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APPARATUS AND METHOD FOR MODULATION/DEMODULATION WITH CONSECUTIVE MINIMUM RUNLENGTH
LIMITATION ' _

DETAILED DESCRIPTION OF THE INVENTION

kghm_ﬂmg_l.d_tiimo_

| I general the present invention relates to a modulation apparatus and a
.r'nadulaiion method, a demodulation apparatus and a demodulation method as well as a

program presentmg medium. More particularly, the present invention relates to a preferable

_ " modulation apparatus and a preferable modulation method, a preferable demodulation

apparatus anda preferable demodulation method as well as a preferable program presenting
medium used in operations to record data onto a recording medium at a high recording density

and playback data recorded in a recording medium at a high recording density.

PRIOR ART
. ~ When data is transmitted through a transmission line or recorded onto a
.recordin'g medium such as a magnetic disc, an optical disc or a magneto-optic disc, the data is
hoduhtéd ixitb code matching the transmission line or the recording medium prior to the
transmlssmn or recordmg As a technique of modulation, block encoding is known. In the
block encodmg, a data string is blocked into units each comprising m x i bits. Each of the
units whxch is referred to hereafter as a data word is then converted into a code word
compnsmg nxibitsin conformity with a proper coding rule. Fori i= 1, this code word is a
fixed length code. In the case of i having a plurality of values each selected from the range 1
to imax, a maximum of i, the resulting code word is a variable length code. In general, a code
resulting from the block encoding is expressed as a variable length code (d, k; m,n;1).
_ Here, i is called a constraint length and r is imax, a maximum constraint length.
d is the minimum number of Os appearing between two consecutive Is. d isreferred toasa
minimum run of 0s. On the other hand, k is the maximum number of Os appearing between
two consecutive Is. k is referred to as 2 maximum run of 0s.
By the way, in an operation to record variable length code obtained from the
block encoding described above onto a recording medium such as an optical disc or a

magneto-optic disc, for example, on to a compact disc (CD) or a minidisc (MD), the variable
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length code undergoes an NRZI (Non Return to Zero Inverted) modulation wherein each "1' of
the variable length code is interpreted as inversion while a "0" is interpreted as non-inversion
The variable length code completing the NRZI modulation is then recorded. The variable
length code completing the NRZI modulation is referred to as a recording wave train. In the
case of a magneto-optic disc confonhing to the early ISO specifications prescribing a not so
large recording density, a train of bits completing recording modulation are recorded as they
are without undergoing the NRZI modulation. | _

Let notations Tmin and Tmax denote the m_ininium and maximum inversion
periods of a recording wave train res_p_ectiv_e_ly. In thié case, in order to record the recording
wave train at a high recording density in tﬁe linear speed direction, a loﬁg minimum inversion

period Tmin or a large minimum run d is preferred. In addition, from the clock generation

- point of view, it is desirable to have a short maximum inversion period Tmax or a small

maximum run k. In order to satisfy these requirements, a variety of ‘modulation techniques
have been proposed. | o - o

To put it concretely, for an optical disc, a'mégnetic. disc.or a magneto-bptic
disc, there are proposed or actually used modulation techniques for generating a variable
length code RLL (1 - 7) which is also expressed as (1, 7;m,n;r)and a i_rariable length code
RLL (2 - 7) also expressed as (2, 7m, n;r) as wellas a ﬁxéd_ length code RLL (1 - 7) also
expressed as (1, 7 ; m, n ;1) used in-én,IS_O_sp_eciﬁqation MO. As fof_a disc apparatus
currently under research and devel_opmént_ such as an optical disc and a mggn_eto-opﬁc disc
having a high rééording density, an RLL code (Run length Limited Code) with 2 minimum run
d of 1 is commonly used. ' |

The following is an example of a conversion table of the variable length RLL (1

7) code. .

<Table 1> |

RLL(1,7;2,3;2) |
Data _ Code

i=1 11 00x
10 - 010
01 10x

i=2 o011 . 000 00
0010 000 010
0001 - 100  00x

0000 100 010
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The symbol x used in the conversion table has the value "1" for a next

following channel bit.of "0" or has the value "00" for a next following channel bit of "1". The

. maximum constraint length r is 2.

Parameters of the variable length code RLL (1 - 7) are(1,7; 2,3 ; 2). The
minimum inversion period Tmin which can be expressed by (d + 1) Tis thusequalto 2 (=1 +

1) T where T is a bit gap in the recording wave train. The minimum inversion period Tmin

- which can be expressed also by (m / n) x 2 Tdata is thus equal to 1.33 (=2/3x 2) Tdata

where Tdata is a bit gap in the data string. The maximum inversion period Tmax which can be
expressed by (k + 1) T is thus equal to (7 + 1) T=8T =8 x (m / n) Tdata = 8x2/3 Tdata=
5.33 Tdata. The detection window width Tw which can be expressed also by (m / n) Tdata is
thus equal to 0.67 (=2 / 3) Tdata. '

By the way, ina train of channel bits completing the RLL (1 - 7). modulation
shown in Table 1, a generation frequency corresponding to a period of 2T which is equal to

the minimum inversion period Tmin is most observed to be followed by generation

- frequencies corresponding to periods of 3T and 4T. The fact that a lot of edge information is

generated at short intervals such as 2T and 3T is advantageous to the generation of a clock

. signal in ' many cases.

As the recording line density is further increased, however, the minimum run
this time adversely becomes a problem. That is, if minimum runs 2T are generated
consecutively, the recording wave train is prone to distortion generated therein. This is
because a 2T wave output is smaller than other wave outputs and, hence, easily affected by
factors such as a defocus and a tangential tilt. In addition, at a high line density, recording of
consecutive minimum marks (2T) is also easily affected by disturbances such as noise. Thus,
an operation to play back the data will also be prone to errors. In this case, a paitern of errors
in reproduction of the data is observed as shifts of the front and rear edges of a minimum mark
in many cases. As a result, the length of the generated bit error increases.

As described above, when data is transmitted through a transmission line or

recorded onto 2 recording medium, the data is modulated into code matching the transmission

line or the recording medium prior to the transmission or recording. If the code resulting from
the modulation contains a direct current component, a variety of error signals such as tracking
errors generated in control of a servo of the disc drive become prone to variations or jitters are

generated easily. For this reason, it is thus desirable to make as many efforts to prevent the

- modulated code from containing a direct current component as-possible.
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In order to prevent the modulated code from containing a direct current
component, control of a DSV (Digital Sum Value) to prevent the modulated code from
containing a direct current component has been proposed. The DSV is a total found by adding

up the values of a train of bits (symbols of data) , wherein the values +1 and -1 are assigned to

~ 1" and "0" in the train respectively, which results from NRZI modulation (that is, level

encoding) of a train of channel bits. The DSV is an indicator of a direct current component
contained in a train of codes. Decreasing the absolute value of the DSV through DSV control
is equivalent to suppressing the magnitude of a direct current component contained in a train
of codes.

DSV control is not applied to a modulation code generated in accordance with

' the variable length RLL (1 - 7) table shown as Table 1 given above. DSV control for such a

case is accomplished by calculating a DSV of a train of encoded bits (a train of channel bits)

“after the modulation for a predetermined period of time and inserting a predetermined number

~of DSV control bits into the train of encoded bits (the frain of channel bits).

At any rate, the DSV control bits are basically redundant bits. If the efficiency
of the code conversion is to be taken into consideration, it is thus desirable to reduce the
number of DSV control bits to a smallest possible value.

In addition, if DSV control bits_ are inserted, it is also desirable to make the

- minimum run d and the maximum run k unchanged. This is because a change in (d, k) will

have an effect on recording / playback characteristics.

- PROBLEMS TO BE SOLVED BY THE INVENTION

As described above, in an operation to record RLL code at a high line density or
an operation to play back RLL code recorded at a high line density, there is raised a problem
that a pattern of consecutive minimum runs d will cause a long error to be generated easily.

In addition, in the case .of RLL code such as the RLL (1 - 7) code, DSV control

‘necessitates insertion of DSV control bits into an arbitrary part of a string of code words (a

train of channel bits) . Since the DSV control bits are basically redundant bits, however, it is
desirable to reduce the number of inserted DSV control bits to a smallest possible value. In
order to keep the minimum run and the maximum run at constant values, however, the number

of DSV control bits is at least 2. It is thus desirable to reduce the number of DSV control bits

" to an even smaller value.

The present invention addresses the problems described above. Itisan object

of the present invention to allow DSV control to be executed for producing high efficiency
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control bits on RLL code of (d, k ; m, n) where the minimum run d = 1, that is RLL code of (1,

7 ; 2, 3) so that the number of consecutive minimum runs is reduced while the minimum run

- and the maximum run are being kept.

It is another object of the present invention to prevent propagation of a
demodulation error from escalating by using a conversion table having a simplest possible

configuration.

- MEANS FOR SOLVING THE PROBLEMS

A modulation apparatus according to claim 1 is characterized by having
conversion means for converting input data into code in accordance with a conversion table
wherein said conversion table enforces a conversion rule, according to which the remainder of
division of a '1' count of an element in a data string by 2 having a value of 0 or 1 shall always
be equalto the remainder of division of a '1' count of an element in the string of code words

resulting from conversion of said data string by 2 and conversion codes of said conversion

table comprise:

* - . basic codes ford=1, k=7, m=2 and n = 3 where d is a minimum run and k is
a run length limit; - |
. first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and _
- second substitution codes for keeping said run length limit k.

A modulation method according to claim 23 is characterized by including a

- conversion step of converting input data into code in accordance with a conversion table

wherein said conversion table enforces a conversion rule, according to which the remainder of
division of a'1' count of an element in a data string by 2 having a value of 0 or 1 shall always
be equal to the remainder of division of a 'l 1 count of an element in the string of code words

resulting from conversion of said data string by 2 and conversion codes of said conversion

- table comprise: -

.- basic codes ford=1,k=7,m=2 and n = 3 where d is a minimum run and k is
arun length limit; .

- first substitution codes for limiting the number of consecutive appearances of

second substitution codes for keeping said run length limit k.
A program presenting medium according to claim 24 for presenting a program

implementing processing including a conversion step of converting input data.into code in
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" accordance with a convetsion table data in a modulation apparatus for converting data with a
“basic data length of m bits into variable length code (d; k ; m; n ; r) with a basic code length of

n bits is characterized in that said conversion table enforces a conversion rule, according to

which the remainder of division'of a'1' count of an element in a data string by 2 having a

"value of 0 or 1 shall always be equal to the remainder of division of a '1' count of an element

in the string of code words resulting from conversion of said data string by 2 and conversion
codes of said conversion table comprise:

basic codes ford=1, k= 7, m =2 and n = 3 where d is 2 minimum run and k is

“a run length limit;

first substitution codes for limiting the numbér of consecutive appearances of
s_aid minimum run d; and | ' _
second substitution codes for keeping said run length limitk. .

‘A demodulation apparatus according to claim 25 is characterized by having

‘conversion means for converting input code into data in accordance with a conversion table

wherein said conversion table enforces a conversion rule, according to which the remainder of

" division of 2 '1' count of an element in a data string by 2 having a value of 0 or 1 shall always

be equal to the remainder of division of a'I' count of an element in the string of code words
resulting from conversion of said data string by 2 and conversion codes of said conversion
table comprise: '

" basic codes for d =1, k =7, m =2 and n = 3 where d is a minimum run and k is

arun length limit;

first substitution codes for limiting the number of consecutive appearances of

* said minimum run d; and -

second substitution codes for keeping said run length limit k.

A demodulation method according to claim 28 is characterized by having a
conversion step of converting input code irito data in accordance with a conversion table
wherein said conversion table enforces a conversion rule, according to which the remainder of
division of 2 '1' count of an element in a data string by 2 having a value of 0 or 1 shall always
be equal to the remainder of division of a '1' count of an element in the string of code words
resulting from conversion of said data string by 2 and conversion codes of said conversion
table comprise:

‘basic codes ford =1, k=7, m =2 and n = 3 where d is a minimum run and k is

a run length limit;-
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- first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and

second substitution codes for keeping said run length limit k.

A program presenting medium according to-claim 29 for presenting a program
including a conversion step of converting input code into data in accordance with a conversion
table in a demodulation apparatus for converting variable length code (d, k ; m, n ;1) witha
basic code length of n bits into dafa with a basic data length of m bits is characterized in that
said conversion table enforces a conversion rule, according to which the remainder of division
of 2 '1' count of an element in a data string by 2 having a value of 0 or 1 shall always be equal
to the remainder of division of a '1' count of an element in the string of code words resulting
from conversion of said data string by 2 and conversion codes of said conversion table
comprise:

basic codes ford= 1,k =7, m=2 and n = 3 where d is a minimum run and k is
a run length limit;.

first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and

second substitution codes for keeping said run length limit k.

According to the modulation apparatus claimed as claim 1, the modulation
method claimed as claim 23, the program presenting medium claimed as claim 24, the -

demodulation apparatus claimed as claim 25, the demodulation method claimed as claim 28

“and the program presenting medium claimed as claim 29, conversion processing is carried out

on the basis of a conversion table enforcing a conversion rule, according to which the
remainder of division of a '1’ count of an element in a data string by 2 having a value of 0 or 1
shall always be equal to the remainder of division of a '1' count of an element in the string of
code words resulting from conversion of the data string by 2 and conversion codes of the
conversion table comprising: '
‘basic codes ford=1,k =7, m=2andn=3;

first substitution codes for limiting the number of consecutive appearances of

the minimum run d; and

second substitution codes for keeping the run length limit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Before starting the explanation of some preferred embodiments
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of the present invention, in order to clarify relations associating means of the present invention
described in the claims with implementations adopted in the embodiments, in the following
description characterizing the invention, each of the means is followed by a typiéal
implementation enclosed in parentheses in the form "a means (implemented for example by a
typical implementation)". It is needless to say, however, that the typical implementation is not
intended to be construed in a limiting sense. That is, a means is not necessarily limited to a
typical implementation associated with the means..

A modulation apparatus according to claim 1 is characterized by having
conversion means (implemented for example by a modulation unit shown in Fig. 12) for
converting input data into code in accordance with a conversion table (implemented for
example by Table 2) wherein said conversion table enforces a conversion rule, according to
which the remainder of division of a '1' count of an element in a data string by 2 having a
value of 0 or 1 shall always be equal to the remainder of division of a 'l' count of an element in
the string of code words resulting from conversion of said data string by 2 and conversion
codes of said conversion table comprise: _

basic codes ford =1, k =7, m =2 and n = 3 where d is a minimum run and k is
a run length limit; _

first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and _

second substitution codes for keeping said run length limit k.-

Accofding to claim 10, the modulation apparatus claimed as claim 10 is further

characterized by further having a synchronization signal inserting means (implemented for

example by a synchronization signal inserting unit 212 shown in Fig. 9) for inserting a

. synchronization signal including a unique pattern not included in said conversion codes of said

conversion table into any arbitrary position in said string of code words.. -

" According to claim 21, the modulation apparatus claimed as claim 1 is further
characterized by further having DSV control means (implemented f or example by a DSV
control bit determining / inserting unit 11 shown in Fig. 1) for controllmg DSVs of input data
and supplying said DSVs to said conversion means. _ -

' ' According to claim 22, the modulation apparatus claimed as claim 1 is further
characterized in that said conversion means comprises:
‘a first code detecting means (implemented for example by a minimum run

consecutive appearance limiting code detecting unit 33 shown in Fig. 3) for detecting said first

¥
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substitution codes :fbx-' limiting the number of consecutiv{e:. éppearanc.es of said minimum run d;
and

a second code detecting means (implemented for example by a maximum run
assuring code detecting means 34 shown in Fig. 3) for detecting said second substitution codes
for keeping run length limit.

* A demodulation apparatus according to claim 25 is characterized by having
conversion means (implemented for example by a demodulation unit 111 shown in Fig. 5) for
converting input code into data in accordance with a conversion table wherein said conversion
table (implemented for example by Table 2) enforces a conversion rule, according to which
the remainder of division of a '1' count of an element in a data string by 2 having a value of 0
or 1 shall always be equal to the remainder of .division of a'l' count of an element in the string
of code words resulting from conversion of said data string by 2 and conversion codes of said
conversion table comprise:

basic codes ford =1, k=7, m =2 and n = 3 where d is a minimum nin and k is
a run length limit;

first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and

second substitution codes for keeping said run length limit k.

According to claim 26, a demodulation apparatus claimed as claim 25 is further
characterized by further having a bit removing means (implemented for example by a DSV
control bit removing unit 112 shown in Fig. 5) for removing redundant bits inserted at
predetermined intervals into said code.

' Preferred embodiments of the present invention are described as follows . In
order to make the explanation easy to understand, in the following description, an array of bits
'0’ and '1' of data prior to conversion, that is, a pre-conversion data string, is represented as a
train of bits enclosed in parentheses.( ) like for example (000011). On the other hand, an array
of bits '0' and '1' of a code resulting from the conversion, that is, a string of post-conversion
string words is represented as a train of bits delimited by a pair of symbols " like for example
"000100100". Tables 2 and 3 given below are examples of a conversion table for converting
data into a code in accordance with the present invention. . -
<Table 2>
17PP.RML.32
Data ~ Code
i1 : *0*
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01

0011
0010
0001

- 000011

000010
1000001
000000

"110111
100001000
00000000

10
001
010

010100

010000

000 100

000 100 100
000 100 000

- 010100 100

010 100 000

001 000 000 (next 010)
000 100 100 100
010 100 100 100

if xx1 then *0* =000
xx0 then *0* =101 -

sync & Termination
#01 000 000 001 (12 channel bits) -

or

#01 001 000 000 001 000 000 001 (24 channel bits) -

#=0: ‘Not terminate case
#=1: Terminate case
"Temlinatioﬁ Table
00 000
0000 010 100 - .
"110111 001 000 000 (next 010)

 PCT/1B99/00948

‘When next channel bits are '010' convert '11 01 11' into '001 000 000' after using the main

table and the termination table.
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- As shown in Table 2, the conversion table shows codes resulting from
conversion including basic codes, substitution codes and termination codes. Conversion
processing can not be carried out without a basic code. In the conversion table, the basic
codes are the codes resulting from conversion of the data strings (11) to (000000). Conversion
processing can be performed even if a substitution code does not exist. If a substitution code
exists, however, more effective conversion processing can be carried out. In the conversion
table, the substitution codes are the codes resulting from conversion of the data strings
(110111), (00001000) and (00000000). The termination code is used for terminating code
resulﬁng from conversion at any arbitrary position. The termination codes in the table are the
codes resulting from conversion of the data strings (00) and (0000). In addition, the

- conversion table also prescribes synchronization signals.

In Table 2, the minimum run d is 1 whereas the maximum run k is 7. One of the
elements of the basic codes include an indeterminate code, that is, a code indicated by the

asterisk symbol **'. The bit represented by the symbol ™' of the indeterminate code can be

- determined to be either "0" or "1"; in'order to keep the values of the minimum run d and the

maximum run k without regard to an immediately preceding or succeeding string of code
words. To put it in detail, if the 2-bit data string to be converted is (11) , a code resulting from
the conversion can be "000" or "101" in dependence on the immediately preceding string of
code words. To be more specific, if the single channel bit of the immediately preceding string
of code words is "1", the 2-bit data string (11) is converted into the code "000" in order to keep

* the minimum run d. If the single channel bit of the immediately preceding string of code

words is '0", on the other hand, the 2-bit data string (11) is converted into the code "101" in
order to keep the maximum run k.

The basic codes shown in the conversion table of Table 2 have a variable length
structure. The number of basic codes with a constraint length 1 of 1 is 3, a value which is

smaller than a required number of 4 (=2 ~ m =2 * 2) These 3 basic codes are "*0*", "001"

- and™010". ' As a result; in an operation to.convert a data string, there is encountered a data

string which can not be converted with only a constraint length i of 1. For this reason, it is
necessary to refer-fo-basic codes with a constraint length i of up to 3 in the Table 2 in an
operétion to convert all data strings. That is, basic codes with a constraint length i of up to 3 is
included in the Table 2 so as to allow Table 2 to serve as a sufficient conversion table.

~ In addition, the conversion table of Table 2 also includes substitution codes for
limiting consecutive appearances of the minimum run d. If the data string is (110111) anci a
string of code words following a code resulting from the conversion of the data string is "010",
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the data string is converted into a code word of "010 000 000". - If the string of codewords
following a code resulting from the conversion of the data string is other than "010", on the
other hand, the data string (110111) is converted in 2-bit units. To put in detail, the 2-bit trains
(11), (01) and (11) in the data string are converted into a string of code words "*0* 010 and
*0*"_ As a result, the consecutive appearances of the minimum run d in the string of code
words resulting from the conversion of the data string can be restrained, limiting the number
of repeated minimum runs to a maximum of 6.- -

Furthermore, the conversion table of Table 2 enforces a conversion rule,

" according to which the remainder of division of the "1"-count of an element in a data string by

2 having a value of 0 or 1 shall always be equal to the remainder of division of the 1,111 count
of an element in the string of code words resulting from conversion of the data string by 2.
That is, if the "1" count of an element in the data string is even, the "1" count of an element in '
the string of code words is also even and, if the "1" count of an element in the data string is
odd, on the other hand, the "1" count of an element in the string of code words is also odd. For
example, a data string of (000001) is converted into a string of code words of "010 100 000".
In this case, the remainder of division of the "1" count of an element in the data string by 2 is 1
which is equal to the remainder-of division of the "1" count of an element in the string of code

words resulting from conversion of the data string by 2. That is, the "1" counts of the data

‘string and the string of code words are both odd. As another example, a data string of

(000000) is converted into a string of code words of "010 100-100". In this.case, the

~ remainder of division of the "1" count of an element in the data string by 2 is 0 which is equal

to the remainder of division of the "1' count of an element in the string of code words resulting
from conversion of the data string by 2. That is, the "1" counts of the data string and the string
of code words are both even. '

In addition, the maximum constraint length  in the conversion table of Table 2
is 4. Codes in the table ﬁm a constraint length i of 4 are the substitution codes for .

implementing the value 7 of the maximum run k. Such a substitution code is referred to as a

~ maximum run assuring code. That is, a data string of (00001000) is converted into a string of

code words of "000 100 100 100" whereas a data string of (00000000) is converted into a
string of code words of "010 100 100 100". It should be noted, that in this case, the value of
the minimum run d is kept at 1 as well.

If the conversion table of Table 2 does not include substitution codes which

have a coﬁstraint length i of 4, the maximum constraint length r for the table is 3, causing code
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with a maximum run k of 8 to be generated. Since the table include basic codes with a
constraint length i of 4, however, code with a maximum run k of 7 can be generated.
In general, the greater the maximum run k, the more inconvenient the

generation of a clock signal and, thus, the poorer the stability of the system. Thus, by reducing

* the value of the maximum run k from 8 to 7, the characteristic of the system can be improved

commensurately with the reduction in maximum run k.

_ That is, if the conversion table of Table 2 is created to include basic codes only,
the maximum constraint length r for such a table is 3. In this case, it is possible to generate
code that has 2 minimum run d of 1 and a maximum run k of 8. In addition, the remainder of

division of the "1" count of an element in a data string by 2 having a value of 0 or 1 shall

always be equal to the remainder of division of the "1" count of an element in the string of

code words resulting from conversion of the data string by 2.

If the conversion table is created to also include substitution codes for limiting
consecutive appearances of the minimum run d in addition to the basic codes, the maximum
constraint length r for such a table is also 3. In this case, however, it is possible to generate
code that has a minimum run d of 1 and a maximum run k of 8 whereas the number of
consecutive minimum runs d is limited to a upper limit value. In addition, the remainder of
division of the "1" count of an element in a data string by 2 having a value of 0 or 1 shall
always be equal to the remainder of diﬁsion of the "1" count of an element in the string of
code words resulting from conversion of the data string by 2. _ .

If the conversion table is created to also include substitution codes for assuring
a maximum run k of 7 Iin addition to the substitution codes for limiting consecutive
appearances of the minimum run d and the basic codes, the maximum constraint length r for
such a table is 4. In this case, it is possible to generate code that has a minimum run d of 1 and
a maximum run k of 7 whereas the number of consecutive minimum runs d is limited to a
upper limit value. In addition, the remainder of division of the "1" count of an element in a '
data string by 2 having a value of 0 or 1 shall always be equal to the remainder of division of
the "1" count of an element in the string of code words resulting from conversion of the data
string by 2.

In general, however, the greater the maximum constraint length r, the poorer the
propagation characteristic of a demodulation error generated in the event of a bit shift, that is,
an error which is generated because an edge bit is shifted in the forward or backward direction

from its normal position by 1 bit.
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Compaﬁson of Table 1 with Table 2 shows that the maximum constraint length
r of the former is 2 while that of the latter is 4. Th\'is, Table 2 should result in characteristics

poorer than Table 1. However, results of simulation to be described later by referring to Table

7 indicate that the characteristics of Table 2 are not so poor in comparison with Table 1. For

example, as shown in Table 7, the average byte error rate of Table 1 is 1.014 bytes while that
of Table 2 is 1. 67 bytes, a value which is not much greater than tHat of Table 1. The
difference in average byte error rate can be considered to be attributed to the fact that the
nuraber of conversion code groups in Table 1 is smaller than that in Table 2 by 4 difference of
2.

By the way, for a case'in which a synchroniiation signal is inserted into any

' arbitrary position in a string of code words (th'ét is, a train of channel bits) generated as a result

of conversion carried out in accordance with a conversion table of Table 2, the conversion

' table produces code with a variable length structire. This is because the conversion table

includes a termination table prescribing termination codes for terminating code resulting from
conversion at any arbitrary position. A termination code is used whenever necessary.

‘Assume, for example, thata synchrdnization signal is inserted into a particular

~ position in the code resulting from conversion. In this case, first of all, at a point of junction

between a string of code words immediﬁtely preceding the particular positiori and a string of

 code words immediately succeeding the particiilar poéi'tio'n,l junction bits are set while keeping

the minimum run d and the maximum run k and a unique pattern representing the
synchronization signal is set between the junction bits. Consider a pattern of the
synchronization signal that breaks the value 7 of the maximum run k. In this case, the pattern

ofa synchr'onizatioh signal with a minimum length is a 12-bit code word (that is, 12 channel

~ bits) given as follows:

"#01 000 000 001"
The symbol "#" at the head of the pattern of the synchronization signal is a junction bit which

- can be '0’ or "1" to be described later. The second channel bit following the "#" bit is "0" for
* keeping the minimum run d. The third channel bit and the subsequent bits are set at values

which form a 9T unique pattern, a code pattern not prescribed in Table 2, to give a maximum
run k of 8. As shown in the above pattern, the-thirc.l channel bit and the last channel bit
sandwich 8 consecutive "0" bits. It should be noted that, even though the last channel bit in
the pattern of the synchronization signal is set at "1", by using the conversion table of Table 2,

the minimum run d can be kept.
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- ‘Next, the termination table and the junction bit "#" in the bit pattern of the
synchronization signal are explained. As shown in Table 2, the termination table is
constructed as follows:
00 000
0000 010 100
The termination table is required for basic codes with a constraint length i that provides a
number of pairs each comprising a data string and a string of code words smaller than the
required number 4 (=2 m=2"2).

To put it in detail, in the case of Table 2, for the constraint length i = 1, since
the number of pairs each comprising a data string and a string of code words is 3, the
termination table is required. For the constraint length i = 2, since the number of pairs each
comprising a data string and a string of code words is also 3, the termination table is required.
For the constraint length i = 3, the number of pairs each comprising a data string and a string

of code words is 5 including a pair having a substitution code. The rest is 4 pairs eath

‘including a basic code. Since the required number 4 is met, the termination table is not

~ needed. For the constraint length i = 4, since the strings of code words are all substitution

codes, it is not necessary to take a termination code into consideration.  Thus, the termination
table is required for the constraint length i = 1 wherein a termination code is used for a data

string of (00). By the same token, the termination table is required for the constraint length i =

. 2 wherein a termination code is used for a data string of (0000). According to the termination

table, the data strings (00) and (0000) are converted into strings of code words "000" and
"010100" respectively. As a result, in an operation to insert a synchronization signal, it is
possible to avoid a situation in which data preceding the pattern of the synchronization signal
can no longer be converted. That is, the conversion system is capable of eliminating a
situation in which it is no longer possible to let the code immediately preceding the
synchronization signal serve as a termination. .

The bit "# of the pattern of the synchronization signal is used to disting}lish a
case of using the termination table from a case in which the termination table is not used. To
be more specific, the first channel bit "#" at the head of the pattern of tﬁe synchronization
signal is set at '1' to indicate that a termination code is used or set at '0' to indicate that no
termination code is used. By doing so, it is possible to correctly determine whether or not the
termination table is used, that is, whether or not the termination code is used.

As described above, the pattern of a synchronization signal with a mlmmum

length is a 12-bit code word (that is, 12 channel bits) . Since a pattern of the synchronization
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signal that breaks the value 7 of the maximum run k but provides a maximum run k of 8 (9T)
is acceptable, any other synchronization signal pattern forming a code word of at least 12 bits
can be constructed. In the case of formation of a 15-bit code word, for example, the following
2 synchronization signals can be made:

"#01 000 000 001 010"

"#01 000 000 001 001"

‘In the case of formation of a 21-bit code word, the following synchronization signal can be

made:
. "401 000 000 001 000 000 001™

The above 21-bit synchronization signal includes 2 consecutive patterns which each provide a

" maximum run k of 8 (9T). Such a synchronization signal can be detected with a higher degree

of reliability. Then, in the case of formation of a 24-bit code word, the following

synchronization signal can be made::
"#01 001 000 000 001 000 000 001" - -

- ‘The above synchronization signal, a pattern having thé form of "3T - 9T - 9T", reduces the

" probability that a large run (T) appears before and/or after the two consecutive patterns each

proViding a maximum run k of 8 (9T) as well as increases the detection power. It is possible to

select what detection power that a synchronization signal should provide in accordance with

- . system requirements.

Table 3 is another typical conversion table provided by the present invention.

<Table 3>
‘17PP.RML.52
i=1 Main Table:
Data Code
00 - 101
01 100
10° 001
11 - 000

i=2 Substitution Table A (Limits d fo 1)
' © 0000 - 100010
0001 101010
1000 000010 -
1001 001 010 -
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17
=3 Substitution Table B (Limits k to 8)
111111 000010 010
111110 001 010010 .
011110 101 010010
011111 100010010
i=4 Substitution Table C (Limits RMTR to 6)
00010001 100 010 010 010
chan--0 10010001 100 000 010 010
" chan -1 -10010001 - 000 010 010 010
r = 4 Substitution Table D (Limits k to 7)
chan 010 11100000 000 001 010 010
chan 010 - 11100010 . 100 001 010 010
chan 010 11100001 001 010 010 010
chan 010 11100011 101 010010 010
- Sync
data: x1 ------ Ox
ch.: . xx0100 000 000 10x (12 channel bits)
data:x] = ———- -- 0x _
ch.: xx0 100 000 000 100 000 000 10x (24 channel bits)
Termination:

add data bits '01' or '11' at begin,
and '00' or '01' at the end

The conversion table of Table 3 has a structure wherein, for the minimum run d
= 1, the maximum run k = 7 and the constraint lengthi=1, 4 (=2 * m =2 * 2) basic codes are
provided. That is, for the constraint length i = 1, the 4 basic codes are put in a main table. For
the constraint length i = 2 or greater, tables of substitution codes are provided for limiting.

parameters such as the minimum run d and the maximum run k. To be more specific, Table A
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for the constraint length i = 2 prescribes substitute codes for limiting the minimum rund to 1.
Table B for the constraint length i=3 prescribes substitute codes for limiting the maximum run
k to an upper limit of 8. Table C for the constraint length i =4 prescribes substitute codes for
limiting consecutive appearances of the minimum run d having the value 1. Table D for the
constraint length i = 4 prescribes substitute codes for limiﬁng' the maximum run k to an upper
limit of 7. Thus, in the conversion table of Table 3, the maximuxh constraint limit r = 4.

As described above, the conversion table of Table 3 includes substitution codes
for limiting consecutive appearances of the minimum run d. For example, a data string of
(0001001) is converted into a string of code words of "100 010010 010". As for a data string
of (10010001), an immediately preceding codé word is referenced to determine whether the
immediately preceding channel bit is "0" or "1"." If the immediately preceding channel bit is
"Oll, ,the data string is converted into a string of code words of "100 000 010 010". If the
immediately preceding channel bit is '1", on the other hand, the data string is converted into a
string of code words of "000 010 010 010", As a result; the string of code words resulting
from the data conversion has a number of consecutively repeated minimum runs limited to a
maximum of 6. .

In addition, the conversion table of Table 3 enforces a conversion rule,
according to which the remainder of division of the "1" count of an element in a data string by
2 having a value of 0 or 1 shall always be equal to the remainder of division of the "1" count
of an element in the string of code words resulting from conversion of the data string by 2.
That is, if the "1" count of an element in the data string is even, the "1" count of an element in
the string of code words is also even and, if the "1" count of an element in the data string is
odd, on the other hand, the "1" count of an element in the string of code words is also odd.- For
example, a data string of (1000) is converted into a string of code words of "000 010". In this

case, the remainder of division of the "1" count of an element in the data string by 2 is 1 which

is equal to the remainder of division of the "1" count of an element in the string of code words

resulting from conversion of the data string by 2. That is, the "1" counts of the data string and
the string of code words are both odd. As another example, a data string of (111111) is
converted into a string of code words of "000 010 010", In this case, the remainder of division
of the "1" count of an element in the data string by 2 is 0 which is equal to the remainder of
division of the "1" count of an element in the string of code words resulting from conversion
of the data string by 2. That is, the "1" counts of the data string and the string of code words

are both even.
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In addiuon; codes in the conversion tablé::t.'hTablle 3 with a constraint length i of
4 equal to the maximum constraint length r are the substitution codes for implementing the
value 7 of the maximum run k. In the case of qon_version using such a substitutibn code, an
immediately preceding string of code words is referenced. To be more specific, if the
immediately preceding string of code words is "010", conversion is implemented. If the data
string is (11100000) and the immediately preceding string of code words is "010", for
example, conversion is implemented to result in a string of code words of "000 001.010 010".
As another example, if the data string is (11100010) and the immediately preceding string of
code words is "010", the data string is converted into a string of code words of "100 001 010
010". :

The conversion table of Table 3 given above can not be built from basic codes
only in order to implement RLL encoding. RLL code with an assured minimum run d and an
assured maximum run k can be produced by using basic codes in the main table as well as
substitution codes in Table A for a constraint 1ength i of 2 and Table B for a constraint length i
of 3. In this case, the maximum constraint length r is 3 and it is possible to generate code that
has a minimum run d of 1 and a maximum run k of 8. In addition, the remainder of division of

the "1" count of an element in a data string by 2 having a value of 0 or 1 shall always be equal

. to the remainder of division of the "1" count of an element in the string of code words resulting

from conversion of the data string by 2. . _

If Table C prescribing substitution codes for limiting consecutive appearances
of the minimum run d is included in the configuration of the conversion table of Table 3 in
addition to the main table and Tables A and B, the maximum constraint length r is4 anditis

possible to generate code that has a minimum run d of 1, a maximum run k of 8 and a limited

‘number of consecutive appearances of minimum runs d. In addition, the remainder of division

of the "1" count of an element in a data string by 2 having a value of 0 or 1 shall always be

equal to the remainder of division of the "1" count of an element in the string of code words

 resulting from'conversion of the data string by 2. It should be noted, that in this case, it is not

always necessary to refer to the immediately preceding string of code words as is the case of
using Table C of Table 3. _ _

If Table D prescribing substitution codes for assuring a maximum run k of 7is
included in the configuration of Table 3 in addition to the main table and Tables A and B and

~ Table C prescribing substitution codes for limiting consecutive appearances of the minimum

run d, the maximum constraint length r is 4 and it is possible to generate code that has a

minimum run d of 1, a maximum run k of 7 and a limited number of consecutive appearances
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‘of minimum runs d In addition, the remainder of division of the "1" count of an element in a

data string by 2 having a value of 0 or 1 shall always be equal to the remainder of division of
the "1" count of an element in the string of code words resulting from conversion of the data
string by 2. | -

The termination table of Table 2 is not required in processing to insert a
synchronization signal into a particular position in a string of code words (or a train of channel
bits) resulting from conversion using the conversion table of Table 3. This is because,
according to the conversion table of Table 3, code can be terminated at a constraint length i of
1.

| Tn order to make insertion of a patter of a synchronization signal result in as
efficient code as possible, the pattern is determined as follows. The 3-bit.code word
immediately preceding a unique pattern (or a code word string) serving as a synchronization
signal and the 3-bit code word imme'diately siicceeding the unique pattern are code words
resulting from conversion according to Table 3. The 3 bits of the code words immediately
preceding and immediately succeeding the unique pattern each have a format in which data
bits and junction bits are mixed as follows. - - |

First of all, the 3 bits of the immediately preceding ¢ode word are determined as
follows. An m-bit unit of a data word prior fo conversion where m =2 is examined. The first
bit of the 2-bit unit at the head of the data word prior to conversion is an information bit while

the second bit has a value of '1’ f or indicating a synchronization signal. The 2-bit unit at the

‘head of the data word is converted into a code word (channel bits) in accordance with Table 3.

To put it concretely, the m bits (2 blts) of the data word (xl) are converted into n bits (3 bits) of
a code word "xx0"

" Then, the 3 bits of the immediately succeeding code word are determined as

follows. By the same token, an m-bit unit of a data word pnor to conversxon wherem=21is

exa:mned -In this case, however, the first bit of the 2-bit unit at the head of the data word prior

" to conversion has a value of '0’ for indicating a synchronization signal while the second bit is

an information bit. The 2-bit unit at the head of the data word is converted into a code word

(channel bits) in accordance with Table 3. To put it concretely, the m bits (2 bits) of the data

" word (0x) are converted into n bits (3 bits) of a code word "10x".

' When a unique pattern of the synchronization signal is set as a pattern breaking

" the value 7 of the maximum nn k, a synchronization signal pattern that can be implemented

with a shortest possible length includes the unique pattern code word of at least 12 bits (12

" channel bits) given as follows:



10

15

20

25

30

WO 99/63671 o PCT/IB99/00948
. T 21

"xx0 100 000 000 10x" - - .

where the value of "x" is dependent on the conversion table. The above 15-bit code word
includes 3 "x" bits. 2 "x" bits are at the head of the code word while 1 "x" bit is at the tail
thereof. The 3 "x" bits represent the 2-bit unit of a data word prior to conversion. The
remaining 12 channel bits of the code word are a redundant portion actually representing the
pattern of the synchronization signal. The third channel bit of the code word is set at "0" in
order to keep the minimum run d. As for the rest starting with the fourth channel bit, 9T is set
as a synchronization signal pattern to provide a maximum run k of 8. To put it in detail, 8 "0"s
are arranged consecutively between "1" and "1". _

As described above, the unique pattern of a synchronization signal with a
minimum length is a 12-bit code word (that is, 12 channel bits). Since a pattern of the
synchronization signal that breaks the value 7 of the maximum run k but provides a maximum
run k- of 8 (9T) is acceptable, any other synchronization signal pattern forming a unique
pattern code word of at least 12 bits can be constructed. In the case of formation of a 15-bit
unique pattern code word, for example, the following synchronization signal can be made:

"xx0 100 000 000 100 10x"

In the case of formation of a 21-bit code word, the following synchronization
signal can be made:

"Xxxo 100 000 0600 100 000 000 lox"

"The above 21-bit synchronization signal comprises 2 consecutive patterns which each provide

a'maximum run k of 8 (9T) . According to a synchronization signal, the detection power can
be increased. It is possible to select what detection power that a synchronization signal should
provide in accordance with system requirements. _

Much like the conventional method, after a data string is converted by using a
conversion table like the one shown as Table 2 or 3, DSV control can be executed by adding
DSV control bits at predetermined intervals to a train of channel bits resulting from the
conversion. By making use of the relation between the data string and the string of code
words resulting from conversion based on Table 2 and 3, however, the DSV control can be
executed with an even higher degree of efficiency. _

To put it in detail, the conversion rule is followed so that the remainder of
division of the "1" count of an element in a data string by 2 having a value of 0 or 1 shall
always be equal to the remainder of division of the "1" count of an element in the string of
code words resulting from conversion of the data string by 2. Thus insertion of DSV contfol

bits having a value of "1" to indicate inversion and a value of "0" to indicate non-inversion
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into a train of channel bits is equivalent to insertion of DSV control bits having a value of "1"

to indicate inversion and a value of "0" to indicate non-inversion into a train of data bits.
Consider, for example, a case in which 3 bits (001) of data are converted in

accordance with Table 2. Let aDSV control bit x following the 3 bits be sandwiched in the

~ ‘data. In this case, the data including the DSV control bit becomes (001-x) where x is the 1-bit

control bit having the value '0* or '1". For x = 0, the data including the DSV control bit is

- converted in accordance with Table 2 as follows:

Data String  Code Word String
0010 - 010 000

For x = 1, on the other hand, the data including the DSV control bit is converted in accordance
with Table 2 as follows:

Data String  Code Word String
0011 ~ 010100

By applying level encoding through NRZI modulation to the string of code words resulting

from the conversion using Table 2, the following level encoded code string are obtained:

Data String Code Word String Encoded Code String
0010 ~ 010000 = 011111
0011 010 100 - 011000

'As shown in the above table, the last 3 bits of the first encoded code string are inverted bits of

the last 3 bits of the second encoded code string. The results above imply that, by selecting (1)

‘or (0) as a value of the DSV control bit, DSV control can be executed within a data string.

Next, consider redundancy introduced by the DSV control. Execution of the
DSV control by insertion of 1 DSV control bit into a data string corresponds to execution of
the DSV control by insertion of 1. 5 DSV control bits into a train of channel bits where the

value 1.5 is the reciprocal of the conversion rate m /n=2/ 3 of Tables 2 and 3. In order to

‘execute DSV control for an RLL (1 - 7) table like the one shown in Table 1, it is necessary to
* apply the control in a train of channel bits. In this case, at least 2 channel bits are required to

keep the minimum run d, making the relative redundancy high-in comparison with the DSV
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control applied to a__d-'a _ strmg for Tables 2 and 3. In other words, in the present system, by
executing DSV control in a data string, the efficiency of the DSV control can be improved.

Next, an embodiment implementing a modulation apparatus provided by the

- present invention is explained by referring to Fig. 1. In this embodiment, a data string is

converted into a variable length code (d, k ; m,n ;1) =(1, 7, 2, 3 ; 4) by using Table 2.

As shown in Fig. 1, the m_oduiation apparatus 1 comprises a DSV control bit
determining / inserting unit 11 for determining whether the value of a DSV control bitis 11 or
'O' and f or inserting DSV control bits at any arbitrary intervals into a data string supplied
thereto, a modulation unit 12 for modulating a data string with DSV bits inserted therein and
an NRZI encoding unit 13 for converting the output of the modulation unit 12 into a recording
wave train. In addition, the modulation apparatus 1 also has a timing control unit 14 for
generating timing signals and supplying the signals to a variety of components.

Fig. 2 is an explanatory diagram used for describing processing carried out by
the DSV control bit determining / inserting unit 11. As shown in the figure, values of DSV
control bits are determined and DSV control bits are inserted into a data string at any arbitrary
intervals. In order to insert a DSV control bit into a location between pieces of data DATA1
and DATA2 of an incoming data string, f or example, the DSV control bit determining /
inserting unit 11 computes a cumulative DSV for data up to DATAL. The total DSV is
computed by executing the steps of: _

converting DATALI into a train of channel bits;

carrying out NRZI modulation on the train of bits;

assigning the value +1 to a H (high) level (1) and the value -1 to an L (low)
level (0) of the result of the NRZI modulation; and |

adding up the values assigned to the levels of the result of the NRZI
modulation. _

By the same token, the DSV control bit determining / inserting unit 11
computes a total DSV for segment DATA2 following DATAL1. Let xl be a DSV control bit to
be inserted into a location between pieces of data DATA1 and DATA2. The DSV control bit
determining / inserting unit 11 determines the value of the DSV control bit x1 so that the
absolute value of the sum of the DSVs for DATALI, xl émd DATA2 approaches zero.

If the DSV control bit x1 is set at (1), the level codes of segment DATA2
following DATALI are inverted. If the DSV control bit x1 is set at (0) , on the other hand, the
level codes of segment DATA2 following DATALI are not inverted. This is because, in each

-element of the conversion tables of Tables 2 and 3, the remainder of division of the "1" count
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of an element in a data string by 2 hav‘i’ng a value of 0 or 1 shall always be equal to the
remainder of division of the "1" count of an element in the string of code words resulting from
conversion of the data string by 2. Thus, insertion of R (1) bit into the data string must be
accbmpanied' by insertion of "1" into the string of code words resuiting from conversion. of the
data string in which case inversion is implied. '

After the value of the DSV control bit x1 shown in Fig. 2 has been determined
as described above, a DSV control bit x2 is inserted between DATA2 and DATA3, providing
an a predetermined data interval between x1 and x2 to ir’riplement DSV control in the same

“way. Inthis case,.the cumulative DSV is the sum of the cumulative DSV for data up to

DATAI the DSV value for x1 and the DSV data for segment DATA2.

As descnbed above, DSV control bits are inserted into'a data string in advance
before the data strmg is modulated by the modulation unit 12 to generate a train of channel
bits. o

 Fig. 3 is a block diagram showing a typical configuration of the modulation unit
12. As shown in the figure, a shift register 31 shifts data stored therein by 2 bits at one time,
shpplying its output to a constraint lengfh judging unit 32, a minimum run consecutive
appearance.limiting code detecting unit 33, a run length limit assurance code detecting unit 34
and all conversion units 35-1 to 35-4. The shift register 31 supphes as many bits as required
for processing to each of the components 32 to 35.
The constraint length judging unit 32 determines the constraint length i of data

and supplies the length i to a multiplexer 36. When the minimum run consecutive appearance

liniiting code detecting unit 33 detects a special data word subject to limitation of consecutive
appearances of the minimum run d, the minimum run consecutive appearance limiting code
detccting unit 33 supplies a detection signal thereof (i=13) indicating the constraint length i to
the constramt length judging unit 32. In the case of Table 2, the special data word is (110111).
By the same token, when the run length limit assurance code detectmg unit 34 detects a special
data word requiring assurance of the maxnn_um run k, the run length limit assurance code
detecting unit 34 supplies a detection signal thereof (i = 4) indicating the constraint length i to

' the constraint length judging unit 32. In the case of Table 2, the special data word is

(00001000) or (00000000).

When a special data word is detected by the minimum run consecutive

| appearance limiting code detectmg unit 33 or the run length limit assurance code detectmg

unit 34, the constraint length Judgmg unit 32 passes on the constramt length i of the specxal

 data word to the multiplexer 36. At that time, the constraint length judging unit 32 may also
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determine another value for the constraint.l_ength by itself. In this case, however, the

constraint length judging unit 32 lets the constraint length supplied by the minimum run

- consecutive appearance limiting code detecting unit 33 or the run length limit assurance code

detecting unit 34 take precedence of that determined by itself. In other words, the greater

“constraint length is selected.

~The conversion units 35-1 to 35-4 each form a judgment as to whether or not a
basic code for data supplied thereto is cataloged in a conversion table embedded therein. If the
basic code is found cataloged, the data is con_ver_téd into a code word represented by the basic
code and the code word resulting from the conversion is supplied to the multiplexer 36. If the
basic code for the data is not cataloged in the conversion table, on the other hand, the
conversion units 35-1 to 35-4 discard the data.

It should be noted that, since the modulation apparatus 12 is designed for the
conversion tablé of Table 2, each of the conversion units 35-i is designed to work for
conversion of data with a constraint length i up to 4. That is, each of the conversion units 35-i
is designed to work for conversion of data up to a maxﬁnum constraint length r of 4.

The multiplexer 36 selects a code resulting from conversion carried out by one

of the conversion units 35-i corresponding to a constraint length i supplied by the constraint

- length judging unit 32. The selected code is then output by way of a buffer 37 as serial data.

The operation timing of each component is controlled into synchronization with
timing signals generated by the timing control unit 14.
Next, the operation of the embodiment is described.

First of all, the shift register 31 supplies as many bits of data as required in

. processing such as formation of a judgment in 2-bit units to the constraint length judging unit

32, the minimum run consecutive appearance limiting code detecting unit 33, the run length
limit assurance code detecting unit 34 and all the conversion units 35-1 to 35-4.

Provided with an einbedded conversion table like the one of Table 2, the
constraint length judging unit 32 determines the value of the constraint length i by referring to
the conversion table and supplies the value to the multiplexer 36.

In the minimum run consecutive appearance limiting code detecting unit 33, a
data word to be replaced by the substitution code for limiting the consecutive appearances of
the minimum run d of Table 2 provided that the following code word is "010" is embedded. In
the case of Table 2, the data word is (110111) . when the data requiring limitation of
consecutive appearances of the minimum run d is detected as a result of reference to this imrt

of the conversion table, the minimum run consecutive appearance limiting code detecting unit
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33 outputs a detection signal indicating that the constraint lenigth i = 3to the constraint length
judging unit 32. o o

In the run length limit assirance code detecting unit 34, on the other hand, data
words to be replaced by the substitution codes-for assuring the run length limit of Table 2 are
embedded. In the case of Table 2, the data words are (00001000) and (00000000). When the

~ data requiring assurance of the run length limit is detected as a result of reference to this part

of the conversion table, the run length limit assurarice code detecting unit 34 outputs a

" detection signal indicating that the constraint length i =4 td the constraint length judging unit
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32.

| ‘When receiving a detection signal-indicaﬁng that the constraint lengthi =3 in
the case of Table 2 from the minimum run consecutive appearance limiting code detecting unit
33, the constraint length judging unit 32 passes on the value i = 3 to the multiplexer 36, even if
at that time the constraint length judging unit 32 determines the value of the constraint length i
by itself instead of supplying the value determined by itself to the multiplexer 36. By the
same token, when receiving a detection signal indicating that the constraint length i = 4 in the
case of Table 2 from the run length limit assurance code detecting unit 34, the constraint
length judging unit 32 passes on the value i =4 to the multiplexer 36, even if at that time the
constraint length judging unit 32 determines the value of the constraint length i by itself

~ instead of supplying the value determined by itself to the multiplexer 36.

This means that, the constraint length judging unit 32 passes on the value of the

constraint length i received from the minimum run consecutive appearance limiting code

* detecting unit 33 or the run length limit assurance code detecting unit 34 to the multiplexer 36

instead of supplying the value determined by itself if the value of the constraint length i

" determined by the minimum run consecutive appearance limiting code detecting unit 33 or the

run length limit assurance code detecting unit 34 is found different from the value determined
by itself . In other words, the greater COnstraint-lengtl; is selected to be transmitted to the
multiplexer 36. | . |

Fig. 4 is a diagram exemplifying processing carried out by the constraint length

" judging unit 32, the minimum run consecutive appearance limiting code detecting unit 33 and

" the run length limit assurance code detecting unit 34 by showing an example in concrete

terms.
As described above, in the run length limit assurance code detecting unit 3_4, the
data words (00001000) anid (00000000) of Table 2 are embedded as part of a function thereof

to determine the value of the constraint length i. When 8-bit data matching the data word
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(00001000) or (00000000 is supplied to the run length limit assurance code detecting unit 34,
the run length limit assurance code detecting unit 34 outputs a detection signal indicating that
the constraint length i = 4 to the constraint length judging unit 32.

In the minimum run consecutive appearance limiting code detecting unit 33, on
the other hand, the data word (110111) of Table 2 are embedded as a function thereof to
determine the value of the constraint length i.. When 6-bit data matching the data word

/(110111) is supplied to the minimum run consecutive appearance limiting code detecting unit

33 and the 3-bit code word resulting from conversion following the data word is "010", the
minimum run consecutive appearance limiting code detecting unit 33 outputs a detection
signal indicating that the constraint length i=3 tb the constraint length judging unit 32. It
should be noted that the 3-bit code word "010" is a result of conversion of a data string having
a value of (01) , (001) or (00000) prior to the conversion. In other words, the function

-includes a data string (110111) + (01 / 001 / 00000). When 6-bit data matching the data word

(110111) is detected, the data of up to 5 bits following the 6-bit data is compared with the data
word (01) or (001) or (00000) to determine if they match each other. Ifthe incoming data is
(11011101), (11011001) or (11011100000) , the minimum run consecutive appearance
limiting code detecting unit 33 outputs a detection signal indicating that the constraint length i
= 3 to the constraint length judging unit 32.

In the constraint length judging unit 32, data strings of the conversion table of

- Table 2 are embedded. If 6-bit data matching the data word (000011), (000010) , (000001) or

(000000) is supplied to the constraint length judging unit 32, the constraint length judging unit -
32 determines that the value of the constraint length i is 3. It 4-bit data matching the data word
(0011) , (0010) or (0001) is supplied to the constraint length judging unit 32, the constraint

length judging unit 32 determines that the value of the constraint length i is 2. If 2-bit data

matching the data word (11), (10) or (01) is supplied to the constraint length judging unit 32,
the constraint length judging unit 32 determines that the value of the constraint length i ié 1.

- ‘Assume that 6-bit data (000010) is supplied. In this case the constraint length
judging unit 32 determines that the value of the constraint length i is 3. Also assume that 2 bits
(00) follow the 6-bit data. As a result, 8-bit data matching the data _wofd (00001000) is
supplied to the run length limit assurance code detecting unit.34, causing the run length limit
assurance code detecting unit 34 to outplit a detection signal indicating that the constraint
length i = 4 to the constraint length judging unit 32. In this case, the constraint length judging

unit 32 lets the detection signal conveying the value 4 from the run length limit assurance code
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detecting unit 34 take precedence over the value 3 determined by itself, judging the constraint

length i to have a value of 4.

As deécribed above, the constraint length of data comprising a train of (1) s and
(0) s can be determined in accordance with the conversion table of Table 2 by referring to 2
supplied data word of up to 8 bits corréspdnding to a maximum constraint length and, if

necessary, a 3-bit code word. As an alternative, the constraint length of data comprising a

' train of (1) s and '(0) s can be determined by referring to only a supplied data word of up to 11
" bits.

The constraint length judging unit 32 supphes the value of the constraint length
i determmed in this way to the multiplexer 36 .- '

Tt should be noted that the constraint length judging unit 32 can also determine
the value of the constraint length iinan ascendmg order of the values of i starting with the

smallest one, that is, in the orderof i=1,i= 2 i =3 and i = 4 as opposed to the one shown in

 Fig.4.

The conversion units 35-1 to 35-4 each have a conversion table corresponding

to a value of the constraint length assigned thereto: To be more specific, the conversion units

35-1 to 35-4 have conversion tables fori=1,i=2,i=3 and i =4 respectively. Ifa
conversion rule for data supplied to any one of the conversion units 25-1 to 35-4 is cataloged
in a table of the conversion units, the 2'x i bits of the supplied data are converted intoa3xi
bits of code in accordance with the cataloged conversion rule. The resulting code is then
supplied to the multiplexer 36. RS | |

The inultiplexer 36 selects a code resulting from conversion carried out by one

of the conversion units 35-i corresponding to a constraint length i supplied by the constraint

length judging unit 32. The selected code is then output by way of a buffer 37 as serial data.

As shown in Table 2, for the constraint length i =3, the conversion table does
not include a substitution code for a data string (110111) which requlres limitation on the

consecutive repetitive appearances of the minimum run d. Assume that the following data

string is supplied:
(1101110111011101)

In this case, the conversion processing is carried out in the following order of data words: (11),

©(O1), (11), (01) and so on. As a result of the conversion, the following string of code words

(a train of channel bits) is generated: -
101 010 101 010101 010 101°010"
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Then, %ypxcallly NRZI modulation is apphed to the generated string of code

words in order to carry out level encoding. Since inversion of logic takes place with '1' timing
in the signal, the above string of code words is converted into the following string of code
words:

'110011 001 100 110 011" _
where minimum inversion intervals of 2T continue throughout the string. When recorded or
played back at a high line density, such a code string becomes a pattern which easily causes an
error in the recording or playback operation.

Assume that the conversion table of Table 2 also prescribes a substitution code
for a data string (110111) which requires limitation on the repetitive consecutive appearances
of the minimum d. Now, let the following data string be supplied:

(1101110111011101)

In this case, the first data word (11011101) in the data string comprises a data word (110111)
followed by a data word (01) which will be converted into a string of code words "010". Thus,
the first data word is converted into the following string of code words:

_ "001 000 000 010". _
Likewise, the second data word (11011101) in the data string also comprises the data word
(110111) followed by the data word (01) which will be converted into the string of code words
"010". Thus, the first data word is converted into the following string of code words:

"001 000 000 010", . -

As a result, the data string is converted into the following string of code words:

*001 000 000 010 001 000 000 010 ..." _
wherein the repetitive consecutive appearances of the minimum run d are prevented. That is, a
pattern which easily causes an error in the recording or playback operation at a high line
density is eliminated. It should be noted that, in the conversion of the data string into the
string of code words described abO\'re, the minimum run d and the maximum run k are kept at
their respective values.

As described above, the conversion carried out by the modulation apparatus 1 is

- based on the conversion table of Table 2. It should be noted that the conversion can also be

carried out by using the conversion table of Table 3. In this case, the minimum run
consecutive appearance limiting code detecting unit 33 employed in the modulation unit 12
shown in Fig. 3 is provided with Table C for the constraint length i = 4 of Table 3. on the other
hand, the run length limit assurance code detecting unit 34 is provided with Table A for tﬁe
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constraint .length j =2, Table B for the constraint length i =3 and Table D for the constraint

" lengthi 4 of Table 3.

By the way, in Tables 2 and 3, the composition of each pair-of a data string and
a string of code words within a group of the same constraint length may be changed. In the
case of the group of the constraint length i = 1 of Table 2, for example, the composition of

each pair is originally shown below:

Data Code
=1 . 11 *0O*
10 o0l
01 010

The pair composition can be changed as follows:

Data CO
i=1 11 *0*
10 010

01 001

Even with a changed pair composition, the remainder of division of the "1" count of an
element in a data string by 2 having a value of 0 or 1 shall al ways be equal to the remainder of

division of the "1" count of an element in the string of code words resulting from conversion

of the data string by 2.

Next, an embodiment implementing a demodulation apparatus provided by the
present invention is explained by referring to Fig. 5. In the present embodiment, a variable
lengthcode (d,k;m,n;1)=(1,7;2, 3; 4)is demodulated back into a data string using Table

As shown in Fig. 5, the demodulation apparatus 100 comprises a demodulation

" unit 111 for demodulating a signal received from a transmission line or a signal played back

from a recording medium by using a demodulation table or an inverse conversion table and a
DSV control bit r.ém‘oving unit 112 for taking out DSV control bits inserted into a data string
resulting from the demodulation at arbitrary intervals from the data string in order to restore
the original data string. A buffer 113 is used for temporarily storing serial data generated by
the DSV control bit removing unit 112. The data stored in the buffer 113 is read out back later
at a predetermined transfer rate to produce an output signal. A timing control.unit 114
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generates timing s1gnalsand supplies the signalsto a vanety of components in order to control
timing of their operations. :

‘Fig. 6 is a block diagram showing the configuration of the demodulation unit
111. As shown in the figure, the demodulation unit 111 has a comparator 121 for converting a
signal received from a transmission line or a signal played back from a recording medium into
binary data. If the signal supplied to the comparator 121 is a signal completing NRZI
modulation (that is, level encoding) , the signal undergoes an inverse NRZI encoding process
(that is, an edge encoding process) A constraint length judging unit 122 determines the
constraint length i of a digital signal received from the comparator 121. When a minimum run
consecutive appearance limiting code detecting unit 123 déte_cts a special code for limiting
consecutive appearances of the minimum nm d in the digital signal generated by the
comparator 121, the minimum run consecutive appearance limiting code detecting unit 123
supplies a detection signal thereof (i = 3) indicating the coﬁstraint length i to the constraint
length judging unit 122. In the case of Table 2, the special code is "001 000 000". By the
same token, when a run length limit assurance code detecting unit 124 detects a special code
for assuring the maximum run k, the run length limit assurance code detecting unit 124
supplies a detection signal thereof (i = 4) indicating the constraint length i to the constraint
length judging unit 122. In the case of Table 2, the special code is "000 100 100 100" or "010
100 100 100".

Inverse conversion units 125-1 to 125-4 each have a table used for inversely
converting n x i - bit variable length code back into m x i - bit data. In the case of Table 2, the
inverse conversion units 125-1 to 125-4 have the inverse conversion tables for the constraint
length i = 1 to 4 respectively which are in essence the same as the conversion tables embedded
in the conversion units 35-1 to 35-4 described earlier. A multiplexer 126 selects one of the
outputs generated by the inverse conversion units 125-1 to 125-4 in dependence on a judgment
résult received from the constraint length judging unit 122.

- Next, the operation of the demodulation unit 111 shown in Fig. 6 is explained.
A signal received from a transmission line or a signal played back from a recording medium is
supplied to the comparator 121 to undergo éc:mparison. A signal output -by the comparator
121 is a digital signal of inverse NRZI code, that is, code with "1" indicating an edge. The
digital signal is then supplied to the constraint length judging unit 122 for determining the
constraint length i of the signal by using the conversion table (strictly speaking, the inverse
conversion table) of Table 2. A judgment result, that is, a value of the constraint length i, .
produced by the constraint length judging unit 122 is supplied to the muitiplexer 126.
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In addition, the digital signal oufput by the co_mparator 121 is supplied also to
the minimum run consecutive appearance limiting code detecting unit 123. The minimum run
consecutive appearance limiting code detecting unit 123 has an embedded inverse conversion

portion including a substitution code of the inversion table of Table 2 for limiting consecutive

‘appearances of the minimum run d. In the case of Table 2, the substitution code is the code

word "001 000 000". When a code "001 000 000 not 100" cataloged in the inverse conversion
table for limiting consecutive appearances of the minimum run d is detected from the digital

data, the minimum run consecutive appearance limiting code detecting unit 123 outputs the

" constraint length i = 3 to the constraint length judging unit 122.

Furthermore, the digital signal output by the comparator 121 is supplied also to
the run length limit assurance code detecting unit 124. ‘The run length limit assurance code
detecting unit 124 has an embedded inverse conversion portion including substitution codes of
the inversion table of Table 2 for keeping the maximum run k. In the case of Table 2 . the
substitution codes are the code words "OOO 100 100 100" and "010 100 100 100". When the
code word "000 100 100 100" or "010 100 100 100" ¢ataloged in the inverse conversion table
for keeping the maximum run k is detected from -the.digitai' data, the run length limit assurance
code detecﬁhg unit 124 outputs the constraint léngth i = 4 to the constraint length judging unit
122. o | | '

Fig. 7 is a diagram showing a summary of the processing to determine the

 constraint length i of a modulated code supplied to the demodulation apparatus 100. As .

- shown in the figure, the run length limit assurance code detecting unit 124 has an embedded

inverse conversion portion including the code words "000 100 100 100" and "010 100 100
100" of the inversion table of Table 2. When a 12-bit string of code words supplied to the run

* length limit assurance code detecting unit 124 matches either of the code words in the inverse
25

conversion portion, the run‘length limit assurance code detecting unit 124 outputs the
constraint iength i=4tothe constraint length judging unit 122. .

- By the same token, the minimum run consecutive appearance limiting code
detecting unit 123 has an embedded inverse conversion portion including the code word "001
000 000" of the inversion table of Table 2. When a 12-bit string of code words supplied to the

- minimum run consecutive appearance limiting code detecting unit 123 matches "001 000 000

" not 100", the minimum run consecutive appearance limiting code detecting unit 123 outputs

the constraint length i = 3 to the constraint length judging unit 122. It should be noted that the
detected 12 bits of the string of code words are actually "001 000 000 010" even though it has
nothing to do with the determination of the constraint length i in particular.
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The c_él"z ;amt léngth judging unit 122 ha“é an embedded inverse conversion
table of Table 2. If a 9-bit string of code words supplied to the constraint length judging unit
122 is "000 100 100" or "010 100 100" or if a.12-bit string of code words supplied thereto is
*000 100 000 not 100" or "010 100 000 not 100", the constraint length judging unit 122
determines that the constraint length i is 3. If a 6-bit string of code words supplied to the
constraint length judging unit 122 is "010 100" or "000 100, or if a 9-bit string of code words
supplied thereto is "010 000 not 100", on the other hand, the constraint length judging unit 122
determines that the constraint length i is 2. otherwise, if a 3-bit string of code words supplied
to the 60nstraint length judging unit 122 is "000", "101", "001" or "010" the constraint length
judging unit 122 determines that the constraint length i is 1.

It should be noted that the constraint length judging unit 122, the minimum run
consecutive appearance limiting code detecting unit 123 and the run length limit assurance
code detecting unit 124 can each also carry out the processing in an ascending order of the
values of i starting with the smallest one, that is, inthe orderof i=1,i=2,i=3 and1=4 as
opposed to the one shown in Fig. 7.

_ - Assume that the constraint length judging unit 122 can also determine the value
of the constraint length i in the order of i = 2/'i =3 and i = 4 and a string of code words "000
100 100 100" is supplied to the constraint length judging unit 122. The constraint length
judging unit 122 compares the siring of code words supplied tﬁereto with code words in the
embedded conversion table in an ascending order of the values of the constraint length i
starting with the smallest one to form a judgment as to whether or not the string of code words
matches the code words. The string of code words "000 100 100 100" supplied to the
constraint length judging unit 122 matches one of the code words for all the constraint lengths
i=1,i=2,1=3 and i =4. In such a case, as a rule of determination, the largest constraint
length is selected and supplied to the multiplexer 126.

The inverse conversion table of the inverse conversion unit 125-1 is

. implemented as a memory wherein a piece of data (11) is stored at addresses "101" and "000"

whereas pieces of data (10) and (01) are stored at addresses "001" and "010" respectively. The
inverse conversion tables of the inverse conversion units 125-2 and 125-4 are each
implemented as a memory for'storing data in the same way as the inverses conversion unit
125-1. A string of code words of 3 X i bits supplied to the inverse conversion unit 125-i is

converted back into a data string of 2 X i bits which is then supplied to the multiplexer 126.
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The multiplexer 126 selects one of the déta:strings supplied by the inverse

conversion units 125-1 to 125-4 in accordance with a result of determination of the value of

the constraint length i output by the constraint length judging unit 122.

Table 4 is the inverse conversion table for Table 2. -

<Table 4>
Inverse Conversion Table (1,7;2,3;4)
Code word string Demodulated data string -
i=1101 . _ 11

000 11

001 - 10

010 01
i=2010100 = 0011

010 000 (not 100) 0010

000 100 0001

- 1=3000 100 100 000011

-000 100 000 (not 100) 000010
010 100 100 ' - 000001
010 100 000 (not 100) 000000

i = 3: Prohibit Minimum Transition Run length
001 000 000 (not 100) 110111

i=4: Limitskto 7 _ _ - _
000 100 100 100 00001000
010 100 100 100 _ 00000000

Fig. 8 is a flowchart used as a reference in explanation of operations carried out
by the DSV control bit removing unit 112. The DSV control bit removing unit 112 is
provided with an internal counter. As shown in the figure, the flowchart begins with a step Sl
at-which the number of bits in a data string supplied by the demodulation unit 111 is counted
by the internal counter. The flow of processing then goes on to a step S2 to form a judgment
as to whether or not the number of bits has reached a value representing a predetermined data
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interval at which a D§V Eontrol bit is inserted. if the otitéome of the judgment indicates that
the number of bits does.not correspond to an arbitrary data interval, the flow of processing
proceeds to a step S3.at which the data supplied by the demodulation unit 111 is output to the
buffer 113 as itis. If the outcome of the judgment indicates that the number of bits
corresponds to the predetermined data interval, indicating that the current bit is a DSV control
bit, on the other hand, the processing of the step S3 is skipped. That is, the current bit of the
data string is discarded instead of being output to the buffer 113 in this case.

In either case, the flow of processing proceeds to a step S4 at which processing
to input a next data string is carried out. The flow of processing then continues to a step S5 to
form a judgment as to whether or not the processing of all data has been completed. If data
which remains to be processed exists, the flow of processing returns to the step SI fo repeat
the execution of the processing. If the outcome of the judgment formed at the step S5
indicates that all data has been processed, on the other hand, the processing is ended.

As aresult. DSV control bits are removed from data output by the DSV control
bit removing unit 112. The data is then output by way of the buffer 113.

According to the description given above, the demodulation unit 111 uses the
conversion table of Table 2 or, strictly speaking, the inverse conversion table of Table 4. It
should be noted that similar processing can be carried out by using the conversion of Table 3
or, strictly speaking, the inverse conversion table of Table 5 given below. In this case, the
minimum run consecutive appearance limiting code detecting unit 123 employed in the
modulation unit 111 shown in Fig. 6 is provided with Table C f or the constraint length i = 4 of
Table 3. On the other hénd, the run length limit assurance code detecting unit 124 is provided
with Table A for the constraint length i = 2, Table B for the constraint length i = 3 and Table D
for the constraint length i = 4 of Table 3.
<Table 5>

Inversion Conversion Table (1,7;2,3 ;4)

Code Word String Demodulated Data String
r = 1Main Table
101 00 .
100 o 01
- 001 - : 10

000 . 11
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r=2 Substitution Table A (Limitsdto 1) -

100 010
101 010

000 010

001 010

0000
0001
1000

1001

r = 3 'Substitution Table B (Limitsk to 8)

000 010 010
001 010 010
101 010 010

100 010010

111111
111110

011110
011111 -

36

r =4 Substitution Table C (Limits RMTR t0 6)

100 010 010 010
100 000 010 010

000 010 010 010

000 001 010 010

100 001 010 010
1001 010 010 010

101 010010 010

- 00010001

10010001

10010001

‘=4 Substitution Table D (Limitsk to 7)

11100000

11100010
11100001
11100011

" PCT/IB99/00948

By the way, there are cases in which it is necessary to insert a synchronization

signal (Sync) int6 data. Next, embodiments implementing a modulation apparatus 1 and a

demodulation apparatus 100 that are capable of coping with data with inserted synchronization

signals are described by referring to Figs. 9 and 10 respectively. Also in the case of these
embodiments, a data string is modulated into a variable length code (d, k;m,n;1)=(1,7; 2,

3:4).

In another modulation apparatus of the present invention shown in Fig. 9

wherein synchronization signals are inserted at predetermined intervals, the output of a DSV

control bit determining / inserting unit 11 is supplied to a synchronization signal determining
unit 211. Also supplied to the synchronization' signal determining unit 211 is the output of a
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modulation unit 12.. “ en the syncht°?‘}Zaﬁon signal cietemllmng unit 211 determines a
synchronization signal from the signals supplied by the DSV control bit determining /
inserting unit 11 and the modulation unit 12, the synchronization signal determining unit 211
outputs a synchronization signal to a synchronization signal inserting unit 212. The
synchronization signal inserting unit 212 inserts the synchronization signal supplied by the
synchronization signal determining unit 211 into a modulated signal supplied by the
modulation unit 12 and supplies the output thereof to an NRZI encoding unit 13. Thé rest of
the configuration is the same as the modulation apparatus 1 shown in Fig. 1.

In the case of a pattern of a 24-bit code word to serve as a synchronization
signal, the synchronization signal is converted by the synchronization signal determining unit
211 in accordance with Table 2 into the following code:

"#01 001 000 000 001 000 000 001"
where the symbol # denotes a bit that is dependent on an immediately preceding data string,
including a DSV control bit if any, delimited by the insertion of the synchronization signal.
To be more speciﬁc, when a termination table is used for termination in an operation to
modulate the delimited data string by using the conversion table, "#" ="1". When Table 2 is
used for termination instead of the termination table, on the other hand, "#" ="0". Thus; the
modulation unit 12 outputs "#" ="1" or "#" = "0" to the synchronization signal determining
unit 211 when the termination table is used or not used respectively. Receiiling the value of
"#" from the modulation unit 12, the synchronization signal determining unit 211 appends the
value of "#" at the head of a synchronization signal and then outputs the synchronization

signal to the synchronization signal inserting unit 212.

The synchronization signal inserting unit 212 inserts the synchromzatmn signal
supplied by the synchronization signal determining unit 211 into a modulated signal supplied
by the modulation unit 12 and supplies the output thereof to the NRZI encoding unit 13. The
rest of the processing is the same as the modulation apparatus 1 shown in Fig. 1.

The first data following the inserted synchronization signal is converted starting
with the head thereof without considering data immediately preceding the synchronization
signal. The modulation unit 12 and thé_synthonization signal determining unit 211 are each
provided with a counter for counting the number of predetermined intervals at which
synchronization signals are inserted. The co_ﬁtents of the counter are used for determining the
position of a synchronization signal. .

'As described above, the embodiment shown in Flg 9 uses the conversion table
of Table 2. It should be noted that the conversion table of Table 3 can also be.used. In this
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case, the synchronization signal determmmg unit 211 adopts a 12-bit code word given below
asa pattem of the synchromzatlon signal: '

| ~ "xx0 100 000 000 10x"
where the symbol "x" denotes a bit that is dependent on the immediately preceding and

succeeding data strings, including a DSV control bit if any, delimited by the insertion of the

synchronization signal. The 3 bits at the head and the 3 bits at the tail of the synchronization
signal are deteﬁnined by Table 3 as fbllow_s." ‘Let (p) be the last data string delimited by the
insertion of the synchronization signal and (q) be first data string immediately following the
synchronization signal. A data string (pl) is converted into the 3 bits at the head of the
synchronization signal while a data string (0q) is converted into the 3 bits at the tail of the -
synchronization signal by using Table 3. The 3 bits at the head and the 3 bits at the tail of the
synchronization signal resulting from the conversion sandwich the middle bits "100 000 000"

" to produce the pattern. By doing so, a synchronization signal which breaks the required

maximum run k but always keeps itatk = 8 (9T) can be generated.

Fig. 10 is a block diagram showing a typical configuration of an embodiment

implementmg another demodulation apparatus 100 for demodulatlng code resulting from

modulation carried out by the modulation apparatus 1 shown in Fig. 9. As shown in Fig. 10, in
the present embodiment, an mcommg s1gnal transmitted through a predetermined transmission
path is supplied to a demodulation unit 111 and a synchronization signal identifying unit 221.
The 'synéhronization signal identifying unit 221 uses the incoming signal and a signal received
from the demodulation unit 111 to identify a synchronization signal, outputting the
synchronization signal to a synchronization signal removing unit 222. The synchronization

' signal removing unit 222 removes a synchronization signal from a demodulated signal

supplied by the demodulation unit 111 in accordance with the signal output by the .
synchronization signal identifying unit 221. The demodulated signal with its synchronization
signals removed is then supplied to 2 DSV control bit removing unit 112. The rest of the
configuration is the same as the démodulation apparatus 100 shown in Fig. 5.

The synchronization signal identifying unit 221 has an. embedded counter for
counting the ntuﬂber of code words. The contents of the counter are uséd for determining the
position of each of synchronization signals which are inserted into the string of data words at
predetermined intervals. After the position of a synchronization signal pattern has been
identified, the "#" bit determined at modu‘l#tion is read out. That is, the bit at the head of the

synchronization signal is read out and output to the demodulation unit 111. If the head bit is

" » the demodulation unit 111 uses the termination table of Table 2 in the demodulation a
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g'the synchronization mgnal If . the head bit is "0", on the other

code immediately pre
hand, the demodulation unit 111 uses a table of conversion codes in Table 2 in the
demodulation a code immediately preceding the synchronization signal. The remaining bits of
the synchronization signal are discarded since they convey no information.

The synchronization signal identifying unit 221 outputs an identification signal

- for identifying bits composing a synchronization signal to the synchronization signal removing

unit 222. The synchronization signal removing unit 222 removes a synchronization signal
from a demodulated signal supplied by the demodulation unit 111 in accordance with the
identification signal output by the synchronization signal identifying unit 221. The
demodulated signal with its synchronization signals removed is then supplied to a DSV control
bit removing unit 112. ' _

~ As described above, the demodulation apparatus 100 shown in Fig. 10 uses the
conversion table of Table 2. It should be noted that Table 3 can also be used as well. In this
case, for example, the synchronization signal identifying unit 221 uses the contents of the
counter for determining the position of each of synchronization signals which are inserted into
the string of data words at predetermined intervals. After the position of a synchronization
signal pattern has been identified, the synchronization signal identifying unit 221 outputs
signals specifying the 3 bit-code words at the head an the tail of the synchronization signal
pattern to the demodulation unit 111 to request the demodulation unit 111 that these code
words are also demodulated since they each include a data string.

The synchronization signal identifying unit 221 outputs a signal specifying bits
of the unique pattern of the synchronization signal excluding the code words which include
data strings to the synchronization signal removing unit 222. Thus, the synchronization signal
removing unit 222 is capable of removing only the synchronization signal bits, that is, the bits
of the unique pattern, specified by the signal received from the synchronization signal
identifying unit 221. - | |

Fig. 11 is a diagram showing an example of code for recording with
synchronization signals and DSV control bits inserted into it. In this example, a 24-bit code
word is used as a synchronization signal. DSV control is.executed at intervals.of 56 data bits

-and a synchronization signal is inserted for each 5 executions of DSV control. Thus, the

number of code words, that is, the number of channel bits per each synchronization signal is:
24+(1+56+1+56+1+56+1+56+1+56+1)X1.5=453 code words
(channel bits).
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The relative redundancy introduced into the data words is about 7.3% as is obvious from the
following calculation: . '
~ Amount of data = (56 X 5) 1.5/453 =420/453=0.927
Thus, the relative redundancy = 1 - 0.927 = 0.0728 =7.3%
" ‘The inventors and some other people run simulations using the conversion

tables described above to produce results of modulation. Results of modulation of a data

‘string including inserted DSV control bits with consecutive appearances of Tmin limited are

described below. In the simulation, Tables 2-and 3 were used. A simulation using Table 1 for
the conventional RLL (1 - 7) modulation was also run for comparison purposes. -

" In the simulations, DSV control was executed by inserting 1 DSV control bit
for each 56 data bits of random data comprising 13,107,200 bits made arbitrarily and the data

was then converted into a string of code words (or a train of channel bits) by using the

" conversion code table of Table 2 or 3. In another simulation, random data comprising

13,107,200 bits made arbitrarily was converted into a string of code words (or a train of

- channel bits) by using the conﬁersion code table of Table 1 and 2 channel bits were then

inserted as DSV control bits for each 112 ¢ode words or 112 channel bits of the resulting
string of code words in order to execute DSV control.
| The reason why, in the simulation using Table 2 or 3, 1 DSV control bit was

" inserted for each 56 data bits while, in the simulation using Table 1, 2 DSV control bits were

inserted for each 112 code words is to make the fe'lativg redundancy caused by the DSV

control bits uniform for both the simulations. If the number of bits required for DSV control

in one case is different from that in another case and the relative redundancy has to.be made

uniform for both the cases, Table 2 or 3 that allows the DSV control to be executed with a

high degree of efficiency provides a good low band characteristic in comparison with Table 1.
Numerical values of the simulation results are computed as follows:

Ren_cnt [1 to 101: occurrence counts of 1 single nﬁnimum run to 10 consecutive minimum

nns. |

T_size [2 to 10] Occurrence counts of the 2T run to the 10T run. . -

Sum: The number of bits '

Total: The number of run lengths, that is, the total number of occurrence counts of the 2T run,

the 3T rum, etc.

Average Run: (Sum / Total)

Numerical values of run distribution: (T_size [i] * (i) / Sum) wherei=2,3,4,...10
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. The miméfical values on rows 2T to 10T of Table 6 are the numerical values of
the run distribution.
Numerical values of distribution of thé consecutive minimum runs:
(Ren_cnt [i] * (1)) / T_size [2T] wherei=1,2, 3, 4, .....10.

The numerical values on rows RMTR (1) to RMTR (9) of Table 6 are the
numerical values of the distribution of the consecutive minimum runs. .
Max_RMTR: The maximum number of minimum run repetitions peak DSV: Peaks of
calculated DSV values on the positive and negative sides observed in a process of executing
DSV control on a train of channel bits.

The calculation of the r_eiative redundancy caused by insertion of 1 DSV bit for

each 56 data bits is based on the fact that 1 DSV bit exists for every 56 data bits. Thus, the

relative redundancy is computed as follows:

Relative redundancy =1/(1 +56)=1.75% _

The calculation of the relative redundancy caused by insertion of 2 DSV bits for
each 112 code bits is based on the fact that 2 DSV bits exist for every 112 code word bits.
Thus, the relative redundancy is computed as follows:

Relative redundancy =2/ (2 +112) =1.75 %

Thus, the same redundancy is obtained for both the cases.

<Table 6>
PP17 Comparison
<Table 2> <Table 3> <Table 1>
17PP-32 17PP-52  +2bit-DC Without - DCC)
DSV control) ~ (No DSV control)
Average : :
Run = 3.3665 34048  3.3016 ~ 3.2868
Sum 20011947 20011947 20011788 . 19660782
Total 5944349 5877654 6061150 - 5981807
2T - 02256 02246 02417 . . 0.1419
3T 02217 02069 02234 . 02281

4T 0.1948 0.1935 . 0.1902 0.1915
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5T © 0.1499 01491 01502 0.1511
6T 0.1109 0.1904  0.1135 0.1141
7T 0.0579 00814  0.0561 - 0.0544
8T 0.0392 0.0351  0.0218 0.0188
9T SN S 71 & S —
10T e e 00009 e e
RMTR (1)  0.3837 03890 03628 0.3641
RMTR(2) 0.3107 03137  0.2884 0.2883

"RMTR(3) 01738 01906  0.1717 0.1716
RMTR (4) ~ 0.0938 ' 0.0806  0.0909  0.0907
RMTR (5)  0.0299 0.0228  0.0456 0.0452
RMTR (6)  0.0081 0.0033  0.0219 0.0217
RMTR (7) == e~ 0.0100 - 0.0099
RMTR (8) S — 0.0047 0.0046
RMTR (9) -——-- — 10.0022 0.0022
Max_RMTR 6 6 18 18

peak DSV #-36 to 36 # -35 to 40 * -46 to 43 * -1783 to 3433
("#": 56 data bits + 1 dc bit, 1.75%) ("*": 112 cbits + 2 dc bits, 1.75%)

The results given above verify that, by using Tables 2 and 3, the RLL 1,7)
system is implemented while, at the same time, the minimum and maximum runs are kept and
the number of consecutive appearances of the minimum run is limited to 6. In addition, the
results of the DSVs verify that DSV control can be executed in a data string (that is, the values
of the peak DSV are contained in a predetermined range) and, in this case, since the efficiency
of DSV control bits is high, it is possible to obtain low band components which are more
satisfactory than the conventional method of inserting DSV bits into a string of code words (a
train of channel bits). The DSV results verify that, in the case of Table 1, the difference
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between the positiv"e:'w_ .'g-:ﬁegative peak DSVsis 89 (= 46 + 43) while, in the case of Tables 2
and 3, the differences are 72 =36 + 36) and 75 (= 35 + 40) respectively which are both smaller
than the value for Table 1.

It is obvious from the above description that, in comparison with the

conventional RLL (1-7) system, that is, the system based on Table 1, the so-called 17PP

system using Table 2 or 3 is capable of limiting the number of minimum run repetitions to 6 at
the most. As a result, the improvement of the error characteristic at a high line density can be
expected. _

In addition, since the efficiency of the DSV control is excellent, execution of
the DSV control in the 17PP system at the same 1. 75% relative redundancy as the
conventional RLL (1 - 7) system results in a smaller difference between the negative and
positive peak values. As a result, since the low band components can be suppressed, stable
data recording / playback operations can be carried out.

Furthermore, a simulation was also run to exaniine the propagation of a
demodulation error caused by a bit shift in a train of channel bits generated from the same
random data as the case described above. A result of the examination indicates that the worst
error propagation in the 17PP system is 3 bytes. However, the result also verifies that the
frequency of the actual generation of the error is all but 0, a value indicating not so much
deterioration in comparison with the conventional RLL (1 - 7) system. Average byte error
rates of 1.014 bytes for Table 1, 1.167 bytes for Table 2 and1.174 bytes for Table 3 have been
verified. It should be noted that, for the conversion tables provided by the present invention,

. the numerical values of the error rate results include DSV control bits but, for the conventional

RLL (1 - 7) system, the numerical value does not include DSV control bits. That is, the
measurements can not necessarily be said to have been carried out under the same conditions.
The difference in measurement condition may affect the numerical values and it is thus

neceésary to take the effect of the difference on the values into consideration in the

comparison.

<Table 7>

Shift Error Responses . :
<Table 2> <Table 3> <Table 1>
17PP-32 17PP-52 _ +2bit-DC

Worst case 3 bytes - 3bytes . 2 bytes
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~ (dc bits) Included  Included . Excluded
Byteerror(0) =~ -0.028 ' 0.096 ~0.080°
Byte error (1) 0.777 0.0635 0.826
Byteerror(2) ~ = 0.195 0268 -0.094

Byteerror (3) 0000 ~ 0.001 g—

Average
Byte error rate 1.167 bytes 1.174 bytes 1.014 bytes

As described above, in the 'present'embodiment, the conversion tables with a

minimum run d of 1, a maximum run k of 7 and a conversion rate im /n of 2/3 include

* substitution codes for limiting the number-of minimum run length consecutive appearances,

giving rise to the following effects:
(1) The recording and playback performance at a high line densuy and the
tolerance against a tangential tilt are improved.
@ It is possible to reduce the number of low level portions, to increase the-
accuracy of wave processing such as the AGC and the PLL and, hence, to enhance the overall
characteristic. -
3 In comparison with the conventional system, it is possible to have a design with
a small path memory length of bit abi code or the like and, hence, to reduce the size of the
circuit. |

In addition, the remainder of division of the "1" count of an element in a data
string by 2 having a value of 0 or 1 shall always be equal to the remainder of division of the
111" count of an element in the Stn'ng of code words resulting from conversion of the data
string by 2, providing the following additional effects:
4 The number of redundant bits for the DSV control can be reduced.

(5 At a minimum run d of 1 and conversion parameters (m, n) of (2, 3), DSV

control can be executed with a 1.5-bit code word.
()] In addition to a low relative redundancy, the minimum and maximum runs d
and k can be kept. '

Furthermore, the conversion tables specially include substitution codes for
keeping the run length limit, giving rise to the following additional effects:
)] The tables are compact.
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@& The prop ;ation of a modulation error caused by a bit shift can be put in the
same state as the conventional system based on Table 1.

1t should be noted that, as a program presenting medium for presenting a
computer program to be executed for carrying the processing described above, a CD-ROM
and a solid state memory, communication media such as a network and a satellite can be used
in addition to a recording medium such as a magnetic disc.
[EFFECTS OF THE INVENTION]

As described above, according to a modulation apparatus claimed as claim 1, a
modulation method claimed as claim 23, a program presenting medium claimed as claim 24, a
demodulation apparatus claimed as claim 25, 2 demodulation method claimed as claim 28 and
a program presenting medium claimed as claim 29, conversion processing is carried out on the
basis of a conversion table enforcing a conversion rule, according to which the remainder of
division of a '1' count of an element in a data string by 2 having a value of 0 or 1 shall always
be equal to the remainder of division of a'I' count of an element in the string of code words
resulting from conversion of the data string by 2 and conversion codes of the conversion table
comprising:

basic codes ford=1,k=7,m =2 andn=3;

first substitution codes for limiting the number of consecutive appearances of
the minimum run d; and

~ second substitution codes for keeping the run length limit k

As a result, DSV control can be executed by using a small number of redundant bits and a
string of code words can be recorded and played back with few errors at a high line density.
In addition, the growth of the propagation of a demodulation error caused by a bit shift can be
suppressed. '
[BRIEF DESCRIPTION OF THE DRAWINGS]

Embodiments of the present invention have been described by referring to the
following diagrams wherein:

Fig. 1 is a block diagram showing a typical configuration of an embodiment
implementing a modulation apparatus provided by the present invention;

Fig.2isan explanatory' diagram used for describing processing carried out by a
DSV control bit determining / inserting unit 11 employed in the modulation apparatus shown
inFig. 1; _ _
' 'Fig. 3 is a block diagram showing a typical configuration of a modulation unit
12 employed in the modulation apparatus shown in Fig. 1;
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" Fig. 4is a diagram exemphfymg processing carried out by the modulation unit
12 shown in Fig. 3; _ _ .
o Fig. 5.is a block diagram showing a typical configuration of an embodiment
implementing a demodulation apparatus provided by the present invention; -
‘Fig. 6 is a block diagram showing a typical configuration of a demodulation
unit 111 employed in the demodulation apparatus shown in Fig. 5; -
Fig. 7 is an explanatory diagram used for describing processing carried out by

the demodulation unit 111 shown in Fig. 6; -

Fig. 8 is a flowchart used as a reference in explanation of operations carried out

by a DSV control bit removing unit 112 employed in the demodulation apparatus shown in

“Fig. 5;

Fig. 9 is a block diagram showing another typical conﬁguratlon of an embodiment
implementing a modulation apparatus provided by the present invention;
Fig. 10 is a block diagram showing another typical configuration of an
embodiment implementing a demoduilation apparatus provided by the present invention; and
Fig. 11 is a diagram showing an example of code for recording with
synchronization signals and DSV control bits inserted into it. . -
LIST OF PRINCIPAL REFERENCE NUMERALS

11 | DSV control bit determining/inserting unit
12 . Modulation unit
13. NRZI encoding unit -
31 Shift register
32 ' : Constraint length judging unit
33 Minimum run consecutive appearance limiting code detecting unit
34 Run length limit assurance code detecting unit
35-1t035-4 Conversion units | '
36 Multiplexer
37 - Buffer - |
111 Demodulation unit
112 DSV control bit removing unit
121 : Comparator
122 Constraint length _]udgmg unit
123 Minimum run consecutive appearance limiting code detectmg unit

124 Run length limit assurance code detecting unit - -
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125-1to 125-4 Vc_arse conversion units

126 Multiplexer
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CLAIMS:

1. A modulation apparatus for converting data with a basic data length of m bits
into variable length code (d k; m, n ; r) with a basic code length of n bits where d is a
minimum run and k is a run length limit, said modulation appérams characterized by having
conversion means for converting input data info code in accdrdance with a conversion table
wherein said conversion table enforces a conversion rule, according to which the remainder of
division of a 'l' count of an element in a data string by 2 having a value of 0 or 1 shall always
be equal to the remainder of division of a '1' count of an element in the string of code words
resulting from conversion of said data string by 2 and conversion codes of said conversion
table comprise:

basiccodes ford=1, k=7, m=2andn=3;

f‘;rst substitution codes for limiting the number of consecutive appearances of
satd minimum run d; and

second substitution codes for keeping said run length limit k.

2, - A modulation apparatus according to claim 1 characterized in that the number
of pairs each comprising a data string and a code string composmg said basic codes for a
constraint length i of 1 is smaller than4 (=2"m=22). -

3. A modulation apparatus according to claim 1 characterized in that said basic

codes of said conversion tables have a variable length structure.

4, A modulation apparatus according to claim 1 characterized in that said basic
codes of said conversion tables include a code "0*' wherein fhe symbol * is an indeterminate
code which is '0' if an immediately preceding or succeeding ;';_ode word is '1' and '1" if said
immediately preceding or succeeding code word is ‘0, implying that said code "0* is either
'000’ or '101".



10

15

20

30

WO 99/63671 | ' '49 PCT/1B99/00948

5. A mogulation apparatus according to claim 1 characterized in that said
conversion codes of said cbnvu‘_siop tabjes include codes each determined by referring to an
immediately suéceeding string of code words or an immediately succeeding data string.

6. A modulation apparatus according to claim 1 characterized in that said

conversion codes of said conversion tables include codes each determined by referring to an
immediately succeeding string of code words or a string of code words of a specific type.

1. A modulation apparatus according to claim 5 characterized in that said codes
each determined by referring to an immediately succeeding string of code words or an
immediately succeeding data string is said first or second substitution codes. .

8. A modulation apparatus according to claim 1 characterized in that the number
of pairs each comprising a data string and a code string composing said basic codes for a
constraint lengthi of 1 isequalto 4 (=2 m=22).

A A modulation apparatus according to claim 1 characterized in that, for
coné&ain_t lengths i of 2 and greater, said conversion codes are all said first and second
substitution codes.

10. A modulation apparatus according to claim 1 characterized in said conversion
codes for a constraint length i of 2 are codes for keeping said minimum run d at 1.

1. A modulation apparatus according to claim 1 characterized in that said
conversion codes of said conversion tables include codes each determined by refering to an
immediately preceding string of code words.

12. A modulation apparatus according to claim 1 characterized in that said
apparatus further has a synchronization signal inserting means for inserting a synchronization
signél mcludmg a unique pattern not included in said conversion codes of said conversion
table into any arbitrary position in said string of code words.

13. A modulation apparatus according to claim 12 characterized in that said unique

pattern is a pattern that breaks said maximum run k.

RECTIFIED SHEET (RULE 91)
- ISA/EP

R
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14, ' Amodulation apparatus according to clmm 12 charactenzed in that said unique
“pattern is apattemthatkeepssmdmlmmumrund ' N

15. A modn]ation apparatus accordmg to clmm 12 charactenzed in that a umque
pattern in said synchronization signal compnses 1 code word at the head thereof serving as a

* connection bit with a code word resulting from conversion of up to 1mmed1ately precedmg

data, a second bit for keepmg said tmmmum run d and a third b_lt,

16. A modulation apparatus accordmg to clann 12 charactenzed m that smd
synchronization signal is at least 12 code words insize.

17. ° A modulation apparatus accordmg to claim 12 charactenzed in that, for a

synchronization signal of at least 21 code words in size, said synchmmzauon s1gnal mcludes at
least 2 patterns with a maximum run k of 8; -

18. A modulation apparatus according to claim 12 charactenzed in that said
conversion codes of said conversion table include termination oodes each for terminating said

code resulting from conversion.

19.  Amodulation apparatus according to claim 18 characterized in that said
termination codes are prescribed for said basic codes with a constramt length i, for which the
number of pairs each comprising a data strmg and a code string composmg said basic codes is
smallerthan 4 (=24 m=24 2), and enforce 4 conversion ru!e, accordmg to which the
remainder of division of a '1' count of an elementm adatasmngbyZhavmgavalueome'l
shall always be equal to the remainder of division of a ‘1" count of an element in the string of
code words resulting from conversion of said data stnng by 2.

20, -Amoduxaﬁonapparamsaccordingmlaim1‘8¢ha;aqterizedmthat,in'orderto

identify said termination code, 1 code word at the head of said synchronization signal pattemn
serving as a connection bit is set at '1' when said tetminéﬁon code i's_'us'ed and at '0’ when said

termination code is not used. _ |
T

RECTIFIED SHEET (RULE 91)
ISA/EP |
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21. A mogilition apparatus according to clait 12 characterized in that said unique
pattern is sandwiched by 3 bits at the head of said synchronization sigual and 3 bits at the tail
of said synchronization signal and said 3 bits at said head and 3 bits at said tail are each used
as a junction comprising mixed data and connection Bits.

22 A modulation apparatus according to claim 12 characterized in that:

the leading first one of 3 bits at the head of said synchronization signal has a value
representing data words prior to conversion viewed in m-bit units;

the next second one of said 3 bits is set at 1" to prescribe said synchronization signal;

the leading first one of 3 bits at the tail of said synchronization signal is set at ‘0*to prescribe

~ said synchronization signal; and

the next second one of said 3 bits at said tail has a value
representing said data words prior to conversion viewed in m-bit units.

23. A modulation apparatus according to claim 1 characterized in that said
appatatus further has DSV control means for controlling a DSV of input data and supplying

said DSV to said conversion means.

24 - A modulation apparatus according to claim 1 characterized in that said
conversion means comprises:

a first code detecting means for detecting said first substitution codes for limiting the number
of consecutive appearances of said minimum ruan d; and

a second code detecting means for detecting said second substitution codes for keeping run
length limit.

25. - A modulation method to be adopted in a modulation apparatus for converting
data with a basic data length of m bits into variable length code (d, k ; m, n ; ) with a basic
code lengthof-n bits where d is a minimum run and k is a run length limit, said. modulation
method characterized by including a conversion step of converting input data into code in
accordance with a conversion table wherein said conversion table enforces a conversion rule,
according to wl_li_ch the remainder of division of a ‘1’ count of an element in a data string by 2
having a value of 0 or 1 shall always be equal to the remainder of division of a '1’ count of an
element in the string of code words resulting from conversion of said data string by 2 and

conversion codes of said conversion table comprise:

RECTIFIED SHEET (RULE 91)
ISA/EP
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 basiccodesford=1,k=7, m=2andn=3; -

" first substitution codes for limiting the number of consecutive appearances of said minimum

- rund;and -

second substitution codes for keeping said run length limitk. =

26. A program presenting medium for presenting a program implementing
processing including a conversion step of converting input data into code in accordance with a
conversion table data in'a modulation apparatus for converting data with a basic data length of
m bits into variable length code (d, k ; m, n ; r) with a basic code length of 1 bits where d is a
minimum run and kK is a run length lirnit, said program presentmg medium characterized in
that said conversion table enforces a conversion rule, accordmg to which the remainder of
division of a 'l' count of an element in a data string by 2 havmg a value of 0 or 1 shall always
be equal to the remainder of division of a T count of an élement in the string of cods words
resulting from conversion of said data string bj 2 and conversion codes of said conversion
table comprise: ' ' -

basiccodesford=1,k=7,m=2andn=3;

first substitution codes for limiting the number of consecutive appearénces of
said minimum rn d; and

second substitution codes for keeping said run length limit k.

27. Ademodulation apparaus for converting variable length code (&, k ; m, 1 ;1)
with a basic code length of n bits into data with a basic data length of m bits where dis a

- minimum run and k is a run length limit, said demodulation appa.ratus ‘characterized by having

conversion means for converting input code into data in accordance with a conversion table
wherein said conversion table enforces a conversion rule, according to which the remainder of
division of a '1'count of an element in a data suing' by 2 having a Valuc of 0 or 1 shall always

resulting from conversion of sa:d data string by 2 and conversion codes of said conversion
table comprise: | o

basic codes ford=1, k=7, m=2andn=3;

first substitution codes for hmmng the mn'nbcr of consecutive appearanoes of

said minimum run d; and
second substitution oodes'for'keeping said run length limit k.

' N s %

RECTIFIED SHEET (RULE 91)
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28. A demodulation apparatus according to claim 27 characterized in that said
apparatus further has a bit removing Imeans for removmg redundant bits inserted at
predetermined mterVals* into said code. L

29. A demodulation apparatus according to claim 28 characterized in that said
redundant bits are DSV bits or synchronization signals.

30. A demodulation method to be adopted in 2 demodulation apparatus for
converting variable length code (d, k m, n ; r) with a basic code length of n bits into data with
a basic data length of m bits where d is a minimum run (and k is a run. length limit?), said
modulation method characterized by having a conversion step of converting input code into
data in accordance with a conversion table wherein said conversion table enforces a
conversion rule, according to which the remainder of division of a 1’ count of an element in a
data string by 2 having a value of 0 or 1 shall always be equal to the remainder of division of a
"1’ count of an element in the string of code words resulting from conversion of said data string
by 2 and conversion codes of said conversion table comprise: ‘
basiccodesford=1,k=7,m=2andn=3;
first substitution codes for limiting the number of consecutive appearances of said minimum
nm d; and '
second substitution codes for keeping said run length limit k.

31. A program presenting medium for presenting a program including a conversion
step of converting input code into data in accordance with a conversion table in a
demodulation apparatus for converting variable length code (d, k ; m, n ; ) with a basic code
length of n bits into data with a basic data length of m bits where d is a minimum run and k is
arun length limit,' said program presenting medium characterized in that said conversion table
enforces a conversion rule, according to which the remainder of division of a '1’ count of an
element in a data string by 2 having a value of 0 or 1 shall always be equal to the remainder of
division of a T, count of an efement in the string of code words resulting from conversion of
said data string by 2 and conversion codes of said conversion table comprise:

basiccodes ford=1, k=7, m=2andn=3;

first substitution codes for limiting the number of consecutive appearances of
said minimum run d; and

 second substittion codss for keeping said run length limit k.
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