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67) ABSTRACT 

A method and apparatus are provided for modulating code 
for use With Written optical disks such as digital video disks 
(DVD). The invention falitates 8/16 modulation by eliminat 
ing duplicate code conversion and by reducing the number 
of times that conversion codes must be looked up from a 
conversion table. A conversion code corresponding to a 
received input code is speci?ed from among a plurality of 
conversion codes. Duplication information corresponding to 
the input code is read from a pre-processing table and 
duplicate information indicated duplicate conversion codes 
in the plurality of conversion codes is stored. Conversion 
code corresponding to the input code is read from the 
conversion table and is selectively stored With duplicate 
conversion codes being ommited. 
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Fig.2(a) Fig.2(b) 
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F i g . 8 ( a ) 

'10” numbgr ’: 0” number 
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Fig.9 (a) Fig.9 (b) 
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F i g-1 0 (PriorAri) 
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CODE MODULATOR AND CODE MODULATION 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a code modulator 
and a code modulation method, particularly to a modulator 
and a modulation method for modulating input codes on the 
basis of a table in Which modulation codes corresponding to 
input codes are stored, and more particularly to a modulator 
and a modulation method for modulating codes to be Written 
in optical disks such as DVDs (Digital Video Disks). 

[0003] 2. Description of Related Art 

[0004] In order to modulate code in a DVD, a modulation 
system referred to as an 8/16 modulation is used. The 8/16 
modulation converts an 8-bit input code into a 16-bit code, 
and records the converted 16-bit code in succession to a 
16-bit code obtained by converting the immediately previ 
ous input code. The code forms a bit string of bits having a 
“0” value and bits having a “1” value. In the bit string, the 
minimum number of bits having a “0” value positioned 
betWeen tWo bits having a “1” value is de?ned as 2 and the 
maXimum is de?ned as 10, Which is hereinafter referred to 
as RLL (2.10) requirements. Note that RLL is an abbrevia 
tion for Run Length Limited. The conversion of an 8-bit 
code to a 16-bit code is carried out on the basis of a 
conversion table in Which conversion codes corresponding 
to input codes are stored. 

[0005] FIG. 10 shoWs a structural eXample of a code 
modulator 80 for executing the 8/16 modulation. This modu 
lator 80 converts an 8-bit (0 to 255) input code to a 16-bit 
code, and includes a conversion table 84 and a code con 
version section 82. 

[0006] The conversion table 84 includes a main table and 
a sub-table. As shoWn in FIG. 11, the main table stores a 
plurality of conversion codes (STATE 1, 2, 3, 4) correspond 
ing to respective input codes of 0 to 255. As shoWn in Table 
12, the sub-table stores a plurality of conversion codes 
(STATE 1, 2, 3, 4) corresponding to respective input codes 
of 0 to 87. Normally, a ROM (Read Only Memory) is used 
as the conversion table 4. 

[0007] A value NS (NS=1, 2, 3 or 4) is added to each 
conversion code. When a conversion code is used in a 
conversion of an input code, the value NS indicates a STATE 
of a conversion code that is used for the conversion of the 
neXt input code. For eXample, in the case Where a conversion 
code having an input of 255 and a STATE of “3” is used, the 
NS value of that conversion code is “2”. Therefore, in the 
neXt input (for eXample, 89) code conversion, the conversion 
code having an input of 89 and a STATE of “2” is used. 

[0008] Next, an explanation of the neXt STATE (NS) and 
respective conversion codes Will be given. In this embodi 
ment, Where the last bit or the last tWo bits of the conversion 
code used in an input code conversion is/are “1” or “1 0”, a 
conversion code of STATE 1 is designated as the conversion 
code used for the neXt code conversion. In this case, in order 
to satisfy the RLL (2.10) requirements, the ?rst tWo bits to 
nine bits of bit string of the conversion code of STATE 1 are 
continuous “0”s. 
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[0009] Where last tWo bits to ?ve bits of the conversion 
code used in an input code conversion are continuous “0”s, 
a conversion code of STATE 2 or STATE 3 is designated as 
the conversion code used for the neXt code conversion in this 
embodiment. In order to satisfy the RLL (2.10) require 
ments, the ?rst bit of the conversion codes of STATE 2 and 
STATE 3 are “1” or the ?rst ?ve bits of the conversion codes 
of STATE 2 and STATE 3 are continuous “0”s. In this case, 
the ?rst bit and the 13th bit of the conversion code of STATE 
2 are alWays “0”, and the ?rst bit and/or the 13th bit of the 
conversion code of STATE 3 is/are alWays “1”. 

[0010] Where the last siX bits to nine bits of the conversion 
code used in an input code conversion are continuous “0”s, 
a conversion code of STATE 4 is designated as the conver 
sion code used for the neXt code conversion in this embodi 
ment. In this case, in order to satisfy the RLL (2.10) 
requirements, the ?rst one bit or the ?rst tWo bits of the 
conversion code of STATE 4 is “1” or “0 1”. 

[0011] In this manner, a conversion code of STATE des 
ignated by the NS (the neXt STATE) added to each conver 
sion code is used for the conversion of the neXt input code, 
so that the RLL (2. 10) requirements can be alWays satis?ed. 

[0012] The code conversion section 82 comprises: an 
arithmetic unit 22 for calculating DSV (digital sum value), 
Which Will be described later; a comparator 24 for compar 
ing DSV values; a memory (storage device) 28 for storing 
DSV value obtained up to the current conversion (to be 
described later) and STATE (NS) of the conversion code to 
be used for the next code conversion as described above; and 
a control section 26 for specifying STATE to be used in a 
neXt code conversion on the basis of the NS value of the 
memory 28 and converting the input code by controlling the 
arithmetic unit 22 and the comparator 24. 

[0013] Wherever an input code is converted, the NS value 
(1, 2, 3 or 4) added to the conversion code is stored in the 
memory 28. According to the NS value stored in the memory 
28, it is possible to specify Which conversion code to be used 
among STATE 1 to STATE 4 for the neXt input code 
conversion. 

[0014] In this manner, according to the NS value stored in 
the memory 28, it is possible to specify a conversion code 
to be used among a plurality of conversion codes (STATES 
1 to 4) corresponding to an input code. HoWever, as shoWn 
in FIGS. 11 and 12, there are tWo kinds of conversion codes 
corresponding to input codes of 0 to 87; one in a main table 
and the other in a sub-table. For this reason, either one of 
them needs to be selected. The conversion procedures in the 
case of input codes of 0 to 87 are different from those in the 
case of input codes of 88 to 255. 

[0015] Where an input code is any one of 0 to 87, the 
corresponding conversion code is selected from either the 
main table or the sub-table. The selection of the conversion 
code is carried out by using the DSV values. As shoWn in 
FIG. 13, the DSV value is the integral of bit outputs Whose 
polarity is inverted Wherever “1” appears in the code. In the 
actual selection, the accumulated value of DSV values of 
conversion codes that have been used up to the current code 
conversion (hereinafter also referred to as DSV value 
obtained up to the current conversion). The DSV value up to 
the current conversion is calculated in the arithmetic unit 22 
Wherever an input code is converted, and then stored in the 
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memory 28. The selection of the conversion code is carried 
out so that the DSV value up to the current conversion may 
approach Zero. 

[0016] Speci?cally, a conversion code can be speci?ed by 
reading an NS value (a neXt STATE) from the memory 28 on 
the basis of the input code and STATE. A conversion code 
speci?ed in the main table is read, and then a DSV value in 
the case of using this conversion code is obtained. This DSV 
value is obtained by adding the DSV of the conversion code 
itself to the DSV value obtained up to the current conver 
sion. In the same manner, a conversion code speci?ed in the 
sub-table is read, and then a DSV value corresponding to this 
conversion code is obtained. Thereafter, the tWo DSV values 
are compared, and the conversion code closer to Zero is 
selected. 

[0017] If the absolute values of the tWo DSV values are 
equal and the one closer to Zero is not speci?ed, the one 
having more number of polarity inversions is selected. If the 
numbers of polarity inversions are equal to each other, the 
one in the main table is selected. Thus, When the absolute 
values of the tWo DSV values are equal, a conversion code 
can be alWays selected from the main table Without consid 
eration of the number of polarity inversions, so that the 
process can be simpli?ed. 

[0018] Where an input code is in a range of 88 to 255, the 
corresponding conversion code is selected from the main 
table. In this case, hoWever, When STATE 1 is speci?ed on 
the basis of the NS value of the memory 28, the conversion 
code of STATE 4 may be used instead of that of STATE 1. 
In the same manner, When STATE 4 is speci?ed, the con 
version code of STATE 1 may be used instead of that of 
STATE 4. 

[0019] In the selection of STATE 1 and STATE 4, a 
conversion code different from the originally speci?ed con 
version code is used, so that the converted code may not 
satisfy the RLL (2. 10) requirements in some cases. For this 
reason, When a different conversion code is used in place of 
the originally speci?ed convention code, it is necessary to 
con?rm Whether or not the number of bits having a “0” value 
positioned betWeen tWo bits having a “1” is tWo or more to 
ten or less. Where the different conversion code does not 
satisfy the RLL (2. 10) requirements, the originally speci?ed 
conversion code is used. Alternatively, Where the RLL (2. 
10) requirements are satis?ed, the selection of either STATE 
1 or STATE 4 is made by using the DSV, in the same manner 
as the above-mentioned selection of either the main table or 
the sub-table in the case of an input code of 0 to 87. 

[0020] Thus, in the conversion of the input code, a con 
version code is read from the main table on the basis of an 
input code and an NS value of the memory 28, and then a 
DSV value in the case of using this conversion code is 
calculated. After that, When the input code is in a range of 
0 to 87, a conversion code, Which is a candidate for selection 
in the sub-table, is read, and a DSV value in the case of using 
this conversion code is calculated. When the input code is in 
a range of 88 to 255, the presence or absence of another 
selectable conversion code in the main table is checked. If 
there is a selectable conversion code in the main table, it is 
checked Whether the selectable conversion code satis?es the 
RLL (2. 10) requirements. If the RLL (2. 10) requirements 
are satis?ed, a DSV value in the case of using the conversion 
code is calculated. Thereafter, a conversion code is selected 
by comparing the DSV values. 
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[0021] Recently, the transfer rate of DVDs has been 
increased year by year, and the code modulation rate also 
needs to be increased in accordance With the increase of the 
transfer rate. HoWever, in the above-mentioned code modu 
lator and modulation method, it is necessary to read codes 
tWice from conversion tables. In addition to that, it is also 
necessary to check Whether the read conversion code satis 
?es the RLL (2. 10) requirements, and to calculate the DSV 
in the case of using this conversion code. Moreover, there 
are also other problems. For eXample, the siZe of a conver 
sion table becomes large and therefore a large area is 
occupied by the storage elements, and a large number of 
elements cause an increase in poWer consumption. In the 
conversion table 84 shoWn in FIGS. 11 and 12, the number 
of stored conversion codes is represented by: 

256 . . . 4+88 . . . 4=1376. 

SUMMARY OF THE INVENTION 

[0022] It is an objects of the present invention to reduce 
the siZe of a conversion table used for 8/16 code modulation. 

[0023] It is another object of the invention to improve a 
transfer rate of a code. 

[0024] These and other objects and advantages of the 
invention are attained in accordance With the principles of 
the present invention by providing a code modulator that 
converts an input code to one of a plurality of conversion 
codes. The present invention utilitiZes a conversion table for 
storing conversion codes corresponding to input codes. 
Duplicate conversion codes are advantageously omitted 
from the plurality of conversion codes. A pre-processing 
table stores duplication information indicating a correspon 
dence relationship betWeen the conversion codes omitted 
from the plurality of conversion codes and the same con 
version codes in the conversion table as the omitted con 
version codes. A code specifying means speci?es a conver 
sion code to be used from the plurality of conversion codes, 
and a conversion code conversion means reads a conversion 
code corresponding to an input code from the conversion 
table on the basis of the speci?cation done by the code 
specifying means and the duplication information stored in 
the pre-processing table. 

[0025] In this code modulator, the conversion table stores 
conversion codes With duplicate conversion codes being 
omitted from the plurality of conversion codes. When the 
code specifying means speci?es a conversion code stored in 
the conversion table, the code conversion means reads the 
speci?ed conversion code. When the code specifying means 
speci?es a conversion code omitted from the conversion 
table, the code conversion means reads the same conversion 
code as the omitted conversion code from the conversion 
table on the basis of the duplication information stored in the 
pre-processing table. 

[0026] An aspect of the present invention provides a 
method for converting an input code to one of a plurality of 
conversion codes according to the present invention. 
According to this method a conversion code corresponding 
to an input code may be speci?ed from among a plurality of 
conversion codes. Duplication information corresponding to 
the input code may then be read from a pre-processing table 
in Which the duplication information indicating duplicate 
conversion codes in the plurality of conversion codes is 
stored. A conversion code corresponding to the input code 
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can then be read from the conversion table Which stores 
conersion codes With the duplicate conversion codes beig 
omitted from the plurality of conversion codes on the basis 
of the code speci?cation earlier performed and the duplica 
tion information read from the pre-processing table. 

[0027] The code modulator and the code modulation 
method according to the present invention makes it possible 
to doWnsiZe a conversion table. In addition, the present 
invention makes it possible to make a high-speed selection 
of either a conversion code speci?ed to be used in the neXt 
code conversion and a conversion code speci?ed to be used 
in place of the speci?ed conversion code and a high speed 
checking of the RLL (2.10) requirements in the case of using 
a usable substitute of a conversion code. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram shoWing a structural 
eXample of a code modulator of the present invention; 

[0029] FIG. 2(a) shoWs a basic structure of a conversion 
table of the code modulator shoWn in FIG. 1; 

[0030] FIG. 2(b) shoWs the conversion codes of group 1 
in the main table of the conversion table shoWn in FIG. 2(a); 

[0031] FIG. 2(c) shoWs the conversion codes of group 1 
in the sub-table of the conversion table shoWn in FIG. 2(a); 

[0032] FIG. 3 shoWs a pre-processing table of the code 
modulator shoWn in FIG. 1, Wherein input codes are 0 to 87; 

[0033] FIG. 4 shoWs a pre-processing table of the code 
modulator shoWn in FIG. 1, Wherein input codes are 88 to 
255; 

[0034] FIGS. 5(a) and 5(b) are diagrams shoWing a clas 
si?cation of conversion codes shoWn in FIGS. 11 and 12, 
FIG. 5(a) shoWing pattern types to be classi?ed, and FIG. 
5(b) shoWing the number of input codes corresponding to 
the respective patterns; 

[0035] FIG. 6 is a diagram shoWing a classi?cation of 
conversion codes shoWn in FIGS. 11 and 12; 

[0036] FIG. 7 shoWs another eXample of a pre-processing 
table of the code modulator shoWn in FIG. 1, Wherein input 
codes are 0 to 87; 

[0037] FIGS. 8(a) and 8(b) each shoW another eXample of 
a pre-processing table of the code modulator shoWn in FIG. 
1, Wherein input codes are 88 to 255; 

[0038] FIGS. 9(a) and 9(b) each shoW still another 
eXample of a pre-processing table of the code modulator 
shoWn in FIG. 1. FIG. 9(a) is a pre-processing table in a 
main table, and FIG. 9(b) is a pre-processing table in a 
sub-table; 

[0039] FIG. 10 is a block diagram shoWing a structural 
eXample of a code modulator of the pior art; 

[0040] FIG. 11 shoWs a basic structure of a main table of 
a conversion table of the prior art code modulator shoWn in 
FIG. 10; 

[0041] FIG. 12 shoWs a basic structure of a sub-table of 
the conversion table of the prior art code modulator shoWn 
in FIG. 10. 

Sep. 6, 2001 

[0042] FIG. 13 is an explanatory vieW of a DSV (digital 
sum value) as calculated according to the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] The folloWing description is the best mode pres 
ently contemplated for carrying out the invention. This 
description and the number of alternative embodiments 
shoWn are made for the purpose of illustrating the general 
principles of the invention and are not meant to limit the 
inventive concepts claimed herein. Embodiments of the 
code modulator and the code modulation method according 
to the present invention Will be described in detail With 
reference to the accompanying draWings. 

[0044] With reference to FIG. 1, the correspondence rela 
tionship betWeen the input codes and the conversion codes 
is the same as that of a conventional modulator (see FIGS. 
11 and 12). FIG. 1 shoWs a structural eXample of a code 
modulator 10 according to the present invention. The code 
modulator 10 comprises: a conversion table 14 for storing 
conventional codes (see FIGS. 11 and 12) With duplicate 
codes being omitted; a pre-processing table 18 for storing 
duplicate pattern information indicating the correspondence 
relationship betWeen the conversion codes omitted from the 
conventional conversion codes and conversion codes in the 
conversion table 14 that are the same as the omitted con 

version codes; and a code conversion section 12 for speci 
fying a conversion code to be used from the conventional 
conversion codes and for reading a conversion code corre 
sponding to an input code from the conversion table 14 on 
the basis of this speci?cation and the duplicate pattern 
information in the conversion table. 

[0045] The pre-processing table 18 comprises code-selec 
tion information used for selection of either the conversion 
code speci?ed by the code conversion section 12 or a 
conversion code (Which is hereinafter referred to as a 
replaceable conversion code) that can be used in place of the 
speci?ed conversion code. In this embodiment, the conver 
sion code of STATE 1 and the conversion code of STATE 4 
can be used as mutually replaceable conversion codes. The 
selection of either the speci?ed conversion code or the 
replaceable conversion code is made in the code conversion 
section 12 on the basis of the code selection information. 

[0046] The conversion table 14 stores the plurality of 
conversion codes (STATES 1 to 4) corresponding to the 
respective inputs shoWn in FIGS. 11 and 12, from Which 
duplicate codes are omitted. 

[0047] Duplicate codes Will be noW described. In the 
conversion table shoWn in FIGS. 11 and 12, duplicate 
conversion codes are included in the plurality of conversion 
codes (STATEs 1 to 4) corresponding to the input code. In 
accordance With STATEs of duplicate codes, the plurality of 
conversion codes corresponding to each of input codes can 
be classi?ed into four patterns (patterns A, B, C, and D), 
Which are also referred to as duplicate patterns thereafter. 

[0048] An eXample of hoW to classify the patterns is 
shoWn in FIG. 5(a). Conversion codes in Which STATE 1 
and STATE 2 are equal to each other and STATE 3 and 
STATE 4 are equal to each other are included in Pattern A. 
Conversion codes in Which STATE 1 and STATE 3 are equal 
to each other and STATE 2 and STATE 4 are equal to each 



US 2001/0019590 A1 

other are included in Pattern B. Conversion codes in Which 
STATE 1 and STATE 2 are equal to each other but STATE 
3 and STATE 4 are different from each other are included in 
Pattern C. Conversion codes in Which STATE 1 and STATE 
3 are different from each other but STATE 2 and STATE 4 
are equal to each other are included in Pattern D. 

[0049] The number of input codes corresponding to the 
respective patterns is shoWn in FIG. 5(b). In the main table, 
there are 171 input codes corresponding to Pattern A, 62 
input codes corresponding to Pattern B, one input code 
corresponding to Pattern C and 22 input codes correspond 
ing to Pattern D, for eXample. In the sub-table, there are 46 
input codes corresponding to Pattern A, 4 input codes 
corresponding to Pattern B, and 38 input codes correspond 
ing to Pattern D, for eXample. The numbers of these input 
codes may vary depending on the kinds of conversion tables. 
HoWever, in most cases, the distribution of the numbers is 
quite similar to the above examples. 

[0050] Based on these duplicate Patterns (PatternsA to D) 
and STATEs (STATEs 1 to 4), the conversion codes can be 
classi?ed into three groups (Groups 1, 2, 3), as shoWn in 
FIG. 6. Group 1 includes conversion codes of STATE 

{“ST1" AND (NOT “STO") AND(NOT “PT1") AND “PTO"} 

1(=STATE 2) of Pattern A, STATE 1 (=STAT E 3) of Pattern 
B, STATE 1(=STATE 2) of Pattern C and STATE 1 of 
Pattern D. Group 2 includes conversion codes of STATE 4 
(=STATE 3) of Pattern A, STATE 4 (=STATE 2) of Pattern 
B, STATE 4 of Pattern C and STATE 4 (=STATE 2) of 
Pattern D. Group 3 includes conversion codes of STATE 3 
of Pattern C and STATE 3 of Pattern D. 

[0051] In the conversion table 14, conversion codes With 
duplicate conversion codes being omitted are stored in each 
Group (Group 1, 2 or 3), as shoWn in FIG. 2(a). Group 1 
includes conversion codes of STATE 1 of all the Patterns, 
Group 2 includes conversion codes of STATE 4 of all the 
Patterns, and Group 3 includes conversion codes of STATE 
3 of Pattern C and Pattern D. The conversion codes of 
GROUP 1 in the main table are shoWn in FIG. 2(b), and the 
conversion codes of GROUP 1 in the sub-table are shoWn in 
FIG. 2(c). 

[0052] As clear from FIGS. 5(a) and 5(b) and FIG. 6, the 
number of conversion code stored in the main table is: 

171 . . . 2+62 . . . 2+1 . . . 3+22 . . . 3=535, and 

[0053] the number of conversion codes stored in the 
sub-table is: 

46...2+4...2+O...3+38...3=214. 

[0054] Therefore, the number of conversion codes stored 
in the conversion table 14 is: 

535+214=749. 

[0055] Since the number of conversion codes stored in the 
conventional conversion table 84 shoWn in FIGS. 11 and 12 
is 1376, the ratio of the conversion table 14 of the present 
invention to the conventional conversion table 84 is: 
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749 . . .1376. . . 0.544. 

[0056] As compared With the conventional conversion 
table, the conversion table 14 of the present invention makes 
it possible to reduce the number of conversion codes stored 
therein by approximately half (54.4%). 

[0057] The determination of Group is made by using the 
duplicate pattern and the STATE speci?ed by the NS. The 
duplicate pattern Will be hereinafter de?ned by the pattern 
code “PT1 PTO”. In this case, Pattern A is de?ned as “PT1 
PTO”=“0 0”, Pattern B is de?ned as “PT1 PTO”=“0 1”, 
Pattern C is de?ned as “PT1 PTO”=“1 0”, and Pattern D is 
de?ned as “PT1 PTO”=“1 1”. In addition, the STATE speci 
?ed by the NS Will be hereinafter de?ned by the state code 
“ST1 STO”. In this case, STATE 1 is de?ned as “ST1 
STO”=“0 0”, STATE 2 is de?ned as “ST1 STO”=“0 1”, 
STATE 3 is de?ned as “ST1 STO”=“1 0”, and STATE 4 is 
de?ned as “ST1 STO”=“1 1”. Agroup (Group 1, 2 or 3) can 
be determined by using these Pattern codes (“PT1 PT ”) and 
STATE codes (“ST1 ST0”). 

[0058] For eXample, Group 1 is determined When a solu 
tion to the folloWing equation is 1: 

(Equation 1) 

[0059] In the same manner, Group 3 is speci?ed When a 
solution to the folloWing equation is 1: 

[0060] In the same manner, Group 2 is determined When 
a solution to the folloWing equation is 1: 

(Equation 2) 

“GP2”=(NOT “GP1”) AND (NoT “GP3”) (Equation 3) 

[0061] When a group is determined, conversion codes 
corresponding to an input is read from the group. Even When 
the NS speci?es conversion codes omitted from the conven 
tional conversion table 84, the group is determined by using 
these equations 1, 2 and 3, and conversion codes that are 
same as the omitted conversion codes can be read from the 
conversion table 14. Without particularly discriminating 
betWeen the conversion codes omitted from the conversion 
table 84 and conversion codes not omitted therefrom, the 
group can be determined by using the equations 1, 2 and 3. 

[0062] The NS (neXt STATE) stored in the memory 28, for 
eXample, speci?es Which STATE to select from the plurality 
of conversion codes (STATEs 1 to 4) corresponding to an 
input code. HoWever, in this embodiment, When the last one 
bit or last tWo bits of the conversion code used in the 
conversion of the input code is “1” or “1 0”, STATE 1 is 
speci?ed as a conversion code to be used in conversion of 
the neXt input code. In the same manner, When the last siX 
bits to nine bits of the conversion code used in the conver 
sion of an input code are continuous “0”s, STATE 4 is 
speci?ed as a conversion code to be used in the neXt input 
code conversion. For this reason, When “1” or “4” is stored 
in the NS, a neXt STATE (STATE 1 or STATE 4) can be 
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determined Without referring to the NS of the memory 28, 
but by referring to the conversion code used in the imme 
diately previous code conversion. 

[0063] Therefore, as shoWn in FIGS. 2(b) and 2(c), the 
value of NS to be stored in the conversion table 14 may be 
limited to “2” or “3”. When the conversion code used in the 
immediately previous code conversion ends With “1” or “1 
0”, and When the conversion code used in the conversion of 
an input code ends With continuous “0”s in the last siX bits 
to nine bits, the neXt STATE (STATE 1 or STATE 4) can be 
determined With reference to this conversion code. When the 
last tWo bits to the last ?ve bits of the conversion code used 
in immediately previous code conversion are continuous 
“0”s, the neXt STATE can not be determined With reference 
to this conversion code, so that the neXt STATE (STATE 2 
or STATE 3) is determined by referring to the NS value of 
the memory 28. 

[0064] A duplicate pattern Within the plurality of conver 
sion codes corresponding to an input code can be determined 
With reference to the pre-processing table 18 shoWn in FIG. 
1. As shoWn in FIGS. 3 and 4, the pre-processing table 18 
stores duplicate patterns (Pattern A, B, C or D) of conversion 
codes corresponding to the respective inputs. TWo bits are 
required for storing the duplicate patterns (A, B, C or D). 
When the input code is in a range of 0 to 87, tWo duplicate 
patterns, namely, a main table and a sub-table, are stored. 
Moreover, the pre-processing table 18 also stores a central 
value (DSVc) of the DSV and the preference bit (PB) Which 
are used for selecting the conversion code (to be described 
later), and “0” number information to be used for checking 
the RLL (2. 10), Which Will be described later. As the 
conversion table 14 and the pre-processing table 18, ROMs 
(Read Only Memory) can be generally used. 

[0065] As shoWn in FIG. 1, the code conversion section 
12 comprises: an arithmetic unit 22 for determining a group 
and a like by calculating the equations 1, 2 and 3 using the 
STATE speci?ed by the duplicate pattern and the NS; a 
comparator 24 for comparing the value obtained by invert 
ing the polarity of the central value DSVc of DSV read from 
the pre-processing table, Which Will be described later, With 
the DSV value obtained up to the current conversion; a 
memory (storage device) 28 for storing the DSV value 
obtained up to the current conversion and information (NS) 
for specifying the neXt code, and a control section 26 for 
specifying the neXt code on the basis of the conversion code 
used in the immediately previous code conversion, or for 
specifying the neXt conversion code on the basis of the NS 
value stored in the memory 28 and converting the input code 
by controlling the arithmetic unit 22 and the comparator 24. 

[0066] The duplicate patterns of the pre-processing table 
18 make it clear that a correspondence relationship eXists 
betWeen the conversion codes omitted from the conventional 
conversion table 84 (see FIGS. 11 and 12) and conversion 
codes Which are the same conversion codes in the conver 
sion table 14 as the omitted conversion codes. In this 
embodiment, the conversion code Within the conversion 
table 14 is determined by determining a group With refer 
ence to the duplicate patterns and STATEs by using the 
aforementioned equations 1, 2 and 3. 

[0067] NeXt, the selection of conversion codes Will be 
described. When the input code is in a range of 0 to 87, a 
corresponding conversion code is selected from either the 
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main table or the sub-table. This selection is made on the 
basis of the DVS value obtained up to the current conversion 
and the DVS values of conversion codes in the main table 
and the sub-table. Supposing the DSV of a conversion code 
in the main table is indicated by DSVm, the DSV of a 
conversion code in the sub-table is indicated by DSVs, and 
the DSV obtained up to the current conversion is indicated 

by DSVt, either (DSVt+DSVm) or (DSVt+DSVs), namely 
the one closer to Zero, is selected. HoWever, in the conver 
sion tables shoWn in FIGS. 11 and 12, the DSV of the 
conversion code in the sub-table is generally greater than 
that in the main table (DSVm<DSVs) and STATE 1 is 
greater than STATE 4. 

[0068] In this embodiment, the central value DSVc of 
DSV values of candidate conversion codes 

[0069] and the DSV value (DSVt) obtained up to the 
current conversion is utiliZed. More speci?cally, the value ( 
. . . DSVc) obtained by inverting the polarity of the DSVc 
is compared With the DSV value (DSVt) obtained up to the 
current conversion. 

[0070] When the DSVt is greater than ( . . . DSVc), that is, 
When DSVt is represented by the folloWing equation, 

(Equation 4) 

DSVt=. . . DSVc+N (N=1, 2, 3, . . . ) 

[0071] the folloWing equations are obtained: 

DSVI+ DSVs : ...DSVc + N + DSVs 

: (DSVs...DSVm). . .2 + N 

(See equation 4) 

=K+N 

(K : (DSVs...DSVm)...2 > O) 

DSVI+ DSVm : ...DSVc + N + DSVm 

: ...(DSVs...DSVm)...2 + N 

(See equation 4) 

= ...K + N 

(K = (DSVs...DSVm)...2 > 0). 

[0072] Accordingly, it is clear from the above equations 
that (DSVt+DSVm) is closer to Zero, regardless of the value 
of N. Therefore, When DSVt is greater than ( . . . DSVc), the 
conversion code in the main table can be selected. 

[0073] When the DSVt is smaller than ( . . . DSVc), that 
is, When DSVt is represented by the folloWing equation, 

DSVt=...DSVc...N(N=1,2,3,...) 
[0074] the folloWing equations are obtained: 

DSVI+ DSVS = ...DSCc N + DSVS 

= (DSVS... DSVm)...2... 1v 

(See equation 4) 
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-continued 
(K = (DSVs ...DSVm) ...2 >0) 

DSVI+ DSVm : ...DSVc + N + DSVm 

: ...(DSVs...DSVm)...2 ...N 

(See equation 4) 

= ...K N 

(K = (DSVS... DSVm)...2 > 0). 

[0075] Accordingly, it is clear from the above equations 
that (DSVt+DSVs) is closer to Zero, regardless of the value 
of N. Therefore, When DSVt is smaller than ( . . . DSVc), the 
conversion code in the sub-table can be selected. 

[0076] When DSVt is equal to ( . . . DSVc), either main 
table (PB=“M”) or sub-table (PB=“S”) is selected on the 
basis of the preference bit PB (PB=“M” or “S”) of the 
pre-processing table 18. The preference bit PB in FIG. 3 
indicates that a conversion code in the main table or sub 
table that is greater in the number of times of polarity 
inversions is to be selected. When the numbers of times of 
polarity inversions of the conversion cords in the main table 
and the sub-table are the same, the main table is speci?ed 
(PB=“M”). As shoWn in FIG. 3, these DSVc and preference 
bit PB are stored in the pre-processing table 18 for each 
input code and each STATE. One bit is required for storing 
the preference bit PB (M or S). In this embodiment, 4 bits 
are required for storing the DSVc. 

[0077] When the input code is in a range of 88 to 255, the 
corresponding conversion code is read from the main table. 
HoWever, When STATE 1 is speci?ed as the next STATE, the 
conversion code of STATE 4 can be used in place of STATE 
1. Alternatively, When STATE 4 is speci?ed as the next 
STATE, the conversion code of STATE 1 can be used in 
place of STATE 4. 

[0078] The selection of either STATE 1 or STATE 4 is 
made by utiliZing the central value DSVc of the DSV of a 
conversion code of STATE 1 and the DSV of a conversion 
code of STATE 4, the preference bit PB in FIG. 4 (PB=“1” 
or “4”), and the DSV value obtained up to the current 
conversion. The selection method is carried out in the same 
manner as that of the main table and sub-table. As shoWn in 
FIG. 4 these DSVc and preference bit PB are stored in the 
pre-processing table 18 for each of input codes 88-255. One 
bit is required for storing the preference bit PB (1 or 4). In 
this embodiments, 4 bits are required for storing the DSVc. 

[0079] HoWever, in order to select either STATE 1 or 
STATE 4, it is necessary to check Whether a conversion code 
to be used in place of the originally speci?ed conversion 
code satis?es the RLL (2. 10) requirements. This checking 
process is carried out by using the “0” number information 
in the pre-processing table 18. 

[0080] NoW, “0” number information Will be described. 
When last one bit or last tWo bits of the conversion code used 
in the conversion of the input code is “1” or “1 0”, the code 
of STATE 1 is speci?ed as a conversion code to be used next 
in this embodiment. The ?rst one bit or the ?rst tWo bits of 
the code of STATE 4 is “1” or “0 1”. For this reason, When 
the code of STATE 4 is used in place of STATE 1, at least 
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the ?rst bit of the conversion code of STATE 4 has to be “0” 
in order to satisfy the RLL (2. 10) requirements. More 
speci?cally, the RLL (2. 10) requirements are satis?ed only 
When the last tWo bits of the conversion code used in the 
immediately previous conversion is “1 0” and the ?rst tWo 
bits of the conversion code of STATE 4 to be used in the next 
conversion is “0 1”. Therefore, by examining the ?rst bit 
(“0” or “1”) of the conversion code of STATE 4, it is possible 
to check the RLL (2. 10) requirements Without reading the 
conversion code. 

[0081] In the same manner, When the last six bits to nine 
bits of the conversion code used in an input code conversion 
are continuous “0”s, the conversion code of STATE 4 is 
speci?ed as a conversion code to be used next in this 
embodiment. The ?rst tWo bits to nine bits of the code of 
STATE 1 are continuous “0”. For this reason, When the code 
of STATE 1 is used in place of STATE 4, the conversion 
code of STATE 1 has to start With continuous “0” in the ?rst 
tWo bits to four bits in order to satisfy the RLL (2. 10) 
requirements. More speci?cally, the RLL (2. 10) require 
ments are satis?ed only When the last six bits of the 
conversion code used in the immediately previous conver 
sion are continuous “0” and the ?rst tWo bits to four bits of 
the conversion code of STATE 1 to be used in the next 
conversion are continuous “0”, or When the last seven bits of 
the conversion code used in the immediately previous con 
version are continuous “0” and the ?rst tWo bits or three bits 
of the conversion code of STATE 1 to be used in the next 
conversion are continuous “0”, or When the last eight bits of 
the conversion code used in the immediately previous con 
version are continuous “0” and the ?rst tWo bits of the 
conversion code of STATE 1 to be used in the next conver 
sion are continuous “0”. Therefore, by examining the num 
ber of “0”s of the ?rst several bits of the conversion code of 
STATE 1 (Whether the number is 2, 3, 4, or not less than 5), 
it is possible to check the RLL (2. 10) requirements Without 
reading the conversion code. 

[0082] As shoWn in FIG. 4, the number of “0”s leading the 
conversion code in STATE 1 and STATE 4 is stored in each 
input code as the “0” number information. In FIG. 4, the 
number “5” in STATE 1 indicates that the number of “0”s is 
5 or more. In the “0” number information in STATE 4, 
information of the ?rst bit of the conversion code (“0” or 
“1”) is stored. TWo bits are required for storing the “0” 
number information (2, 3, 4 or 5) of STATE 1, and one bit 
is required for storing the “0” number information (0 or 1) 
of STATE 4. 

[0083] Next, the function of an 8/16 modulation system in 
Which the above-mentioned modulator and modulation 
method are adopted Will be described. In the folloWing 
description, the initial value of the NS to be stored in the 
memory 28 is “1”, and the conversion code of STATE 1 is 
used at the time of the ?rst code conversion. 

[0084] When the input code is in a range of 0 to 87, the 
next STATE is identi?ed either STATE 1 or STATE 2 on the 
basis of the conversion code used in the immediately pre 
vious code conversion. Where the last tWo to ?ve bits of the 
conversion code used in the immediately previous code 
conversion are continuous “0”s, the next STATE cannot be 
identi?ed on the basis of this conversion code. Therefore, the 
next STATE is identi?ed as either STATE 2 or STATE 3 With 
reference to the NS value stored in the memory 28. 








