SPECI FI CATI ON Dat a Encodi ng Met hod and Data Decodi ng Met hod
Field of the Invention This invention relates to an encodi ng net hod
and apparatus, a decoding nethod and apparatus and an i nformation
recording medium More particularly, it relates to an encodi ng net hod and
apparatus for recording data to a high density on an information recording
medi um a décodi ng met hod and apparatus and the information recording

medi um SPHERAGKPATUION In a conventi onal
magnet o-optical recording system the signal recording characteristics are
deteriorated i n genkatd EmcadimgyMe thodqaadcPatanbecoding Nethatbwn as the
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apparatus for recording data to a high den51ty on an information
recording medium, a decoding method and apparatus and the
information recording medium.
Background
In a conventional magneto—optical recording system, the.signal
recording characteristics are deteriorated in general in a high
frequency range. This is known as the modulation transfer factor
and represents the high range deterioration characteristics proper
to optical recording. The magnetic recording system also suffers
from such high range deterioration characteristics ascribable to
e.g., a head gap.
For correct data recording/reproduction despite such loss or
noise, it is more advisable to effect digital modulation suited to
a particular recording system before recording the data on the
recording medium since this enables stabilized storage of a larger
quantity of information Hata. Thus it is recently practiced to
encode the recording data into recording codes in accordance with
a pre—-set rule.

Among these recording codes is a block code. With the block



encode the recording data into recording codes in accordance with a

pre-set rule. Anong these recording codes is a block code. Wth the
bl ock 2 code, a data string is

bl ocked every m i bits into units ternmed data words which are then
converted into n I channel bit codewords in accordance with a suitable
code ruwle. kf i =1, the code is a fixed length code, whereas, if i is not

| ess tharoliegnd dulbe sonsh#ai itblmigich eveiry mot Hebstshamta, unihks coommeds a
variable length code. The block code is also terned the (d,k;mn;r) code,
where d idtshewords mwhichnbere oftheont ¢quirrtesi/nhoke 10" ankl KbhegBabdt &itt he
maxi mum nunber of contiguous synbols "0". Nowadais, there is us%d in
a magnet wodgwocds dnsecdendercerwith adivditieblei sedge¥nte - a bf otk cbdethe
termed (2,7;1,2;4) or (2,7 RLL) code. In this bl ogk coge the m ni][Tumd
| engt h betosieer st Pafdrefohene i ¢pde 1 wheragser & £T1j 45 i he&F ViR i t al
data, while the w ndow margin TW= 0.5T, w.th IELhe roduct of tkf{) 1bei ng
0.75. | thengoBrsERIRbkenES _E_elf"h’é"brjcfcﬁfc}t%h(ﬁn he *RENFROR fBnGt W2 %%)Dweeen
transitions Tmin and tl[il i ndow mar gin TWi nfl e %h ar g¢ rfgip cSignsity
and the sieh&P 8838,' i g?%ﬁ%@‘?r%ﬁi% % e |taelr%§‘§?’ 3% uzs’ i ’mg and ‘Tw.
where d is the minimum number of contiguous symbols "0" and E
denotes the maximum number of contiguous symbols "0".
Nowadays, there is used in a magneto-optical disc device or
a magnetic disc device a block code termed (2,7;1,2;4) or (2,7 RLL)
code. In this block code, the minimum length between transitions
Tmin = 1.5T7, where T is the interval of digital data, while the
window margin TW = 0.5T7, with the product of the two being 0.75.
In the block code, since the product of the minimum length between
transitions Tmin and the window margin TW influences the recording
density and the signal band, it is desirable to use larger values
of Tmin and Tw.
However, in a recording medium in general and, above all, in
a magneto—optical recording medium, the playback output is
deteriorated significantly in the higher range such that the signal
to noise ratio is diminished and hence it becomes impossible to
improve the recording density and the signal band.
That is, the values of the minimum length between transitions

Tmin and the window margin TW of the conventional block code known

as (2,7;1,2;4) or (2,7 RLL) cannot be said to be sufficiently large



However, in a recording nediumin general and, above all, in a

nmagnet o-opti cal recording nmedium the playback output is deteriorated
significantly in the higher range such that the signal to noise ratio is
di m ni shed and hence it becones inpossible to inprove the recording
density .and the signal band. That 3s, the values of the mninmum

| engt h et wefen transitions Tnmin and the wi ndow margin TWof the

convent i onaluds pckuchhdéhkhovunt has (Wideh dekidedortd 2inciidge ctineioe belses d
to be sufficiently |arge 3

val ues, sfmhthdmt it has been desired to increase these values further.
The present invention has been conpleted in view of the foregoing and ains
at realizing reeor 8rR§PREpriciration dtas heghercompdgdiedy in view of the

Di scl osure of the Invention .I'n one aspect, the present invention
provi des EPERRCATNENEBHI AYPS ikt SR 1AL P8 oFRN R IRB/FePRoductignt 2hagchl gaeh
word stri é;ninto a (n i) bit based codeword string. The nethod includes a
first ste‘g Bt%ecei vi ng a (m i) bit based data word string, a second step

of finding a constraint leﬁq.tshlé @%iﬁm?ﬁ%{&e%‘#eeqqﬁt@%ﬂ ?) data word which

is to be converted and whi ch i bit based data

word string, aiﬁrﬂﬂéjé@b%@t?ftﬂérggégln%niﬂ@gﬁpigﬁ”g¥§§ides a data encoding

method for converting a (m i) bit based data word string into a
(n i) bit based codeword string. The method includes a first step
of receiving a (m i) bit based data word string, a second step of
finding a constraint length specifying the length of a daté word
which is to be converted and which is a constituent of the (m i)
bit based data word string, a third step of finding on which number
of m bits, divided from the data word string as a unit, falls the
leading end bit of the data word now to be converted, a fourth step
of selecting one of a plurality of conversion tables constituting
the variable length tables and at least satisfy the minimum run
length d, in accordance with the results of decision in the third
step, and a fifth step of generating a codeword corresponding to
the data word, now to be converted, in accordance with the
conversion table selected by the fourth step. In the encoding
method of the present invention, a (m i) bit based data word
string is received, and the constraint length specifying the length
of a data word now to be converted is decided, while it is decided

on which bit number of the m bits falls the leading end bit of the



of mbits, divided fromthe data word string as a unit, falls the |[eading
end bit of the data word now to be converted, a fourth step of selecting
one of a plurality of conversion tables constituting the variable |ength
tables and at |east satisfy the mninumrun Ilength d, in accordance with
the results of decisionin the third step, and a fifth step of generating
a codeword corresponding to the data word, now to be converted, in
accordancéatwtword thme toomecrcsnwertalll eDepéndimg dy thee domustirtainttepengkth

t he encodi ng nethod of the present invention, a (m i) bit based data
word striang ithe eresubtls afd deév <iomst renat ofergiurasipecdhyengieme tebhgsh
of a data word now to be converted is decided, while it is decided on
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4 data word now to he converted. Depending on the constraint |ength and
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correspongi ng Itl\('_) atéi@tf’ls V\orndernc%vg to be converted is generated. In
anot her a % 25 The pres¢§1 |r?ve|‘?t’i on provides a data decoding nethod for

converting a &H Jﬂ%éﬁéft%ﬁg%%§pdgﬁgrgrgg5£@ginvention provides a data

decoding method for converting a (n i) bit based codeword string
into a (m i) bit based data word string. The data decoding method
includes a first step of receiving a (n i) bit based codeword
string, a second step of finding the conversion length of a
codeword which is to be converted and which is a constituent of the
{n i) bit based codeword string, a third step of deciding on
which bit number of m bits, divided as a unit from the data word
already obtained, falls the trailing end bit of the data word
already obtained, a fourth step of selecting one of a plurality of
conversion tables each constituting a variable length table in
accordance with the conversion length and the results of decision
in the third step, and a fifth step of generating a data word
associated with the codeword, now to be converted, in accordance
with the conversion table selected in the fourth step. The codeword
string satisfies at least the rule of the minimum run-length E.
With the data decoding method, the (n i) bit based codeword
string is received, the conversion length specifying the length of

the codeword now to be converted is decided, while it is also



intoa (m i) bit based data word string. The data decodi ng net hod

includes a first step of receiving a (n i) bit based codeword string, a
second step of finding the conversion length of a codeword which is to be
converted and which is a constituent of the (n i) bit based codeword

string, .a third step of deciding on whigh bit nunber of mbits, divided as
a unit fromthe data word already obtained, falls the trailing end bit of
t he dat a decidediloreathyicbbbat nethbexr falils htlsd epradfl ingl béti ofy tthee daftaaword
plurality of conversion tables each constituting a variable length table
in accordhneadyi tob teiaedonVRerdnghinengeh thed corversisn s lepedbciaridonthen
the third ste?, and a fifth step of generating a data word associated with
the codewbf&ulhdwofo dRe icimPer tere Pg dbeoRidTed PR YP IO ohYRIRY of2ehbl e
selected in the fourth step. The codeword strlnqﬁsatlsfles at |l east the
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an encoder embodying the present invention.
Figs.2A, 2B, 2C, 2D, 2E and 2F illustrate the coperation of the
encoder shown in Fig.1l.
Fig.3 is a graph showing the relation between the MTF of the
code in the encoder of Fig.l1 and the normalized spatial frequency.
Fig.4 is a schematic block diagram showing an arrangement of
a decoder for decoding the data encoded by the encoder of Fig.1l.
Figs.5A, 5B, 5C, 5D, BE, BF, 5G, 5H, 5I and 5J illustrate
merging bits.
Fig.6 illustrates the effect of the merging bits.
EMBODIMENT
An illustrative embodiment of the present invention is shown
in Figs.l to 4, wherein Fig.l1 is a block diagram showing an
arrangement of an encoder embodying the present invention. Fig.2
illustrates the operation of the encoder shown in Fig.l1l. Fig.3 is
a graph showing the relation between the MTF of the (2,17) code in
the encoder of Fig.l and the standardization spatial frequency.

Fig.4 is a schematic block diagram showing an arrangement of a



tabl e, and the data word corresponding to the codeword now to be converted
is genBraeedDescription of the Draw ngs Fig.1 is a schematic bl ock
di agram showi ng an arrangenent of an encoder enbodying the present
i nvention. Figs.2A, 2B, 2C, 2D, 2E and 2F illustrate the operation of
the encoder shown in Fig.l. Fig.¥%is a graph showng the relation
bet ween. the <MI'F of the code in the encoder of Fig.1l and the nornalized
spati al fdeamdcyor decodfhg. #hésdatscmemtdd Uyl ddhile @nagdem shioRiagl an
arrangenment of a decoder for decoding the data encoded by the encoder of
Fig. 1. Fitys. BAbo8Bpes €, sbyn5En I g 5G i §Han5lengeded) fqn (_reed e
nmerging bits. Fig.6 illustrates the effect of the nmerging bits.
EMBODI MEMiigital dagai inteithet i(e1Badoth hendeof Thpel pf @il oindanteenrded
shown in Figs.1 to 4, wherein Fig.1 is a block diagram sgogi ngqan .4
arrangemeht % nfoamesdon ERBOAGING THGLIPR Rashd (YRAIERGRICH; GOgewords.
illustrates the operatiagn o& t he encqder shown .in Fig, 1. Ei 3.l a ph
showi ng the relBg i Gnlfebudlh ¢9fe I\)TFFféFSFh%x‘\(AQ’;T?)d'CgBS ! ’g?hg’g}‘lzo%‘géeaof
Fig.1 and the, standardi zat.i o atial fr ency. .FiQ.4 is a schematic
bl ock di SREAASHOREI &0 Parr ARGEBAEC of &1 D1t soaddkd’
The 6-bit input data can be connected on the bit basis. In
general, plural different sorts of conversion tables are repeatedly
used in the bit sequence of the input data for encoding into 11
bits.
If the constraint length r is sequentially increased from 1
through to 9, the numbers of codes required for bit-by-bit increase
are 2, 4, 6, 8, 10, 12, 14, 16 and 18 or 1, 3, 5, 7, 9, 11, 138, 15
and 17. Thus, in effect, six sorts of the conversion tables are
required from one constraint length to another. However, if the
voluminous conversion tables are repeatedly used for encoding, the
conversion efficiency is undesirably lowered. Thus, in the
instant embodiment, six sorts of the conversion tables, associated
with input data strings with constraint lengths r of from 7 to 9,
are used, and original digital data is converted into codewords
without deficit or surplus for thereby increasing the conversion
efficiency.
TABLE 1
2-15 RLL

Table 1



6 decoder for decoding the data encoded by the encoder of Fig.1. The
enbodi nent shown in Fig.1 is an encoder for encoding digital data into the
(2,15;6,11) code. The information is recorded on an information recording
medi um based upon encoded codewor ds. The (2,15;6,11) code is first
expl ai ned. The (2, 15;6, 11) code encodesyinput 6-bit data into a 11-bit
codeword. : The 6-bit input data can be connected on the bit basis. In
general, plural different 808t4 ®f6 corgved & on tables are repeatedly used
in the bit sequence of the input data for encoding into 11 bits. | f
the constPatat |length r Cedewguéntially increased from1 through to 9, the
nunbers of codes reqU|red for bit-by-bit increase are 2, 4, 6, 8, 10, 12,
14, 16 and 18 or 1, 3, 59 7, 9, 11, 13, 15 and 17. Thdsl ¢apversaer tablg
sorts of the conversion tables are required fromone constraint Ien thto
anot her. Pbwever, if the® ¥8I uni nous conversion tables a?éxﬂéﬁﬁéteﬂtvﬂﬂ§ed
for encodb{)tﬂL the conver5|§n efficiency is undesirably |owered

Thus i nstant eftb8 |H%n}° six sorts of the coﬁverﬁvﬁﬁrﬁaﬁPé?ble
associ ateg,,yi th input dataaié g S wWith constraint ﬁgznﬁgégﬁ%a§éqgﬁﬂe

9, are used and origi nal data is converted
W t hout dSBbfit or surplg oé Eo y increasing the gogV&8jcPQion table
5 RL ab

efficiency. TABLE 1 el

00010 0 10 00 10 5-9 conversion table
000011 0 10 00 00 00 10 6—11 conversion table
000010 0 10 00 10 00 10 6—-11 conversion table
000001 0 00 10 00 00 10 6—11 conversion table
111111 0 00 00 10 00 10 8-11 conversion table
00000011 0 10 00 00 10 00 1 OO 8—-14 conversion table
00000010 0 00 10 00 10 00 1 OO. 8-14 conversion table
00000001 0 10 00 00 10 00 1 0O 8-14 conversion table
000000001 0 16 00 00 00 10 0 00 10 9-18 conversion table
000000000 ¢ 10 00 10 00 10 O OO0 10 9-16 conversion table
TABLE 1-2

234566123

Data Codeword

1 60 1-2 conversion table
01 01 00 2—-4 conversion table
001 01 00 10 3—6 conversion table
0001 01 00 00 10 4-8 conversion table

00001 01 00 00 00 10 - 5-~10 conversion table
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0
10
00
10
00
10
10
00
00
00

00
00
10
00
00
10
00
10

10
10
00
00
00
00
10

00 1 00
1 00

00
10

9-16 conygrélon tabl e

Codewor d

1 234561232 Data

Codeword 1

1-1 conversion table 01
2-3 conversion table 0011 0
4-7 conversion table 0010 0
4-7 congersion table 00011 0
10 * 5-9 conversion table 00010 0
a@o00 01 00 10 B A conversion tabl &-10006ddersion tableO
00 10 6-11 conversion table 000010 0
1p11111 01 0%-0a Ibhrdkrlsiddn tabl e 006081conversion t@bDE
6-11 conversion table 111111 0 00 00
6-11 conversion table 00000011 0 10 00 00
8- 14 conversion table 00000010 0O 00 10 00 10
TABLE 18 14 conversion table 00000001 0 10 00 00 10 00
8- 14 conversion 000000001 0O 10 00 00 00 10 O

9-16 conversio

1 00

01 01 00

table

001 01 00 10

table

0001 01 00 00 10

000011 01 00 10 00 1 00

000010 00 10 00 00 1 00

0000011 01 00 00 00 O 00 10
0000010 01 00 10 00 O 00 10

table

0000001 00 10 00 10 0 0O 10

0000000 00 10 00 00 O 00 10

1111111 01 00 00 10 O 00 10

TABLE 1-4

?a%léaﬁ%dbdboooo

168k &uds

10
10
10
10
00
1

00

0 10 00 10 00 10 O 00 10

23456123 Data

1-2 conversion table
2-4 conversion
3-8 conversion

4—-8 conversion table
6—11 conversion table
6—-11 conversion table
7-13 conversion table

7-13 conversion

7-13 conversion table

7-13 conversion table

7-13 conversion table



1 00

1-2 conversion table

01 01 00 2-4 conversion table
001 01 00 10 3-6 conversion table
0001 01 00 00 10 4-8 conversion table
00001 . 01 00 00 00 10 9 5-10 conversion table
8 0000%® ' 01 00 10 00 10 5-10 conversion table
1111111 01 00 00410 6011209 4 5 6 7-13 conversion table
TABLE 1-3 3456 12 3 4 Data Codeword 1
00 Data Codewopd conversion table 01 01 00
2-4 conversion table 001 01 00 10 . 3-
6 cohversion tabl e900001 01 00 08-%0 conversion tabjeg
conversion_ table 000011 01 00 10 00 1 0Q 6-11 .
conversi ofiltabl e 00001091 00 00 10 00 00 1 08~ 4 cogwgrsion
conversiog %gble 0000011 01 00 00 00 0O 00 10 7-13 conversi on
tabl e 2%6%00010 01 00 10 00 O 00 10 7-13 conversi on

001 01 00 10 3-8 conversion table

00011 01 00 00 1 0O 5—9 conversion table

000101 01 00 00 0 00 10 86—11 conversion table

000100 c1 00 10 0 00 10 6—-11 conversion

table

000011 00 10 00 0 00 10 6-11 conversion

table

000010 00 00 10 0O 00 10 6-11 conversion

table

111111 00 10 00 1 00 10 6-11 conversion

table

0000011 01 00 00 1 00 00 10 7-13 conversion table

0000010 00 10 00 1 00 00 10 7-13 converéion table

00000011 01 00 00 0 00 00 00 10 8-15 conversion table

00000010 01 00 10 0 00 00 00 10 8-15 conversion table

00000001 01 00 00 0 00 00 00 10 8-15 conversion table

00000000 00 10 00 © 00 00 00 10 8-15 conversion table

TABLE 1-5

5612384561



tabl e 0000001 00 10 00 10 O 0O 10 7-13 conversion table

0000000 00 10 00 00 O 00 10 7-13 conversion table 1111111
01 00 00 10 O 0O 10 7-13 conversion table TABLE 1-4
456123456 Data Codeword 1 00
1-2 conversi on table 01 10 01 00 2-4
conversfon table 001 01 00 10 3-6
conver si obatabl e 00011 Codeword 01 00 00 1 00 5-9 conversi on
table 000101 01 00 00 0 00 10 6-11 conversion table
000100 1 01 00 1000 00 10 16211 comosmasiayi on tabdbl e
000011 00 10 00 O 00 10 6-11 conver si on
01 01 00 2—4 conversion table
0011 01 00 1 00 4-7 conversion table
0010 00 00 1 00 ' 4-7 conversion
table
00011 01 00 0 00 10 5—-9 conversion table
00010 01 00 0 00 10 5—9 conversion table
000011 01 00 1 00 00 10 8-11 conversion table
111111 00 00 1 00 00 10 6—11 conversion
table
0000101 01 00 1 00 00 00 10 7-13 conversion table
0000100 01 00 0 00 00 00 10 7-13 conversion table
0000011 01 00 1 00 10 00 10 7-13 conversion table
0000010 00 10 0 00 10 00 10 7—-13 conversion table
00000011 01 60 1 00 00 00 00 10 8-15 conversion table
00000010 01 00 0 00 00 00 00 1D 8-15 conversion table
R 00000001 00 00 1 00 00 00 00 10 8-15 conversion table
00000000 00 00 1 00 10 00 00 10 8-15 conversion table
TABLE 1-8

812345861
Data Codeword
1 00 1-2 conversion table

01 01 © ~ 2—-3 conversion table



>

tabl e 000010 00 00 10 0 00 10 6-11 conver si on

table 111111 00 10 00 1 00 10 6-11 conver si on
table 0000011 01 00 00 1 00 00 10 7-13 conversion table
0000010 00 10 00 1 00 00O 10 7-13 conversion table 00000011
01 00 00 O 00 00 00 10 8-15 conversionjyable 00000010 01 00 10 O
00 00 09 10 * 8-15 conversion table 00000001 01 00 00 O OO0 00 00 10
8-15 conveosion table 0060000000 10 00 10 00 0409 PENPEOrdfon Stable
conversion tabl e TABLE 1-5 61234561

10 Data 0010 Codetord od 10 . 00 4-~7 conversion table

1-2 conver si on table 01 01 00 2-4
conversi of0@kble 0011 ©O1 0 00 0OQUO 00 1 0O 5-9 conversionl-fable
conversion table 0010 00 00 1 00 4-7

conver si of0%3&bl e 0001101 0 00 00 @ ¥ 0 00 108-11 conversion Sable
conversion table
000100

01 0 00 10 00 10 6-11 conversion
table
000011 00 1 00 10 00 10 6—11 conversion
table
000010 00 1 00 00 00 10 6—11 conversion
table
0000011 01 0 00 00 00 00 10 7-13 conversion table
0000010 01 0 00 10 00 00 10 7—-13 conversion table
0000001 01 0 00 00 10 00 10 7-13 conversion table
0000000 00 1 00 10 00 00 10 7-13 conversion table
1111111 00 1 00 00 00 00O 10 7—-13 conversion table
11111190 00 1 00 00 10 00 10 7-13 conversion table
TABLE 2
TABLE 2-1

123456123 S t o r a g e
Destination
Data Codeword
1 0 1-1 conversion table
01 0 10 2-83 conversion table

0011 0 00 00 10 4-7 conversion table



LY

00010 01 00 0 00 10 5-9 conversion table 000011

0T 00 1 00 00 10 6-11 conversion table 111111 00 00 1 00
00 10 6-11 conversion table 0000101 01 00 1
00 00 00 10 7-13 conversion table 0000100 01 00 O 00 00 OO
10 . 7-13 conversion table 0000011 12 01 00 1 00 10 00O 10

7-13 cohversion table 0000010 00 10 O 00 10 00 10 7-13
conver si oROL8bl e 0000000110 00 1001 00 1 00 00 0@-G0OctBve8sisncbmyke si on
table 00000010 01 00 O 00 OO OO0 00 10 8-15 conversion table

00000001 ©0011 (oo 00 1 ©01600°600001Q0 8-15 convérdi envapséonbapb®00
00 00 1 00 10 00 00 10 8-15 gonversion t abl e TABLE 1-6

6 1 2 3 40980401 Data 0 00 10 0@i@word 1 5-9 converggon table
éoﬁvgfg:’ghﬁpggfab' ¢ 99 10,8900 00 ¢ © 01 060dlgonversion table
gozvg‘r’g;’gﬁﬁpfig?tab' e 003015 00 10 00 £ 1 00 10 6-11 conve?sion
table
000001 0 60 10 00 00 10 6-11 conversion
table
000000 0 00 00 10 00 10 6-11 conversion
table
11111111 0 10 060 00 10 00 1 00 8-14 conversion table
11111110 0 00 10 00 10 00 1 0O 8-14 conversion table
TABLE 2-2
| 234586123 Storage Destination
Data Codeword
1 00 1-2 conversion table
01 01 00 2-4 conversion table
001 01 00 10 3-8 conversion table
0001 01 00 00 10 4-8 conversion table
00001 01 00 00 00 10 5—-10 conversion table
00000 01 60 10 00 10 5-10 conversion
table

1111111 01 00 060 10 00 1 00 7—-13 conversion table
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00011

01 0 00 00 10

0r 0 00 00 00 10

10 00 10
00 10 00

10

1 00 00 00 10
01 0 0000 0O 00 10
10 00 00 TABLE 2-3 7-13 conversion table
7-13 conversion table 0000000

7-13 conversion table
1111110

10
conversio
tabl e

t 0 r
0

n table

TABLE 2 TABLE 2-1

a g
Data

e

2-3 conversion table

conver si oh

tabl e
01

001

0001
000011
0000101
0000100
table
0000011
table
0000010
table
1111111
table
00000011
00000010
00000001
000000001

000000000

TABLE 2-4

5-9 conversion table 000101

6-11 conversion table 000100 01 0 00

6-11 conversion table 000011 00 1

6-11 conversion table 000010 0
6-11 ppnversion table 0000011

7-13 conversion table 0000010 01 0 00

0000001 01 0 00 00 10 OO

00 1 00 10 00 00 10

18121816 1 2 3 409 6 00 00 SG@r@@elDestinatied3

00 1 00 00 10 00 10

7-13 conversio
123456123

Destination Data Codeword 1

Codewordgonversion table 01 0 10

0011 0 00 00 10 4-7
00 1-2 conversion table
01 00 2—4 conversion table
¢1 00 10 3-6 conversion table
01 00 00 10 4-8 conversion table
01 00 10 00 1 0O 6-11 conversion table
01 00 00 00 O 00 10 7—-13 conversion table
01 00 10 00 O OO 10 7-13 conversion
00 10 00 10 06 00 10 7-13 conversion
00 10 00 00 O 00 10 7-183 conversion
01 00 060 10 O 00 10 7-13 conversion
01 00 10 00 1 00 CGO 10 8-15 conversion table
61 00 00 00 1 00 00 10 8-15 conversion table
00 00 10 00 1 00 00 10 8-15 conversion table
01 00 00 00 O 00 00 00 10 9-17 conversion table
01 00 10 00 1 00 00 00 10 9-17 conversion table

0

n
S



12 0010 0 10 00 10 4-7 conversion table 00011

0 '10 00 00 10 5-9 conversion table 00010 0 00 10

00 10 5-9 conversion table 000011 0O 10 00 00 00 10

6-11 conversion table 000010 0O 10 00 10 00 10

6-11 conversion table 000001 140 00 10 00 00 10

6-11 tonversion table 000000 0 00 00 10 00 10

6-11 conversion table4 515111213 4 5 6 0 10 00 OGtbGage DeBBinaBidd

conversion table 11111110 0O 00 10 00 10 00 1 0O 8-14 conversi on

tabl e TABLE 2-2 00 23456 12 31-2 conversi@uotalyke

Destination Data Codeword 1 00 ]

1-2 conve®dion table 0101 00 01 00 2-4 conversion pahle

conversion table 001 01 00 10 3-6

conversi o®%able 0001 ©1 00 10 (1 00 00 10 3-6 conversjop table

conversion table 00001 01 00 00 00 10 5-10

conversi of%3bl e 00000 ©1 00 00 10¥000 10 00 10 59 comversion tabke;

conversiog, table 01 00 00 0 00 10 6-11 conversion table
000100 01 00 10 0 00 10 6—-11 conversion table
000011 . 00 10 00 0 00 10 8—11 conversion table
000010 0 00 10 O 00 10 6—11 conversion table
0000011 01 00 00 1 00 0O 10 7-13 conversion table
0000010 00 10 00 1 00 00 10 7-13 conversion table
00000011 01 00 00 O 00 00 00 10 8-15 conversion table
00000010 01 00 10 0 00 00 00 10 8-15 conversion table
00000001 01 00 00 O 00 00 00 10 8-15 conversion table
00000000 00 10 00 O 00 00 00 10 8—-15 conversion table
TABLE 2-5

5612 34561 Storage Destination

1 00 1-2 conversion
table
01 01 00 2—-4 conversion table
0011 01 00 1 00 4-7 conversion table
0010 00 00 1 00 4~7 conversion table
00011 01 00 1 00 10 5—9 conversion table

00010 ¢l 00 0 00 10 5-9 conversion table



1111111 01 00 00 10 00 1 0O 7-13 conversion table

13 TABLE 2-3 3456123456 St or age

Desti nati on Dat a Codewords 1 00

1-2 conversion table 01 01 00 2-4
conversion table 001 01 00 3% 3-6
conversfon table 0001 01 00 00 10 : 4-8
conversi ooobable 00001101 00 1 0004000 10 00 1 006-11 conversibnlfable
conversion table 0000101 01 00 00 00 O 00 10 7-13

conversi ohitabte 00001000 00 1 000d0 D® 10 00 066Q1 &6nversion table/-13
conversion table 0000011 00 10 00 10 O OO 10 7-13
conver si of000adle 000000@ 00 1 00 QO OQOL®MO 00 076@3 ¢Onversion table 7-13
conversion table 1111111 01 00 OO0 10 0 00O 10 7-13

conver si oR00838Pe 0000001100 0 00 @3 @D 1D 00 1 0G—0B gonvergiam table
conversion table

0000011 01 00 1 00 10 00 10 7-13 conversion
table
0000010 00 10 0 00 10 00 10 7-13 conversion
table
00000011 01 00 1 00 00 00 00 10 8-15 conversion table
00000010 01 00 0 00 00 00 00-10 8—15 conversion table
00000001 00 00 1 00 00 OO0 OO0 10 8-15 conversion table
00000000 0 00 1 00 10 00 00 10 8-15 conversion table
TABLE 2-6

6 1234561 Storage Destination
Data Codeword
1 01¢] 1-2 conversion
table
01 01 0 2—~3 conversion table
0011 01 0 00 10 4~7 conversion table
0010 00 1 60 10 4~7 conversion table
00011 01 0 00 00 10 5~9 conversion table
000101 01 0 00 00 00 10 6-11 conversion table
000100 01 0 00 10 00 10 6—11 conversion table

000011 00 1 00 10 00 10 6—11 conversion table



00000010 01 00 00 OO 1 00 00 10 8- 15 conversion table 00000001

00 00 10 00 1 00 00 10 8- 15 conversion table 000000001 01 00 00
00 O 00 00 00 10 9-17 conversion table 000000000 01 00 10 00 1 00 00
00 10 9-17 conversion table TABLE 2-4

14 ) 456123456 1¢ Storage Destination 1

00 ~ ) 1-2 conversion table 01 01 00
2-4 conveo®d@mrotable 0040 1 00 00 oo 1 00 10 6-11 conversion table
conversion table 00011 01 00 00 1 0O 5-9
conversi ofw0eable 00010101 O 00 OOQI A®» A® O 00 107-13 conversiorltable
conversion table 000100 01 00 10 0 00 10 6-11

conversi of0e3Ml @ 00001101 0 00 100 X® A® O 00 107-13 conversiprlltable
conversion table 000010 0O 00 10 0 00 10 6-11

conver si of°9%¢4% 00000191 0 00 00O AP d® 1 00 00713 conversimnm Fable
conversion table 0000010 00 10 00 1 00 00 10 7-13

conversi of°44HE 00000094 1 00 10 PO RP d® 0 00 0070d3 19onveRsion ARA& si on

table 000000 0 0 0 00 00 00 10 15 conversi on tahle
00000001 OO 01 00 00&8 go HPDPUPO 1%. 15 conveigl‘b‘?\n‘f%?’e"n 00

00 10 00 PlPPchP 00 10 00 116_’0 g ed’%oorl f abl e 7-13 conversion table

In the above Tables, the numerals entered directly above the
codewords indicate the sequence of the table to be used next.

Table 1-1 is a conversion table, for the case in which the
first bit of the data is the first bit of 6-bit data as a
conversion unit, with the maximum constraint length 1 = 9. Table
1-2 is a conversion table, for the case in which the first bit of
the data is the second bit of 6-bit data as a conversion unit, with
the maximum constraint length r = 7. Table 1-3 is a conversion
table, for the case in which the first bit of the data is the third
bit of 6-bit data as a conversion unit, with the maximum constraint
length r = 7. Table 1-4 is a conversion table, for the case in
which the first bit of the data is the fourth bit of 6~bit data as
a conversion unit, with the maximum constraint length 1r = 8.
Table 1-5 is a conversion table, for the case in which the first
bit of the data is the fifth bit of 6-bit data as a conversion
unit, with the maximum constraint length r = 8. Table 1-6 is a

conversion table, for the case in which the first bit of the data



TABLE 2-5 561234561 St or age

Déstination 1 00 1-2
conversion table 01 01 00 2-4
conversion table 0011 01 00 1 00 . 4-7
conversion table 0010 00 001% OO 4-7
conversion table 00011 01 00 1 00 10 5-9

conver si ohst abke si@B1IM®it of 6-bi®1dB0a0a80 alConversion unit, 5Swbth the
conversion table 15 000011

01 00 1 OfaXDnud constraint l@ngthcomverBion table 111111 00 00 1
00 00 10 6-11 conversion table 0000101 01 00 1 00 00 OO0
10 7-19ncbhgepshen hamde Tmm)lm is a conyprgdop debde.obonothe
7-13 conversion table 0000011 1 001 00 10 00 10 7-13
conver si of@S® ddt @hisdoddeofirst bltO'BflEh%) oty oipFheg first blt of G-hit
conversio tabl e 00000011 ¥ﬁgo 0Q 00 00 10 é

conver si ofetante 2 BB on unlt%IF ¢ “@51@6m06°§5tra1%t1 eR&erEion
t abl e

= 8. Table 2-2 is a conversion table, for the case in which the
first bit of the data is the second bit of 6-bit data as a
conversion unit, with the maximum constraint length r = 7. Table
2-3 is a conversion table, for the case in which the first bit of
the data is the third bit of 6-bit data as a conversion unit, with
the maximum constraint length r = 9. Table 2~4 is a conversion
table, for the case in which the first bit of the data is the
fourth bit of 6-bit data as a conversion unit, with the maximum
constraint length r = 8. Table 2-5 is a conversion table, for the
ﬁase in which the first bit of the data is the fifth bit of 86-bit
data as a conversion unit, with the maximum constraint length r
= 8. Table 2-6 is a conversion table, for the case in which the
first bit of the data is the sixth bit of 6-bit data as a
conversion unit, with the maximum constraint length r = 7. 1In
sum, in the Tables 1-1 to 1-6 and Tables 2-1 to 2-6, the number of
the table to be used next is found by (the total number of bits up
to now)/ 6+1.

| In Tables 1-1 to 1-86 and Tables 2-1 to 2-6, the code for the
input digital data "1", that is the code for the constraint length

r = 1, is "0" or "00". Thus, if digital data is a bit string of



00000001 00 00 1 00 00 00 00 10 8-15 conversion table 00000000
00 00 1 00 10 00 00 10 8-15 conversion table TABLE 2-6

61234561 St orage Destination Data Codewor d
1 00 1-2 conversion table
01 010 18 2-3 conversion table 0011

01 0 0010 ° 4-7 conversion table 0010 00 1 00
10 consecutive #iTsconker symbolabb® a80@h2 codeword i@l cOnBec@®i¥e
5-9 conversion table 000101 01 0 00 00 00 10 6-11
conver si oinf bl te ly0O0Th0S® it may be Fea®ed@OtUgt Ofelifl-clocks may bg- detected
conversion table 000011 00 1 00 10 00 10 6-11
conversi ofifflwltly. However, if the digital data is a bit stisingeddhomore
00 1 00 00 00 10 ) 6-11 conversion table 0000011 01 0 00
00 00 00 man conseold idsnvdr §ioh tt 4B eonvebbrAOinto a cogpsirdnslhaydngo
10 -13 conversion _table 0000001 01 0 00 00 10 00 10

7-13 conve? i BAT YR e 2080 in Tablegplylppo 15-ensh 4t to 2-6. 7. 1Fhe

ConverSIOH tﬁ@% of modulation in such case is as follows: If the leading

end of the data word to be converted is the logical "1", it is
judged how many logical "1"s appear consecutively. If six or more
logical "1"s appear consecutively, the conversion operation is
controlled so that such data word will be converted into special
codewords specified in the tables.

The last two or three bits of the codestring with the
constraint length r = 2 ff. become "10" or "111". Thus, "10"
and"100"” basically specify the terminal end of the code. If these
codeé are used repeatedly, one—-for-one conversion becomes possible
without surplus or deficit in the number of codes. This means that
the codes resulting from conversion can be uniquely demodulated
into data.

The rank (rnk), the number of required codes N, the number of
actual codes M and the number of residual codes D for the basic
code (m, n) in Tables 2-1 to 2-6 are shown in Tables 3-1 to 3-§.

By way of verification, reference is had to Table 3-1. Since
1-1 conversion is used for 1-bit data, only the codeword "0" may
be used a the actual code if limitation of d = 2 (RLL) is taken

into account. Thus, for 1-1 conversion, that is basic code (1,1),



1111111 00 1 00 00 00 00 10 7-13 conversion table 1111110

00 1 00 00 10 00 10 7-13 conversion table In the above
Tabl es, the nunmerals entered directly above the codewords indicate the
sequence of the table to be used next. Table 1-1 is a conversion

table, for the case in which the firstibit of the data is the first bit of
6-bit data ds a conversion unit, with the maxi numconstraint length r = 9.
Tabl e 1-thd aumbednver sbas8st Nbtequirsd tiwr cagardsenttingh theedbtasinbtlie f
the data is the second bit of 6-bit data as a conversion unit, with the
maxi mum certsitiregiynti sl @ngbhand=1Y. arfdbtlee Imhbexr @ fcarmtariilgnusthbéecodes Mhe
case in which the first bit of the data is the third bit of 6-bit data as
a conversiod denly @thwikh baxi nesddwskstnumber dfesgdlesr D=bgingabl 6241 X. i s
a conversion table, for the case in_which the first bit of the data is the
fourth bikf o‘fh% Jb%k o%ﬂl‘é ks ingreswednsPoi Gnifer wpkh=t Re TRARS nlitn £Hn¥29MI nt
| ength r le 1-5 is a . conversion table, fqor .the case in which_ the

first tnYh%ﬁ QPPéedétb§|%9QQﬁ§ VFFPH“Bl?u?ﬁ1W§tﬂq Qﬁ§H§1§sla EBﬁv%?%?%ﬁ of
it, th t t
L e CRLGRLETE Ll e BB s WA

17 is trgkégggggém IQegahag?ta as a conversion unit, with the
TABLE 3
TABLE 3-1

Basic Code rnk N M D

(1,1) 1 2 1 1
(1,2) 2 2 1 1
(2,4) 3 4 2 2
(1,2) 4 4 2 2
(1,2) 5 4 4 0
* 7 2 2 0
TABLE 3-2

Basic Code rnk N M D

(1,2) 1 2 1 1
(1,2) 2 2 1 1
(1,2) 3 2 1 1
(1,2) 4 2 1 1

(1,2) 5 2 2 0



-

maxi mum constraint length r = 7. On the other hand, Table 2-1 is a
conversion table, for the case in which the first bit of the data is the
first bit of 6-bit data as a conversion unit, with the maxi mum constrai nt

length r = 8. Table 2-2 is a conversion table, for the case in which the
first bit of the data is the second bit 29f 6-bit data as a conversion
unit, with the maxi numconstraint length r = 7. Table 2-3 is a

conversiorktable, for the daselin @hich the first bit of the data is the
third bit of 6-bit data as a conversion unit, with the nmaxi mum constrai nt
length r PABLE Tt e 2-4 is a conversion table, for the case in which the
first bit of the data is the fourth bit of 6-bit data as a conversion
unit, w thegire Gad8 numnkcolNstr¥i ntPlength r = 8. Table 2-5 is a conversion
table, for the case in which the first bit of the data is the fifth bit of
6- bi t a{]a’?a)s a converki or? unit Wi th the maximum constraint length r =
8. Table 6 i conv I’SI bIe for the case in which the first bit of
the data 1% %he S|xth g b|t data as a conversion unit, with the
maxi mum qusé ai nt Ien%th . sum in the Tables 1-1 to 1-6 and
Tables 2-110 2-6, the nun’ger 6f the table to be used next is found by
(the tota{l Wber of bigts yp {o npw)/ 6+1. In Tables 1-1 to 1-6 and
Tables 2-1T %0 2-6, the code for the input digital data "1", that is the
code for thesgonstraintglengthy r 3 1, is "0" or "00". Thus, if digital
data is a bit string of

(1,2) 6 6 4 2
(1,2) 7T 4 3 1
(1,2) 8 2 2 0

* 6 1 1 o0
TABLE 3-4

Basic Code rnk N M D

(1,2) 1 2 1 1
(1,2) 2 2 1 1
(1,2) 3 2 1 1
(2,3) 4 4 1 3
(1,2) 5 6 4 2
(1,2) 8 4 2 2
(1,2) 7 4 4 O
TABLE 3-5

Basic Code rnk N M D
(1,2) 1 2 1 1

(1,2) 2 2 1 1



~

consecutive "1"s, the synbol "0" as the codeword is consecutive

infinitely. Thus it may be feared that self-clocks nmay be detected
difficultly. However, if the digital data is a bit string with nore than 6
consecutive "I"s, it is converted into a codestring having "1" partway, as

shown in Tables 1-1 to 1-6 and 2-1 to 226. The manner of nodul ation in
such cdse is as follows: If the leading end of the data word to be
converted(istxhe logicdl "¥, i2t i€ judged how many logical "I"s appear
consecutively. If six or nore |logical "|I"s appear consecutively, the
conversi ofl.«&eration i cahtr@ | ed so that such data word will be
converted into special codewords specified in the tables. The | ast
two or thtle@hits of tHe cddestlrind with the constraint length r = 2 ff.
becone "10" or "111". Thus, "10" and" 100" basically specify the
ternminal &hd of the cod% ﬂf tHese codes are used repeatedly, one-for-one
converS|o Qﬁgones poss] thogt surplus or deficit in the nunber of
codes. ans that codes rfesulting from conversion can be uni quely
denndulat ynto dat a. : The rank (rnk), the nunmber of required codes

N, the nuhber’ of actual codes4NIand t he nunber of residual codes D for the
basi c cxﬁkgﬂ Jy in Tables 2-1 to 2-6 are shown in Tables 3-1 to 3-6.
By way of verlflcatlon reference is had to Table 3-1. Since

Basic Code rnk N M D

(1,2) 1 2 1 1
(1,2) 2 2 1 1
(2,3) 3 4 2 2
(1,2) 4 4 1 3
(1,2) 5 8 4 2
(1,2) 8 4 4 O
* 6 2 2 0

The encoding device for carrying out the above encoding using
the conversion tables of Tables 2-1 to 2-6 1is hereinafter
explained. The following explanation holds in case the conversion
tables of Tables 1-1 to 1-8 are used subject to conversion table
exchanges.

Referring to Fig.1, digital data to be encoded are
sequentially entered at a shift register 1 in synchronism with data
clocks so that e.g., 9-bit data are stored in the shift register
1. Output data of the shift register 1 are supplied to an encoder

2 where the constraint length r and the table number are identified



1-1 conversion is used for 1-bit data, only the codeword "0" may be used a
the actual code if limtation of d = 2 (RLL) is taken into account. Thus,
for 1-1 conversion, that is basic code (1,1),

19 the nunber of codes N required for representing the data in their
entirety is 2 (0 and 1) and the nunber gfy actually usable codes M is 1
(only 0), w'th the residual nunber of codes D being 1 (2-1). |If the rank
rnk is inghi¢asied identi@ié@rrédik ts andThHSai dré SovgAt tddafo Bakledeltos 3.

cl osed without surplus or deficit in the nunber of codes. In Tables 3, *

I S intended foToptiodidulteictgrTvadsf eanebedng comcrehscidnall ispelcd<iyitakl yhe

TABLE 3 TABLE 3-1 Basic Code rnk N M D (1,1 1 2 1
1 (1,2 leading end 2f dptajfrwm,ﬂ)synchroniihtian thectﬁoqjygycuit 9
4 4 2 2 (1,2 5 4 4 o * 7 2 2 0

designed’to detect the synchronization signal contained in the
data. The input data are outputted to one of m—n conversion tables
{1 <cmz< 9, 1 <n < 17) stored in the ROM 4,

The 1-1 conversion table is a table among the conversion
tables of Tables 2-1 to 2-6 which is configured for converting 1-
bit input data to a 1-bit codeword, while the 1-2 conversion table
is a table among the conversion tables of Tables 2-1 to 2-6 which
is configured for converting 1-bit input data to a 2-bit codeword.
Similarly, the m—n conversion table is a table for converting m-bit
input data into n-bit codeword. The Tables 2-1 to 2-6 above
specify the m—n conversion tables as the destination of storage of
the bit-based conversion tables.

In other words, the 1-1 conversion table up to the 8-17
conversion table have the conversion tables shown in Table 4. The
table numbers in Tables 4 specify conversion tables of Tables 2-1

to 2-6.

TABLE 4

1-1 Conversion Table

Data Code Table Number
1 0 1

1-2 Conversion Table



TABLE 3-2 Basic Code rnk N M D (1,2 1 2 1 1 (1,2
1

2° 2 1 1 (1,2 3 2 1 1 (1,2 4 2 1
(1,2) 5 2 2 0 20
* 7 1 1 0 TABLE 3-3 Basic Code rnk N M D (1,2
1 2 1 1 (1,2) 2 2 1 24 (1,2 3 2 1 1
(1,2) 4 2 1 1 (2,3 5 4 1 3 (1,2 6
6 4 2Datd,?2) Code 7 Téble3NumBer(1,2) 8 2 2 0 @ *
6 1 1 0 TABLE 3-4

1 00 2

1 00 3

1 00 4

1 00 5

1 00 6

2—-3 Conversion Table

Data Code Table Number
01 0 10 1

01 01 0 6

2—-4 Conversion Table

Data Code Table Number
01 01 00 2
01 01 00 3
01 01 00 4
01 01 00 5

3-8 Conversion Table

Data Code Table Number
001 01 00 10 2
001 01 00 10 3
001 01 00 10 4

4-7 Conversion Table
Data Code Table Number
0010 0 10 00 10 1

o011 0 60 00 10 1



Basi ¢ Code rnk N M D (1,2 1 2 1

2 1 1 (1,2 3 2
5 6 4 2 (1,2 6
TABLE 3-5 Basic Code rnk N
2 2 1 1
4 2 '2 (1,2 4 4
5 1 10010 (192)00 1 00 6
TABLE 3-6 Basic Code rnk N
0010 00 00 1 00
0011 01 0 00 10
0010 00 1 00 10
4-8 Conversion Table
Data Code
0001 01 00 00 10
0001 01 00 00 10
5-9 Conversion Table
Data Code
00011 0 10 00 00 10
00010 0 00 10 00 10
00011 01 00 00 1 00
00011 01 00 1 00 10
00010 01 00 0 00 10
00011 01 0 00 00 10
5—10 Conversion Table
Data Code
00001 01 00 00 00 10
- 00000 01 00 10 00 10

6—~11 Conversion Table

Data Code
000011 O 10 00 00 00 10

000010 O 10 00 10 00 10

1 1 (2,3) 4
4 2 2 (1,2

M D (1,2) 1
24 21

2 2 (1,2 5

5 4 2 (1,2

M D

5

8

6

Table Number

2

3

Table Number
1

1

Table Number

Table Number
1

1



(1, 2) 1 2 1 1 (1,2 2 2 1 1 (2,3) 3
4- 2 2 (1,2 4 4 1 3 (1,2 5 6 4 2 (1,2
6 4 4 0o * 6 2 2 0 The encodi ng devi ce for
carrying out the above encoding using the conversion tables of Tables
2-1 to 2-6 is hereinafter explainedsThe follow ng explanation hol ds
in case'the ctonversion tables of Tables 1-1 to 1-6 are used subject to
conver si ooobablie oeschamges.00 10 Refierring to Fig.1, digital data to be
encoded are sequentially entered at a shift register 1 in synchronismwth
data cl o®ke080 tHab0e0@.10PDIL0 datalare stored in the shift register 1.
Qut put data of the shift register 1 are supplied to an encoder 2 where the
const r ai n00R€Adt hot 8Hdiehel tlalfl®e numder are identified

22 and the identified results and data are outputted to a selector 3.

To the seP88L8L 30ts0RNPRr@d% ¥bntrold signal specifying the |eading end
of data froma synchroni zation detection circuit 9 designed to detect the

synchroni 2801188 sP§nqP LB BNl in tHe

000011 00 10 00 O 00 10 4
000010 00 00 10 0 00 10 4
0006011 01 00 1 00 00 10 b
111111 00 00 1 00 00 10 5
000101 01 0 00 00 00 10 6
000100 O©01 O 00 10 00 10 6
000011 060 1 00 10 00 10 6
000010 00 1 00 00 00 10 6

7-13 Conversion Table

Data Code Table Number
1111111 01 00 00 10 00 1 0O 2
0000101 01 00 00 00 O 00 10 3
0000100 01 00 10 00 O 00 10 3
0000011 00 10 00 00 O QO 10 3
0000010 00 10 00 00 0 00 10 3
1111111 01 00 00 10 O 0C 10 3

0000011 01 00 00 1 00 00 10

[N S

¢000010 00 10 06 1 00 00 10

0000101 01 00 1 00 00 00 10 5



data. The input data are outputted to one of mn conversion tables (1
[err] m[err] 9, 1 [err] n [err] 17) stored in the ROM 4. The 1-1
conversion table is a table anong the conversion tables of Tables 2-1 to
2-6 which is configured for converting 1- bit input data to a 1-bit
codeword, while the 1-2 conversion table2ds a table anong the conversion
tables of Tables 2-1 to 2-6 which is configured for converting 1-bit input
data to a 2006010€0de®br@ 0 F0MO0ai0y 10t he mn cofiversion table is a table
for converting mbit input data into n-bit codeword. The Tables 2-1 to
2-6 above O%géliy the R L Ahvér §100A0t abl es as $he destination of storage
of the bit-based conversion tables. In other words, the 1-1
conver si on%P88PEC P tiP thd%0P700cd8versi on tabl e have the conversion
tabl es shown in Table 4. The table nunbers in Tables 4 specify conversion
tabl es of T4BPRLL 2. 101G O PO 00 PRRIL 4 1.1 cofversion Table Data

Code 08'884)& Nuna:)lero 0]0 10 00 00 90 8 1 1-2 Conversion Table
0006001 01 0 00 00 10 00 10 6
0000000 00 1 00 10 00 00 10 8
1111111 00 1 00 00 00 00 10 6
1111110 00 1 00 00 10 00 10 6

8—-14 Conversion Table

Data Code Table Number
11111111 0 10 00 00 10 00 1 00 1
11111110 0 00 10 00 10 00 1 00 1

8-15 Conversion Table

Data Code Table Number
00000011 01 00 10 00 1 00 0O 10 3
000060010 01 00 00 00 1 00 00 10 3
00000001 00 00 10 00 1 00 00 10 3
00000011 01 00 00 0 00 00 00 10 4
00000010 01 00 10 0 00 00 00 10 4
00000001 01 00 00 © 00 00 OO 10 4
00000000 60 10 00 O 00 00 00 10 4
00000011 01 00 1 00 00 00 Q0 10 b

00000010 01 00 0 00 OGO 00 00 10 5



23 Data Code Tabl e Number 1 00 2 1

00 3 1 00 4 1 00 5 1
00 6 2-3 Conversion Table Data Code Tabl e Nunber
01 0 10 1 01 01 0 6 2-4 Conversion
Tabl e Data Code Tabl e Nunber 2701 01 00 2 01
01 00 ) 3 01 01 00 4 01 01 00 5
3-6 Converaianookabl e obata 1 00 Godeo 00 10 Tabl & Nunber 001 01 00 10
2 001 01 00 10 3 001 01 00 10 4 4-7 Conversion
Tabl e Dat@000000 Cod®0 00 1Tabl tON0@H@® 1®010 5 0 10 00 10 1 0011
0 00 00 10 1

9-17 Conversion Table

Data Code Table Number
000000001 01 00 00 00 0 00 00 00 10 3
000000000 01 00 10 00 1 00 00 00 10 8

The codewords resulting from conversion in the m—n conversion
table are outputted to a multiplexer 5§ which then synthesizes
codewords outputted from plural m-n conversion tables to output the
resulting synthesized codewords to a buffer 6. The synthesized
codewords, outputted from the buffer 6, are outputted to a data
formatter 7 based upon channel clocks from a clock generator 8
generating channel clocks synchronized with data clocks. The data
formatter 7 converts the synthesized codewords into recording codes
for recording by e.g., non-return to zeroc inverted (NRZI). The
recording codes are interleaved and error detection/correction
codes or synchronization signals are appended to the interleaved
codes to coded data conforming to a pre-set format. The coded
data are recorded on a disc 10 or optically recorded on a master.
A stamper is fabricated from the master for mass—producing replica
discs 10.

The operation of the above-described encoding device is

explained.



24 0011 01 00 1 00 5 0010 00 00 1 00 5 0011 01 0

0010 6 0010 00 1 00-10 6 4-8 Conversion Table Data
Code Tabl e Nunber 0001 01 00 00 10 2 0001 01 00 00 10

3 5-9 Conversion Table Data Code Tabl e Nunber 00011 0
10 00 00 10 1 00010 0 00 10 9§ 10 1 00011 01 00 00
1 00 ‘ 4 00011 01 00 1 00 10 5 00010 01 00 0 00 10

5 00011 01 GGi¥xH0 4Be constraifit TehFthonversdorthkabtgbidahtmber are
Code Tabl e Nunber 00001 01 00 00 06 10 2 00000 01 00

10 00 10 determin2d by the encoder 2 from 9-bit data stored in the shift
register 1. The encoder 2 controls the selector 3 responsive to
the results so that the selector outputs data to one of the m—-n
conversion tables of the ROM 4. If the constraint length r is
determined to be 1, the data is supplied to the 1-1 conversion
table or to the 1-2 conversion table for conversion to codes "0"
or "00". To which of the 1-1 conversion table and the 1-2
conversion tables the data is to be fed is determined by the table
number.

For the first input data, the table 1 having the number 1 is
selected as the conversion table. If the data is "0011" and the
constraint length is 4, conversion by the Table 4-1 stored in the
4-7 conversion table is carried out for converting the data to a
code "0000010". The first input data means recording data directly
after the start position as set by e.g. a synchronization signal.
The remaining recording data {first data) are similarly converted
by the conversion table associated with Table 2-1.

The conversion of the next input data is determined by the
constraint length r» of the data being converted and the current
table number. That is, if (the table number Ty + constraint length
r) is not more than 6 (=m), conversion occurs in accordance with
the Table 2~(T, + r), whereas, if (the table number Ty + constraint
length r) is 7 or more, conversion occurs in accordance with the

Table 2~(To + * ~ 6). That is, if the constraint length r is 4 and



v

6-11 Conversion Tabl e Dat a Code Tabl e Number 000011

0 10 00 00 00 10 1 000010 O 10 00 10 00 10 1

25 000001 O 00 10 00 00 10 1 000000 0 00 00 10 00 10 1
000011 01 00 10 00 1 00 3 000101 01 00 00 O 00 10 4
000100 01°00 10 0 00 10 4 0000149 00 10 00 O 00 10 4
000010 00 00 10 0O 00 10 4 000011 01 00 1 00 00 10 5
111111 OGHR0 flimt ODopht data is5"00DDAQLL" D1tBe 001iHOt08 dAts “0011"Gis
000100 01 O 00 10 00 10 6 000011 00 1 00 10 00 10 6
000010 OGorvegted @ 1(0000010" Wit 7by3 tlenkebdieorR-Tabskored Diggthe 4-7
Code Tabl e Nunber

conversion table, while the next four bits "0011” is converted by
the Table 2—~5 since Tw + r = 4 + 1 = 5 (<6). Reference to Table 2-
5 shows that the 4-7 conversion table provides the conversion for
"0011", so that the next four bits "0011" is converted to a code
"0100100". The two codes are synthesized by the multiplexer § so
that the data word "00110011" is converted to a code
"90000100100100".

The above-described coding is further explained in detail by
referring to Fig.2.

In this figure, if the input digital data is 18D2h in
hexadecimal notafion (Fig.24), its binary data  becomes
"0001100011010010" (Fig.2B). The encoder 2 judges the constraint
length r from the binary data as follows: Since the data is the
first data, the table 2—-1 is selected as the conversion table. As
shown in Table 2-1, data "0", "00", "000" or "0001" are not
provided in the Table 2-1. Thus the next data "00011" is first
selected as the relevant bit string. Thus the encoder 2 judges the
constraint length r to be 5. Thus the first five bits "00011" are
converted by the conversion table of the Table 2-1 stored in the
5-9 conversion table to "010000010".

Since the constraint length r is 5, r + 1 = 8, so that
reference is had to Table 2-8 and the bit string "00011" is

converted to "010000010" by the table stored in the 5-9 conversion



1111111 01 00 00 10 00 1 OO 2 0000101 01 00 OO OO O 0O

10 3 0000100 01 00 10 00 O 00 10 3 0000011
00 10 00 00 O 00 10 3 0000010 00 10 00 00 O 00 10
3 1111111 01 00 00 10 0 00 10 3 0000011 01 00 00 1 00
00 10 4 0000010 00 10 Ofp1 00 00 10 4
0000101° 01 00 1 00 00 00 10 5
26 00001@8ble 01T Godp18BeS0tHH) conversion up to Hhe OOOOM bit, 0k isQO
10 00 10 5 0000010 00 10 0 00 00 00 10 5
0000011 uplto tige OPWChODitOof the second B6biHABIARLIAn termy @O the Gobdd 10
6 0000001 01 O 00 00 10 00 10 6 0000000 00 1 00 10 00 00
10 string datgiagithe cqguers®ro®ndd.00 10 6 1111110
00 1 00 00 10 00 10 6 8-14 Conversion Table

As may be seen from Table 2-8, once the data "00011" is

converted into the codeword "010000010", the sequence or number of
the table réferred to next is Table 2~5, so that reference is had
to Table 2-5 for converting the relevant bit sting "01" is
converted to "0100" by the 2-4 conversion table. This completes
conversion of the second 6-bit data string.

Referring to Table 2-5, once the data "01" is converted into
the codeword "0100", the sequence or number of the table to be
referred to next is Table 2-1. Thus, reference is had to Table 2-
1, and the next bit string "0010" is converted by the 4-7
conversion table to "0100010". Thus a codeword
"01000001001000001001000100010" as shown in Fig.2c is formed. The
synchronization codes or demarcation codes, specifying the
demarcation of the above conversion, are appended to the codeword,
as shown in Fig.24.

The codeword, thus generated by conversion, is routed to the
buffer 6, where it is synchronized with channel clocks from the
clock generator 8 shown in Fig.2F, and thence supplied to the
formatter 7. The formatter 7 generates, from the codeword, the NRZI
recording signals, as shown in Fig.2e, and records the NRZI
recording signals on the disc 10.

Thus the digital data, having the start position as specified



Dat a Code Tabl e Nunber 11111111 0 10 00 00

10 00 1 00 1 11111110 0O 00 10 00 10 00 1 0O 1 8-15
Conversi on Tabl e Dat a Code Tabl e Nunber
00000011 01 00 10 00 1 00O 00 10 3 00000010 01 00 00 00 1 0O
00 10 ~ 3 00000001 00 00 10 0Gj1 00 00 10 3 00000011

01 00 00 O 00 00 00 10 4 00000010 01 00 10 O 00 00 00 10

4 0000000F +th€l H&hdHrdhiBtG@n00sifnal (SYNH s0QHQDP00 is @Ahcb@e@0 ByO0
00 00 10 4 00000011 01 00 1 00 00 00 00 10 5 00000010
01 00 0 0B8c0Bs8OnE0Othe m—n convbrsion tables in the ROM 4 based upon the 27
00000001 00 00 1 00 00 00 00 10 5 00000000 00 00 1 00 10 00 0O
10 5coBsti7a Dohvkenstdn Tande the Dabde number. Code

Tabl e Nunber 000000001 01 00 00 OO O OO0 00 00 10 3 000000000 01

00 10 00 1 00 Beferrimg to Table 5 and Fig.3, the meritorious effect of the
instant embodiment is explained.

Table 5 shows the minimum length between transitions Tmin (=

(m/n)(d + 1)T), maximum length between transitions Tmax (= (m/n)(k

+ 1)T), window margin TW (= m/n) and the product of the minimum

length between transitions Tmin and the window margin TW or Tmin*TW

of the codeword of the instant embodiment (2, 17 RLL), where T

denotes the clock interval for data to be modulated. For

comparison, the corresponding values for the conventional (2,7 RLL)

and EFM (eight-to—fourteen modulation) are also shown.

TABLE 5
d,k code names TW Tmin Tmax Tmin*xTW
2,17 RLL 0.55 1.64 §.93 0.8938
2,15 RLL 0.5b 1.64 8.73 0.893
2,7RLL (conventional) 0.5 1.5 4.00 0.75
EFM (conventional) 0.47 1.41 5.28 0.664

It is seen from comparison of the values for the conventional
(2,7 RLL) and EFM shown in Table 5 that the minimum length between
transitions Tmin, window margin TW and the product of Tmin and TW
(Tmin*TW), affecting the recording density, are larger than the

values for the conventional (2,7 RLL) and EFM.



The codewords resulting fromconversion in the mn conversion table are
outputted to a nultiplexer 5 which then synthesizes codewords outputted
fromplural mn conversion tables to output the resulting synthesized
codewords to a buffer 6. The synthesized codewords, outputted fromthe

buffer 6, are outputted to a data formejger 7 based upon channe

cl ocks

froma clock generator 8 generating channel clocks synchronized with data
clocks. The dakpecioio®ilel theC@ivehum 1BRgSNNbEEREFE Mt LOMEMIICHS MHIB is

recording codes for recording by e.g., non-return to zero inverted (NRZl).
The recondsaglchdiese dr2g 7i RLB) | ethied bendgel apgetebecab @ny cCorIdcwbdrle chedes

or synchroni zation signals are appended to the interleaved codes

to coded

dat a conf enimidoy tmareipr &&ds fO5H10..5 fhre (Gode®RLLdatthuar bedisgoldedevnby

disc 10 or optically recorded on a master. A stanper is fabricated from
t he mast edOfor (Thes-Rrasiedi MpinegWi far di2sds RIG.)is 0.89B1@.FPethuisoRednst he

above-descri bed encodi ng device is explained.

28

Rierger PHel?¥nstraint length r and the table nunmber are

determ ned by the encoder 2 from 9-bit data stored in the_shift

In particular, the window margin TW, equivalent to an eye-—
pattern customarily employed as an evaluation waveform for data
detection, is higher by about 17% in the instant embodiment than
with EFM for the same code recording density. That is, the data
detection margin becomes wider so that data detection may be
carried out more easily than conventionally even for the high
density recording state.

It is also seen from Fig.3 that MTF becomes smaller with
increasing normalized spatial frequency (NA/i). Fig.3 shows the
ranges of the normalized spatial frequency for the cases in which
the code is recorded by the (2,17) encoding system of the instant
embodiment and by the EFM system with the same recording density.
It is seen that the normalized spatial frequency for EFM is
extended in a range from 1.0 to 0.19, while that for (2,17 RLL)
system is comprised in a range from 0.85 to 0.1. That is, the
lower frequency suffices and hence a higher recording density may
be achieved in the present embodiment.

Although the description of the instant embodiment is made
with reference to an encoding device, the instant embodiment may

be easily adapted for a decoding device.



register 1. The encoder 2 controls the selector 3 responsive to the
results so that the selector outputs data to one of the mn conversion
tables of the ROM4. |If the constraint length r is determned to be 1,
the data is supplied to the 1-1 conversion table or to the 1-2 conversion
table for conversion to codes "0" or "$§9". To which of the 1-1
conversion table and the 1-2 conversion tables the data is to be fed is
det erm ned by fThett abl,ethaudberding deviwme shwewd i intstFigwputredatosiuctelse dpabl e
1 having the nunmber 1 is selected as the conversion table. |If the data is
"0011" angteepeded s iNRLInen| thetdiscs 19, agoAneisf ormalieherermiding mediymed
in the 4-7 conversion table is carried out for converting the data to a
code "0000918" renredysing deiipe 38 anfeandrrésobf nteRRAIERY et &t &r
the start position as _set . a synchroni zation signal. The _remaining

by e. .
recordingd859£mPFF?§t3Haﬁﬁ9y§rEg§?ﬁ?$%ﬁI%ﬂ?ﬁﬁnﬁﬁQ%ﬁftH&f & 3y 8lsi oR ke
tabl e assqciated wth _Table 2-1. conyersi on. of. the next L nput
data |5 QBPEPRFRER Dy dndrosaisbraithe 1NHER nordgt MhERadedPRer I EoRBe PFed
and the_cgg%ggtd E@Q%?oﬂ?gge£écg¥§% 453 ddndd1% a0 § NUTREL TN Ses into
constrai nt TFeAgtR “or) PS8/ ROt TRBF R KA 6" TEM, “converdicon occurs S

accordancg uifdrgd he Tgaeb&%fgiéﬂeercrﬂoct Ebne MIEI5A% 1 dchii bl 58 480la NuTRek TN
g I's or nore th

+ constraint length'r . conversion occurs in accordance w
the Tabl g;2s( HeRlirkiedt 'onr e dNA 16 ahd ERR£R085T 2bRLrbRPGI B1bcks Hyand

e.g., & PLL circuit.

The codewords outputted by the deformatter 31 are outputted
at a conversion length judgment circuit 34 and a synchronization
detection circuit 40. The conversion length judgment circuit 34
judges the conversion length and the table number. The
synchronization detection circuit 40 detects the synchronization
signals appended to the codes for identifying the demarcation
points (Fig.2D) for controlling the readout timing for the
converted data from a ROM 36. The codewords outputted from the
deformatter 31 are outputted via the conversion length decision
circuit 34 to a selector 35. The codewords are decoded by the
selector 35, ROM 36 and a multiplexor 37 so as to be outputted to
a buffer 38.

The ROM 36 has stored therein substantially the same
conversion tables as those stored in the ROM 4 shown in Fig.1l.
That is, the ROM 38 has stored therein the 1-1 conversion table to

the 9-17 conversion table shown in Tables 2-1 to 2~8 and 4-1 to 4-8



29 the first input data is "00110011", the first 4 bits "0011" is
converted to "0000010" bit by the Table 2-1 stored in the 4-7 conversion
table, while the next four bits "0011" is converted by the Table 2-5 since
Tl[err] +r =4 + 1 =5 (<6). Reference to Table 2- 5 shows that the 4-7
conversion table provides the conversion 3pr "0011", so that the next four
bits "0011" i's converted to a code "0100100". The two codes are

synt hesi zednlly cohhgemtist ithleexerdes suprlizid fidven ded aselectbr 39014001data
is converted to a code " 00000100100100". The above-descri bed
coding is Whitheramxpbukpetitéh det aile byultepbexedg3fo FiGhes the RGM BAis
figure, if the input digital data is 18D2h in hexadecimal notation

(Fi g. 2A), Perfarms fihegbpckdaenve ryiasoibd ch 9ot BVegse02d " theiqpmyBrs ivhe
encoder 2 judges the constraint length r fromthe binary data as foll ows:
Since the 88FEOFBednky $he HOMfk-a, the table 2-1 is selected as the

conver si on tabl 0 in Table 2- a "Q" "00" " 000"
“0001" are not ’i‘b?oﬁ*&éar-ﬁgtﬂgtawerezcarded?ré&tﬂtw@r?éw ord simopg i the
first elec ed a th r.el ant bi t t he encoder t he
onst rar nt TPEaEeRTe | o0t A f'nerrenlY; oI PR BeTREGE or Juﬁg%

constraint Fe

converted by th% %OW%{%%‘%S’O%S%& O&ectorbgn;% HL€ @e 31§ %ﬁn{a?r :W'ia%ned

conversion tablé"to 1 . he cons rain eng

r+1 =26, 80 48 rmatter 31 processes data reproduced from the disc 10 with
deinterleaving and error detection/correction and outputs the
resulting processed data to the conversion length decision circuit
34 and to the synchronization detection circuit 40. The
synchronization detection circuit 40 detects synchronization
signals {(demarcation signals) inserted between neighboring
codewords contained in the input codeword (Fig.2D, such as X
position). The conversion length decision circuit 34 determines
the conversion length of the codes {(codeword length) based upon the
synchronization signals {(demarcation signals) detected by the
synchronization detection circuit 40. The conversion 1length
decision circuit 34 determines the sequence of the conversion
tables as in the case of the encoder 2 of Fig.l for judging the
conversion table number for each codeword based upon the determined
sequence and outputs the codeword and the table number to the
selector 35.

The selector 35 outputs the input codeword to the conversion

table having the relevant conversion length and table number.
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reference is had to Table 2-6 and the bit string "00011" 1is converted to
"010000010" by the table stored in the 5-9 conversion

30 table. This conpletes the conversion up to the tenth bit, that is, up
to the fourth bit of the second 6-bit data in ternms of the 6-bit string
data as the conversion unit. As maygde seen from Tabl e 2-6, once the
data "00011" is converted into the codeword "010000010", the sequence or
nunber of the ta@hl e refexrred épampké,i s Tablee 2- Sinmgmot t hat co@érordce | s
had to Table 2-5 for converting the relevant bit sting "01" is converted
to "0100" BP10AE09140t0002e 0@I0AHINM10Thi sttenfliesss catenvedE0@NOQI0't hés
second 6-bit data string. Referring to Table 2-5, once the data "01"
is convert edtracted tite depeadence "urkg thet Remsegabhere DignaiberSigice vket bl e
to be referred to next is Table 2-1. Thus, reference is had to Table 2-

1, and thePadxtcasiepoddr jifg ""ltﬁ)lf)lrﬁfs mﬁmrtde»d ’o"y mefurmsmvé?sﬁbﬁ 5-9
table to "0100010".

"o100000106?6666?)1%1‘6%&%6@1(?*1 §°§F{8\Xﬁ1PH Fﬁbl‘zc"f sthoriphie nppper 1 so
synchroni zat i odes_or catlo Q speci fying the demarcation of
t he above @5n38r§?oﬁ°n§?E ﬁBHHé&' t%§%3&demord, as shown in Fig.2d.

The codeword, thiyy SR ALED PRSI S A t48 18189218, 10E indicated in
Table 2-1. Thus the code "010000010" extracted in dependence upon
the next demarcation signal is converted into data "00011" in
accordance with Table 2-6.

Table 2-5 is then selected in accordance with Table 2-8, so
that the next codeword "0100" is converted into data "01" in
accordance with Table 2-5.

Table 2~1 is then selected as the next table in accordance
with Table 2-5. In Table 2-1, the next codeword "0100010" is
converted into data "0010".

The data converted in this manner in the respective conversion
tablés are synthesized by the multiplexed 37 to a data
"0001100011010010" which is outputted via the buffer 38 to a
downstream side circuit, not shown.

In this manner, the codeword suited to high density recording
can be decoded easily.

Tables 6 and 7 show other embodiments of the conversion
tables.

TABLE 8
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buffer 6, where it is synchronized with channel clocks fromthe clock
generator 8 shown in Fig.2F, and thence supplied to the formatter 7. The
formatter 7 generates, fromthe codeword, the NRZI recording signals, as
shown in Fig.2e, and records the NRZI recording signals on the disc 10.
Thus the digital data, having the start pgeition as specified

31 by the synchronization signal (SYNC signal), is encoded by accessing
the. mn cofA8idl énlt ables in the ROM 4 based upon the constraint length r
and the tabl e nunber. Referring to Table 5 and Fig.3, the neritorious
effect of the instant enbodi et 3i ¢ éxpl &i ed. Table 5 shows the

m ni mum | ength between transitions Tmn (= (mn)(d + 1)T), nmaxi mum | ength
bet ween tr®&idti ons Tnax (= (FPEEYKrds: 1) T), window nargin TW(= nmin) and

t he product .of the minimum |ength between transitions Tmn and the w ndow
mar gi n TW ot 3Tni n* TW of the co rd of the instant enmbodi ment (2, 17
RLL), \/\/nere1 denotes the clocg) interval for data to be nodul at ed.
For conparison, the correspondilr? val ues for the conventional (2,7 RLL)
and EFM (ei gﬁtl-to-fourteen rmduloeltoi %ra) are al so shown.

TABLE 5
010 _ 001 00
0011 000 10 00
0010 100 10 00
0001 010 01 00
000011 001 00 10 01 00
000010 010 00 10 01 00
00000111 010 00 00 10 01 000
00000110 010 00 00 10 01 000
00000101 001 00 00 10 01 000
00000100 100 00 00 10 01 001 00
000000111 100 00 00 00 01 001 QO
000000110 010 01 00 00 01 001 00
000000101 010 00 10 00 01 001 00
000000100 010 00 10 00 01 001 00
000000011 010 00 00 00 01 001 00
000000010 001 00 10 00 01 001 00
000000001 001 00 01 00 01 001 00
000000000 001 00 00 00 01 001 00

*11113110011 010 00 00 10 01 000 10 00



d, k code names TW Tm n Tmax Tm n*TW 2,17 RLL

0.55 1.64 9.93 0. 893 2,15 RLL 0.55 1.64
8.73 0. 893 2, 7TRLL (conventi onal) 0.5 1.5 4. 00 0.75
EFM (conventi onal ) 0. 47 1.41 5.28 0. 664 It is seen

from conparison of the values for the comggentional (2,7 RLL) and EFM shown
in Table 5 that the nmininmumlength between transitions Tmin, w ndow nargin
TW and t heTaBpg8ueét2of Tmin and TW (Tm n*TW, affecting the recording
density, are larger than the values for the conventional (2,7 RLL) and
EFM 32 Specifically, the

m ni mum | ength between transitions Tmn is 1.64/1.5 for (2,7 RLL), thus
bei ng | arger by about 9.3% wgiBe4thel i hddbw nargin TWis 0.55/0.5 for
(2,7 RLL) thus being larger b 10% _ The product Tmn*TWfor (2,7 RLL)is
0. 893/ 0. 75Defk@s being | ar gerCaseweonts In particular, the w ndow
margin TW equivalent to an eye- pattern customarily enployed as an

eval uati on waveformfor data def8ction, is hi gher by about 17%in the

i nst ant enbﬁqinent than with Ethfﬁé the sane code recording density. That
is, the dat detection margi n bécorres wi der so that data detection may be
001 10 01 00
0001 00 10 01 OO0
000011 10 00 10 01 000
*111111 01 00 10 01 000
0000101 10 00 00 01 001 00
0000100 01 00 00 01 001 00
0000011 00 10 00 01 001 00
0000010 00 01 00 01 001 00O
0000001 10 01 00 01 001 00
00000001 ' 10 00 10 01 000 10 00
00000000 01 00 10 di 000 10 00
TABLE 6-3
3465
Data Codewords
1 00
01 10 o0

00 01 00



carried out nore easily than conventionally even for the high density
recordi ng state. It is also seen fromFig.3 that MIF becones snall er
with increasing normalized spatial frequency (NA/[err]). Fig.3 shows the
ranges of the normalized spatial frequency for the cases in which the code
is recorded by the (2,17) encoding systenm3®f the instant' enbodiment and by
the EFM systemwith the sane recording density. It is seen that the

nor mal i zed T&PAEI &-4frequency for EFMis extended in a range from1l.0 to
0.19, while that for (2,17 RLL) systemis conprised in a range fromO0. 85
to 0.1. That is, the |ower fr &qdeRcy 4ufffces and hence a higher
recording density may be achieved in the present enbodi nent.

Al t hough t Rét@escription of t%RA§¥RAENt enbodiment is made with reference
to an encodi ng device, the instant enbodi nent may be easily adapted for a
decodi ng dedi ce. 00 33 That is,

t he decodin& devi ce shown in Fig.ﬁ rﬁgroduces data recorded by NRZI on the
disc 10 as &% information recordit g dium by a reproduci ng device 30 and
out puts the r.eproduced output to eformatter 31 and a reference cl ock
generating circuit 32. The deformatter 31 processes the NRZI codes with
deLnterIeaqhﬂglqr error detectiqny gqrp@gt hgn and converts the processes
codes into

¥01111111 10 01 001 00 10 01 0O

TABLE 6-5

5123451234

Data Codewords
1 00
011 10 000
010 01 000
0011 10 010 60
0010 10 001 00
00011 10 010 01 00
00010 10 000 10 00
00001 01 000 10 OO0
0000011 10 010 00 10 01 0O
0000010 10 001 00 10 01 0O
1111111 01 001 00 10 01 OO
000000111 10 010 00 00 10 01 000

000000110 10 001 00 00 10 01 000



codewords. The reference clock generating circuit 32 detects clock bits
recorded on the disc 10 and generates reference clocks by e.g., a PLL
circuit. The codewords outputted by the deformatter 31 are outputted
at a conversion length judgnent circuit 34 and a synchroni zation detection
circuit 40. The conversion |ength judgnens9circuit 34 judges the
conversion |length and the table nunber. The synchronization detection
circuit 40 &90880PE0Lhe synchroni 18t PdR 03 §Pal® @bpXHed to the codes for
identifying the demarcation points gFi .2D) for controlling the readout
timng for ORE00L4A0erted data fPdnP 1R3R4@@.1QH%1dUHbmords out putted from
t he deforngtter gl are outputted via the conversion |ength decision

circuit 34 80899 FéCtO{ 35. Thé‘%&ﬁ@mﬂpggoaig BtcORRd by tgeffselector
35, ROM 36 i 37 38.
The ROM 36 %§§O§P§E glﬁhg?g{n su%@tiﬁ??ﬁpl§°?ﬁépggaigoEgnvgrs?one{ables as

t hose stor e‘?}fi_o?o'b%lw 4 shown il{a’o%ilt%h@g?@&éoh@’e?éfg%ﬁw 36 has stored

therein the convérsion tabl e tabl e shown in

lﬁglggnsé}t?%Pégggg gs4éapgﬁiQAGHPOQP%hgosgPeg?O?léngﬂ%)data >
0000000001 10 010 01 00 00 01 001 00
00000000001 10 010 00 00 10 01 000 10 00
00000000000 10 001 00 00 10 01 000 10 00
TABLE 7
TABLE 7-1

123451231

Data Codewords
11 000
10 100
011 010 00
010 001 00
0011 010 01 00
0010 000 10 00
0001 100 10 00
000011 010 00 10 01 00
000010 001 00 10 01 0O
00000111 100 00 00 10 01 ©OO0C

00000110 010 00 00 10 01 000



whi ch are outputted to the nultipl exed 37. Thus the ROM 36 perforns the
back conversion which is the reverse of the conversion perfornmed by the
ROM 4. The buffer 38 outputs recorded data in synchronismwth the
reference clocks froma reference clock generating circuit 32. The
operation of the decoding device is hereigpafter explained. The deformatter
31 processes ‘data reproduced fromthe disc 10 with deinterleaving and
error detectPodPtdtrecti on and o01puds dhelo rEelsXG ng processed data to the
conversion |length decision circuit 34 and to the synchronization
detection €9P9Pe@1@0 40. The SQhchP 0P 2 i%n At ection circuit 40
detects synchroni zation signals igdemar cation signals) inserted between

nei ghbor i ngC0eeeRbt ds cont ai ned1¥® ehel HUO L APIWEOd (Fi g. 2D, such as X

position). The conversion |length decision circuit 34 determ nes the

conversi on PRAPH Y the codes (BRI IhRN)OBad8d upon the

h i i i I d i i det ected by th
synohr oni 20 PEROBLEL: Ton Cr r cub b HRE 0 LAGe8 on” | engtn  deci si on
circuit 34 6’865’@6'1()(?@5 t he sequengglo(gotcﬂg &030%\@5;"3"319@8 tables as in the case

of the encoder Fig.1 for judging t tabl e nunber for each

codeword ba§§gomthe det er m ngg% §f°6‘etﬂ?e(1|1ﬁ%1°l6top“ts the codeword and
5.

the table nunber to the selector e selector 35 outputs the

i nput codewggglod®oidie conversionyid add e A e gl evant conversion
| ength and tabl e nunber.

000000001 010 00 01 00 01 001 00

000000000 001 00 00 00 01 001 0O
1111110010 010 00 00 10 01 000 10 00
TABLE 7-2

234561234

Data Codewords

1 00

01 01 60

001 10 01 00

0001 00 10 01 00

000011 10 00 10 01 000
*¥111111 01 00 10 01 000
0000101 10 00 00 01 001 00
0000100 10 01 00 01 001 0O
0000011 01 00 00 01 001 0O

0000010 00 10 00 01 001 0O



35 I f, for exanpl e, t he i nput codeword IS
*01000001001000001001000100010", the first code "010000010" s

extracted in dependence upon the demarcation signal. Since the 9- bit
codeword is the first codeword, it is furnished to the 5-9 conversion
tabl e of the conversion table of the tablg nunber 1 so as to be converted
into data "00011". " The table selected next is the Table 2-6, as

i ndi cated i A0098BLe 2-1. Thus tRe 0dde0"QLOOADOI®" extracted i n dependence
upon the next demarcation signal is converted into data "00011" in

accor dance @PPROGRb| e 2-6. 192BPel0-81@0@ heh &kl ected i n accordance
with Table 2-6, so that the next codeword "0100" 1is converted into data
"01" in aclBPRASRRR with Table 208 00 10 OF %%Q L0100 s then sel ected as the
next table in accordance w th Table 2-5. In Table 2-1, the next codeword
"0100010" is <converted into data "0010". The data converted in this
manner in Eﬂg éengctive conversion tables are synthesized by the
mul ti pl exe 9 t data "000l1000110lI 0010" which is outputted via the
buffer 38 to a domnstreag12ige circuit, not shown. In this manner,
the codeword suited to high density recording can be decoded easily.
Data Codeword
1 00
01 10 00
00 01 00
TABLE 7-4

45123451

Data Codewords

1 00

01 10 00

00 01 00
*¥11111 10 01 001 0O
*01111111 10 01 001 60 10 01 00
TABLE 7-5

§1234512 3
Data Codewords
1 00

011 10 000



Tables 6 and 7 show ot
36 TABLE 6-1
Codewords 11

010 00 010

100 10 00 0001

01 00 000010

00 10 01 0001000000110

her enbodi nrents of the conversion tables. TABLE 6
123451234 Data

000 10

001 00 0011

010 01 0@2 000011
010 00 10 01 OO0 00000111

100 011
000 10 00 0010
001 00 10
010 00

01 00a0 00 00 10 01 000 00000101

001 00 00 10 01 000 00000100
100 00 001@00DA @1 00

10 001 GO

000000111 0011
0010

00011
00010
00001
¥1111111
0000011
00060010
000000111
000000110
000000101
000000100
000000011
000000010
0000000011
0000000010
0000000001
0000000000

¥0111111001

10

10

01

01

10

10

01

10

10

10

10

01

10

10

10

10

10

610
000
000
001
010
001
001
010
010
001
000
000
010
010
010
001

001

01

10

10

00

00

00

00

00

01

00

00

00

01

00

00

o

0C

00
0o
00
10
10
10
00
00
00
00
00
00
00
10
01
00

10

100 00 00 10 01 001 OO

01
01
01
10
10
10
10
10
10
00
00
00
00

00

00
60
00
01
01
01
01
01
01
01
01
01
01

61

Tables 6 and 7 represent modified

conversion tables.

constituted by respective five tables.

In these embodiments,

000
000
000
000
000
000
001
001
001
001

001

00

00

00

00

00

embodiments of the

the conversion tables are

In the present embodiments,

data "1" is converted into a codeword

!Iool! s

while data "11" is



000000110 010 01 00 OO0 01 001 00 000000101 010 00

10°00 01 001 00 000000100 010 00 10 00 01 001 00 000000011
010 00 00 00 01 001 00 000000010 001 00 10 00 01 001 OO
000000001 001 00 01 00 01 001 OO0 000000000 001 00
00 00 01 001 00 *1111110011 @30 00 00 10 01 000 10 0O

37 TABLE 6-2 23451234 Data

Codewor ds cdnverted into a codewol@) "0Q0". That is, while GBha@@in®@01lis
10 01 00 0001 00 10 01 00 000011 10 00
10 01 000 penfermpd on the bit basis ¢n toge embpdiments oppeppiin Tables 1 and
10 00 00 01 001 0O 0000100 01 00 00 01 001 00 0000011

00 10 00 04r gcoydng is performed in the present embodiment on the two-bit
basis.

In the embodiments of Tables 6 and 7, if five or more of "1"
of digital data appear consecutively, such code string is converted
at a pre~set interval into a codeword containing the logical "1",
in order to inhibit continuation "0" s in the codestring.
Specifically, should the leading bit or leading two bits of a data
word to be converted be pre-set bits, it is judged whether or not
4 or more bits of logical "1" appear consecutively in the next
following data word string. The conversion operation is controlled
so that, if 4 or more bits appear consecutively, the conversion
operation performed is that specified by the mark *.

In any of these embodiments, the values of m,n;r of the
conversion tables are set so as to be the same or different from
one table to another. However, the value of d in the codestring
is set so as to be constant. The values of m and n in the ultimate
codestring are 6 and 11, respectively, while the value of k in the
codestring is 15 in both of the embodiments of Tables 6 and 7.

If data converted into the codeword is directly recorded and
reproduced using plural conversion tables, dc¢ components are
occasionally produced. It is possible to append merging bits for
decreasing the dc¢ component at arbitrary positions among the

positions corresponding to the demarcation signals shown in Fig.2.



0000010 00 01 00 01 001 OO 0000001 ' 10 01 00

01 001 00 00000001 10 00 10 01 000 10 OO 00000000

01 00 10 01 000 10 0O TABLE 6-3 345 Data
Codewords 1 00 01 10 00 00

01 00 44 38 TABLE 6-4
45123456 Data Codewords 1 00
01 To this end, d0med@in@Obit appending circuit 21 08y bBdIidddvided in
10 01 001 00 *01111111 10 01 001 00 10 01 OO

the encoding device as shown in Fig.1.

The merging bit appending circuit 21 1is fed with the
demarcation signals (synchronization signals) from the encoder 2,
while being also fed from the multiplexer 5 with synthesized
codewords supplied from the conversion tables. The dc components
of the supplied codestring are calculated and merging bits which
will decrease the d¢ components are found. The merging bits O or
1 are appended at positions corresponding to the pre-set
synchronization signals and the codestring having the merging bits
appended thereto is returned to the multiplexer 5.

The merging bit appending circuit 21 appends "0" and "1" as
merging bits for decreasing and increasing the dc componenté,
respectively.

Such control of the dc¢ components is known as digital sum
value (DSV) control. That is, in the DSV control, the codes "0" and
"1" are respectively set to "-1" and "1" and the sum of the
resulting codestring is calculated. The merging bits are
determined so that the value of the sum will be closer to zero.

The merging bits may be determined by adding the DSV
prevailing before code insertion to the DSV after code insertion
and by selecting such a code which will diminish the absclute sum
value.

In this manner, the interval of the insertion of the merging

bits is inversely proportional to the low~range cut—off frequency



TABLE 6-5 5123451234 Data

Codewords 1 00 011 10 000 010

01 000 0011 10 010 00 0010 10 001 0O
00011 10 010 01 00 00010 10 000 10 00
00001 ) . 01 000 10 00 0000941 10 010 00 10 01
00 0000010 10 001 00 10 01 OO0 *1111111 01
001 00 10 ®f dbe 000090tidg. The intervallo@1@n66r®Dof Oo1t1éOne X BELEG
10 001 00 00 10 01 000 39
000000101 is explained]Qipl0detaih 1lm 0PSO06er.00¥000108/147.836 and (n
001 00 00 10 01 000 000000011 10 000 00 00 10 01 00O

000000010 corresponding P Fgdepd ¥okaip Rybldgetion JP-A-HEI 06-187,024 (date
of Kokai publication, July 15, 1994).

The merging bit inserting interval in a continuous codestring
is an integer number multiple of 11. For example, if the interval
between the 11th and 12th bits is the initial merging bit inserting
position, the interval between the 22nd and 23rd bits and the
interval between the 33rd and 34th bits represent the merging bit
inserting positions.

If the merging bit inserting interval is the interval between
a position corresponding to an integer number multiple of 44 aﬁd
the next adjacent code, the conversion code is 44+1 for the 24
information bits, such that tﬁe conversion ratio between the
information bits and the conversion codes is 24:45 = 8:15.

For example, if the previous channel bit is "XXX100" and the
next channel bit is "001XX", merging bits "0" or "1" are inserted
between the channel bits (Figs.5A and 5B).

However, if the previous channel bits are "XX010" and the next
channel bits are "001XX", as shown in Fig.5C, and if the merging
bit "1" is appended for d=2 as shown in Fig.5D, the principle of
the value of E being 2 is collapsed. That is, the rule stating
that at least two "0"s be inserted between "1" and the next "1" is
violated by appending the merging bit as indicated in Fig.5D.

If the previous channel bits are "XX010" and the next channel



0000000011 10 010 00 OO OO0 01 001 00 0000000010

10001 00 00 00 01 001 OO 0000000001

10 010 01 00 00 01 001

00 00000000001 10 010 00 00 10 01 000 10 0O 00000000000

10 001 00 OO0 10 01 000 10 0O TABLE 7 TABLE 7-1 12
3451231 Data Codewggds 11 000
10 ' ) 100 011 010 00 010

001 00 OQdilts are "0001XX", as €HOWHUMWFiHGEH) and the merging bipobl™0i®0
0001 100 10 00 000011 010 00 10 01 00
000010 to be appended DEn@ding 08 B&le GoOGMPwWn in Fig.5F. Thabpoipo e 10
01 000 00000110 010 00 00 10 01 00O

previous channel bits "XX010" are left as they are and the merging
bit "0" is appended. The leading bit of the next channel bits is
changed from "0" to "1" so that the next channel bits become
"1001XX".

If, as shown in Fig.5G, the previous channel bits are "XX001",
the next channel bits are "00001X" and the merging bit "1" needs
to be appended, the previous channel bits "XX001" are left and the
merging bit "0" is appended, as shown in Fig.5H. The second bit of
the next channel bits are changed from "0" to "1" so that the next
channel bits become "01001X".

This satisfies the rule d=2. The value of k is increased to
18 as a result of appendage of the merging bit in the embodiment
of Table 6. However, the value of k may remain to be 15 in the
embodiment of table 7.

The merging bit inserting interval is not limited to integer
multiples of 11 or 44. That is, the merging bits may be inserted
at an interval corresponding to integer number multiples of an
arbitrary number of bits. However, in this case, the k parameter
in the embodiment of Table 8 is increased such that {(d,k;m,n) =
(2,16;6,11).

If part of the channel bits is to be inverted during merging
bit insertion, which of the channel bit previous to the merging bit

inserting position or the next channel bit is to be changed needs



40 00000101 010 01 00 10 01 000 00000100

001 00 00 10 01 000 000000111 100 00 00 00 01 001 OO
000000110 010 00 00 00 01 001 0O 000000101 001
00 10 00 01 001 0O 000000100 001 00 01 00 01 001 0O
000000011 010 01 O 00 01 00&700 000000010 010 00
10 00 01 001-00 000000001 010 00 01 00 01 001 0O 000000000
001 00 00 ®® W erd(ned* ptrevid09619H. The reason (k0 thato0ifothe pPoOEVioU®O
TABLE 7-2 23451234 Data

Codewor ds cHannel bits are "X1000", (e pgxt channel bits are "01§PXjpangothe
10 01 00 0001 Cmen 00 10 01 00 000011 . . .10. 00
10 01 000 mexngingibit "1" is to be 92?99%6 02sosbowpodB1Hig- 51, monistic

10 00 00 01 001 OO . 0000100

000001

01 00 00 OQe@@quhﬁﬁlon can not necessari y ]écx)(ﬁleve% Ounless %

previously determined which of the channel bits is to be changed.
That is, If, in the example of Fig.5I, the last bit of the
previous channel bits is inverted as shown in Fig.5J, the
codestring produced on decoding becomes indistinguishable from the
codestring shown in Fig.5H. If the next channel bit is to be
changed, "1" cannot be selected as the merging bit, so that there
is no alternative but to insert "0" because the insertion of "1"
in the bit string of Fig.BI is not in meeting with d=2 rule.

If the merging bits are appended in this manner for adjusting
the dc components, the output level (dB) in the low frequency range
may be lowered as indicated by a curve A in Fig.9 as compared to
a curve B for the case of not appending the merging bits. This
enables recording at a correspondingly high density. In Fig.6, a
curve C stands for characteristics in case the 8-15 converted codes
are controlled by DSV control. It is seen that the curve A in the
above embodiment has a lower output level in the low fregquency
range.

In Fig.6, the ordinate stands for an output in dB and the
abscissa the relative frequency with the channel clock frequency
set to unity (1). The actual frequency is the channel clock

frequency multiplied by the coefficient of Fig.6.



®

0000010

00 10 00 01 001 0O

41" 0000001 00 01 00 01 001 0O 00000001 10
00 10 01 000 10 0O 00000000 01 00 10 01 000 10 0O TABLE
7-3 345 Data Codeword 1 00
01 10 00 00 4@1 00 TABLE 7-4

45123451 Data Codewords 1 00 01

10 00 00 Tables 8 t61100rebtresdht embodiments &P Ohr®DérOOonvOtdidrdll

10 01 001

00 10 01 00
tables. In these embodiments, five sorts of the conversion tables

1 to 5 are used in this sequence for encoding and decoding.

As for parameters, {(d,k;m,n) = (2,14;6,11), (d,k;m,n) =
(2,16;6,11) and (d,k;m,n) = (2,18;6,11) for the embodiments of
Tables 8, 9 and 10, respectively. In these emboediments, the rules

of d=2 and {m,n) = (6,11) are met.

TABLE 8
TABLE 8-1
123451234

Data Codewords

11 000

i0 100

011 010 00

010 001 00

0011 100 10 GO

0010 010 01 €0

0001 000 10 00

000011 010 00 10 01 OO
000010 001 00 10 01 00
00000111 100 00 00 10 01 00O
00000110 001 00 00 10 01 000
00000101 010 01 00 10 01 000

00000100 010 00 00 10 01 00O



TABLE 7-5

Codewords 1

42 010

10 001 00 00011
10 00 ,00601

10 01 00 0000011

512345123 Data
00 011

01 000

0011
10 010 01 00
01 000 10 0OQ@9

10 010 00 10 01 0O

10 001 00 %b1DUIDPLOG 000000111100 0O

000000110

01 00 10 0%1HHHL10ED0000100
10 000 00 00 10 01 00O

000000111
000000110
000000101
000000100
000000011
000000010
000000001
0000000010
0000000001

0000060000

TABLE 8-2

Data
1
01
001
0001
000011
000010
*¥1111111
¥1111110

0000011

10 010 00 00 10

001 00
000000010
010 00
010 00
010 00
001 00
010 01
601 6O
100 o0
010 00
010 01

001 ©oO

2 3 4

00010
*1111111

10 000
10 010 0O

0000010

00 0O (il @I ®® 00 10 01 000

01

10

00

00

01

00

00

00

Q0

5 1

Codewords

00
01
10
6o
01 00
10 00
10 00
00 01

61 00

00

01

10

10

00

00

00

01 000

00

00

00

00

00

10

10

10

i0

00

01

01

01

o1

01

000000101
10 1@0 gui1 3 ®® 10 01 000

0010
10 000
01 001 0O

10 010

000000011

01 000 OO0 00 10 01 00O
00 00 01 001 0O

01 001
01 001
01 001
01 001
01 001
01 000
01 000
01 0G0

01 000

3 4

000
000

001 00

001 00

001 60

00

00

00

00

00

10

10

10

10

00

00

00

00



present enﬁﬁﬂﬁﬁﬁﬁ
Tabl es 6 and

0000000011
010 00 10 00 01 001 00
0000000000
001 00 10 00 01 001 0O
enmbodi nentis of
conversion tables are
present en9O@iodat s,

data "11"
codeword " @®®P00C1L That

is

Data

01

00

TABLE 8-4

Data

1

01

00
*¥11111

*01111111

TABLE 8-5

Data

10 010 01 OO OO 01 001 00O 0000000010 10

0000000001 10 010 00 01 OO0 01 001 OO
10 001 00 00 00 01 001 OO *0111111001 10

Tables 6 and 7 represent nodified

conversion tablesg I n these enbodi nents, the
constituted by respective five tables. In the
data "1"10 91cOPveit 661i Ao a codeword "00", while

43 converted into a

is, whilG%® ¥n®8difdg0Pd OBerforned on the bit basis in
t he enbodi nents shown in Tables 1 and 2, encoding is perfornmed in the

g on the two-&i 00 Bdsi0d. 000 10 P t he embodi nents of

if five or nore of "1"

consecuti Vé}%’oo&?@h code stri r?g0 %0 d8nPdr ng ?
codeword containing the logical "1",
s in the codestring.
bits of a

4 “or

data appear
pre-set interval into a
i n order to i nhibit continuation "0"

Specifically, should the leading bit or |eading two
Wward to be converted be pre-set bits, it is judged whet her
nore bits of logical "1" appear consecutively in the next

345
Codeword
00

10 00

01 00

45123458
Codeword

00

10 00

01 00

10 01 001 00O

10 01 001 00 10 01 0O

5128451284
Codewords

00



foll ow ng data word string. The conversion operation is controlled so
that, if 4 or nore bits appear consecutively, the conversion operation
performed is that specified by the mark *. In any of these

enbodi nents, the values of mn;r of the conversion tables are set so as to
be the sane or different from one tablesgo another. However, the val ue of
din thé codéstring is set so as to be constant. The values of mand n in
the ultinmat@®llcodestring are 61@n@d1l, respectively, while the value of k
in the codestring is 15 in both of the enbodi nents of Tables 6 and 7.

|f data com¥ted into the codewo?@is directly recorded and reproduced
using plural conversion tables, dc conponents are occasionally produced.
It is possi®Elto append nergi by ¥ L or decreasing the dc conponent at
arbitrary positions anong the_ positions corresponding to the demarcation
signals shdW9n Fig. 2. 10° 001 060 44 To this

end, a nerqh&&hpit appendi ng cb{$¢ﬁﬁlﬁégd?ay be provided in the encoding

device as s in Fig. 1l (%g bit appending circuit 21 is fed

Whi I bei ngOTED fed from the ‘SubLOpPoxdl 5 wth syntnési zed  codowords
supplied fromdhe conversion taplgs, {hggc conmponents
*¥1111111 01 001 00 10 01 0O
0000011 10 010 00 10 01 QO
0000010 . 10 001 00 10 01 0O
111111010 01 000 00 00 10 01 00O
000000111 10 060 00 00 10 01 000
000000110 i0 601 00 00 10 01 00O
000000101 10 010 01 00 10 01 000
000000100 10 010 00 00 10 01 00O
k1111110001 01 000 00 00 00 01 001 00O
1111110000 10 000 00 00 00 01 001 0O
0111111000 10 001 00 10 00 01 001 OO
0000000111 10 010 00 00 00 01 001 00
0000000110 10 010 00 01 00 O1 001 00
0000000101 10 010 00 10 00 01 001 OO
0000000100 10 001 00 00 00 01 001 OO
0000000011 10 010 01 00 00 01 001 0O
0000000010 10 001 00 01 00 01 001 OO

00000000011 10 000 00 00 10 01 000 10 0O



of the supplied codestring are cal cul ated and nerging bits which wll
detrease the dc conponents are found. The nerging bits O or 1 are appended
at positions corresponding to the pre-set synchronization signals and the
codestring having the merging bits appended thereto is returned to the

mul tiplexes 5. The nerging bit appsading circuit 21 appends "0" and
"1" as nerging bits for decreasing and increasing the dc conponents,
respectivel30000000018uch cont r¥ ©f0 tde 0fc 1®oRPoAEAt $0i 80known as digit al
sum value (DSV) control. That is, in the DSV control, the codes "0" and
"1" are res%&qqqpél%ﬁlset to "-10 Gy 0'1100ar1(§’ ©he 090mLBf OPhe resul ti ng
codestring cal cul at ed. The n bits are determ ned so that
the val ue d¥° qorpé’osol?rﬂow 1l be c}OHL t(H) g@rgo 01 000748 RBrging bits may be
determ ned by adding the DSV prevailing before code insertion to the DSV
after code insertion and by selecting such a code which will dimnish the
absol ute In this manner, the interval of the insertion of
t he nergi ﬁ%l'{glb]%/ts is i nversely proportlonal to the | owrange cut-off
frequency 45 of the codestring.
The mterva‘f 01? |nsert|on of the merging bits is explained in detail in US
Ser. No. 08/147.836 and in 12345123

Data Codewords
11 000
10 100
011 010 00
010 001 00
0011 060 10 00
0010 01¢ 10 00
0001 010 01 00
000011 001 00 10 O1 0O
000010 010 00 10 01 00
00000111 010 00 00 10 01 000
00000110 010 01 00 10 01 000
00000101 001 00 00 10 01 00O
00000100 100 00 00 10 01 000
000000111 100 00 Q0 00 01 001 0O
000000110 010 01 00 00 01 001 00
000000101 : 010 00 10 00 01 001 0O

000000100 010 60 01 00 01 001 00



correspondi ng JP Patent Kokai Publication JP-A-HEl 06-197,024 (date of
Kokai publication, July 15, 1994). The nmerging bit inserting interval
in a continuous codestring is an integer nunber nultiple of 11. For
exanple, if the interval between the 11th and 12th bits is the initial
merging biy inserting position, the intggval between the 22nd and 23rd
bits and the” interval between the 33rd and 34th bits represent the nerging
bit i nsertdop®opolilti ons. o1d focot lo@ @r Qiingobi 00i nserting interval is
the interval between a position corresponding to an integer nunber

mul tiple ofcodB0R0d0 t he next adjladdntloc@@eOlt R@1cBAversion code is 44+1 for
the 24 information bits, such that the conversion ratio between the

i nf or mat i orPAKIOOH0QAd t he conved®l AP A3dO9 04 981480= g: 15, For
exanple, if the previous channel bit is "XXX100" and the next channel bit
is "001XX" 000041088 bits "0" dHOY PO HO0e 00n&dr PBY OBet ween the channel bits
(Figs.5A and 5B). However, if the previous channel bits are "XX010"
and the next channel bits are "OOLXX", as shown in Fig.5C, and if the

mer gi ng k%ﬁBgér'_5s appended for d=2 as shown in.Fig.5D, the principle of

t he val ue 5%|ng 2 is collapsed. That is, the rule stating that at

| east two "0"s be insert e n,"'1" ,and the next "1" is violated by
appendi ng the nerging biﬁgégliggﬁbgtéd4in Fi g. 5D. I f the previous
channel bij.s are "XX010" @l iig next channel

1 00

01 01 00

001 10 01 00

0001 00 10 01 0O

000011 10 00 10 01 000
¥111111 01 00 00 10 001 0O

06000101 10 00 00 01 001 0O

0000100 01 00 060 01 001 0O
0000011 00 10 00 01 001 00

0000010 00 01 00 01 001 00

0000001 10 01 00 01 001 0O

00000001 106 00 10 01 000 10 0O

00000000 01 00 10 01 000 10 00
TABLE 9-3

345

Data Codewords



46 bits are "0001XX', as shown in Fig.5E, and the nmerging bit "1" is to
be-appended, encoding is nade as shown in Fig.5F. That is, the previous
channel bits "XX010" are left as they are and the nmerging bit "0" is
appended. The |eading bit of the next channel bits is changed from"0" to
"1" so thaf the next channel bits beconegg”1001XX". If, as shown in
Fi g.5G "the previous channel bits are "XX0011", the next channel bits are
"00001X" angd the nmergong bit "1" needs to be appended, the previous
channel bits "XX001" are left and the nerging bit "0" is appended, as
shown in Figi 5H Thel&e@®dnd bit of the next channel bits are changed from
"0" to "1" so that the next channel bits becone "01001X". Thi s
satisfies t®e rule d&R.00he value of k is increased to 16 as a result of
appendage of the nerging bit in the enbodi mrent of Table 6. However, the
value of k may remain to be 15 in the enbodinent of table 7. The
merging bit inserting interval is not limted to integer nmultiples of 11
or 44. ThatABLE $1f nerging bits may be inserted at an interval

corresponding to integer nu r ltiples of an arbitrary nunber of bits.
However, in this case, h& gbgaﬁgﬁéﬁe 1in the enbodiment of Table 8 is
et SRR, L (S KRyl T T part of the chame
1 00
01 10 00
00 01 00
*11111 10 01 001 00
*00111111 10 01 001 00 10 01 OO
TABLE 9-5

512345123

Data Codewords
1 00
011 10 000
010 01 000
0011 10 010 0O
0010 10 001 0O
00011 10 010 01 00
00010 10 000 10 OO
00001 01 000 10 00

0000011 10 010 00 10 01 0O



bit insertion, which of the channel bit previous to the nerging bit
inserting position or the next channel bit is to be changed needs

47 to be determ ned previously. The reason is that, if the previous
channel bits are "X1000", the next channel bits are "0100X" and the
merging big "1" is to be appended, as shgmwn in Fig.5l, nonistic
denodul ati on“can not necessarily be achieved unless it is previously
determ ned oboetidf the chandel ®®tB0 &l td be changed. That is, if, in
t he exanple of Fig.5l, the last bit of the previous channel bits is
inverted as080oWlin Fig. 83, 00he00 cbiedt rdthg produced on decodi ng becones
i ndi stinguishable fromthe codestring showmn in Fig.5H |f the next channel
bit is to b8OORHARHEd, "110cARPOPO KO s &l &P%s the merging bit, so that

there is no alternative but to insert "0" because the insertion of "1" in

the bit strPREOBFOFY .51 8 RBL 96 Retd Yt BAh d=2 rule. 1f the

nmerging bits are ended_in_this manner for_adjusting the dc conponents,
t he out put ngg?oéﬁﬁs in Eﬂeoigmﬁ*rgﬁdghéy'ﬁéﬁbe may be | owered as

i ndi cat ed b§889§g538 A inogigog @ﬁ_g@ﬁg Qﬁﬁ‘hﬂ’ a curve B for the case of
its. iS ha

not appendi e nerging es recording at a
correspond';k?gulmgf dens'%by 0?”05@061030 gyore C stands for
characteristics 1 n case the g- 5 converted’co es

111111100 01 000 00 00 10 01 000

1111111011 10 010 00 00 00 01 001 OO

*¥1111111010 10 001 00 00 00 01 001 0O

TABLE 10
TABLE 10-1

12345123

Data Codewords
11 000
10 100
011 010 00
010 001 00
0011 000 10 00
0010 100 10 00
0001 010 01 00
000011 001 00 10 01 00
000010 010 00 10 01 00

00000111 010 00 00 10 01 000



AN

are controlled by DSV control. It is seen that the curve Ain the above
enbodi nent has a | ower output level in the | ow frequency range. I n
Fig.6, the ordinate stands for an output in dB and the abscissa the
relative frequency with the channel clock frequency set to unity (1). The
actual freguency is the channel clock frgquency nmultiplied by the
coeffici'ent of Fig.6. 48

Tabl es 8 t c0A@OOEPY esent €hdool nEMtIN dfl fodot her conversion tables. In

t hese enbodi nents, five sorts of the conversion tables 1 to 5 are used in
this sequene@0d®¥0lencodi nG0anec deodt . 000 As for paraneters, (d,k;mn)
= (2,14;6,11), (d,k;mn) = (2,16;6,11) and (d,k;mn) = (2,18;6,11) for the
ermbodi ment sOGR00IYD| es 8, 1009@ A 1¢ KpddGi vel y. I n these enbodi ments, the

rules of d=2 and (mn) = g6,11) are net. TABLE 8 TABLE 8-1
12345 100080011ipatq 100 00700 00 01 BfdeRdrds 11 . 000
10 100

000000110 010 01 00 00 01 001 OO

000000101 010 00 10 00 01 001 0O

000000100 010 00 01 00 01 001 0O

000000011 010 00 00 00 01 001 0O

000000010 001 00 10 GO0 01 001 0O

000000001 001 00 01 00 01 001 0O

000000000 G601 00 00 00 01 001 00

TABLE 10-2

23451234

Data Codewords
1 00
01 01 00
001 10 01 00
0001 00 10 01 00
000011 10 00 10 01 000
*111111 01 00 10 01 000
0000101 10 00 00 01 001 ©0
0000100 01 00 00 01 001 OO
0000011 00 10 00 01 001 0O

0000010 00 01 00 01 001 00



011

100 10 00
000011
00000111

0010

000 00000101

10 01 000
100 00 00
000000111
00 01 001
001 00 00
000000010
10 01 000

0GoQaoOD1

00 01 001 OO0 000000011

010 00 010

010 01 00 0001

010 00 10 01 OO0 000010
100 00 00 10 01 000 00000110

00 *

010 01 00 10 015300
10101109001 001 00

001 00

00000100
49
001 00 10

010 00 00 00 01 001 OO0 000000110
0000@@VBD0101

0011

000 10 0O
001 00 10 01 0O

001 00 00 10 01
: 010 00 0O
*111111010
00 01 001 0O

010 00 01

10 00 10 @uEE@D 010 ¥ 01 001 00 000000100

00000000 pp1 001020080 AT A0 dP 9F00000001

10 00

TABLE 10-3

Data

01

00

TABLE 10-4

Data

1

01

00

*11111

*¥00111111

TABLE 10-5

Data

011

345

Codewords

00

10 00

01 00

45123451
Codewords

00

10 00

01 00

10 01 001 0O

10 01 001 00 10 01 0O

6§ 1234512

Codewords

-00

10 000

010 01 00 00 01 001 OO

100 00 00



0000000010 010 00 00 10 01 000 10 OO 0000000001 010 01

00°*10 01 000 10 00 0000000000 001 00 00 10 01 000 10 0O TABLE
8-2 23451234 Data Codewor ds
1 00 01 01 00 001 10
01 00 o00Q1 00 10 01 00 sg00011 01 00 10 01
000 006010 ~ 10 00 10 01 000 *1111111 10 00 00
01 001 00 omal11110 01 000 00 01 OO0 01 001 00 00000112 01
00 00 01 001 0O 50 0000010
10 01 00 O10@O1 00 0000D® 1010 00 00 10 00 01 001 0O 00000001
01 00 10 01 000 10 0O 00000000 10 00 10 01 000 10 0O
0010 10 001 0O
00011 _ 10 010 01 00
00010 10 ©00 10 00
00001 01 000 10 00
0000011 10 010 00 10 01 00
0000010 10 001 00 10 01 00
0000001 01 001 00 10 01 00
000000011 10 010 060 00 10 01 000
000000010 10 001 00 00 10 01 00O
000000001 10 010 01 00 10 01 000
000000000 01 001 00 Q00 10 01 0CO
*111111111 10 000 00 00 10 01 00C
*¥111111100 01 000 00 00 10 01 000

It will be apparent from the foregoing that, with the data
encoding method according to the present invention, a data word
string in terms of (m i) bits as a unit are converted into a
codeword string in terms of {(n i) bits as a unit. The data word
string in terms of (m i) bits as a unit is received and the
constraint length specifying the length of the data word now to be
converted is judged, while it is also judged to which one of the
m bits corresponds the leading bit of the data word now to be
converted. Depending on the constraint length and the above

results of judgment, one of plural conversion tables satisfying at



TABLE 8- 3 345 Data Codeword 1

00 01 10 00 00 01 00 TABLE 8-4

45123456 Data Codeword 1 00 01

10 00 00 01 00 *11111 10 01 001 00 *01111111

10 01 001.0Q 10 01 0O TABLE 8-5 59 512345123
4 Data Codewords 1 00

51 least the minimum run length d and constituting the wvariable

length tables is selected and, depending on the selected conversion
table, the codeword corresponding to the data word now to be
converted is generated for increasing the product of the minimum
length between transitions and the window margin for enabling high
density data recording on the information recording medium.

Also, with the data decoding methed according to the present
invention, a codeword string in terms of (n i) bits as a unit are
converted into a data word string in terms of (m i) bits as a
unit. The data word string in terms of (n i) bits as a unit is
received and the conversion length specifying the length of the
codeword now to be converted is judged, while it is also judged to
which one of the m bits corresponds the trailing bit of the data
word already obtained. Depending on the conversion length and the
above results of judgment, one of plural conversion tables each
representing the variable length table is selected and, depending
on the selected conversion table, the data word corresponding to
the codeword now to be converted is generated for enabling accurate
decoding of codes recorded to a high density on the information

recording medium.



R A ) 1

011 10 000 010 01 000 0011
10 000

107001 00 0010 10 001 00 00011
00010 10 010 01 00 00001 ULLL
*1111111 01 001 00 10 01 00 0000011 10 0i0 00 "o
01 00 Q000010 10 001 00 10 Gb 00 *111111010 01 000
00 00 10 01 000 000000111 10 000 00 00 10 01 000 000000110

10 001 00 WHATOI®ICIOIMEIDOGR00101 10 010 01 00 10 01 000
000000100 10 010 00 00 10 01 000 *1111110001 01 000 00
00 00 01 0b1 00A data erreddpe method forgcompenbim admO1 DYP1b P based data
*0111111000 _ 10 001 00 10 00 01 001 00 0000000111 10 010
00 00 00 O¥oPd1sHpirgoaBdeoaIbe 1) bit hpsedh quiiayprdo s§Tingr where m, n
0000000101 10 010 00 10 00 01 001 00 0000000100 10 001

00 00 00 0%"B0i ®P° HAYHFIodLmPers. With 1B By oCeMPHEHE 01 001 00

0000000010 . 1.9 001, 90,01, 00,03:991,00, 00009099911 000 50220398

string;

a second step of finding a constraint length specifying the
length of a data word which is to be converted and which is a
constituent of the (m i) bit based data word string;

a third step of finding on which bit number of m bits, divided
from said data word string as a unit, falls the leading end bit of
the data word which is to be converted;

a fourth step of selecting one of a plurality of conversion
tables in accordance with the constraint length and the results of
decision in said third step, said conversion tables constituting
variable length tabes and at least satisfying the minimum run
length 4; and

a fifth step of generating a codeword corresponding to the
data word, now to be converted, in accordance with the conversion
table selected by said fourth step.

2. The data encoding method as claimed in claim 1 wherein said
prlural conversion tables are comprised of tables having different
values of the conversion ratio.

3. The data encoding method as claimed in claim 2 wherein said

plural conversion tables are comprised of tables having values of



52 00000000010 10 010 00 00 10 01 000 10 00 00000000001

10- 010 01 00 10 01 000 10 0O 00000000000 10 001 0O

10 00 TABLE 9 TABLE 9-1 12345 malﬁmllml&m " llll
Codewords 11 000 10 100 *011

010 00 010 001 00 001%1 000 10 00 0010

010 10 60 0001 010 01 00 000011 001 00 10

01 00 000N conversion raticl@iPPeind1f Héin M)GH00111 010 00 0O

10 01 000 00000110 010 01 00 10 01 000 00000101

001 00 00 40 O0ITHOHOIaPO0OdGding method as @ ig@dodnioleimQodowherein said
plural conversion tables are comprised of tables designed for
prohibiting the maximum run length from becoming =.

5. The data encoding method as claimed in claim 1 wherein said
plural conversion tables are comprised of tables for allopating
another code word in substitution for a codestring corresponding
to a combination of pre—-set data words if the run—length of the
codeword string corresponding to the combination of the pre-set
data words exceeds a maximﬁm run—length k.

6. The data encoding method as claimed in claim 1 wherein said
plural conversion tables are comprised of tables for converting a
data word of a unit larger than a data unit of said m bits into a
codeword of a unit larger than a code unit of said n bits.

7. The data encoding method as claimed in claim 1 wherein said
minimum run—-length d is 2.

8. The data encoding method as claimed in claim 7 wherein the
maximum run—-length k in said codeword string is 18 or less.

9. The data encoding method as claimed in claim 7 wherein E and
n are 6 and 11, respectively, and wherein the window margin Tw of
said codeword is (8/11)T, where T is the time interval of said data
word string.

10. The data encoding method as claimed in claim 9 wherein the
minimum length between transitions Tmin of said codeword is

(18/11)T.



000000111 100 00 00 00 01 001 OO 000000110
00 01 001 00 000000101 010 00 10 00 01 001 OO OOHmué l “ ”“‘
010 00 01 00 01 001 OO * Lomos =

000000011 010 00 00 00 01 001 00 000000010 001 00 10
00 01 001,00 000000001 001 0061 00 01 001 00 000000000

001 00 DO 00 01 001 00 TABLE 9-2 23451234 Data
Codeword 1l. The data e@od{dg method as cDdingd 30DIclaim 8 wherdihn oq;;ego
0001 00 10 01 00 000011 10 00 10 01 000 *111111

01 00 00 Fexjgumo@gungdepgdh k is 17 1gpndovleredn Ghe wexipumoleweth betweemn o0
00 01 001 oo 0000011 ~00 10 oo 01 001 00

transitions Tmax is (68/11) 1
12, The data encoding method as claimed in claim 8 wherein the
maximum run—length k is 15 and wherein the maximum length between
transitions Tmax of said codeword is (6/11) 186T.
13. The data encoding method as claimed in claim 1 wherein if, in
said fifth step, the data word to be converted is "1" or "11", said
codeword is set to "0" or "00" or to "000", respectively.
14, The data encoding method as claimed in claim 1 further
comprising a sixth step of inserting a merging bit for decreasing
de¢ components of said codeword string converted from said data word
string at a pre—-set interval.
15. The data encoding method as claimed in claim 14 wherein, if
ingertion of said merging bit into said codeword string leads to
violation of the minimum run-length rule, a channel bit in said
codeword string before or after the position of insertion of said
merging bit is inverted in said sixth step for satisfying the
| minimum run—-length rule for controlling the codeword generation.
18. The data encoding method as claimed in claim 15 wherein which
one of the codeword string before the merging bit inserting
position and the codeword string after the merging bit inserting
position is to be the codestring of which the channel bit is to be
inverted is pre—-set in said sixth step.

17. A data decoding method for converting a (n i} bit based



0000010 00 01 00 01 001 00 0000001 10 01 00 01

00000001 10 00 10 01 000 10 00 00000000 01 00 10“%‘)‘%““”““"““
TABLE 9-3 345 Data Codewor ds i e S
54 1 00 o1 10 00 00 01 00  TABLE 9-4
45123451 Data Codeworgls 1 00 01

10 00 0O 01 00 *11111 10 01 001 00 *00111111

10 01 001 cO8edOrdistOfing into a (m i) bit based data word string, where m,
n and i are natural numbers, with n>m, comprising:

a first step of receiving said {(n i) bit based codeword
string;

a second step of finding the conversion length of a codeword
which is to be converted and which is a constituent of the (n i)
bit based codeword string;

a third step of finding on which bit number of m bits, divided
as a unit from a data word, already obtained, falls the trailing
end bit of the data word already obtained;

a fourth step of selecting one of a plurality of conversion
tables constituting variable length tables in accordance_with the
conversion length and the results of decision in said third step;
and

| a fifth step of generating a data word associated with the
codeword, now to be converted, in accordance with the conversion
table selected in said fourth step; wherein

sajid codeword string satisfies at least the rule of the
minimum run-length d.

18. The data decoding method as claimed in claim 17 wherein said
plural conversion tables are comprised of tables having different
values of the conversion ratio.

19. The data decoding method as claimed in claim 18 wherein said
plural conversion tables are comprised of tables having values of

the conversion ratio different from n/m.



TABLE 9-5 512345123 Data Codewor
00° 011 10 000 010 01 000 0011 ”“l“”“ﬁ m “lm
0010 10 001 00 00011 10 010 01 00 00010 FITWREHED s %
000 10 00 00001 01 000 10 00 00000112 10 010 00 10 01 0O
55 0000Q10 . 10 001 00 10 01 00 O0OgpPO001 01 001 00 10 01 OO
000000011 .10 010 00 00 10 01 OO0 000000010 10 001 00 00 10 01
000 000001 The datl 840oding®0nelthdil 30@1a00BA00A001aim 1D Iwkérde i) HidlO
01 000 *111111111 10 000 00 OO0 10 01 000 *111111100 01 000 00 00
10 01 000 plural conversion.tables are comprised of tables designed for
prohibiting the maximum run—-length from becoming =.
21. The data decoding method as claimed in claim 17 wherein said
plural conversion tables are comprised of tables for allocating
another codeword in substitution for a <codeword string
corresponding to a combination of pre-set data words if the run
length of the codeword string corresponding to the combination of
the pre—-set data words exceeds a maximum run—length k.
22. The data decoding method as claimed in claim 17 wherein =said
plural conversion tables are comprised of tables for converting a
codeword of a unit larger than a code unit of said n bits into a
data word of a unit larger than a data unit of said m bits.
23. The data decoding method as claimed in claim 17 wherein said
minimum run-length 4 is 2.
24. The data decoding method as claimed in claim 23 wherein the
maximum run—length k in said codeword string is 18 or less.
25. The data decoding method as claimed in claim 23 wherein m and
n are 8 and 11, respectively and wherein the window margin Tw of
said codeword is (6/11)T, where T is the time interval of said data
word string.
26. The data decoding method as claimed in claim 25 wherein the
minimum length between transitions Tmin of said codeword is

{18/11)T.

27. The data decoding method as claimed in claim 24 wherein the



1118111011 10 010 00 00 00 11010 10 001 00 00 00
01: 001 00 TABLE 10 TABLE 1&3ﬂ||ﬂ(ﬂmﬂﬂ“lﬂﬂﬂm . 12345123 Data

Codewords 11 s +00 =0 [1G 00
010 001 00 0011 000 10 00 O[1fHis SHEET HAS% 00
0001 - 010 01 00 000011 6601 00 10[l01 OORERIAFAR)

010 00 10 0100 00000111 010 00 00 10 01 00d

56 00000Migximum ru@t@efgtBOk10s 017 OOPd @O0 the maxifOh 06nHEh 19e DieDO

00000100

100 00 00 10 U1 000
transitions Tmax is (6/11) 18T.

28. The data decoding method as claimed in claim 24 wherein the
maximum run—-length k is 15 and wherein the maximum length between
transitions Tmax of said codeword is (6/11) 16T.

29, The data decoding method as claimed in claim 17 wherein if,
in said fifth step, the codeword to be converted is "0" or "00",
said data word is set to "1" and if, in said step, the codeword
to be converted is "000", said data word is set to "1".

30. The data decoding method as claimed in claim 17 further
comprising a sixth step of removing a merging bit, inserted into
said codeword string at a pre-set interval for decreasing dec
components of said codeword string, a data word associated with a
codeword freed of said merging bits being generated in said fifth
step.

31. The data decoding method as claimed in claim 30 wherein, if
rgmoval of said merging bit from said codeword string leads to
violation of the minimum run-length rule, a channel bit in said
codeword string before or after the position of insertion of said
merging bit is inverted for satisfying the minimum run—-length rule
far controlling the codeword string.

32. The data decoding method as claimed in claim 31 wherein which
one of the codeword string before the merging bit inserting
position and the codeword string after the merging bit inserting

position is to be the codestring of which the channel bit is to be
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000@001 10 01 00 01 001 00 00000001 10 00 10 01 000 01 00

00000000 01 00 10 01 000 10 00 TABLE 10-3 345 Data
Codewords 1 00 01 10 00 00 01 00 TABLE 10- 4
45123451 Data Codewords 1

10 00 00Q. 01 00 *11111 67 10 01 OWISWEFTOWQEM

10 01 0b1 00 10 01 00 TABLE 10-5 5_IREPIACED 1 Dat a
Codewor dsABSTRACT 00 S

A data encoding method for converting a (m i) bit based data
word string into a (n i) bit based codeword string. The encoding
method receives a (m i) bit based data word string by a shift
register 1, decides a constraint length specifying the length of
a data word which is to be converted by an encoder 2, and decides
on which number of bits as counted from the leading end of the m
bits falls the leading end bit of the data word which is to be
converted. The encoding method selects, by a selector 3, one of a
prlurality of conversion tables constituting variable length tables
and at least satisfying the minimum run length d, in accordance
with the constraint length and the above results of decision. The
encoding method also generates a codeword corresponding to the data
word, now to be converted, in accordance with the selected
conversion table. The encoding method assures a larger value of the
product of the minimum length between transitions and the window
margin, thus enabling data to be recorded to a higher density on

an information recording medium.
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011 » 10 000 58 010

01°000 0011 10 010 00 0010 ' 10 001 00 00011

10 010 01 00 00010 10 000 10 00 00001 01 000 10 00
0000011 10 010 00 10 01 00 0000010 10 001 00 10 01 00
0000001, = . 01 001 0O 10 01 OO 000000011 10 010 00 00 10 01 000
000000010 10 001 00 OO0 10 01 000 000000001 10 010 01 00 10 01 000
000000000 01 001 00 00 10 01 000  *111111111 10 000 00 00 10 01
000 *111111100 01 000 00 00 10 01 00O It will be apparent from

the foregoing that, with the data encoding nethod according to the present

i nvention, a data word{ stringHh-ternssof (mi) bits as a unit are
converted into a co rd str rfgintemsof (ni) bits as a unit. The
data word string interfs QIJI’E_- i) btsoasaunit I's received and the
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constraint |ength specifying the length of the data word now to be
converted is judged, while it is also judged to which one of the mbits
corresponds the leading bit of the data word now to be converted.
Dependi ng on the constraint |ength and the above results of judgnent, one
of pIuraL@converS|on tabl es satisfying at

59 |east ‘the minimum run | ength d and constituting the variable I|ength
tabl es is selected and, depending on the selected conversion table, the
codeword corresponding to the data word now to be converted is generated
for increasing the product of the mninum |ength between transitions and
the wi ndow margin for enabling high density data recording on the

i nformation recordi ng nmedi um Al so, with the data decodi ng net hod
according to the present invention, a codeword string in ternms of (n 1)
bits as a unit are converted into a data word string in terns of (m i)
bits as a wunit. The data word string in ternms of (n i) bits as a unit
is received and the conversion length specifying the length of the
codeword now to be converted is judged, while it is also judged to which
one of the mbits corresponds the trailing bity of the d rd al ready
obt ai ned. Dependi ng on the conversi onﬁength zJ,nd_L_h_e a sults of

j udgnment, one of plural conversion tatgl» es gach

FIG '2A HEX DATA

FIG.2B
FIG
FIG.2E

o %
-
f=)
-—._o_-——l %
o
Sl«w py
|, e |
[=3
18 2 =
= [
] g
o‘{?”n o
—] e
o
e = =
[ Y hd
o
le— - &
< o
o)™ o
- { of% 2 %
= < —LX B =
O
Z, =
> wo £ Vv
mg Qe 2§E %8
< o0 EZo 28
5" o= Qn= IO
o 2 3
| |
LL

FIG.2D DEMARCATION



2

representing the variable length table is selected and, depending on the
selected conversion table, the data word corresponding to the codeword now
to be converted is generated for enabling accurate decoding of codes
recorded to a high density on the information recording medium

60 WHAT &S CLAIMED IS 1. A data encodi ng nethod for converting a (m

i) bit based data word string into a (n i) bit based codeword string,
where m n and i are natural nunmbers, with n>m conprising: a first
step of receiving a (m i) bit based data word string; a second

step of finding a constraint length specifying the Ilength of a data word
which is to be converted and which is a constituent of the (m i) bit

based data word string; athird step of finding on which bit nunber
of mbits, divided fromsaid data word string as a unit, falls the |eading
end bit of the data word which is to be converted; a fourth step of

selecting one of a plurality of conversion tables in accordance with the
constraint length and the results of decision in said third step, said
conversion tables constituting variable length tabes and at |east
satisfying the m ni mumrun ‘
<
™~
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|l ength d; and a fifth step of generating a codeword corresponding to
thd data word, now to be converted, in accordance with the conversion

tabl e selected by said fourth step. 2. The data encodi ng nmet hod as
claimed in claiml wherein said plural conversion tables are conprised of
tabl es-haying different values of the conversion ratio. 3. The data
encodi ng -frethod as clained in claim?2 wherein said plural conversion

tabl es are conprised of tables having val ues of t he conversion
ratio different fromn/m 4. The data encoding nmethod as clained in

claiml wherein said plural conversion tables are conprised of tables
designed for prohibiting the maxi mumrun |length from becomng [err]. 5.
The data encodi ng&rethod as clained in claim1 wherein said plural
conversion tabl es€are conprised of tables for allocating another code word
I n substitution fer a codestring corresponding to a conbination of pre-set
data words if theijrun-length of the codeword string corresponding to the

conbi nati on oggt re-set data words exceeds a maxi numrun-length k. 6.
The data encodin thod as clainmed in claim1l wherein said

BUFF%%

N B
3
o
it
>
w
-
o
A
5
=
I I ] i i f I I f
=z z z z z z z |Z z
e 1S (B |BRIBIB (G e |68 |8
g @16 Bulld | 2. 2yl 1@ |18 |2,1|2
i v 1L O e T O O e R e I O I | e i T
>ni2% L>nE28 s L5a2t L>n/zB LiZa LiZa H2niz8 26
2282 [Mz<|82 [z [T2<|3E [(z<loE &< ~22 22132 2<
gFio 8:-0 S+ 8;—-o gF|o 8 Q- 9|0 g
o < o «©
TR RRIBIBARICGE (B IR B |
o N~ [} [+]
P11 il Lft 1 LTI T
S
-
O
1wl
-t
11
w
=T 1 — N
5 % gz ™ n
O F= ST6E o Q
az, || Soe| | 2583 Wl R |y o
weSti 253 Z0& =
(S T3] 2= <
QO | O VY] ow
x| | ckz| | §-a° N = 20 O
WS | FZWwC | O 4 & =5 (7]
T oa o Oiu o
Wy = L o
i % A & Q
=l ¥ =
Ll ¥
M



plurea conversion tables are conprised of tables for converting a data
word of a unit larger than a data unit of said mbits into a codeword of a
unit larger than a code unit of said n bits. 7. The data encodi ng net hod
as claimed in claiml wherein said mnimumrun-length d is 2. 8. The
data engosi ng method as clainmed in claim7 wherein the maxinumrun-Ilength
k in said codeword string is 18 or less. 9. The data encodi ng net hod as
claimed in claim7 wherein mand n are 6 and 11, respectively, and wherein
the wi ndow margin Tw of said codeword is (6/11)T, where T is the tine
interval of said data word string. 10. The data encodi ng nmet hod as
claimed in claim9 wherein the mninumlength between transitions Tm n of
said codeword is (18/11)T. 62 11
The data encoding nmethod as clained in claim@8 wherein the maxinmm
run-length k is 17 and wherein the maxi num | ength between transitions Tmax
is (6/11) 18T. 12. The data encoding nethod as clained in claima8 wherein
the maximumrun-length k is 15 and wherein the nmaxi num | ength between
transitions Tmax of said codeword is (6/11) 16T. 13. The data encodi ng
method as clained in claim1 whereinif, in
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said/fifth step, the data word to be converted is "1" or "11", said
codeword is set to "0" or "00" or to "000", respectively. 14. The data
encoding method as clained in claiml1l further conprising a sixth step of
inserting a merging bit for decreasing dc conmponents of said codeword
string cqnggrted fromsaid data word string at a pre-set interval. 15.
The daf34encoding met hod as clainmed in claim14 wherein, if insertion of
said nerging bit into said codeword string leads to violation of the

m ni mum run-length rule, a channel bit in said codeword string before or
after the position of insertion of said nerging bit is inverted in said
‘sixth step for satisfying the mninmumrun-length rule for controlling the
codeword generation. 16. The data encoding nmethod as clained in claim 15
wherein which one of the codeword string before the nmerging bit inserting
position and the codeword string after the nerging bit inserting position
is to be the codestring of which the channel bit is to be inverted is
pre-set in said sixth step. 17. A data decoding nmethod for converting a
(n i) bit based :

l 1122121221 1010 J1 1112121211111 63 codeword string into a (m i) bit based
data word string, where m n and i are natural nunbers, with n>m
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a first step of receiving said (n 1) bit based codeword string; a
second step of finding the conversion |length of a codeword which is to be
converted and which is a constituent of the (n i) bit based codeword

string; a third step of finding on which bit nunber of mbits,
divided as a unit froma data word, algsgady obtained, falls the trailing
end bit of the data word al ready obt ai ned; a fourth step of selecting

one of anguiwual irtun-Qlenganver Skon7 Labl RBe8ODET thelt g viani | Pdd et engiween
tables in accordance with the conversion length and the results of

deci si ontramsit icbrishiTnhxstiep;(6/and 18T. a fifth step of generating a data
word associated with the codeword, now to be converted, in accordance with
the conva¥si ofhetdbte deteding metkead des oukaimed ein ovmineiddt whereimdihe
codeword string satisfies at |least the rule of the mninmmrun-|ength d.
18. The TeXiamuyeBWHeneddhEd 18s 18] andedbpreéhathe 1Mapeie| kengih betvaen
conversion tables are conprised of tables.havin? different values of the
conver si brerst tipns {Gnaxniod said godsHrrng Ast W641as &PBimed in claim 18

wher ei n id | ural cqnversion tables are, conprised bf, tables havjng,
val ues o g‘thggﬁoﬂ9§Ps GRCALRE e Reer 2Rt CEe Tt/ R claim 17 wherein 4f,

in said fifth step, the codeword to be converted is "0" or "00",
said data word is set to "1 and if, in said step, the codeword
to be converted is "000", said data word is set to "1".
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compRising a sixth step of removing a merging bit, inserted into
said codsword string at a pre—-set interval for decreasing dc
components of>gaid codeword string, a data word associated with a
codeword freed of maid merging bits'being generated in said fifth
step.

31. The data decoding methed as claimed in claim 30 wherein, if
removal of said merging bit from said codeword string leads to
viclation of the minimum run-length>rule, a channel bit in said
codeword string before or after the positdon of insertion of said
merging bit is inverted for satisfying the mimimum run-length rule
for controlling the codeword string.

32. The data decoding method as claimed in claim 31 whegrein which
one of the codeword string before the merging bit inserting

position and the codeword string after the merging bit insertNang
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64. 20: The data decoding nmethod as clained in claim1l7 wherein said

pl ural conversion.tables are conprised of tables designed for prohibiting
the maxi mumrun-1length frombecomng [err]. 21. The data decodi ng net hod
as clained in claim17 wherein said plural conversion tables dre conprised
of tables for allocating another codewrd in substitution for a
codeword string correspondlng to a combination of pre-set data words if
the run gJd.gl ’ : ] espondi ng to the conbi nation of
t he pre- set data mords exceeds a mexi mum run- length k. 22. The data
decodi ng nethod as clainmed in claim217 wherein said plural conversion
tabl es are conprised of tables for converting a codeword of a unit |arger
than a code unit of said n bits into a data word of a unit larger than a
data unit of said mbits. 23. The data decoding nmethod as clained in claim
17 wherein said mninumrun-length d i's 2. 24. The data decodi ng net hod
as clainmed in claim23 wherein the maximumrun-length k in said codeword
string is 18 or less. 25. The data decoding nethod as clainmed in claim 23
wherein mand n are 6 and 11, respectively and wherein the w ndow nmargin
Tw of said codeword is (6/11)T, where T is the tine interval of said data
word string. 26. The data decoding nethod as clainmed in claim25 wherein
the mninmmlength between transitions Tnmin of said codeword is




(18/11)T. ¢ 27. The data decoding nethod as clainmed in claim?24 wherein the
65 maximumrun-length k is 17 and wherein the maxi mum | ength between
transitions Tmax is (6/11) 18T. 28. The data decoding nmethod as claimed in
claim?24 wherein the maximumrun-length k is 15 and wherein the maxi num

| engt h between transitions Tmax of sai word is (6/11) 16T. 29. The
data decoding nethod as clainmed in clafrm 17 wherein if, in said fifth
step, theyemgeword to be converted is "0" or "00", said data word is set
to "1" and if, in said step, the codeword to be converted is "000", said

data word is gedatied entoding method forABhRAETing a (rA dahabeBCesésy dwiahod
for converting a (m i) bit based data word string into a (n i) bit based

codewor dwetd istginghéneacod{mg ietiadbaeedi ¥88erofd stiindi tTHE Sk ddbiing:
word string by a shift

method receives a (m i) bit based data word strihg by a shift
register 1, decides a constraint length specifying the length of
a data word which is to be converted by an encoder 2, and decides
on which number of bits as counted from the leading end of the m
bits falls the leading end bit of the data word which is to be
converted. The encoding method selects, by a selector 3, one of a
plurality of conversion tables constituting variable length tables
and at least satisfying the minimum run length d, in accordance
with the constraint length and the above results of decision. The
encoding method also generates a codeword corresponding to the data
word, now to be converted, in accordance with the selected
conversion table. The encoding method assures a larger value of the
product of the minimum length between transitions and the window
margin, thus enabling data to be recorded to a higher density on

an information recording medium.



y Fegister 1. decides a constraint |ength specifying the Iength of ta
word Whichis to be converted by an encoder 2, and deci des. |lm| Hlll
of bits as counted fromthe |eading end of the m bits faII ,,
end bit of the data word which is to be converted. The encodl ng rret od
selects, by a selector 3, one of a pl urélsity of conversion tabl es

constituting variable t.h tabl and at ast satisfyi t m ni mum
run length inwmagcﬁrg%?ﬁqté] it hﬁh%n%o‘ﬁ%‘?rreaﬁ scrhfeeﬂaﬂf“%ﬁglget abEyEeen
results of E’xeé}ié't%nsﬂf‘ﬁaxe{kc iMg ymekghod al so generates a codeword
corresponding to the data word, now to be converted, in accordance

with the sel ectird d00N\GRICS 1N t ROt a T AREAAENYN n@imq ASSHERS ia kRELger
val ue of the product of the mninmumlength between transitions and the

w ndow marmpximutthusnehadd imng dat a5t endewhesomdediet nanidwg hiemgd@n diettyeon
an information recordi ng nedilum
transitions Tmax of said codeword is (6/11) 16T.
29. The data decoding method as claimed in claim 17 wherein if,
in said fifth step, the codeword to be converted is "0" or "“00O",

said data word is set to "1" and if, in said step, the codeword

to be converted is "000", said data word is set to "1'.
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66

DATA ENCODING METHOD AND DATA DECODING METHOD
ABSTRACT

A data encoding method for converting a (m i) bit based data
word string into a (n i) bit based codeword string. The encoding
method receives a (n i) bit based data word strinhg by a shift
register 1, decides a constraint length specifying the length of
a data word which is to-be converted by an encoder 2, and decides
ﬁ;n which number of bits as counted from the leading end of the m
bits falls the leading end bit of the data word which is to be
converted. The encoding method selects, by a selector 3, one of a
plurality of conversion tables constituting variable length tables
and at least satisfying the minimum run length d, in accordance
with the constraint length and the above results of decision. The
encoding method also generates a codeword corresponding to the dats
word, now to be converted, in accordance with the selected
conversion table. The encoding method assures a larger value of the
product of the minimum length between transitions and the window
margin, thus enabling data to be recorded to a higher density on

an information recording medium. ~
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