

1 

N 

1 

1 

1947-N 

2048 

The fields which identify the disk information are described more 

particularly as follows: 

HD-CD I:D: This field, comprised of 8 bytes, contains a 

character string that identifies the data structure recorded on 
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the disk, including the data structure which is used to represent 

TOC information, the data structure used to represent track 

information and the data structure of a sector. For example, if 

the character string is 11HD-CD001 11 , the data structure recorded 

on the disk is of the type illustrated in Fig. 4, the data 

structure used to represent TOC information is as shown in Table 

1, the data structure used to represent track information is as 

shown in Tables 2 and 3 and the data structure of the sectors of, 

for example, the user data tracks, is as shown in Table 4 (to be 

described). Different data structures may be identified by the 

c~aracter ..string "HD-CD002'~, 11HD-CD003", etc. The particular 

character s~~i~g which is recorded in this field is detected by 

the reproducing ·apparatus which permits proper interpretation of 

the played back data consistent with the sensed data structure. 

Disk Ttpe: This 1-byte data identifies the type of disk 

as, for example, a read only disk, a write once read many (WORM) 

disk or an erasable disk (such as the writable optical disk known 

as the "Mini" disc). 

Reserved For Disk size: This 1-byte field is used to 

identify the size of the optical.disk. For example, a disk 

diameter of 120 millimeters may be identified by a byte whose 

value is 11 1 11 , a disk whose diameter is 80 millimeters may be 

identified by a byte whose value is 11 2 11 , and so on. In addition 

or, alternatively, this field may be used to identify the storage 

capacity of the disk. 
· .. 
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Lead OUt Sector Address: This 3-byte field identifies 

the address of the first sector in the lead-out area. 

Reserved For Multisession and Writable Parameters: 

These two-fields, each formed of 20 bytes, store information 

which is particularly useful for erasable disks or for WORM disks 

and is not ~urther described herein. 

Volume NUinber: This 1-byte data field is used when 

several disks constitute a collection of data for.a particular 

application. For example, if the collection includes 2, 3, 4, 

etc. disks, this field identifies which one of those disks is the 

present disk~ 

To~al Volume NUmber: This 1-byte field identifies the 

total number of disks which constitute the collection in which 

the present disk is included. 

cataioq NUmber: This 16-byte field is used to identify 

the type of inforniation or program that is recorded on the disk. 

Such identification constitutes the "catalog number" and is 

represented as UPC/EAN/JAN code presently used to identify 

various goods. 

Reserved For Application ID Strings: This 8-byte field 

is intended to identify the particular user application for this 

di~k medium. At present, this field is not used. 

Disk Titie In Enqlish/IS0646: This 16-byte field stores 

the title of the dis~ in the English language, as represented by 

the IS0646 standard. Although the actual title of the disk may 
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be in another language, its English translation or a 

corresponding English ·identification of that title is recorded in 

this field. In other embodiments, the field may contain a lesser 

or greater number of bytes so as to accommodate English titles of 

lesser or greater length. 

Local Language Country Code: This 3-byte field is 

intended to identify the actual language of the title of the 

disk. For example, if the actual title of the disk is in 

Japanese, this field records the "local language country" as 
• 

Japan. If the title is in French, this field records th~ "local 

language country" as Franc.e. The code recorded in this field may 

exhibit· a n~me~ical value corr~sponding to a particular country 

or, alternatively, the field may be as prescrib~d by the IS03166 

standard. If i't is desired not to utilize this field, the 

character string recorded therein may be OxFFFFFF. 

Length of Disk Title in Local Language: This 1-byte 

field identifies the number of bytes that are used in tne "Disk 

Title In Local Language" field {to .be described) to represent the 

title of the disk in the local language. If the actual· disk 
. . 

title is not recorded in a langu.age other than Engiish, the "Disk 

Title In Local Language" field is left blank and the numerical 

value of this "Length Of Disk Title In Local Language" field is_ 

o. 

Disk Title Zn Local Language: This N-byte field 

represents the actual title of the disk in the local language. 
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It_ is expected that different languages will adopt different 

standards to represent disk titles, and such local language 

standards are expected to be used as the data recorded in this 

field. It is appreciated that the number of bytes which 

constitute this field-is variable. 

First '!'rack Number: This l.-byte field identifies the 

number of the track which constitutes the first track that 

contains user information. For example, if the TOC information 

is recorded in a· single track, and if this single track is 

identified as track o in the program area, then the number of the 

track which constitutes the "First Track Number" is 1. 

NUml:>er of '!'rack Entries: This 1-byte field identifies 

the total number of user tracks that are recorded. It is 

appreciated that if this field contains a single byte, a·maximum 

of 256 user data tracks, that is, tracks which .contain user 

information, may be recorded. 

The data recorded in the track information fields of 

the TOC data shown in Table 1 now will be described in 

conjunction with the following Table 3: 
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Track Information 

Field Name Byte(s) 

.Track Number 1 

ECC Type 1 

Speed Setting 1 

start SA 3 

End SA 3 

Time Code at Start Point 4 

Playing Time 4 

·Mastering Date & Time 7 

Reserved for Application ID Strings 8 
~: 

TOTAL 32 

The information recorded in each of the fields which 

constitute the track information·of Table 3 now will be described 

in greater detail. 

Track Number: This 1-byte field identifies the number 

of the track represented by this track i~formation. Since one 

byte is used to identify the track number, it is appreciated that 

a maximum of 256 user data tracks may be record~d. Of course, a 

single track number is used to identify a respective track, and 

no two tracks on this disk are identified by the same track 

number. Although it is.-preferre_d that the successive tracks are 

numbered sequentially, it also is appreciated that,. if desired,-
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each track may be· assigned a random number· and this random number 

is identified by the "Track Number" field. 

ECC 'l'ype: This 1-byte data identifies the error 

correction code which is used to encode the user data recorded in 

this track. For example, the ECC type may be either long 

distance error correction code, known as the L format, or short 

distance erro~ correction code, known as the S format. The 

difference between the L format and the S format is described 

below. 

Speed setting: This 1-byte.data identifies the data 

transfer rate by which data is recovered from this track. For 

example, if '..a ~eference data transfer rate is 1.4 Mbps, the 

"Speed Setting" field may exhibit a value representin.g 1 x this 

reference rate or 2 x the reference rate or 4 x the reference 

rate or 6 x the reference rate. Fig. 8 is a tabular 

representation of this "Speed Setting" field; and it is 

·appreciated that the data transfer rate need not be.an integral 

multiple of the reference data transfer rate, as represented by 

the value "FF". The byte value o for this field, as shown in 

Fig. 8, represents that real time read-out of data is not 

.required. ·It is appreciated that computer data, as opposed to, 

for example, video data, d?es not require real time read-out. 

Hence, if computer data is recorded in the track identified by 

the "Track Number" field in Table 3, the value of the "Speed 

Setting" field is set to o. 
------------
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start and End sector Addresses (SA): These 3-byte 

fields identify the address of the start sector of the track 

identified in the "Track Number" field and the address of the end 

sector of that track. Since the number of sectors included in a 

track is variable, the start and end sector addresses of a given 

track are not fixed. Hence, these fields are useful when 

carrying out a high speed access operation of a desired track. 

Time Code At start Point: This 4-byte field identifies 

a· time code for the start sector in the track identifi_ed by the 

"Track Number" field. It will be appreciated that if the user 

information represents video data, such video data may be 

recorded wi~h conventional time codes and the start sector of the 

track which contains such-video data is recorded in this "Time 

Code At Start Point" field. If time codes are not recorded with 

the user information, this field may be left blank or may be 

provided with no data, such as the character code o. 

Playing Time: This 4-byte data represents the overall 

playback time for the program information that is recorded in the 

tJ;"ack identified by the "Track Number" field. Fo;t: example, if 

the user information in this track is an audio program, the 

playing time for this.track may be on the order of about 10 

minutes. If the user information constitutes compressed video 

data, the playing time may be 2 or 3 or even up to 15 minutes. 

Mastering Date and Time: This 7-byte field identifies 

the date and time of creation of the master disk from which this 
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optical disk was made. Fig. 9 is a tabular representation of 

this field. If desired, this field may be replaced by null data 

represented by character code o. 

Reserved For Application ID Strings: This a-byte field 

is intended to store information representative of the particular 

application for which the data record in the track identified by 

the "Track Number" field is to be used. This differs slightly 

from the "Application ID" field in Table 2 because the Table 2 

field is intended to identify the type of application or use 

intended for the entire disk, whereas the "Application ID" field 

of Table 3- simply the identifies.the type or use of the data 

recorded in ~ particular track on that disk. 

Referring now to Fig. 10, there is illustrated a 

pref erred embodiment of the data structure of a sector of user 

information. TOC information also is recorded in sectors, and 

the structure of such TOC sector is similar. The following Table 

4 identifies the fields of the sectors shown in Fig. 10: 
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Sector Sync 

CRC 

Subcode 

Pas-in-Cluster 

Address 

Mode 

Sub-Header 

User Data 

EDC 

Reserved 

TOTAL 

Table 4. 

Sector Construction 

Field Name 

THIS SHEET HAS BEEN 
REPLACED 

Byte(s) 

4 

2 

5 

1 

3 

1 

8 

2048 

4 

12 

2088 

It is seen that a sector is comprised of a sector. 

header which contains 24-bytes arranged as shown in Fig. 10, 

followed by 2,048 bytes of user data, 4-bytes of error detection 

code (EDC) and 12-bytes which are reserved. Pr~ferably, a number 

of sectors.constitute a "cluster", and as one example, a cluster 

is comprised of 8 sectors or 16 sectors, as may be determined by 

the preferred format. 

A·more detailed explanation of the different fields 

which constitute the sector shown in Fig. 10 now will be . 

provided. 
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Sector sync: This 4-byte field is formed of a 

predetermined bit pattern which is readily detected and which is 

unique and distinctive from the data-pattern included in any 

other field of a sector. The accurate detection of th~ sync 

pattern may be confirmed sensing errors which are interpretated 

from the information reproduced from the sector. If a large 

number of errors are detected continually, it is safely assumed 

that the sync pattern has not been accurately sensed. 

Alternatively, and preferably, the demodulator which is used to 

convert 16-bit symbols to 8-bit bytes (or, more generally, to 

convert a~ m-bit symbol to an n-bit byte) may include suitable 

conversion tables which are not operable to convert the sync 

pattern to a byte. The sync pattern is ~ssumed to be present 

when the demodulator is unable to find an n-bit byte which 

corresponds·to a received m-bit symbol. 

cyclic Redundancy Code (CRC): This 2-byte field is 

derived from the subcode data, the cluster position data and the 

sector address and mode data included in the sector header. such 

CRC data is used to correct errors that may be· present in these 

fields. 

Subcode: This 5-byte field is described below. 

Cluster Position: Th~s 1-byte field identifies the 

particular order in the cluster in which this sector is located. 

For example, if the cluster is.formed of a 8 sectors, this field 
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identifies the particular sector as the first, second, third, 

etc. sector in the cluster. 

Address: This 3-~yte field constitutes the unique 

address for this sector. Since· the address is represented as 3-

bytes, a maximum of 64K sectors theoretically may be recorded. 

Figs. 4-7 represent the sector addresses of different user data 

tracks. 

Mode and sub-Header: These fields are conventionally 

used in CD-ROMs and the data represented here is the same as that 

conventionally used in such CD-ROMs. 

-user Data: 2,048 bytes of information are recorded in 
~:. 

the user dat.a field. For example, computer data, compressed 

video data, audio data and the like may be recorded. If video 

data is recorded, the MPEG standard may be used to compress that 

data, as described in standard IS01381-1. 

Error Detection Code: .This 4-byte data is cyclic code 

which is added by EDC adder 127 (Fig. 1) and is used to enable 

the detection of an uncorrectable error in the sector. 

A detailed discussion of the sub-code field now is 

provided in conjunction with Figs. llA-llE. It is appreciated 

that the sub-code field is comprised of two portions: a 1-byte 

address portion.and a 4-byte data portion. The value of the 

address portion serves to identify the type of data that is 

recorded in the data portion. For example, and as shown .j.n Fig_. 
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llA, if the value of the address portion is o, null or zero-data 

is recorded in the data portiori. 

If the value of the address portion is 1, as shown in 

Fig. 11B, the data portion is provided with the following 1-byte 

information: 

Track Number: This data identifies the number of the 

track in which the sector containing.this sub-code is recorded. 

Copyrighted: This byte exhibits the structure shown in • 

Fig. 12 wherein q "1" bit represents that copying of the 

associated user data is prohibited and a "O" bit indicates that 

copying of ~he associated data is permitted. The bit positions 

of th_e copyright byte identify the type of user data for which 

copying is selectively· prohibited or permitted. As shown in Fig. 

12, the identifled user data is analog video data, analog audio 

data, digital video data; digital audio data 1 and the ~ike. For 

example, if the user data in this sector is digital video data 

and if copying of that digital video data is prohibited, the 

copyright byte may appear as 11 00100000 11 • 

Application ID: This· indicates the particular 

application intended for the user data that is recorded in this 

.sector. Examples of. typical applications are shown in Fig. 13 as 

computer text, video, video/audio1 etc. If no data is recorded·· 

in this sector, the application ID byte may be represented as the 

character o. 

._'. . ·~· 
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ECC Type: This data indicates whether the user data is 

ECC encoded in, for exampl~, the L format or the S format, as 

shown in Fig. 16. Other types of ECC codes may be represented by 

other values of this ECC type byte. 

If the value of the sub-code address is 2, as · 

represented in Fig. llC, the data portion represents time code. 

That is, if the user data recorded in this sector is variable 

over time, as would be the case if such data is video data, the 

time code data recorded in the sub-code field.represents time 

information at which the user data is recorded. An example of 

such time~code data is represented in Fig. 14. It is appreciated 

that 2-digit BCD bits are used to represent the hour, minute, 

second and frame at which the user data in this sector is 

recorded. 

If the value.of the address portion is 3, as depicted 

in Fig. 110, the dat.a portion of the sub-code field represents 

the distance from the sector in which this sub-code field is 

recorded to the first sector in which an immediately preceding I 

~ompressed video picture is recorded; and also the distance from 

this sector to the first sector in which the next-following I 

compressed video picture is recorded. Those of ordinary skill in 

the art will recognize that video data, when compressed in 

accordance with the MPEG standard, may constitute an intraframe 

encoded video pi~ture, typically known as an I picture, a 

predictive coded video picture, typically known as a P picture, 
·.;. 
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and a bi-directionally predictive coded video picture, typically 

known as a B picture. The data portion of the sub-code field 

whose address portion has the value of 3 thus indicates the 

distances between this sector arid the beginning of the next­

preceding and next-following I pictures. 

If the value of the address portion is 4, as shown in 

Fig. llE, the data portion includes 1-byte picture type,· 

indicating whether the video ·picture that is recorded in-this 

sector is an I, P, or B picture (see Jig. 15), and 2-byte 

temporal reference data which indicates the location in the 

original picture display·sequence of the particular gicture that 
~: 

is recorded·:. in. this sector. This temporal reference data ·is 

helpful during a playb~ck operation because, as those of ordinary 

skill in the art recognize, the location of compressed B-picture 

data in the MPEG code sequence may be quite different ·from the 

actual location of that picture when the .B-pict~re ultimately is 

displayed. 

The ECC format which preferably is used with the 

present invention is the L format. A schematic representation of 

an encoded "data frame" is depicted in Fig. 17. The ECC "frame" 

is referred to herein as a Cl code word and this word, when 

recorded, consists of a sync pattern followed by 136 data 

symbols. The term "symbot"- is used rather than "byte" because, 

as will be described, the recorded "symbol" consists of 16 bits 
1-·. 

_; 

{known as channel bits), whereas a byte typically is understood 
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to consist of only 8 bits. It is appreciated, however, that the 

C1 code word, prior to conversion from 8-bit bytes to 16-bit 

symbols, that is, prior to modulation of the C1 code word, 

nevertheless consists of the construction shown in Fig. 17, 

wherein it will be understood that the illustrated symbols are, 

in fact, bytes. 

The manner in which the Cl code word structure is 

generated now will be briefly described. 116 data bytes, or 

symbols, known as a C2 word, ar~ supplie~ to, f~r example; the 

ECC encoder formed of memory 131 and ECC circuit 132· of Fig. 1. 

A C2 hold eection is added to the C2 word, preferably by being 
<t: 

inserted between two groups of 58 symbols, and a Cl hold section 

is added to the end of the resultant 128 symbols. A hold ·section 

merely reserves a location in the data stream in which parity 

data subsequently is inserted. Thus, a preliminary C1 word may 

be thought of as being formed of a group of 58 data symbols 

followed by a C2 hoid section followed by a group of SS data 

symbols followed by a C1 hold section. Then, c2 parity symbols 

are generated by, for example, modulo 2 addition. Preferably, 

one data symbol in one preliminary Cl word is modulo-2 combined 

with a data symbol included in the next (or second) preliminary 

Cl word. If desired, further combinations may be effected with .a 

data symbol included in the third-following preliminary Cl word, 

and so on, to produce one C2 parity symbol. The next C2 parity 

symbol_. is produced by a similar ··combi:nation of the next data 
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symbol in this first preliminary Cl word with respective data· 

symbols in the next-following preliminary Cl words. In this 

manner, C2 parity symbols are generated by combining a 

predetermined number of data symbols of the same predetermined 

number of successive preliminary Cl words. That is, if the C2 

parity symbol is produced· by mod~lo-2 combining two data words, 

then one data word of the first preliminary Cl word is modulo-2 

combined with one data symbol in the next symbol position of the 

next-following preliminary Cl word. If the C2 parity symbol is 
• I •. 

produced by combining three data symbols, then one data symbol in 

suc.cessive symbol positions from each of three successive 
~: 

preliminary ·:cl . words are combined to produce the C2 parity 

symbol. And if the C2 parity symbol ·is generated by combining 

four data symbols, than one data symbol in successive symbol 

positions from each of four successive preliminary Cl words are 

combined. 

As a preferred aspect of this ECC encoding, the data 

symbols which are combined occupy successive positions in the 

respective preliminary Cl words. That is, if the data symbol in 

the first preliminary Cl·word is the nth data symbol, the data 

symbol in the second preliminary Cl word is the (nth + l)th data 

symbol, the data symbol in the third preliminary Cl word is the­

(n + 2)th data symbol, and so on. 

When 12 C2 parity symbols are generated in the manner 

just described, those 12 C2 parity symbols are inserted into the 
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C2 hold section of this first preliminary C1 word, thus forming a 

precursory Cl word. Then, 8 Cl parity symbols are generated by 

conventional parity symbol generation in response to the data and 

parity symbols included in this precursory C1 word. The 

generated C1 parity symbols are inserted into the Cl hold section 

thus forming the Cl code word. 

In the Cl code word shown in-Fig. 17, the C2 parity 

symbols are inserted between two groups of data symbols. 

Alternatively, the C2 parity symbols may be located at the end of 

the 116 data symbols, that is, at the end of the C2 word. A 

preestablis~ed number of C1 code words having the structure shown 

in Fig. 17 constitute the long distance error correction encoded 

data. That is, a preestablished number of the Cl code words are 

used as the L format ECC encoded.data having the structure shown 

in Fig. 18. As illustrated, 128 Cl code words are used, such 

that i = o, l •• ~127. Each Cl code word is comprised of a sync 

code, or pattern, followed by 136 symbols s0 , s1 , ••• sj•••s135 , 

wherein j = o, 1 ••• 135. The circles shown in Fig. 18 represent 

the manner in which the C2 parity symbols are generated. As has 

been described above, the C2 parity symbols are generated for the 

Clo code word in response-to the data symbols included in code 

words Cl0 , Cl1 , ••• Clr, where r represents the number of data 

symbols and that are combined to generate the parity symbol. 

From Figs. 17 and 18, it is seen that symbols s0-s127 constitute 

data and C2 parity symbols, and symbols s 128-s135 constitute Cl 
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parity symbols. It will be appreciated that, since twelve C2 

parity symbols are recorded in a Cl code word, up to twelve data 

symbols·can be corrected. Since these twelve data symbols are 

included in twelve successive Cl code words, a burst error of 

twelve Cl code words can be corrected, which amounts to a 

correctable error of 1·2 x 136 = 1, 632 symbols. 

An example of the s format ECC encoding is 

schematically illustrated in Fig. 19. In the S format, the 

twelve C2 parity symbols are divided into two groups of six C2 

parity symbols each, with one group of six C2 parity symbols 

being added., to 58 data symbols and the otJ:ier group of six C2 

parity symbols.being added to the next 58 data symbols. Thus, 

rather than generating the C2 parity symbols from data symbols 

included in 128 Cl code words, the C2 parity symbols in the s 
format are generated from successive data symbols included in 64 

Cl code words having the schematic representation shown in Fig. 

19. Whereas the L format permits the use of C2 parity.symbols to 

correct errors in twelve C1. code words, _the s format supports C2 

parity correction of up to six Cl code words. Hence, the s 

format permits the correction of a burst error of 6 x 136 = 816 

symbols. 

When compared to the ECC format used in, for example, -

CD~ROMs of type that have been proposed heretofore, the use of 

the L format or S format in accordance with the present invention 
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permits a reduction in redundancy from about 25% of prior art co­

ROMs to about 15% in the present invention. 

A sector' formed of ECC encoded data in the L format or 

the s format is.shown in Fig. 21 wherein the sector includes a 

sector header formed of 24 symbols and also is comp~ise~ of . 

eighteen Cl code words, ·each Cl code word having the construction 

shown in Fig. 17. The last Cl code word included in the sector 

includes four error detection code symbols and twelve symbois 

that are reserved for future use. The sector header exhibits the 

structure shown in Fig. 10. Never.theless, errors that may. be 

present in the sector header ·are corrected generally. by using 
only the Cl parity symbols which are generated for that Cl 
code worq,. 

~--

'~s an aspect of this invention, the sequence of the 

symbols included in a Cl code word as recorded in a track differs 

from the sequence of the symbols that are supplied for recording. 

That is, and with reference to Fig. 1·, the sequence of the . 

symbols supplied to modulator 140 differs from the sequence of 
. . 

symbols supplied to switch 124. By rec~rding the. data symbo_ls in 

what is referred to herein as a disarranged .order, the-

possibility is reduced that a burst error will destroy the data 

to the extent that, when reproduced, the data will not be 

interpretable. In particular, if the data represents vi~eo 

information, the recording of the data symbols in disarrange~ 
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order enhances the possibility that accurate video pictures 

nevertheless can be recovered even in the presence of the burst 

error. Fiq. 20 is a schematic representation of the manner· in 

which the data sYmbols are disarranged for recording. 

Let it be assumed that data symbols are recorded on the 

disk in the order Dk and let it be further assumed that each Cl 

code word is formed of m symbols, with n of those symbols 

constitutinq a C2 code word (i.e. 116 data symbols and 12 C2 

parity symbols) and m-n of those symbols constituting the Cl 

parity symbols. The relationship among i, j, k, m and n for 

recordinq-thus is: 

k·= ~ x i + 2 x j - m, when j < m/2 

k = m x i + 2 x j - (m - 1) when j ~ m/2 

If the data symbols appear on the disk in the recorded sequence 

Do, D1, D2 ••• such data symbols are grouped into an odd qroup 

followed by an even qroup. For example, and assuminq 136 

symbols, data symbols Do - D67 constitute an odd group of odd 

numbered data symbols and data symbols 068 - 0135 constitute an 

even group of even data symbols. It will be understood that 

"odd" and "even" refer to the original sequence in which those 

data symbols had been presented for recording. In the foregoing 

equations, i is the sequential order in which the Cl code words. 

are presented for recording, j is the sequential order of the m 

symbols in each Cl ·code word presented for recording and k is the 
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order in which the m symbols are recorded on the disk. That is, 

When the Cl code words having data ·symbols in the 

sequence D0 , D1 , ••• ~135 are played back from the disk, the data 

symbols stored in ring buffer 217 of Fig. 2 are rearranged to th~ 

sequence illustrated in Fig. 20. This sequence of Fig. 20 is 

ref erred to as the arranged sequence and is formed of sequential 

alternating odd and even data symbols which is the same sequence 

as the data symbols originally presented to switch 124 of Fig. 1 

for recording. It will be appreciated that.the data symbols 

which are included in the recorded Cl1 code word in fact belong 

in part to Clo code word and the Cl1 code word. That is, if the 

C11 recorded code word· is formed of symbols D0 , D1 , ••• 0 135 , the 

reproduced Clo code word includes symbols D1 , D3 , ••• D133 , D135 

and the reproduced c11 code word includes symbols o0 , o2, ••• 

0 132 , 0 134 • The sequential storage positions in ring buffer 217 

J _.,. of Fig. 2 of the symbols Dk that are reproduced from the disk_ may 

be expressed as follows: 

i = (k/m) - (kmod2) + l 

j = (m/2) x (kmod2) + (kmodm)/2 

where i is the sequential order of the Cl code words that are 

read out of the ring buffer, j is the sequential order of the 

sequence of the m symbols in each Cl code word that is read out 

of the ring buff~r and k is the disarranged order in which the m 

~ymbols are recorded on the disk. 
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Although the present invention preferably records data 

in the L format of ECC encoding, the ·teachings herein may be 

employed with s format ECC encoding. Discrimination between the 

L format and S format may be made by sensing the ECC byte in the 

track information field of the TOC data, such as the ECC byte 

shown in Table 3, or by sensing the ECC byte included in the 

subcode field shown in Fig. llB, wherein the ECC byte of the 

subcode field may have the structure shown.in Fig. 16. Another 

technique that can be used for ECC format discrimination 

contemplates using one type of sector sync patter when L format 

EC~ encod~ng is used and another type of sector sync pattern when 
.i~· 

s format ECO. encoding is used. Thus, not only is sector 

synchronization detected but, at the same time, the type of ECC 

format is sensed. 
' 

Yet another technique for discriminating between L 

format and s format ECC encoding employs· the addition of a 

discrimination bit immediately following the sector sync pattern. 

still another technique for discriminating between the 

L and S ECC formats is based upon the ability of the ECC 

correcting circuit 216 of Fig. 2 to operate satisfactorily. For 

example, if error correction ·assumes that the ECC encoded data i~ 

in the L format and error correction is not possible, it is 

highly likely that the data actually is in the S format. 

Conversely, if error correction assumes that the ECC encoded data 

is in the S format but error correction is not· possible, it is 
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highly_likely that the data had been encoded in the L format. 

Thus, discrimination between the formats is dependent upon the 

success or failure of error correction. 

The-ECC encoded data, whether in the L format or the S 

format, constitute convolution codes. A group of Cl code words 

may be thought of as a block and such Cl code words may be block 

coded in the manner shown schematically in Fig. 22. Here, in 

addition to L format ECC encoding, .the Cl code words are block 

coded as will.now be briefly described. Let it be assumed that 

the data symbols in a preliminary C1 word constitute a C2 word 

(as described above). Let it be assumed that the C2 words are 
~· 

presented in;. the sequence· c21 , c22 , c23 , etc. rn Fig. 22, the 

symbols represented by an open circle are data.symbols included 

in the C20 word, the symbols represented by a filled-in circle 

are data .symbols included in the c216 w_ord, the symbols 

represented by a triangle are data symbols included in the c217 

word, the symbols represented by a square are data symbols 

included in the c218 word, and the symbols represented by an X 

are data symbols included in the c219 word. Since a block code 

consists of 144 Cl code words, but each Cl code word includes 

only 128 data symbols (including C2 parity symbols) it follows 

that one d~ta symbol in the c117 code word cannot be included in­

the illustrated block and is expected to be included in the next­

f o~lowing block. However, block coding requires all of the data 

symbols in a block of code words c10-c1143 to remain in that 
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block and, therefore, the last data symbol of· the c117 code word 

is "folded back" into this block as the last data symbol of the 

Clo code word. Similarly, the last two data symbols of the c118 

word are expected to fall withi~ the next-following block, but 

because of block coding, these two symbols, identified as data 

symbols 126 and 127, are folded back into the c10 and C11 code 

words, respectively. Stated generally, those data symbols of a 

C2 word which otherwise would be included in the next.-following 

block are folded back to the beginning of the illustrated block 

such that each Cl code word included in a block of 14.4 Cl code 

words includes interleaved data symbols from 128 of the 144 Cl 
J:·· 

code _words, as shown. 

Each block consists of 8 sectors, whereby a block 

includes mo!e than 16K bytes. Error correction can be carried 

out on a block-by-block basis. 

Fig. 23 is a schematic representation of the block 

coding of S format ECC encoded data. The same principle that is 

used for the block coding of L format Ecc·encoded data, as 

discussed in conjunction with Fig. 22, is applicable to the block 

coding of S format ECC encoded data. Here, however, each block 

consists of 4 sectors; and as a result, each block is comprised 

of more than SK bytes. 

The modulation technique used to modulate the Cl code 

words for recording on disc 100 (e.g., the modulation technique 

used. J:)y modulator 140 of Fig. 1). now will be described. 
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one type of modulation is s-to-14 modulation (EFM) 

which is used as the standard in compact discs, and one example 

of such EFM processing is describ~d in Japanese patent 

application 6-2655. In conventional EFM, an a-bit byte is 

converted into a 14-bit symbol (the bits of the symbols are known 

as "channel" bits because they are supplied to the recording 

channel) and successive symbols are separated by margin bits. 

Heretofore three margin bits were used, and these three bits were 

selected to assure that the Digital Sum Value (DSV) accumulated 

from successive symbol.s is reduced. EFM is a run length limited 

(RLL) code.and, preferably, the shortest run length permitted in 
.. !_.:· 

EFM consists of two consecutive zeros which are spaced between 

ls, and the longest run length is limited to 10, wherein 10 

consecutive zeros may be present between ls. 

If two margin bits are used rather than 3, the possible 

combinations of such margin bits are: oo, 01, 10 and 11. In EFM, 

a margin bit state li is prohibited. Hence, only three different 

combinations of margin bits can be used to link (or separate) 

successive symbols: oo, 01 and 10. But, depending upon the bit 

stream of one or the other symbols which are linked by the margin 

bits, one.or more of these possible states may be precluded 

because, to use the precluded state may result in an undesirable 

DSV. 

Fiq. 24 is a schematic representation of a "string" of 

data symbols separated by margin' bits. Each data symbol is 
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comprised of 14 channel bits and the margin bits are comprised of 

2 channel bits. Thus, margin ~its M1 separate data symbols D1 

and D2 ; marqin bits M2 separate data symbols o2 and D3 ; margin 

bits M3 separate data symbols o3 and D4 , and so on, with marqin 

bits ~ separating data symbols Dm and Dm+l• Nevertheless, 

assuming that the 14 channel bits included in a data symbol are 

provided in 14 successive bit cells and further assuming that the 

marqin bits are included in 2 successive bit cells, successive 

data transitions in the string· of channel.bits depicted in Fiq. 

24 are separated by no less than 2 data bit cells and by no more 

than 10 data bit cells. 
J:·· 

~.string of data symbols may include parity symbols, 

and Fig. 27 illustrates a frame of such symbols beginning with a 

sync pattern of 24 bit cells, followed by 12 data symbols (shown 

as 14-bit symbols separated by 2 channel bits), followed by 4 

parity symbols, followed by 12 data symbols and ending with 4 

parity symbols. The sync pattern is illustrated as a high signal 

level extending for 11 bit cells followed by a low signal level 

extending for 11 bit cells, followed by a high siqnal level 

extending for 2 bit cells. The inverse of this pattern can be 

used. Fig. 27 also depicts the two-bit margin bits which 

separate successive data symbols; and as mentioned above, in some 

instances, certain ones of the three permitted combinations of 

marqin. bit~ cannot be used·. Fig. 28 schematically represents the 

conditions under which the margin bit combination 00 or the 
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margin bit combination·o1 or the margin bit combination 10 cannot 

be used. As will described, a signal known as the inhibit margin 

bit signal M identifies the margin bit combination which cannot 

be used. For example, when Minh = oo, the margin bit combination 

oo cannot be used. Similarly, when Minh = 01, the margin bit 

combination 01 cannot be used. And when Minh = 10, the margin 

bit combination 10 cannot be used. 

Let it· be assu~ed that margin bits separate data 

symbols 0 1 and o2 • Let it be further assumed that the number of 

consecutive zeros at the leading end of data symbol o2 is 

.. represented as A and the number of zeros at the terminating end 
~-

of data s~ol.D1 is B. If A+ Bis equal to or exceeds 8 

successive zeros (A + B ~ 8) then the margin bit combination 00 

is inhibited (Minh= 00). 

If the most significant bit Cl of data symbol o2 is 11 111 

(A = O) or if the next most significant bit C2 is "1" (A = 1) or 

if the le_ast significant J:>it C14 of data symbol D1 is 11 111 , the 

margin bit combination 01 is inhibited (Minh= 01). 

If the least significant bit C14 of data symbol o1 is 

11 111 (B = O) or if the next least significant bit C13 is 11 111 (B = 
1), or if the most significant bit Cl of data symbol o1 is 11 111 , 

the margin bit combination 10 is inhibited (Minh-= 10). 

The foregoing 3 conditions are not mutually exclusive;. 

and from Fig. 28 it is seen that conditions may exist which 

preclude the margin bit combinations 01-and 10 (both margin bit 
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conditions· are precluded if the most significant bit Cl of data 

symbol D2 is 11 111 or if-the least significant bit Cl4 of data 

symbol D1 is "-1 11 ). The number of inhibit margin bit combinations 

is represented as NI.. If NI = O, all three margin bit 

combinations may be used~ If NI= 1, one of ·the three margin bit 

patterns is precluded and the other t~o may be used. If NI = 2, 

two of the margin bit pattei::ns are precluded but the third is 

permitted. It will be appreciated ·that.NI never is three. 

Turning now to Fig. 25, there is i°llustrated a flow 

chart which represent~ the manner in which a margin bit 

combinatib~_is selected for insertion by a margin bit generator 
.:: 

between two;. data symbols. At step Sl, the inhibited margin bit 

combinations are determined for each set of margin bits M1 , M2 

••• ~and the number of inhibited margin.bit combinations NI1, 

NI2 , ••• Nim likewise is determined.. It will be appreciated 

that Minh and NI for each set of margin bits to be inserted 

between data symbols may be determined from the conditions 

depicted in Fig. 28. 

The flow chart then advances to inquiry·s2 which 

determines if the number of inhibited combinations for the margin 

bit pattern M1 is equal to 2. If so, the flow c~art advances to 

step SJ and only a single_ margin bit combination can be selected. 

For example~ ·if the most significant bit of data symbol D2 is 

"1", NII. = 2 '·and ·Mj_-nh = 01,· 10. ·Step S3 thus permits only margin 

bit combinations 00 to be selected as the·margin bit pattern M1 • 
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However, if inquiry S2 is answered in the negative, 

then two or three different margin bit combinations can be 

selected. The flow chart advances to step S4 where the inhibited 

margin bit combination-Minh for then-th margin bit pattern (n72) 

is determined. But, if the number of inhibited combinations for 

the second margin bit pattern is 2, that is, if NI2 = 2, then the 

n-th margin bit pattern is construed as the (m + l)th margin bit 

pattern. That is, if NI2 = 2, only one margin bit combination 

can be selected for the remaining_ margin bit patterns Mn. The 

flow chart then advances to step SS wherein data symbol o2 is 

linked to ~d~_ta symbol o3 which is linked to data s¥mbol n4 ••• 

to data symbol-On by the respective margin bit combinations which 

are not inhibited. 

Thereafter, in step S6, since the margin bit patterns 

up to Mn have been-selected, and since the data symbols up to Dn 

are known, the accumulated DSV up to Dn is calculated. The DSV 

determined for this data.symbol simply is added to the DSV which 

has been accu~ulated from previous data symbols. Then, in step 

S7, the margin bit pattern M1 is selected as the particular 

margin bit combination which minimizes the DSV that is projected 

to be accumulated up to data symbol Dn. 

It will be appreciated that steps S4 - S7 rely upon a­

projected osv; and although the margin bit pattern under 

consideration is margin pattern M1 , the technique for sel~cting 

the appropriate margin bit combination for pattern M1 as based 
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upon look ahead data symbols D2 , D3 , ••• 00 • Fig. 29 is a 

graphical representation of the manner in which the projected DSV 

is accumulated based upon "look ahead" data symbols. For 

simplification, it is assumed that m = 3, that data symbols o1 , 

D2 and o3 are known, that the accumulated DSV up to data symbol 

D1 is known and·that margin bit pattern M1 is to be selected • 

. Fig. 29A represents the 14-bit data symbol, wherein a 11.111 is . 
represented by.a transition and a "0 11 is represent~d by no 

transition in the digital signal. The data symbols shown in Fig. 

29A are the same qata signals used in Figs. 29B and 29C. Fig~ 

29A repres~~ts the margin bit pattern ~1 as the combination 10; 
<: 

Fig. _29B represents the m~rgin bit p~ttern M1 as the combination 

01 and Fig. 29C represents the margin bit pattern M1 as the 

combination oo. ·1t is assumed that NI1 = o, meaning that the~e 

are no inhibited margin bit combinations for margin bit pattern 

M. ~t is further assumed that the least significant bit of a 

data symbol ~s represented as "CWLL" and CWLL = o in each of data· 

symbols D1 , D2 and D3 • Furthermore, based upon the most 

significant bit of data symbol o3, margin bit combinations 01 and 

10 are inhibited (see Fig. 28) and NI2 = 2. Finally, based upon 

the bit stream of the trailing end of data symbol o3 and the bit 

stream at the leading end of data symbol o4 , margin bit 

combination 00 is inhibited for M3 (see Fig. 28) and NI3 = 1. 

Fig. 290 illustrates the accumulated DSV that is 

obtained up to the end of data symbol D3 if ~1 = o, if M1 == 01 
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when M1 = 00. It. is seen that at the end of data 

symbol D2, osv = 3 if M1 = 10; osv = 1 if M1 = 01; and DSV = -5 

if M1 = oo. Thus, to minimize the accumulated DSV, the margin 

bit combination 01 should be selected for margin bit pattern M1 • 

-But, if the margin bit combination 01 is selected, the 

accumulated DSV at the end of data symbol o3 is seen to be DSV = 

-s. On the other hand, if the margin bit combination 00 had been 

selected fo'{ the margin bit pattern Mi, the accumulated DSV at 

the end of aata symbol D3 is DSV = 1. It is appreciated then, 

:. that if the projected DSV is examined, the·particular margin bit 

combination that is selected for margin bit pattern Mi differs 

from the margin bit combination that would be selected if the 

projected DSV is not examined. 

Fig. 26 is a block diagram of margin bit selection 

apparatus in which the margin bit combination for margin bit 

pattern M1 is determined by looking ahead by up to m data 

symbols, where.m = 4. 'Thus, the accumulated DSV up to the end of 

data symbol o5 is calculated. Input terminal 10 in Fig. 26 is 

supplied with 32 successive bytes that have been ECC encoded, and 

these bytes are used to read out 14-bit symbols from a conversion 

table 11 stored as a ROM. successive 14-bit symbols are coupled 

to an adder 13 which adds a pseudo frame sync signal to the 
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successive data symbols, the pseudo frame sync signal s1 f 

("lXXXXXXXXXXXlO") being added to the leading portion of each 

sync frame. The pseudo frame sync signal serves to "reserve" a 

location in which the actual frame sync pattern is inserted, as 

will be described. 

successive data symbols are cpupled to registers 14-17 

wherein each data symbol is stored. Thus, register 17 stores 

data symbol D1 , register 16 stores data symbol o2 , register 15 

stores data symbol o3 , register 14 stores data symbol o4 and 

adder 13 now supplies data symbol o5 to the input of register 14. 

Data·symbois D4 and D5 are coupled to discriminator 30 which 

examines th~~e data symbols to determine if any of the bit 

patterns therein correspond to those shown in. Fig. 28. Depending 

upon the sensed.bit patterns, discriminator 30 generates the 

inhibit margin bit signal Minh which precludes certa~n margin bit 

combinations from margin bit pattern M4 • The inhibit margin bit 

signal produced by the discriminator is comprised of 3 bits and · 

.is identified as the margin bit inhibit signal sinh4 • A 11 111 in 

the first bit position of sinh4 inhibits the margin bit· 

combination 10, a "1" in the second bit position of sinh4 

inhibits the margin bit combination 01 and a "1" in the third bit 

position of Sinh4 inhibits the margin bit combination oo. As an, 

example, if only the margin bit combination oo is a permitted 

margin bit pattern, margin bit inhibit signal sinh4 is 

represented as 11 110 11 • 
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The output of register 17 is coupled to a frame sync 

converter 18 which converts the 14-bit-pseudo frame sync signal 

s1 f to a 24-bit frame sync signa~ Sf. This 24-bit frame sync 

signal Sf is coupled to parallel~to-serial register 19. Those 

data symbols o1, o2, • • • which are supplied successively to 

frame sync converter 18 are not modified thereby and are supplied 

as is, that is, in their 14-bit configuration, to the parallel-
. 

to-serial register. Register 19 converts those bits which are 

supplied thereto in parallel to serial output form. In addition, 

after a 14-bit data symbol is serially read out of the register, 

a 2-bit m&rgin pattern produced by a. margin bit generator 50 is 
i_.:· 

serially re~d out ·of the register. Parallel-to-serial register. 

19 is clocked with a channel bit clock having a frequency of 

24.4314 MHz such that the serial bit output rate of register 19 

is 24.4314 Mbps. These serial bits are modulated by an NRZI 

modulator 20 and coupled to an output 21 for recording. 

The modulated NRZI serial bits also are fed back to a 

DSV integrator 40 which integrates the DC component of such 

serial bits. The bsv integrator thus accumulates the osv of the 

data symbols and margin bit patterns. 

Margin bit generator 50 functions in accordance with 

the flow chart shown in Fig. 25 to effect the operation 

illustra~ed by the waveforms of Figs. 29A-29D. It is 

appreciated, then, that the margin bit generator 50 may be a 

digital signal processor, an arithmetic logic unit or a 
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microprocessor programmed in accordance with the flow chart of 

Fig~ 25. Thus, the appropriate margin bit combination is 

selected "in order to minimize the accumulated osv will obtain as 

a result of m subsequent data symbols. 

The foregoing has described an EFM technique in which a 

margin bit pattern is inserted between successive 14-bit data 

symbols. As a result, each 8-bit byte is converted into a 14-bit 

data symbol plus a 2-bit margin pattern. A preferred embodiment 

of an 8-to-16 .modulator w~ich eliminates the generation of margin 

bit patterns, which minimizes the accumulated DSV and which is 

constrained to run length limited (2, 10) code now will be 
J_.::· 

described. ~.Referring to Fig. 30, a plurality of "fundamental 

conversion. tables are provided, for example, four conversion 

tables T1 , T2 , T3 and T4 • Each fundamental table is comprised of 

two separate tables, identif.ied by the subscripts a and b, one of 

which converts an 8-b°it byte into a 16-bi_t symbol having positive 

DSV and the other converting the same 8-bit byte into a 16-bit 

symbol having negative osv. 

The tables are categorized as follows: if the last bit 

of the immediately preceding 16-bit symbol ends as a 11 1" or if 

the last two. bits of that .16.-bit symbol end as 1110", the next 16-

bit symbol is selected from table T1a or table T1b, depending 

upon .whether it is desirable t~at this next selected 16-bit 

symbol exhibit a positive DSV (thus calling for table Tia> or a 

negative DSV {thus callin~ for table T1b)· 
~~~~~~~~~~ 
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If the immediately preceding 16-bit symbol ends with 

two, three or four successive Os, the next-following 16-bit 

symbol is selected from either table T2 (that is, from either 

table T28 or table T2b) or from table T3 (that is, from table T38 

or table T3b) • 

If the immediately preceding 16-bit symbol ends with 

six, seven or eight successive Os, the next-following 16-bit 

symbol is selected from t~ble T4 • 

The first 16-bit symbol that is generated immediately 

following a frame sync pattern is selected from table T1 • 

~rrpe 16-bit symbols produced from tables T2 and T3 

differ from\each other in the following important respects: all 

16-bit symbols read from table T2 include a 11 011 as the first bit 

and a "O" as the thirteenth bit. 

All 16-bit symbols. read from table T3 include a "1" as 

the first or thirteenth bit or a "1" as both the first and 

thirteenth bit. 

In the 8-to-16 conversion scheme used with the present 

inventio~, it is possible that the very same 16-bit symbol may be 

generated in response to two different a-bit bytes. However, 

when the 16-bit.symbol representative of one of these bytes is 

produced, the next-following 16-bit symbol is produc~d from table 

T2 ; whereas when the 16-bit symbol repres.entative of the other 

byte is produced, the next-following 16-bit symbol is produced 

from table T3. It is appreciated that, by recognizing .the table 
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from which the next-following 16-bit symbol is produced, 

discrimination between the two bytes which, nevertheless, are 

converted into the same 16-bit symbol may be readily achieved. 

For ex.ample, let it be assumed that an a-bit byte 

having the value 10 and an 8-bit byte having the value 20 both 

are converted to the same 16-bit symbol 0010000100100100 from 

table T2 • But, when this 16-bi~ symbol represents the byte 

having the value 10, the next-following 16-bit symbol is produced 

from table T2, whereas when the aforenoted 16-bit symbol 

represents the byte having the value 20, the next-following 16-· 

bit symbol .,;s produced from table T3 • When the symbol 
. .:: 

001ooootoo100100 is demodulated, it cannot be determined 

immediately if this symbol represents the byte having the value 

10 or the byte having the.value 20. But, when the next-following 

16-bit symbol is examined, it is concluded that the preceding 

symbol 0010000100100100 represents the byte 10 if the next-

f ollowing symbol is f~om table T2 , ·and represents the byte having 

·the value 20 if the next-following symbol is from table T3 • To 

determine whether the next-following 16-bit symbol is from table 

T2 or table T3 , the demodulator merely needs to examine the first 

and thirteenth bits of the next-following symbol, as discussed 

above. 

Table Ta (fo~ example, table Tia> includes 16-bit 

symbols having a DSV which ~ncreases in the positive direction. 

Conversely, the 16-bit symbols which are stored in table Tb have 
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a DSV which increases in the negative direction. As an example, 

if the value of an 8-bit byte is less than 64, this byte is 

converted into a 16-bit symbol having a relatively large DSV. 

conversely, if the value of the 8-bit byte is 64 or·more, this 

byte is converted into a 16-bit symbol having a small DSV. Those 

16-bit symbols which are stored in table Ta have positive DSV and 

those 16-bit symbols which are stored in table Tb have negative 

DSV. Thus, an input byte is converted into a 16-bit symbol 

having positive or negative DSV, depending upon which table is 

selected for·conversion, and the value of the DSV is large or 

~mall, dep~ndinq ·upon ·the value of the input byte that is. 

converted. ~~ 

The tables T1a, T1b, ••• T4a, T4b in.Fig. 30 may be 

constructed as ROMs 62-69. An input to be converted is supplied 

from an input terminal 61 in common to each of these ROMs. The 

pair of tables Ta, Tb of a fundamental table are coupled to a 

selector switch which selects one or the other table to have read 

out therefrom the 16-bit symbol which corresponds to· the input 

byte read out therefrom. As shown, selector switch 71 

selectively couples the output from table Tia or t~ble T1b to an 

input xl of an output switch 75. Similarly, switch 72 

selectively couples table T2a or table T2b to an input x2 of 

switch 75. Switch 73 selectively couples table T3 a or table T 3b 

to input x3 of switch 75. Switch 74 selectively couples table 

T 4a or.table T 4b to input x4 of switch 75. output switch 75 
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selectively couples one' of its inputs xl-x4 to an output terminal 

78 under the control of a table selector 76. Selector switches 

71-74 select either table Ta or table Tb under the control of a 

DSV calculator 77. The 16-bit symbol which ultimately is 

supplied to output 78 aiso is coupled· to the table selector and 

to the DSV calculator, as illustrated. 

Table selector 76 senses the ending bits of the 16-bit 

symbol supplied from switch 75 to output terminal 78 to· determine 

whether fundamental table T1 ,_T2 , T3 or T 4 should be selected, in 

., accordance with the table selecting conditions discussed above. 

It is appreciated that the table selector thus controls switch 75 
~~-

to select the 16-bit symbol read from the proper fundamental 

table. For example, if it is assumed that the 16-bit symbol 

supplied to output terminal 78 ends with six, seven or eight 

·· succee;sive Os, switch 75 is controlled by the table selector to 

couple its input x4 to the output terminal such that the next­

following 16-bit symbol is read from fundamental table T4 • DSV 

calculator 77 calculates the accumulated osv, which is updated in 

response to each 16-bit symbol supplied to output terminal 78. 

If the DSV increases in the positive direction, DSV calculator 77 

controls selector switches 71-74 to couple the outputs from their 

respective tables Tb. Conversely, if the accumulated DSV is 

calculated to increase in the negative direction, selector 

switches 71-74 are controlled by the DSV calculator to couple the 

outputs from their respect~vely tables Ta• It is expected, 
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therefore, that if the preceding 16-bit symbol exhibits a larger 

negative DSV, switches 71-74 are controlled to select the next 

16-bit symbol having a positive D$V; and the particular table 

from which this next 16-bit symbol is read is determined by table 

selector 76. Thus, the accumulated DSV is seen to approach and 

oscillate about o. 

An example of a 16-to-8 bit converter, that is, a 

demodulator compatible with the 8-to-16 bit modulator of Fig. Jo,· 

is illustrated in Fig. 31. Here, tables are used to carry out an 

inv~rse conversi~n from 16-bit symbols to 8-bit bytes and such 

tables are -!dentified as tables IT1, IT2, IT3 and IT4• These 
<. 

tables may J:)e stored in ROMs 84., 85, 86 and 87. It is expected 

that.each a-bit byte.read from a table corresponds to two 16-bit 

symbols, one having positive DSV and the other exhibiting 

negative DSV. Alternatively, if the 16~bit symbol is used as a 

read address, each a-bit byte stored in a table may have two read 

addresses. Stated otherwise, each 8-bit byte may be stored in 

two separate read address locations. 

An input terminal 81 is supplied with a 16-bit symbol, 

and this symbol is stored temporarily in a re~ister 82 and then 

coupled in common to inverse conversion tables IT1- IT4 • In 

addition, a table selector 83 is coupled to input terminal 81 and 

to the output of register 82 so tha_t it is supplied concurrently 

with the presently received 16-bit symbol and the immediately 

p~eceding 16-bit symbol. Alternatively, table selector 83 may be. 
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thought of as being supplied with the presently received 16-bit 

symbol (from the ~utput of register 82) and the next-following 

16-bit symbol. The table selector is coupled to an output 

selector switch 88 which couples to output terminal 89 either 

conversion table IT1 or conversion table IT2 or conversion table 

IT3 or conversion table IT4 • 

The manner in which table selector 83 operates now will 

be described. As mentioned above, .the first symbol that is 

produced immediately following the frame sync pattern is read 

from conversion table T1 in Fig. 30. Table selector 83 thus 

operates to detect the frame sync pattern so as to control output 
~· . 

switch 88 to couple table IT1 to output terminal 89. 

If, as mentioned above, a 16-bit symbol may represent 

one or the other of two different 8-bit bytes, table selector 83 

senses whether the next-following 16-bit symbol, as supplied 

thereto from input terminal 81, is from conversion table T2 or 

conversion table T3• This determination is made by examining the 

first and thirteenth bits of such next-following 16-bit symbol. 

If the table selector senses that the next-following 16-bit 

symbol is from table T2 , output switch 88 is suitably controlled 

to select the inverse conversion table which converts the 16-bit 

symbol presently provided at the output of register 82 to its 

proper 8-bit byte. A similar operation is carried out when table 

selector 83 senses that the next-following 16-bit symbol had been 

read from conversion table T3 in Fig. 30. 
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The present invention converts an 8-bit byte into a 16-

bit symbol, whereas the prior art converts an 8-bit byte int~ a 

14-bit symbol and inserts three margin bits between successive 

symbols. Consequently, since the present invention uses only 16 

bits in its bit stream as compared to the prior art use of 17 

bits, the modulation technique of the gresent invention results 

in an effective reduction in data of 16/17, or about 6%. 

while the present invention is particularly applicable 

to a CD-ROM on which computer data, vide~ data, a combination of 

video and audio data or computer files may be recorded, this 

invention~ i.~ particularly use·ful in recording and reproducing 
( 

digital video discs (DVD) --on which video data and its associated 

audio data are recorded. Such data is compressed in accordance 

with the MPEG standard; and when compressed video data is 

recorded on the disc, the subcode information. included in each 

sector header (Fig. 10) includes a subcode address having the 

value 3 or the value 4 with the r_esultant subcode field appearing 

as shown in Figs. 110 or 11E. If the subcode address value is 3, 

the user data recorded in the sector conforms to the standard ISO 

11172-2 (MPEG 1) or ISO 13818-2 (MPEG 2). Data that is recorded 

in the subcode field, as shown in Fig. llD, represents the 

difference between the address of the sector which contains this 

subcode and the lead sector in which the previous I picture or 

next-following I picture is recorded. It is expected that an I 

picture (that is, an intraframe encoded picture, as mentioned 
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previously) is recorded in two or more sectors. Of course, each 

sector includes a header. However, the distance data which is 

recorded in the subcode field shown in Fig. 110 represents the 

distance to'the lead, or first sector in which the previous I 

picture or next-following I picture is recorded. ·If an I picture 

is recorded partially in one sector and partially in another, the 

sector header of the "other" sector includes o data to represent 

the previous I distance and the next I distance in Fig. 110. 

That is, the previous I distance and the next I distance are o. 

If the subcode address value is 4, the subcode field 

appears as~shown in Fig. 11E and, as mentioned above, the picture 
J:. 

type data in~icates whether the video data that is recorded in 

compressed form in this sector is I, P or B picture data and the 

temporal reference data indicates the location in the sequence of 

pictures in which this particular video picture is disposed. The 

sector in which an I, P or B picture first is recorded is 

referred to as an I, P or B sector, respectively, even if such I, 

P or B picture data is recorded in a trailing portion of that 

sector, while other picture data is recorded in a leading portion 

thereof. 

Fig. 32 is a block diagram of compression apparatus 

which is used to supply to input terminal 121 of Fig. 1 MPEG 

compressed video data. Video information, supplied as, for 

example, analog luminance (Y) and color difference (R-Y and B-Y) 

signals are digiti~ed by an artalog~to-digital converter 101 and 
.. --

·71 ----- . 

1iiiiiif 



THIS SHEET HAS BEEN 
REPLACED 

compressed in accordance with the MPEG compression system by 

video compression circuitry 102. The compression system may be 

consistent.with the MPEG-1 standard ·cisO 11172-2) or the MPEG-2 

standard (ISO 13818-2). The compressed video data is stored in a 

buffer memory 103 from which it is supplied to a multiplexor 107 

for multiplexinq with other data (soon to be described) _which 

then is input to input terminal 121 (Fiq. 1). Information 

related to the compressed video data stored in buff er memory 103 

is supplied to. system controller 110, this information being 

indicative of, for example, whether the compressed video data 

corresponds to an I, P or B picture, the temporal sequence of 
~:· 

display pictures in which this compressed video picture is 

located, time code representing the time of receipt.or time of 

recordinq of the video data, etc. The information derived from 

the stored, compressed video data and supplied to the system 

controller is used.to generate subcode information that is 

recorded in the sector header. I~ is recalled from Fig. 1 that 

this inf.ormation is supplied from system controller 110 to sector 

header encoder 129 for' insertion into the sector header of the 

user data. 

Audio signals, such as analog left-channel and right­

channel siqnals L and R are digitized by an analog-to-diqital 

converter 104 and compressed in an analog data compression 

circuit 105. This compression_ circuit may operate in accordance 

with the Adaptive Transform Acoustic Coding technique (known·as 
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ATRAC) consistent with MPEG-1 audio compression or MPEG-2 audio 

compression standards. It is appreciated that this ATRAC 

technique presently is used to compress audio information in 

_recording the medium known as the "Mini Disc" developed by Sony 

Corporation. The compressed audio data is supplied from 

compression circuit _105 to an audio buffer memory 106 from which 

it subsequently is coupled to a multiplexor 107 for multiplexing 

with the compressed video data. Alternatively, compression 

circui~ 105 9an be omit~ed and the_di~itized ~udio data can be 

supplied directly to a buffer memory 106 as, for example, a 16-

bit PCM encoded signal. Selective information stored in the 
~~- . . , 

audio buff er memory is coupled to the system controller for use 

in generating the subcode information that is recorded in the 

sector header. 

Additional information, identified in Fig. 32 as sub­

information, including character, computer, graphic and musical 

instrument for digital interface data (MIDI) also is coupled to 

multiplexor 107. 

Title data is generated by a character generator 111 

which, for example, may be of conventional construction. The 

title data is identified as fill data and key data and is 

compressed by a compression circuit 112 which encodes the title­

data in variable run length coding. The compressed title data ·is 

coupled multiplexor 107 for subsequent application to the input 

terminal 121 shown in Fig. 1. 
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Preferably, multiplexor 107 multiplexes the compressed 

video, audio and title data, together with the sub-information, 

in accordance with the MPEG-1 or MPEG-2 standard, as may be 

desired. The output of the multiplexor is coupled to input 

terminal 121 of Fig·. 1 whereat the multiplexed data is ECC 

encoded, modulated and recorded on disc 100. 

Fig. 33 is a block diagram of circuitry for recovering 

the video, audio, title and sub-information data that had been 

recorded on disc 100 and that had been reproduced from the disc 

by the playback apparatus shown in Fig. 2. The input to the data 

recovery circuit shQwn in Fig. 3.3 is output terminal 224 of Fig. 

2. This terminal is coupled to a demultiplexer 248 which. 
' demultiplexes the aforedescribed multiplexed video, '·.audio and . -~ 

title data as well as the sub-information. The demultiplexer 

.operates in accordance with the MPEG-1 or MPEG-2 standard, as may 

be desired, to separate the compressed video data, the compressed 

audio data, the compressed title data and'the sub-information. 

The compressed video data is stored in a buffer memory 249 from 
. 

which it is expanded in expansion·circuit 250, processed in a 

post processor 256, for example, as may be needed to conceal 

errors, and reconverted.back to analog form by digital-to-analog 

converter 251. Expansion circuit 250 operates in accordance with 

the MPEG-1 or MPEG-2 standard such that the original video 
, 

information is recovered. 
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Post processor 256 also is adapted to superimpose 

graphical title information on the recovered video data, as will 

be described below, such that the recovered·title data may be 

suitably displayed, as by sup~rposition on a video picture. 

The separated audio data is supplied from demultiplexor 

248 to an audio buffer memory 252 from which it is expanded in an 
. 

expansion circuit 253 and reconverted to analog form by diqital-

to-analog convertor 254. Expansion circuit 253 operates in 

accordance with the MPEG-1 or MPEG-2 or mini disc standard, as 

may be desired. If tbe audio data that is recorded on disc 100 

has not been compressed, expansion circuit 253 may be omitted or 

bypassed. 

As depicted in Fig. 33, the sub-informatiQn separated 
. .:t 

~ 

by demultiplexor 248 is supplied as a direct output signal, 

consistent with the representation shown in Fig. 32 wherein such 

subinfo~a:tion is not processed prior to being supplied to 

multiplexor 107 and no processing subsequent to demultiplexer 248 

is illustrated. 

The separated title data is applied to title buffer 

memory 233 from demultiplexor 248 from which the title data is 

.decoded.by .a title decoder 260 that operates in a manner inverse 

to the operation of compression circuit 112 (Fig. 32). That is, 

decoder 260 may carry out an inverse variable length decoding 

operation. The decoded title data is supplied t~ post processor 
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256 for superposition onto the video information that has been 

played back from the optical disc. 

Demultiplexor 248 monitors the remaining capacities of 

buffer memories 249, 252 and 233 to sense when these memories are 

relatively empty or filled. The purpose of monitoring the 

remaining capacities of the buffer memories is to assure that 

data overflow therein does. not occur. 

System controller 230 and user interface 231 of Fig. 33 

are the same as system controller 230 and user interface 231 in 

Fig. 2. 

While the present invention has been particularly shown 

and described with reference to preferred embodiments, it will be 
., 
.. 

readily apparent to those of ordinary skill in the ~rt that 

various changes and vari~tions may be ~ade without departing from 

the spirit.and scope of the invention. To the extent that such 

variations and changes have been mentioned herein, the appended 

claims are to be interpreted as including such variations and 

changes as well as all equivalents to those features which have 

been particularly disclosed. 
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WHAT ZS CLAZMED ZS: 

1. An optical disk having a diameter less than 140mm; 

a thickness of ·1.2mm ± O.lmm; a plurality of record tracks having 

data recorded thereon as embossed pits representing information, 

the tracks exhibiting a pitch in the range between 0.646µm and 

1.0Sµm; said tracks being divided into a lead-in area, a program 

area and a lead-out area; said recorded data being recorded in a 

table of contents (TOC) region and in plural data track regions 

with.said TOC region being disposed in said lead-in area, said 

TOC region containing TOC information and said plural data track 

_regions co;ntaining user information; said TOC information being 

.. recorded i1*.a _first plurality of sectors in said TOC region and 

said.user information being recorded in a second plurality of 

sectors in said plural data track regions; each data track region 

having a respective start sector; said TOC information including 

addresses of the respective start sectors; and said TOC 

information and said user information being recorded as modulated 

long distance error correction encoded data having at least eight 

parity symbols. 

2. The optical disk of Claim 1 wherein said data is 

recorded as embossed pits with a linear density in the range· 

between 0.237µm per bit and 0.378µm per bit. 

3. The optical disk of Claim 1 wherein at least said 
• ·~· • •• r." ·., .. •'·' 

program area is disposed in a portion of the disk having a radius 

of from 2omm to 65mm. 

77 



1 •lml/ HWI 1111 H /IM ] 
. c l " s * 

4. The optical disk of Claim 1 wherein said TOC 

information and said user information are modulated as run length 

limited (RLL) encoded data. 

5. The optical disk of Claim 4 wherein said RLL 

encoded data is (2,10) RLL encoded data, such that successive 

transitions are separated by no less than 2 data bit cells and by 

no more than 10 data bit cells. 

6. The optical disk of Claim 5 wherein said RLL 

encoded data ·is recorded as 2n-bit information words, where . 

unmodulated TOC and user· information is represented as n-bit data 

words. 
~-

7 ~ . The optical disk of Claim 1 wherein said .. program 

area of said tracks is provided with another TOC region 

containing TOC information substantially identical to the TOC 

information contained in the TOC region disposed in said lead-in 

area. 

a. The optical disk of Claim 1 wherein each sector of 

said first and second plurality of sectors includes a sector 

header at a leading portion thereof, said sector header 

containing a sector sync pattern, a sector address, an error 

detection code, and subcode data. 

9. The optical disk of Claim 8 wherein said subcode-

data in a given sector includes a subcode identifier and subcode 

information of a type identified by said subcode identifier. 
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10. The optical disk of Claim 9 wherein said subcode 

identifier is a subcode address. 

11. The optical disk of Claim 9 wher.ein s~id ·subcode 

information includes track identifying data which identifies the 

track in which said given sector is recorded, copyright data 

which indicates whether user information in said track may be 

copied, and application identifying data which identifies a 

predetermined application allotted to said user inf·ormation in 

said track. 

12. The optical disk of Claim 9 wherein said user 

information is picture information representing a respective 
~-

I . 

p.i,cture, said picture information being recorded in at least one 

sector in a data track region, and wherein said subcqde 

information includes first distance information representing the 

distance from said given sector to the sector in which picture 

information repres~nting a next preceding picture is recorded and 

second distance information representing the distance from said 

given sector to the sector in which picture information 

representing a next_ following picture is recorded. 

13. ~he optical disk of Claim 12 wherein said picture 

information is recorded in a lead sector and at least one 

following sector; and said sector in which picture information 

representing said next preceding picture is recorded as well as 

said sector in which picture information representing said next 

following picture is recorded is said lead· sector. 
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14. The optical disk of Claim 13 wherein said picture 

information is compressed' picture data selectively comprised of 

intraframe encoded· picture data or predictively encoded picture 

data; and said first and second distance information each 

represents the distance from said qiven sector to the lead sector 

in which intrafra~e encoded picture data is recorded. 

15. The optical disk of Claim 9 wherein said user 

information is compressed picture data selectively comprised of 

different tYPes of compression-encoded data representinq 

respective pictures havinq a predetermined display sequence, and 

said subcode· information includes type identifying information 
i.~. 

for identifying the type of compression-encoded data that is 

recorded in said given sector and sequence information for 

identifying the location in said display sequence of the picture 

represented by the compression-encoded data that is recorded in 

said given sector. 

16. The optical disk of Claim 9 wherein said user 

information is variable over time, and said subcode information 

includes time code data representing time information at which 

said user information is recorded. 

17. The optical disk of Claim 1 wherein said TOC 

information is representative of record/playback characteristics,· 

diameter, recording capacity and number of record tracks of said 

optical disk. 
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18. The optical disk of Claim 17 wherein said 

record/playback characteristics of said optical disk represent a 

read only disk, a write qnce disk or an erasable disk. 

19. The optical disk of Claim 1 wherein said TOC 

information includes TOC identification data for identifying 

location of said TOC region, data configuration of said TOC 

region, and sector configuration of each of said plurality _of 

sectors. 

20. The optical disk of Claim 1 wherein said TOC 

information includes data representative of disk size. 

~21. The optical disk of Claim 1 wherein said TOC 

information:~. includes data representative of a time code 

associated with said user information. 

22. The optical disk of Claim i wherein said user 

information is reproducible at a selected one of plural playback 

speeds; and said TOC information includes data representative of 

said selected playback speed. 

23. The optical disk of Claim 1 wherein said lonq 

distance error correction encoded data is encoded by inserting C2 

and Cl hold sections at predetermined locations.in the TOC and 

user information supplied for recording and thereby· forming 

preliminary Cl words comprised of plural data symbols, generating 

C2 parity symbols in response to a predetermined number of data 

symbols of the same number of preliminary Cl words and replacing 

a C2 hold section in a preliminary. Cl word with said C2 parity 
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symbols to form a precursory C1 word, generating Cl. parity 

symbols in response·to a precursory Cl word and inserting said Cl 

parity symbols into a Cl hold section to form a Cl. code word, and 

using a pre-established number of said Cl code words as said long 

distance error· correction encoded data. 

24. The optical disk of Claim 23 wherein said user 

information that is recorded as said long distance error 

correction encoded data exhibit a symbol sequence different from 

the symbol sequence of the us~r information supplied for 

recording. 

~25. The optical disk of Claim 24 wherein said C1 code 

word is comprised of odd and even symbols with the odd symbols 

being recorded to~ether in an odd group and the even.symbols 

being recorded tog~ther in an even group. 

26. The optical disk of Claim 25 wherein each Cl code 

word is formed of m symbols and each C2 code word is formed of n 

symbols, where m and n are integers; and wherein: 

k = mxi + 2xj -m, when. j < m/2 

k = mxi + 2xj - (m-1), when j. :i!: m/.2, 

where i is the sequential order in which the Cl code words are 

presented for recording, j is the sequential order of the m 
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symbols in each Cl code word presented for recording, and k is 

the order in which the m symbols are recorded on the disk. 

27. The optical disk of Claim 1" wherein the long 

distance error correction encoded data is encoded in a 

convolution code. 

28. The optical disk of Claim 1 wherein said .TOC and 

user information are modulated for recording by reading from a 

selected· one of plural storage tables a 2n-bit symbol in response 

to an n-bit byte supplied for recording, the_ selected storage 

table being a function of the preceding 2n-bit symbol that had 

been read~ •. 

' 29. The· optical disk of Claim 28,. wherein successive 

2n-bit symbols are ~un length limited. 

30. The-optical disk of Claim 29.wherein different 2n­

bit symbols are stored respectively in at least two of said 

storage tables for the same n-bit byt.e. 

31. The optical disk of Claim 30 wherein the 2n-bit 

symbols stored in one of said two storage tables exhibit positive 

digital sum value (DSV) and the 2n-bit symbols stored in the 

other of said two storage tables exhibit negative DSV. 

32. The optical disk of Claim 31 wherein the selected 

storage table is determined as a function of the number of "O" -
bits in which the preceding 2n-bit symbol terminates and 

accumulated DSV of a predetermined number of preceding 2n-bit 

symbols. 
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33. A method of ~ecording data on an optical disk 

having a diameter less than 140 mm, a thickness of ·1.2 mm ± 0.1 

mm and a recording area divided into a lead-in area, a program 

area and a lead-out area, said method comprising the steps of: 

providing user information for recording in a plurality of 

sectors in user tracks; providing table of contents (TOC) 

information for recording in a plurality of sectors in at least 

one TOC track, said TOC information including addresses of 

respective start sectors, each· identifying a start sector of a 

respective user track; encoding both said user information and 

said Tric irtf ormation in a long distance error correction code 
<. 

havi~g at l~ast eight parity symbols; modulating the encoded user 

and TOC information; recording the modulated, encoded TOC 

information as embossed pits in said at least one TOC track in 

said lead-in area; and recording the modulated, encoded user 

information as embossed pits in said user tracks in said program 

area with a track pitch in the range between 0.646µm and 1.05µm. 

34. The method of Claim 33 wherein each of said steps 

of recording is operative to record said embossed pits with a 

linear density in the range between 0.237µm per bit and 0.378µm 

per bit. 

35. The method of Claim 33 wherein the step of 

recording embossed pits in said program area is operative to 

record said program area in a portion of the disk having a radius 

of from 2omm to 65mm. 
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36. The method of Claim 33 wherein said step of 

modulating comprises run length limited (RLL) modulating said 

encoded user and TOC information. 

37. The method of Claim 36 wherein said RLL modulating 

is (2,10) modulation, such that successive transitions are 

separated by no less tha~ 2 data bit cells and by no more than 10 

data bit cells. 

38. The method of Claim 37 wherein said step of 

modulating further comprises converting n-bit data words 

_representing said user and TOC information to 2n-bit information 

words for .rec~rding. 
~::· 

l.9. The.method of Claim 33 wherein said step of 

recording the modulated encoded TOC information includes the step 

of recordinq in said proqram area modulated, encoded TOC 

information substantially identical to the TOC information 

recorded in said lead-in area. 

40. The method of Claim 33 wherein each sector in at 

least said user tracks includes a sector header at a leading 

portion thereof; and said step of recording user information 

includes recording in said sector header, a sector sync patte~n, 

a sector address, an error detection code, and subcode data. 

41. The m~thod of Claim 40 wherein said subcode data 

in a qiven sector includes a subcode identifier and subcode 

information of a type identified by said subcode identifier. 
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42. The method of Claim 41 wherein.said subcode 

identifier is a subcode address. 

43. The method of Claim 41 wherein said subcode 

information includes track identifying data which identifies the 

track in which said given.sector is recorded, copyright data 

which indicates whether user information in said track may be 

copied, and application identifying data which identifies a 

predetermine~ application allotted to said user information ~n 

said track. 

44. The method of Claim 41 wherein said user 

.informatio~ is picture information representing a respective 
~~-

picture; anf,i s_aid step of recording comprises recording said 

picture in~ormation in at least one sector in said user tracks, 

and recording as subcode information first distance information 

representing the distance from said given sector to the sector 

in which picture information representing a next preceding 

picture is recorded and second distance information representing 

the distance from said given sector to the sector in which 

picture information representing a next following picture is 

recorded. 

45• The method of Claim 44 wherein said step of 

recording picture information comprises recording said picture 

information in a lead sector and at least one following sector. 

46. The method of Claim 45 wherein said step of 

encoding·said user information comprises compressing picture data 
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to selectively form intraframe encoded picture data or 

predictively encoded picture data; and each of said first and 

second distance information represents the distance from said 

given sector to the lead sector in which intraframe encoded 

picture data is recorded. 

47. The method of Claim 41 wherein said step of 

encoding said user information comprises compressing a 

predetermined display sequence of picture data in accordance with 

selectively different types of compression-encoding technique, 

and said subcode information includes type identifying 

information for identifying the type of compression-encoding 
~-

technique t~at.is used t6 compress the data recorded in said 

given sector and sequence ~nformation for identifying the 

location in said display sequence of the picture represe~ted by 

the compressed picture data that is recorded in said given 

sector. 

48. The method of Claim 41 wherein said user 

information is variable over time, and said subcode information 

includes time code data representing time information at which 

said user information is recorded. 

49. The method of Claim 33 wherein said TOC 

information is representative of record/playback characteristics, 

diameter, recording capacity and number of record tracks of said 

optical disk. 
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record/playback characteristics of said optical disk represent a 

read only disk, a.write once disk or an erasable disk. 

51. The method of Claim 33 wherein said step of 

recording said TOC information incl~des the steps of recording 

TOC identification data for identifying a location of said at 

least one TOC track, recording a data configuration of said at 

least one TOC track, and recording a sector conf iquration of each 

of said plurality of sectors. 

52. The method of Claim 33 wherein said TOC 

information includes data representative of disk size. 
~-:· 

5~.. . The method of Claim 33 wherein said TOC 

information includes data representative of a time code 

associated with said user information. 

54. The method of Claim 33 wherein said user 

information is reproducible at a selected one of plural playback 

speeds; and said step of. recording said TOC information includes 

the step of recording data representative of said selected 

playback speed. 

55. The method of Claim 33 wherein said step of 

encoding information in said .long distance error correction code 

is comprised of receiving said user information as input data; , 

~nserting C2 and Cl hold sections at predetermined locations in 

said input data and thereby forming preliminary C1 words 

comprised of plural data symbols; generating C2 parity symbols in 
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response to a predetermined number of data symbols of the same 

number of preliminary Cl words and replacing a C2 hold section in 

a preliminary Cl word with said C2 parity s¥mbo1s to form a 

precursory Cl word, generating Cl parity symbols in response to a 

precursory Cl word and· inserting said Cl parity symbols into a Cl 

hold section to form a Cl code word, and us~ng a pre-established 

number of said Cl code words as said long distance error 

.correction encoded data. 

56. The method of Claim 55 wherein said step of 

recording comprises recording the symbols of the Cl code words in 

a symbol sequence different from the symbol sequence of said 
J:· 

preliminary~. Cl. words. 

57. The method of Claim 56 wherein a preliminary Cl 

code word-is comprised of odd and even symbols and wherein said 

step of recording records the odd symbols together in an odd 

group and records the even symbols together in an even group. 

58. The method of Claim 57 wherein each Cl .code word 

is formed of m symbols including m-n Cl parity symbols, where m 

·and n are integers; and wherein: 

k = mx i + 2 xj - m, when j < m/2 

k = mxi + 2xj - (m-1), when j ~ m/2, 
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where i .is the sequential order of the preliminary Cl words of 

input data, j is the sequential order of the m symbols in each 

preliminary Cl code word, and k is the order in which the m 

symbols are recorded on the disk. 

59. The method of Claim 33 wherein the step of 

encoding comprises encoding said user and TOC information in a 

convolution code. 

~ 60. The method of Claim 33 wherein said step of. 

modulating comprises supplying said TOC and user information as 

n-bit bytes, reading from a selected one of plural storage tables 

a 2n-bit symbol in response to a supplied n-bit byte, and 
~- . 

selecting s~id .. one storage table as a function of the preceding 

2n-bit symbol that had been read_. 

61. The method of Claim 60, wherein successive 2n-bit 

symbols are run length limited. 

62. The method of Claim 61 wherein different 2n-bit 

symboi"s are stored respectively in at least two of said storage 

tables for the same n-bit byte. 

·63. The method of Claim 62 wherein the 2n-bit symbols 

stored in one of said two storage tables exhibit positive digital 

sum value (DSV) and the 2n-bit symbols stored in the other of 

said two storage tables exhibit negative DSV. 

64. The method of Claim 63 wherein the step of 

selecting said one:· sto.rage table is determined as a function of 
.. . 

the number of'"O" bits in which the preceding 2n-bit symbol 
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terminates and accumulated DSV of a predetermined number of 

precedinq 2n-~it symbols. 

65. A method of reproducing data from an optical disk 

having a diameter less than 140mm, a thickness of 1.2mm ± O.lmm 

and a recording area divided into a lead-in area, a program area 

and a lead-out area, and wherein said data is recorded as 

embossed pits represe~tinq modulated, err9r-correction encoded 

user information in sectors· in user tracks in said program area 

and representi~g modulated, error-correction encoded table of 

contents (TOC) information in sectors in at least one TOC track 

.in. said lead'"'.'in area with said TOC information ·includinq 

addresses of respective start sectors of said user tracks, the 

tracks hav~?q a track pitch in the range of 0.646µm to 1.osµm, 

said.method~comprising the steps of rotating said disk to obtain 

a constant linear velocity; projecting a pickup light beam 

through a lens for optically readinq the rotating disk, said 

pickup light beam having a spatial frequency t = 1/2NA, where the 

spatial frequency t is less than the track pitch, l is the 

wavelength of the pickup light beam and NA is the numerical 

aperture of the lens; demodulating the data read from said disk; 

error correcting the demodulated data; separatinq the error 

corrected data into TOC information and user information; and 

using said TOC information to ac.cess and·read selected user 

tracks in response to access instructions from a user. 
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66. The.method of Claim 65 wherein said embossed pits 

have a linear density in the range between 0.237µm per bit and 

0.378µm per bit. 

67. The method of Claim 65 wherein said program area 

is located in a portion of the disk having a radius of from 20mm 

to 65mm. 

68. The method of Claim 65 wherein each sector of said 

user and TOC tracks includes a ~ector header at a leading portion 

thereof, said sector header containing a sector sync pattern, a 

sector address, an error detection code, and subcode data·. 

69. The method of Claim 68 wherein said subcode data 

in a given sector includes a subcode identifier and subcode 

informatibn. of a type identified by said subcode identifier • 
.:: 

1·-0. The method of Claim 69 wherein said subcode 

identifier is a subcode address. 

71. The method of Claim 69 wherein said subcode 

information includes track identifying· data which identifies the 

track in which said given sector is recorded, copyright data 

which indicates whether user information in said track may be 

copied, and application identifying data which identifies a 

predetermined application allotted to said user information in 

said track. 

72. The method of Claim 69 wherein said user 

information is picture information representing a respective 

picture, said picture information being recorded in at least one 
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sector in a user track, and wherein said subcode information 

includes first distance information representing the distance 

from said given ·sector to the sector in which picture information 

repr~senting a next preceding picture is recorded and second 

distance information representing the distance from said given 

sector to the sector in which picture information representing a 

next.following picture is recorded. 

73. The method of Claim .72 wherein said picture 

information is recorded in a lead sector and at least one 

following sector; and each said distance information represents 

· the distance from said given sector to a next lead sector. 

74. The method of Claim 73 wherein said picture 

information is compressed picture data selectively comprised of 
,!_~. 

intraframe encoded picture data or predictively encoded picture 

data; and said first and second·· distance information· each. 

represents the distance from said give~ sector to the next lead 

sector in which intraframe encoded .. picture data is recorded. 

75. The method of Claim 69 wherein said user 

information is compressed picture data selectively comprised of 

different types of compression-encoded data representing 

respective pictures having a predetermined display sequence, and 

said subcode information.includes type identifying information 

for identifying the type of compression-encode~ data that is 

recorded in said given sector and sequence information for 

identifying the location in said display sequence of the picture 
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represented by the compression-encoded data that is recorded in 

said given·sector. 

76. The method of Claim 69 wherein said user 

·information is variable over time, and said subcode information 

includes time code data representing time.inform~tion at which 

said user information is recorded. 

77. The method of Claim 65 wherein said TOC 

information·is representative of record/playback characteristics, 

diameter, recording capacity and number of record tracks of said 

disk. 

78. The method of Claim 77 wherein said 

record/playback characteristics of said optical disk represent a 

read only· ~Jsk, a write once disk or an erasable disk·. 

79.· . The method of. Claim 65 wherein said TOC 

information includes TOC identification data· for identifying a 

location of said at least one Toc·track, data configuration of 

said at least one TOC track·, and sector configuration of each of 

said plurality of sectors. 

80. The method of Claim 65 wherein said TOC 

information includes data representative of disk size. 

81. The method of Claim 65 wherein said TOC 

information includes data representative of a time code 

associated with said user information. 

82. The· method·· of Claim 65 wherein said user 

information is re~roducible at a selected one of plural play~ack 
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speeds; and said TOC information includes data representative of 

said selected playback speed. 

83. The method of Claim 65 wherein said error­

correction encoded information is formed of a pre-established 

number of Cl code words, each Cl code word containing user 

information. symbols, c2. parity symbo·ls each.·of which is derived 

from·a user information symbol included in a preassigned number 

of Cl code w~rds, and Cl parity symbols each of which is derived 

from a predetermined number of symbols, including user 

information symbols and C2 parity symbols in said Cl code word; 

and wherein said step of error correcting comprises using said Cl 

parity symbols to error correct the Cl code word which contains 

said Cl pa~ity symbols, using said C2 parity symbols in sa"id Cl 
<. 

code word to.error c~rrect respective user information symbols 

.·included·' in said preassigned number·· of Cl code words, and forming 

an error corrected Cl code word from· the user information symbols 

that had been corrected as a result of using said C2 parity 

·~ymbols. 
. 

84. The method of Claim 83 wher~in said user 

information symbols are recorded in a disarranged order; and 

wherein the step of error correcting further comprises 

· rearranging the order of the symbols included in said error 

corrected code word to an arranged sequence. 

85. The method of Claim 84 wherein said disarrange~ 

order is f orme~ of odd user information symbols recorded in an 
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odd group and even user ,information symbols recorded in an even 

group, and said arranged sequence is formed of sequential 

alternating odd and even information symbols. 

86. The method of Cl-aim 85 wherein each Cl code. word 

is formed of m symbols including n user information symbols, 

where-m and n are· integers; and wherein: 

i =. (k/m) - (kmod2) + 1 

j = (m/2) x (kmod2) + (kmodm)/2 

where i is the sequential qrder of the error-corrected Cl code 

words, j is the sequential order of the arranged sequ~nce of m 

symbols in each error-corrected Cl code word, and k is the 

disarranged order in which the m symbols are recorded on the . . . . 

disk. 

s?. ·The method of Claim 65 w~erein the error 

correction encoded data is in a convolution· code. 

88. The method of Claim 65 wherein said data on the 

disk is modulated as· a run length· limited {RLL) code; and said 

step of demodulating includes decoding said RLL data. 

89. The method. of Claim 88 wherein said RLL code is 

(2,10) RLL code, .such that successive data transitions are 

• 

separated by no less than 2 data bit ·cells and by no more than 10 

data bit cells. 

90. The method. of Claim 88 wherein said RLL code is 

recorded as 2n-bit information words, and said step of 
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demodulating converts said 2n-bit information words into n-bit 

information words. 

91. The method of Claim 90 wherein said step of 

demodulating comprises storing in each of a plurality of tables 

several n-bit information wdrds, selecting a particular table as 

a function of .. a preceding 2n-bit information word' read from said 

disk, and reading out from the selected table an n-bit 

information word which co~responds to the 2n-bit information word 

presently read from said disk. 

92. The method of Claim 91 wherein at ·least one 2n-bit 

information word read from the disk corresponds to two different 

n-bit information words one of whic~ is stored in one table and 

the other 6t,. which is stored in another table, and wherein said 
~ . 

step qf selecting further comprises examining the 2n-bit 

information word which next follo~s said presently read 2n-bit 

information word to select said one or said other table as a 

function of· said next-following 2n-bit information word. 

93. The method of Claim 92 wherein said step of 

examining comprises sensing predetermined bits in said next­

following 2n-bit information word to determine the table to be 

selected for saia next-following 2n-bit information word, and 

selecting said one or said other table for said presently read 

2n-hit information word depending upon the table to be selected 

for said next following 2n-bit information word. 
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94. Apparatus for recording data on an optical disk 

having a diameter less than 140 mm, a thickness of 1.2 mm ± 0.1 

mm and a recording area divided into a lead-in area, a program 

area and a lead-out area, said apparatus comprising: input means 

for providing: user information for recording in a plurality of 

sectors in user tracks and contents (TOC) information· for 

recording in a plurality of sectors in at least one TOC track, 

said TOC information including addresses of respective start 

sectors, each identifying a start sector of a respective user 

track; encoding means for encoding both. said user information and 

said TOC information in a long distance error correction code 

having at least eight parity symbols; modulator means for 

modulatinq ~he encoded user and TOC information; and recording 
.:: 

means for recording the modulated, encoded TOC information as 

embosse~ pits in said at least one TOC track in said lead-in area 

and for recording the modulated, encoded user information as 

embossed~·pits· ·in said user tracks in said program area with a 

track pitch in the range between 0.646µm and 1.osµm. 

95. The apparatus of Claim 94 wherein said recording 

means is operative to record said embossed pits with a linear 

density in the range between 0.237µm per bit and 0.378µm per bit. 

96. The apparatus of Claim 94 wherein said recording 

means is operat_i ve to record said program area in a portion of 

the disk having a radius of from 20mm to 65mm. 
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The apparatus of ciaim 94 wherein said modulator 

means is a run length limited (RLL) modulator. 

98. The apparatus of Claim 97 wherein said RLL 

modulator performs (2,10) modulation, such that successive 

transitions are separated by no less· than 2 data bit cells and by 

no more than 10 data. bit cells. 

99. The apparatus of Claim 98 wherein said modulator 

includes means for converting n-bit data words representing said 

user and TOC information to 2n-bit information words for 

recording. 

100. The apparatus of Claim 94 wherein· said recording 

means is operative to record in said program area modulated, 

encoded 'T~C information substantially identical to the TOC 

information recorded in said lead-in area • 

. 101. The apparatus of Claim 94 wherein each sector in 

at least said user tracks includes.a sector header at a leading 

portion .thereof•; and said recording· means· is operative to r.ecord 

in said sector header, a sector sync pattern, a sector address, 

an error detection code, and subcode data.· 

102. The apparatus of Claim 101 wherein said subcode 

data in a give~ sector includes a subcode identifier and subcode 

information of a type identified by. said subcode identifier. 

103. The apparatus of Claim 102 wherein said subcode 

identifier is a subcode address. 
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104. The apparatus of Claim 102 wherein said subcode 

information includes track identifying data which identifies the 

track in which said given sector is recorded, copyright data 

which indicates whether user information in said track may be 

copied, and application identifying data which identifies ·a 

predetermined,. applicatic;m allotted to said user- information in 

said track. 

105. The apparatus of Claim 102 wherein said user 

information is picture informatio~ representing a respective 

picture; and said recordi.ng means is operat.i ve to record said 

picture information in at least one sector in said user tracks, 

and to record as subcode information first distance information 

represenei~g the distance from said given sector to the sector 

in ~hich picture information representing a next preceding 

picture is recorde~ and second distance information representing 

the distance from said given sector· to the sector in which 

picture information representing a next following picture is 

recorded. 

106. The apparatus of Claim 105 wherein said recording 

means is further operative to record picture information in a 

lead sector and at least one following sector. 

107. The apparatus of Claim 106 wherein said encoding 

means includes means for compres.sing picture data to selectively 

form intraframe encoded picture data or predictively encoded 

picture data; and each of said first and second distance 
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information represents t~e distance from said given sector to the 

lead sector in which intraframe encoded_ picture data is recorded. 

108. The app~ratus of Claim 102 wherein said encoding 

means comprises means for.compressing a predetermined.display 

sequence of picture data in accordance with selectively different 

types of compression-encoding techniques·, and said subcode 

information includes type_ identifying information for identifying 

the type of compre~sion-encoding technique that is used to 

compress the data recorded in said given sector and sequence 

information for identifying the location in said display sequence 

of the picture represented by the compressed picture data that is 

recorded.in said given sector. 

~1f9· The ~pparatus of Claim 102 wherein said user 

information as. variable over time, and said subcode -information 

includes. time code data representing time information at which 

said user information is recorded. 

110. The apparatus of Claim 94 wherein said TOC 

information is representative of ·record/playback characteristics, 

diameter, recording capacity and number ~f record tracks of .said 

optical disk. 

111. The apparatus of Claim 110 wherein said 

record/playback characteristics of said optical disk represent a 

read only disk, a write once disk or an erasable disk. 

112. The apparatus of Claim 94 wherein said TOC ·, 

information includes TOC identification data for identifying a 
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location of said at least one TOC track and configuration data 

for identifying a data configuration of said at least one TOC 

track and a .sector configuration of each of said plurality of 

sectors. 

113. The apparatus of Claim 94 wherein said TOC 

information include~data representative of disk size. 

114. The apparatus of Claim 94 wherein said TOC 
. 

information includes data.representative of a time code 

associated with said user information. 

115. The apparatus of Claim 94 wherein said user 

information is reproducible at ·a selected one of plural playback 

speeds; artdy_said TOC information includes data representative of 
·, 

said ~elected.playback speed. 

116. The apparatus of Claim 94 wherein said· encoding 

means is comprised of means for receiving said user information 

as input data; means for inserting C2 and Cl hold sections at 

predetermined' locations in said input data to thereby form 

preliminary Cl words comprised of plural data symbols; means for 

generating c2"parity symbols in response to a predetermined 

number of data symbols of the same riumber of preliminary Cl 

words; means for replacing a C2 hold ~ection in a preliminary 

word with said C2 parity symbols to form a precursory Cl word; 

means for generating Cl parity symbols in response to a 

precursory Cl word; and means for inserting said Cl parity 

symbols into a Cl hold section to form a Cl code word, with a 
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pre-established number of said Cl code words constituting said 

long distance error correction encoded data. 

117. The apparatus of Claim 116 wherein said recording 

means further includes means for recording the symbols of the Cl 

code words in a symbol sequence different from the symbol 

sequence of said preliminary Cl words. 

118. The apparatus of Claim 117 wherein a preliminary 

Cl code word is comprised of odd and even symbols and wherein 

said means for recording is operative ~o ~ecord the odd symbols 

toget);ler in an odd group and the even symbols together in an ·even 

group. • 

119. The apparatus of Claim 118 wherein each Cl code 

word is· fori\led o_f m symbols including m-n ci parity symbols, 
' ,. 

where m and n are.integers; and wherein: 

k = mx i + 2 xj - m, when j < lfl/2 

k = mxi + 2xj - (m-1), when j ~ m/2, 

where i is the sequential order of the preliminary Cl words of 

input data, j is the sequential order of the m symbols in each 

preliminary Cl-code word, and k is the order in which them 

symbols are recorded on the disk. 

120. The apparatus of Claim 94 wherein said encoding 
-

· compris-es a convolution code enc9der. 
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121. The. apparatus of Claim 94 wherein said modulator 

means comprises an n-to-2n modulator in which said TOC and user 

information are supplied· as n-bit bytes, including plural storage 

tables, each for storing 2n-bit symbols corresponding to 

respective n-bit bytes; means for reading from a selected one 

storage table a ~n-bit symbol in response to a supplied n-bit 

byte; and means for selecti~g said storage table as a function of 

the preceding 2n-bit symbol that had been read.· 

122. _The apparatus of Claim 121, wherein successive 2n-

bit symbols are run length limited. 

123. The apparatus of Claim 122 wherein at least two of 

said stor~ge tables store different 2n-bit symbol~ .for the same 
~-

n-bi t byte.\ 
'" 

124. The apparatus of Claim 123 wherein the 2n-bit 

symbol~ stored in one of sai.d two storage tables·· exhibit positive 

digital sum value (DSV) and the 2n-bit symbols stored in the 

other of said two storage tables exhibit negative osv. 

125. The apparatus of Claim i24 wherein said means for 

_ selecting said one storage table includes means for sensing the 

number of 11 0 11 bits in which the preceding ·2n-bit symbol 

terminates, means for determining the accumulated osv of a 

predetermined number of preceding 2n-bit symbols and means for 

selecting the storage tabl~ as a function of the sensed number of 

11 011 bits and the accumulated osv. 
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126. Apparatus for reproducing data from an opt~cal 

disk having a diameter less than 140mm, a thickness of 1.2mm ± 

0.1nun and a recording area divided into a lead-in area, a program 

area and a lead-out area, and wherein said data is recorded as 

embossed·pits representing modulated, error-correction encoded 

user information in sectors in user tracks in said program area 

and representing mo~ulated, error-correction encoded table of 

contents (TOC) information in sectors in·at least one TOC track 

in said lead-i~ area with _said TOC information including 

addresses of respective start sectors of said user tracks, the 

tracks having a track pitch in the range of 0.646µm to 1.0Sµm, 

said apparatus comprising means for rotating said disk to-obtain 
·~· . . a constant\linear velocity; pickup means for projecting a pickup 

\ . ,. 
light beam through a lens to optically read the rotating disk, 

said pickup light beam having a spatial frequency t = l/2NA, 

·where .the spatial frequency tis less than the track pitch, l is 

the wavelength of the pickup light beam and NA is· the numerical 

aperture of the lens; ~emodulatinq means for demodulating the 

data read from said disk; error correcting means for error 

correcting the demodulated data; means-for separating the error 

corrected data into TOC information and user information; and 
. 

control means responsive to said TOC information to access and 

read selected user tracks in response to -access instructions frpm 

a user. 
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127. The apparatus of Claim 126 wherein said embossed· 

pits have a linear density in the range between o.237µm per bit 

and 0.378µm per bit. 

128. The apparatus of Claim 126 wherein said program 

area is located in a portion of the disk having a radius of from 

20mm to 65mm. 

129. The apparatus of Claim 126 wherein each sector of 

at least said user tracks includes a sector header at a leading 

portion thereo~, said sector header containing a sector sync 

pattern, a sector address, an error detection code, and subcode 

data. 

~ 130. The apparatus of Claim 129 wherein said subcode 
-~-

data in a q~ven sector includes a subcode identifier and subcode 

.information of a type identified by said subcode identifier. 

131. The apparatus of Claim 130 wherein said subcode 

identifier is a subcode address. 

132. The appa~atus of Claim 130 wherein said subcode 

information includes track identifying data which identifies the 

track in ~hich said given sector is recorded, copyright data 

which indicates whether user information in said track may be 

copied, and application identifying data which identifies a 

predetermined application allotted to said user information in 

said track. 

133. The apparatus of Claim 130 wherein said user 

information is picture information represent~ng a respective 
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picture, said picture information being recorded in at least one 

sector in a user track, and wherein said subcode information 

includes first distance information representing the distance 

from said given sector to the sector in which picture information 

representing a next preceding picture is recorded and second 

distance information representing the distance from said given 

sector to the sector in which picture information representing a 

next following picture is recorded. 

134. _The apparatus of Claim 133 wherein said picture 

information is recorded in a lead sector and at least one 

followi~g sector; and each said distance information represents 

the distance from said given sector to a next lead sectorr 

~35~ The apparatus of Claim 134 wherein said picture 

information is compressed picture data selectively comprised of 

_intraframe encoded picture data or predictively encoded pi·cture 

dat~; ,and said first and second.distance information ea~h 

represents the.dis~ance from said given·sector to the next lead 

sector in which intraframe encoded picture data is recorded. 

136. The apparatus of Claim 130 wherein said user 

information is compressed picture data selectively comprised of 

different types of compression-encoded data representing 

respective pictures having a predetermined display sequence, and 

said subcode information includes type identifying information, 

for identifying the type of compression-encoded data that is 

recorded in said given sector and sequence information for 
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identifying the location in said display sequence of the picture 

represented by the compression-encoded data that is recorded in 

said given sector. 

137. The apparatus of Claim 130 wherein said user 

information is variable over time, and said subcode information 

includes time code data representing time information at which 

said user information is recorded. 

138. The apparatus· of Claim 126 wherein said TOC 

infonnation is _representative of record/playback characteristics, 

·diameter, recording capacity and number of record tracks of said 

disk. 
. 

)-39. The apparatus of Claim 138 wherein said 
"),· 

record/playh_aqk character~stics of said optical.· disk represent a 

read only di-sk, a write once disk or an erasable disk. 

140. The apparatus of Claim 126 wherein said TOC 

information includes TOC identification data for identifying a 

location of said at least one TOC track, data configuration of 

said at least one TOC track, and sector configuration of each of 

said plurality of sectors. 

14·1. The apparatus of Claim 126 wherein said TOC 

information includes data representative of disk size. 

142; The apparatus of Claim 126 wherein said TOC 

information includes data representative of a time code 

associated with said user information. 
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143·. The apparatus of Claim 126 wherein said user 

information is reproducible at a selected one of plural playback 

speeds; and said Toe.information includes data representative of 

said selected playback· speed. 

144. The apparatus· of Claim 126 wherein said error-

correction encoded inform~tion is formed of a pre-e~tablished 

number of C1 code words, each C1 code word containing user 

information symbols, C2 parity symbols each of which is derived 

from a user information symbol included in a preassigned number 

of C1 code words, and Cl parity symbols each of which is derived 

"from a predetermined number of symbols, including user 

information symbols and C2 parity symbols in said Cl code word; 

and where:£n\.said error correctin_q means includes Cl parity 
. . '\ . 

correction means to error correct a Cl code word with Cl parity 

symbols included therein, C2 parity correction means to error 

correct respective user information symbols included in said 

preassigned number of Cl code words with C2 parity symbo_ls 

included in the error corrected Cl code word, and means for 

forming an error corrected Cl code word from the user 

information symbols that had been corrected by using said C2 

parity correction means. 

145. The apparatus of Claim 144 wherein said user 

information symbols are recorded in a disarranged order; and 

wherein said error correcting means further includes rearranging 
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means for rearranging the order of the symbols included in said 

error corrected Cl code word to an·arranged sequence. 

146. The apparatus of Claim 145 wherein said 

disarranged order is formed of odd user information symbols 

recorded in an odd group and even user information symbols 

recorded in an even group, and sa~d arranged sequence is formed 

of sequential alternating odd and even information symbols. 

147. The apparatus of Claim 146 wherein each Cl code 

word is formed of m symbols including n user information symbols, 

where-m and n are integers; and wherein: 

i = C-k/m) . - (kmod2) + 1 

j = (m/2) x (kmod2) + (kmodm)/2 
''!:· 

where i is the sequential order of the error-corrected Cl code 
\ . ,. 

,. words, j . is the sequential order of the arranged sequence of m 

symbols in each error-corrected Cl code word, and k is the 

disarranged order in which the m symbols are recorded on the 

disk. 

148. The apparatus of Claim 126 wnerein the error 

correction encoded data is in a convolution code. 

149. The apparatus of Claim 126 wherein said data on 

the disk is modulated as a run length limited (RLL) code; and 

said demodulating means includes ap RLL decoder. 

150. The apparatus of Claim 149 wherein said RLL code·, 

is (2,10) RLL code, such that successive data transitions are 
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separated by no less than 2 data bit cells and by no more than 10 

.data bit cells. 

151. The apparatus of Claim 149 wherein said RLL code 

is recorded as 2n-bit information words, and said RLL decoder 

converts said 2n-bit information words into n-bit information 

words. 

152. The apparatus of Claim 151 wherein said RLL 

decoder comprises a plurality of storage tables, each for storing 
. 

several n-bit ~nform.ation words, means for selecting a particular 

table as a function of a preceding 2n-bit information word read· 

from said disk, and means for reading out from the selected table 

an n-bit information word which corresponds to the 2n-bit 

informatfo~ word presently read from said disk. 
•. 
1"53~ The appara'tus of Claim 152 wherein at least one 

2n-bit information word read from the disk corresponds to two 

different n-bit information words one of which is stored in one 

table and the other of which is stored in another table, and 

wherein said means for selecting includes means for examining the 

2n-bit information word which next fol·lows said presently read 

2n-bit information word to control the selection of said one or 

said other table as a function of said next-following 2n-bit 

information word. 

154. The apparatus of Claim 153 wherein said means for 
' 

examining comprises means for sensing predetermined bits in said 

next-following 2n-bit information word to determine the table to 
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be selected for said next-following 2n-bit information word, and 

means for controlling said selecting means to select said one or 

said other table for said presently read 2n-bit information word 

depending upon the table to be selected for said next following 

2n-bit information word. 
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