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DESCRI PTI ON- A DI G TAL MODULATI ON APPARATUS, A DI G TAL MODULATI ON METHOD,
AND A RECORDI'NG MEDI UM THEREFOR. Techni cal. ‘Fi el d The present invention
‘relates to a-digital 5 nmodul ati on apparatus used with optical disk
medi a, and rel ates particularly to a nodul ati on techni que applicable to -
suppressi ng tW@9BIBX r equency conponent of ‘a non-return- to-EAGyE9493638r t ed
(NRZl) signal. Background Art- 10 Di gital nodul ati on and
* denodul ati on apparatuses used for magd,,and reproduction with an
- optical disk nmediumare typicaLIy!%%%%égggggas shown by the bl ock di agram
(in Fig. 8. A conyanidmnal wSberh@roRDabkAll 2 ieTell SbbenaReeR! at us
DMC i ncl udes NEetAob] aANmQ WHCORDANG EpruM IHerE¥BA ati ng data word to a
- non-return-to-zero inverted (NRZI) signal. S[err], an optical head CH for
writing and r&sdhngcaheFisilghal S[err] to and froman optical disk OD, and a
denodul at or 2000 for denopdul ating the read signal S[err] to the origina
data word. 20 The pgesepti dpveption iedgtasdicad ddgikaldat a words

i) by the nodylat 1000 first ted t d d i) suited to .
Pecbrdl iy to BRdbElon SRpateGusLhERaRLtb IO ke Snk BRASR . 160, "t he
ted d : iy): & -. -to-
Coverteq (N S ISEES denei AIRCEo RG] (i TBNIEL BRBA SRS | e
IS an int egertbepummeessiighehienpokt FREq@ERtSf HmpdientoreaPasaiAgtdl-a

words, is therefore not greater than the total nunber
. to-zero inverted (NRZI) signal.
Background Art
10 ' Digitai modulatibn and demodulation apparatuses
used for recording and reproduction with an optical disk
medium are'typiéally comprised as shown by the block
-diagram in Fig. 8c. A conventional digital modulétion and
dgmodulation'apparatus DMC includes a modulating unit 1000
15 for modulating data word to a non-return-to-zero inverted
(NRZI) signal Syp,y, an_opticél head OH for writing and
reading the signal Syz,; to and from an optical disk 6D, and
a demodulator 2000 for demodulating the read signal Syggy to
the original data word. | -
20 Specifically; during mbdulation the data words D(i)
by fhe modulator 1000 are first convérted to code.words
C(i) suited to recording to an optical.disk oD by ﬁeaﬁs.éf
‘a code'convefter 1001, the converted code words C(i) are
ﬁhen converted to a non4feturn4to—zero inverted'(NRZI)
25 = signal Syg,; by an NR2I converter 1002. Note that i is aﬁ
intege:.reﬁgeéents the inputting order of thé coxrésponding

data words, is therefore not greater than the total number

1
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inputted data words. The resulting NRZI signal S[err] is then witten to _
the optical disk OD by the optical head OH The NRZI signal S[err] is read -
out fromthe optical, 5 -disk OH for the denopdul ati on by the denodul at or
2000.  Duri ng .denodul ation, the NRZI signal S[err] is reversed to the code

- word C(i). whiesigyversed code word C(i) is reversed to thepcpimsnssee D(i).

Thus, the conversion process perforned by the nodul ator 1000 is reversed to
read 10 the original data word D(i). The correlation between the data
words D(i), code words C(i), and NRZI signal S’[err] In this process is as
shown in Fig.. 9 by way of exanple. EFM conversi on one nethod of converti ng
data words. Dff)the el qat@oi@deas(i ) rha @emr@m@rﬁ igndl s |
ei ght-to-fourteen nodul ation (EFM conversion. This EFM conversi o 4fet hod

- expressed inig dthém wmutjeri aothies opt§2al0didk 10D modthe eptdead haadt raint
.conversion nethod where d is the mninmumrunlength permtted in each code

“word C(i), kOHs 20 t he maxi mum runlength permtted in each code wor d
C(i), mis the length of the data. wg , and i t he | engt t he
‘code word C(i). The YfM&%t ﬁlPEafthénmggﬁrrﬁ?db?‘E’% %‘f“”? S e which

COTesRoNGS §psi GNabel IS @iy Abkebn NF! 1D aendRNMTeY Yoo P

this exXanpl e,” between bits o erent corresponds to
non- si-gnal - t hePShd | 18t iINRZ! theNKRES! Q:Ugnﬂ Qs,mzxg\fs Feddiisedxdml e. .

The @ 2 ‘the code word C(i). This reversed code word C(i) is
reversed to thg data word D{(i). Thus, the conversion
process performed by the:modulétor 1000 is reversed to read

10 the original data word D(i). The correlation between the
data words D(i), code words C(i), and NRZI signal Sygpyy in
this process is as shown in Fig. 9 by way of example.
EFM_conversion | | | |

One method of converting data words D(i) to code

15 words C(i) in a code converter is éight-to-fourteen _

" modulation (EFM) conversion. This EFM conversion method
expressed in (d, k;"m; i) terms is-a.(z,lo; 8,17) code |
sequence constraint conversion method where d is the

minimum runlength permitted in each code word C(i), X is

20 the maximum runlength permitted in each code word C{i), m
is the length of the.data word D(i), and i is the length of
the code word C(l)

The runlength is the number of bits of the same
value which corresponds to 51gna1~tran51tlon after NRZI

25 -gohversion, e.g.g.ZERO in-this'e*amplé, between bits of a
differen£ value whicﬁ corresponds tb[non-signal-transition

'~ after NRZI conversion, e.g., ONE in this example. The 4
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constraints are the runlength Iimts, and this type of runlength-limted
- code is thus-usually called a (d, k) code. Mre specifically in EFM
-conversion an 8-bit data 5 - word is first converted to a 14-bit code
word. “In this exanple the code word C(i) satisfies a (2, 1Q).. quence
constraint, M3WRI%g in every code word C(i) having at leag%Tﬁ&%%g% not -
more than ten zeroes between any two ones in the code word. A 3-bit nerging
code is 10  then inserted between ane 14-bit code word and the next 14-
bit code word. Each code word is constructed so that this (2, 10) code
sequence constraint is also.satisfied in the 17-hjit, code seguence

contai ning a %ﬁ%ékvﬁﬁ?f?ﬁﬁ%ﬁtﬁharfh%getF ??9&51%ﬁﬂi§5'19nd this typeThi s

transition coge , AH-A hat,gb N lfd QN LG ' jyN i ode
sequence cons#a%l?ﬁfétie abggﬁﬁtetei \%gfﬁel%%‘#eq%%aﬁtlifgg?rlng\éagi g‘?f glﬁ)_c( DSV)
“is reduced toceaey m ze the | ow frequency conponent of the channel signal, = .
i.e., the NRZI signal S[err]. Note that the 20 DSV is accunul ated from

- the beginni ng of theMsineaspebificatilente Bt roonviershionsanf 8ebkt kiatst at €
~have a value of +1 and the bits of the other state have a value of -1. It
i s know? t hatWerRt 3%d st FORYFTEBApEAcht Lofbith€asier worduente tabsbe

- suppressed by controllin e 25 conversi rocess t? mnimze the

t.h
‘absol ute vaILﬁfﬁﬁp%ﬂﬂggﬁD _geIVPrPscéééi?%ﬁﬂﬁfﬁ%ﬁp§uﬂﬁvé§8 t ig4® ow frequency
CQﬁponent of éé&héﬂ%@ cOndt2hink ST Ebsh P M\ v BBEOLSra c(i)

having at least two and not moie than ten zeroes between
‘any two ones in thé code wérd. A 3-bit merging code is

10 then inserted between.one l4-bit code word and the next 14-
bit code word; Each-codé word is éonstructed'so that this
(2, 10) code sequence constraint is also satisfied in the
17-bit code sequence containiﬁg a code word C(i).and this
transition code.

- a5 This'transition code.is.selected so that in
addition to satisfying“this_code sequence constraint the
absolute value.of the'digital_suleAriation (DSV} is
reduced to minimize the low‘frequency.component of the
‘channel signal, i.e., the.NRZI signal Sypgz;- Note that the

20 . DSV is accumulated ffom the beéinning of the binary bit
sequence where the bits of one bit state have a value of +1
and the bits of the other-sfate ﬂaVe a value of -1. |

It is known thatlthellow-freQuehéy component of.the
bit.sequenCe can be suppressed'by:controiling the. |

25 conversion'process to ﬁinimize‘the-absolute value of this
DSV. It is desirable'td.supbréss thé low_freqﬁency

component of the NRZI_signal Syrzr to prevent read errors

3
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. threshol d val ue fluctuation mhen the signal is digitized during _ :
reproduction, or to prevent fluctuation in the servo error signal during
recording and reproduction. EFM.conversion i's thus an effective conversion
5 met hod with respect to suppressing the | ow frequency conponent of the
. NRZI signalwdphpsrig:, but it is not a conpletely satisfactorpcvapps/essss on

nmet hod when used with the high recording densities of the latest optical

di sk nedia. 10  EFMPl us conversion EFMplus is a nodified EFM conversion
met hod desi gned for inproved performance with high density recording (cf.,
Kees ‘A. Schouhaner |nmm nk;, "EFMPlus: The Codi ng Format of the High-Density
Conpact Di seausé&Bby ﬁf&esh&ﬁﬂ&baluEhtfauEENB{:ysnQﬂwrﬁi@%ﬂg&a@ (% 10; 8,

-~ 16) code sequence constraint conversion nethod achieving a 17/16 -

i npr ovenent digitized diwnglnke nsEpnoduedionenpar ta ‘¢ verEEM laetvatdionn in

~“corresponding to (2,10; 8,17) code sequence constraint conversion as

descri bed ab 9esem°m\mru§mal desAngr seeRr&inthand grepxiogiwctiont.ourt een

nmodul ati on (EFM cq rsion is extended to an_ei ght-to-sixteen nodul ation
(ESM), wherein an Bﬂé?t %‘f?%ﬁ’dlﬁ( 25’“?53%0%&9‘@&'% FORVEESHPE code word -

(). dher ega fEM &g&}(ect féb‘&‘ﬁ:%ss &-ngﬁ?gtﬁ&é ﬁﬁfﬁeﬁgﬁ\gﬁa on tabl e,

EFMpl us conversion one conversion ai |l abl e
conver si on takpehieRE COf KXW mlsléqghﬁu.csﬁﬁﬂﬁsbﬁﬁchttiﬂ%@t data word is

presented for 4
- completely satisfactory conversion method when used thh :
the high recording densities of the latest optical disk
media.
-10 EFMplus conversion .

EFMplus is a_mbdified EFM conversion method
designed for iﬁproved performance with high density
recording (cf., Kees A. Schbuhamer Immink, "“EFMPlus: The
Coding Format of_the'High-Density Compact Disc,“ TIEEE,

15 ~  1995). This EFMplus conversion is a (2, 10; .8,_ 16) code
seguence constraint conversion’méthod achieving a 17/16
improvement in'recording.density when compared with EFM
conversion corresponding to (2,10; 8,17) code seguence
constraint conversion as described above. In EFMplus

20 conversion method, an eight-to~fourteen modulation (EFM)
| conﬁérsion is extendéd”to an eigh#—to-sixteen modulation
(ESM), wherein an 8¥bit data word D(i) is converted to a
16-bit code word C(i). | |
. Whereas EFM conversion uses a single static
25 conversion téble, EFMplusfconQersibn seieéts one cdnveréion
table from plural available conversion tables according to

specific rules each time a data word is presented for
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conversion, and uses the selected conversion table to convert the data word
~to a code word. Note that the use of a specified single conversion table

5

F|g 10 is one exanpl e of possible conversion tables Tpc(m and Tscgg% used

is called a "state" corresponding to that conversion table.

in the EFMpl ¥O8HRRAI8X si-on net hod. There is a total of eigh

t

grouped according to four states (state 1 to state 4) with two tables, a
The primary
conversion tables are indicated by synbols Tpc(m, wherein mcorresponds to
‘the state nunbers. For exanple, n¥l neans the primary conversion table -
Tpc(mel) for tOAVErgien; a i$es [She ﬁ@iecgeaaﬁénﬁeﬁéaﬂnttﬁbkﬁ|ﬁnwy

for the state

Trdfeiseh ot

“primary and secondary associated with each 10 = state.

tables T 2 the state 2, 3
e roe s sE: HE e b 23, Bl yorain R

- secondary conye E?e%@f&éal Eirgrd @or@re%sq'c,ﬁortaﬁ$ %y 891P al I

COI’] al ns
. €.

.correspondi ng. ch primary tonversion tab
~data words th@‘orﬁ:&&pbﬁdﬁmﬁ)rwStﬁdaﬁ/\/ldolﬁv@rﬁtibnbtaﬁle20 i

é%ﬁ %;ths of

256 sorts of

“data words, and the 16-bit code words corresponding to each of these data
-wor ds. Each secondar yF®nvae sisoonealekenpie( o posd Hivhs sorfvaxistiensel ecti on
of data D words, specifically the 88 sorts of data words from 00000000 to
01010111, andtﬁhéeéoil‘%é!pbm%&‘%aé weedsit, the EFMplus qdnwensiow y and

secondar conver n tables .Ipc d Tsc contain a next state
Y o pekedn  BRefg 10 Tord] ol Ehbhe SRR IED Snd' Pouped

i ndi cator N

accqrdlng to four states (state 1 to state 4) with two

tables, a primary and secondary, associated with each

© 10 state. The primary conversion tables are indicated by

symbols Tpc(m), wherein m corresponds to the state numbers.

For example, m=1 means the primary conversion table

Tpc(m=1) for the state 1. Similarly, m=2, 3, and 4 mean

‘the primary conversion tables Tpc(m=2) for the state 2,

15 Tpc(m=3) for the state 3, and pr(m=4) ‘for the state 4,

reSpectively; In the same manner the secondary conversion

table Tsc(m) are also identified'by m its corresponding.

Each primary conversion table Tpc(m) contains all

sorts of data WOrds.that can be expressed with eight bits,

20 i.e., 256 sorts of data words,_and the 16-bit code words

ccrresponding to each of these data words. Each secondary

conversion table Tsc(m) contalns a finite selection of data

D words, spe01f1cally the 88 sorts of data words from .

' 00000000 to 01010111, and the correspondlng code words C.

-25 - Both the primary and secondary conversion tables: Tpc(n) and

Tsc(m) contaln a next state 1nd1cator NS contalns elther
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four values from1 to 4 each |nd|cat|ng the state of the next conversion.
More-specifically, the state of the next conversion, i.e., the primary or
secondary conversion table 5° Tpc(n) and Tsc(n). to be used for the next
conversion, is designated by the code word C(i-1) obtained fromthe

I redi at el yvm!mamzng conversion. The next state desi gnat ipam/Jpss/3eash code
word i s predeterm ned based on the own runl ength (nunmber of the |ast
successive zeroes). This 10 step ensures that the (2, 10) constraints
‘are satisfied even in the interconnection between code words C(i-1) and
C(i)-as shown in Fig. 10 and Fig. 11. Note that the first conversion table
Tpc(mel) . andn@sef nEdyr arslwsedron 1t e #i eath dhhaivetthd(the tstate of
converted, i.e., the data word 15 - following the first synchronization
code. "As shoﬁhemextgcormer%h of these conversion tables Tpc(n) and
Tsc(m i-s conpiled so t hat the cogﬁ words contained .in a single conversion

"table all share a cd#ih ¥ri the gtate.ofhprhe qﬂ%? code words
contained in gﬁ ?ﬁsr’\{(engtsec ?daﬁq’ ng, ?B%Qa%gb%% oﬂ'&)gé‘im% l'g%c(tnEgL al

have an |n|t|a zeroes W th the

first bgt anﬁg)m ) tdhd teanid) Rid deouleleins z@é%exmcﬁﬁé&tmhx" 1en the

table (Fig i ndi cates that the bit value nmay be one or Zer o.
The met hod ollesigmated oy rtheofcadecwerdi giit-rpnoetsimsd tﬁaidmetmach t| me one
' data word is SUpglééga;E;éﬁigg!ngegogngg;on. The next state
'designation by each crde word is predefermined based on the
own runlength (number 6f the 1ast.successive zeroes). This
10 step ensufes ﬁhat the (2,.10) constraints are satisfied |
even in the interconnection betweeﬁ code words C{i-1) and
C(i) as shown in Fig;.lo and Fig. 11. Note that the first
conversion table Tpe(m=1) and Tsc{wm=2) are used'for the
first data word D(i) to be converted, i.e., the data word
15 following the first synchronlzatlon code.

As shown in Fig. 11, each of ‘these conversion
tables Tpc(m) and Tsc(m) is complled so that the code words
contained in a singlelbonversion table all share a common
cheracteristic. For example, the code words contained in

.20 the secbnd conversion'tables_Tpc(m=2j and Tsc(m=2) all have
| an initial runlength of at least 1 and not more than 5
zeroes with the first pit and the thirteenth bit both being
zero. Note that "X* in the table (Flg. 11} indicates that
the b1t value may be one or zero.
._25' The method of selectlng one_of-these eight

_ conversion tdbles each time one data word is supplied is

described below.
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The first step is to determine the state of the next conversion NS(i-I)
according to the designation by previous code word C(i-l) in a manner
described above. (2) . -If the next data word D(i) to be converted 5 S
in the range 00000000 to 01010111, i.e:; isS data word 87 or less, the
primary tabl ewWdgwgargz or  secondary conversion table Tsc(m coCTsPPHIIG26 he
data word D(i) to a code word C(i) achi.eving nmaxi mum suppressi on of the | ow
frequency conponent in the NRZI signal Slerr] is selected. It will be 10

- obvious that if the data word D(i) to be converted is not within the above

range a primary conversion table Tpc(m will always be used. The EFMl us
conversi on nmet hod t hu$lronverihe diestlashepois €% idettermime checswatd &fi ).
15- - It should be noted, ‘however, that there is a certain anmount

of duplicatioftPnneKE eBEEeTDIUL N (i-ldoncaprding nteste slesimnatdenebyi on
tables Tpc(m _and.Tsc( shown.in Fiq. .10. Mre specifigally, the sane code
word C(m canpﬁgvéggfggéﬁetYF{ﬁf#kﬁ?ﬁh 1faPa™ABPES %k??rfﬁﬁd alP¥endi ng upon

the selected state. f our ol Sq{Li) r.ound " ul ar
franme in the tables igbgig. fgpggg gg%ﬂ,%%%%i%a.e1§g®d§§>Q%tgféggﬁgggfore
necessary to assthethBatafyeé i supatRiddeoabhdio1if. i. dNENd FadANVRYEHI BY one

of these duplicate code words C(i) to the 25 correspondi ng data word,
t he code wor dorrsless¢guthy phebuind ttablieh@po(nyi onl sekedrdawy cconversion
o - table Tsc(m) converting thé data word D(i) to a:code word
€(i) achieving maximum suppression of the low frequency
component in the NRZI signal Sgz,; is selected. It wi.ll be
10  obvious that if the data word D(i) to be converted is not |
within the above range a priméry conversion table Tpc{m)
will always be used. |
The EFMplus conversion method thus converts one
data word D(i) to one cbde word C(i). |
15 It should be noted, however, that there is a
| certain amouﬁt of duplication in the code'wofds c(i)
contained iﬁ each of the conversion tables Tpc(m).and
Tsc(m) shown in Fig. 10. More spgcifically, the same code
word C(m) can be assigned to different data words D(i) .
.20 dependinq.upon the sélected state. The four code words
c(i) surrounded by a-réctangplar frame in the tables in.
Fig. 10 are such duplicate words. it is therefore -
necessary to ensure that during demodulation, i.e., when
re-cdnverting one of these'duplicate codé wofds C(i) to the
25 | porresponding data word, the code word is unigquely decoded

to the original data word.



7 WD 97/ 22182 R : PCT/ JP96/ 03626 Thi s
I s achieved in EFMol us conversion by shifting to the next state, i.e.,
~state 2 or state 3, when a data word D(i) is converted to a duplicate code
word- C(i). Wether conversion is shifted to state. 2 or state 3.is 5.
-determ ned by which of these different the data word D(i) to be converted
is. As-a reagglbphen the code word C(i) read fromthe optpephpodiosdss OO i s
denodul ated, it can be uniquely decoded to the original data word D(i) even
if the code word C(i.) is a duplicate code word because the state 10 .
followi ng that code word C(i) is known. It will be obvious that the state.
‘NS(i) of the read code word C(i) can be known during denodul ati on by using
the rules shown in Fhds id 8ibida &P EdnsoRBAVELETLNY bydsnopousyin Fig.
ode "15 wor dnvert e

12, it can be determ.ned whether the c was c n state
1, (2 or 3)toorhe hewt shateynieag) hetitd e endtaket e Gada woaded(i-1)

-read i medi ately before the code word C(i) being decoded. It can also be
- det ermi ned waekh®(ifhdéscodpvented vies = chupdritcate cwosieatverd afiytate 3 from
t he values of code word bits 1 20 and 13 as shown in Fig. 11. It is '

therefore pdsithes SPnNEaRIOD! IEFIBIERe &Py Sitaten 2t XuRtatel § &8nvert an
Code wird oo EBRrRE BY: Bhiek HE Hin dsrer s the Sele B ern s
o evahie Fégégorédi@%éméﬁeap%.t%Ef'\éecscme,r ¥neR %Eheﬁd\é"wr&eét)fft to the
: read from the optical disk OD is demodulated, it can be
uniguely deﬁoded to the o;iginal data worad Q(i) even if the -
code word C(i) is a duplicate code word because the state
io _ following that code wprd C(i) is known. |
It will be obﬁious that thelstate NS(i) of the read
code word C(i) can be known during demodulation by using
the rules shown in Fig. 11 and Fié. 12. More specifically,
as shown in Fig. 12, iﬁ can be determinéd whether the code
15 word was converted in state 1, (2.dr 3), or 4 from the
| runlength at the end_of.the code word C(i-1) read
jmmediately before the code word C(i) being decoded. It
can also be detefmined'ﬁhethgr the code word was converted
in state 2 or state 3 from the values of code word bits 1
20 and 13 as shown.in Fig. 11. _ _ |
It is therefore possible by means of EFMplus
conversion to uniquely convert an 8-bit data word to a 16-
bit code word C(i), and to uniquely decode the code word
c(i) to the 6rigina1'data word D(i);f
25 While EFMplus COh§ersion thus improves upon the EFM
- conversion method with-respect'télﬁhe achievable reco:ding

density; its-performance_in'terms of suppressing the low



density, its performance in terns of suppressing the [ow 8 WO 97/ 22182
PCT/ JP96/ 03626 frequency conponent of the NRZI signal SNRzZI is inferior to
t hat of EPM conversion. More specifically; while EFMdl us conversion-
~inmproves the recording density by 17/16 conpared with EFM conversion, |ow
frequency conponent suppression-5 ‘deteriorates by approximtely 3 dB.
Di.scl osure oY@ ¥&28yenti on The object of the present i nvent"lcaﬁ"?é"-"ﬂferefor
to provide adigital nodul ati on apparatus which solves these problens. 10
The present invention has been devel oped with a view to substantially
solving the above described di sadvantages and has for its essential object
to provide an jnproved digital nodul ati-on apparatus. In grder to_achieve

t he af or enent ifc’fﬁ@b‘eBﬁP’eEP%P@{‘e%t 19f the)iNR4Tasigpad| &wian 18&pHRFEF LT {60

converting data_words runl engt h-1injted code wor conpris t.orage
meahs for stotrt-'?‘r?\g!l&'lo|c‘#u|Etg¥a SEFEHTH Tnv "eoﬁptegﬂfég?gi& r‘@)’ai‘? %@%“& code |
wor.ds to said Sy ity JIRARS k0 oot Lnc ' id
pl ur al convergg’g,tr‘l’@f‘ggfjgs?? Eéﬁéeffél%%rk con\xl%r EF%%HF b%gg%ylgég} us be?:ed
~on said code witth EFMacoatetsoh | Mow MrRdiuahely cBnp6REhH e wsieissic, and a
readi ng nmeans for reading and outputting the code word corresponding to the
data wor8 to Betesierrted by cxpprexiowbedysiBodBtabl e sel ected by said

sel ection neans, 25 ' whereby said sel ecti on nmeans selects a set

of Disclosure of the Invention

The ébject of the preéent'invention is therefor to
provide a digital modulation apparatus which solves these
_problems.

0 - The present invention haé.been developed with a
view to substantia11y so1vihg the above described
disadvantages and has for its essential object to provide
an improved digital modulation apparatus.

In order to achieve the aforementioned objective, a

15 digital mbdulation apparatﬁs_for converting data words to
runlength~limited code words comprises storage means for
storing plﬁral sets of cbnveisioﬁ tables, correlating said
code words to said data words, a selection means for
- selecting from ambng said plural conﬁersion tables the next

20. conversioﬁ table.to be used based,on said code word
-obtéined from the-immediately preceding conversion, and a
reading means for reading and outputting the code word
corresponding to fhe data Qord'tﬁ be converted from the |
conversion table selected by said selecﬁion means,

25 . Whe:eby'said sélection means selects a set of
conversion table thét éonverts'the data word to the code

word so that the runlength constraint is also satisfiéd in’

9 -



conversion table that converts the data word to the code word so that the
runl ength constraint is also satisfied in 9 "WO 97/ 22182
PCT/ JP96/ 03626 t he interconnection between the code word obtained by the.
i mmedi at el y precedi ng conversion and the code word obtai ned by the C
foll owi ng conversion, and when there are plural sets of conversion tables
each of whiwP%g228gns the code words 5 bei ng abl e to bepdpsmdeskzto t he
original data word, the conversion table selected is the conversion table
assigning the code word resulting in the nost favorable digital sum -
variation in the signal after the code words are non- return-to-zero :
I nverted converted. 10 Brief Description of the Drawi ngs These and ot her
obj ect s and theatimtescohntbeipn esetied R icdeWok-ab858RENEd 85F oM the |
foll owi ng description taken in conjunction with the preferred ‘enbodi nents
t her eof wit HWeddptRd¥ precading cepnpeansing dndwithgs cble oughd Wbbtdined Whi ch
~like parts g{e§$%sigﬂgted by like reference nunerals, and in which: Fig. 1
is a block dYadPEntOhdfFABYCoRfEsionp@ndarhen sppueate pbomdisets 0 t he

. present inv i ' 2,.1s,a block diagram showi ng the specific 20
configurati g’nql g%%?’ﬁggg%ciéa?%%s c%ah‘f‘}b_rc’[%el"g’fﬁﬁ EREAANF NtRE Fode wargs 3 s a

- _gElr:'.aph ghowi %i?@easlémebeb@fdé’éclqé‘d)'%eré{?‘)%r‘ig%gﬁ bOEL JEY bgised in the
-Mpl us conversion method according to the préSent rnventior, -
S conversion table selected is the conversion table assigning
the code word resulting ih.the moét favorable digital sum
variation in the signal after the code words are nén-
return-to-zero inverted éonverted.
10 Brief Description of the Drawings

These and 6ther objects and features of the present.
invention will become clear from the following description
taken in gonjunctioh with the preferred embodiments theréof
with reference to the ACcomﬁanying drawings throughout

15 ‘which like parts are désignated by like téference numerals,

and in which: | '

Fig. 1 is a block:diégram showing a digital
modulation apparatus according to the present invention,

| Fig. 2 is a block diagram showihg the specific
20 configuratioh of the pfece&ing converter 101 shown in Fig.

1, | | |

Fig. 3 is a_graph showing one example of all
convefsion-tables that méy be uéed.ih the EFmplus
conversion method accotding to the.present invention,

25 ' | Fig. 4 is a flow Chart in assistance of expiaining
| a cohCept.of the digital modulation according to the |

present invention,

.10



25 Fig. 4 is a flowchart in assistance of explaining a concept

of -the digital nodul ation according to the present invention, 10 = WD

97/ 22182 _ o _ - PCT/ JP96/ 03626 Fig. 5 is a

flrow chart showi ng an operation of ‘the digital nodulation apparatus of Fig.

1, Fig. 6 isa flowchart showing a DC control subroutine step shown in the :

flow chart i W@pH218 5 = . Fig. 7 is a block di agr DATYR¥M6S a -
di gi tal denopdul ati on apparatus according to.the present invention, Fig. 8

" is a block diagram show ng a conventional digital nodul ati on and

denodul ation apparatus, Fig. 9 is a table illustrating the correlation 10

‘between the data word, code word, and resulting NRZI signal with respect to

the conventional digi tF9 -mBddBadi Shc¥nehahsdhawdfidoRnapparatienoet fthe 8,

Fig. 10 is a gta QWi n exanple of all conventional conversion tables
~used in the e%h%ﬁ%lhﬂgé&g‘ 178 agg%ﬁg‘é?s‘? difetHod, Fig. 11 is a table
showi ng the common chasact grisgt Lcsy of rd nt.al ped,in each of
t he conventionak'conveﬁ%ﬁon tab egls oéé?%é?%ﬁ%ﬁygfb§ gﬁdggbg?giZ is a table
showi ng the reatwtarsitie stepWeRBwAOin tive OGS \WHadtans Fhg.ssate of the

next conversion with respect to the conventional conversion tables shown in
Fig. 10. SBest Mode FoFi@ar ﬂyiiagaChlod:lheﬂjl_agr_emt_ismwing a digital
. | demodulation apparatus according.to the present invention,
| Fig. 8 is a“block diagram showing.a conventional
digital modulation and demodulation apparatus,
| FPig. 9 is a table illustrating the correlation
;0' . between the data.wo:d, code word, and resulting NRZI'signal:
with respect to the conventional digital modulation and
-demodulation'apparatus.of Fig. 8,
Fig. 10 is a.graph shﬁwinq an example of all
conventional conversion tables used in the eight-to-sixteen
15  conversion method, |
Fig. 11 is_a.table'showiné the common
characteristicé of_the code words contained in each of the
~conventional conversion ﬁablés.shown in Fig. 10, and
Fig. 12 is ' a tabie showing.the relationship'between
20 a code word and_the state of the next conversion with
respect fo the céhventioﬁal éonversion tables shown_ih Fig.
| 10. | o |
Best Mode For_Carrying'oﬁt'the Invention_
Structure of the digitallmédulation apparatus
25 ‘Referring tb-Fig. 1, a digifal'modulation apparatus
.according to thé_present invention is shown. This digitél

modulation apparatus DM comprises a preceding converter

11



Structure of the digital nodul ation apparatus 25 Referring to
Fig. . 1, a digital .nodul ati on apparatus according to the present invention
is shown. This digital nodul ation apparatus DNIconprlses a precedlng
converter . WO 97/22182 .

PCT/ JP96/ 03626 101, paraIIeIeserlaI converters 1024, 102b and 102c, DSV
counters 10®®snasisd03b, serial-parallel converters 104a anﬂc'ﬁ/ﬁ)mmsdwffer
- menories 105a and 105b, |nput/output (1/0 selectors 106a and 106b,

- selectors 107a and 107b, :DSV 5 controller 108, wite address counter

109, and read address counter 110. The preceding converter 101 is connected
to an external data word source (not shown). for receiving a 8 bit data word

D(i) therefraon, parelléptsérifl ajbrivereeee 102a, 108braindadde ipywutting
~order of correspondlng data words; and:is used as an I nput byte counter.

~Then, the preovdtayscipyeramt nﬂﬁb4om@¢ueéspamellélbt@nvexhenmnxbaaamdddates
d (i) and CQE ). for that data word and two DCC flags Fdl and Fd2. These DCC
flags Fdl andCfBe BREFEF Mepuiing. 195¢ egd 1°EBnt%@P“FéPRﬁ£¥§tﬂ¥!QM th each

&) e e BelBEFRS b RS AT SRTRELRC B ERIAAS) P00 OO0
sel ectign Caaogwbméf 168, %@etaed %gecetn&&e B aatrtder Cladinpgrsion

of the sel ected code word contro

referred to gsuRtér(Dlocontrol). A detailed description of the structure of
the precedlng converter 101 will be described later with reference to Fig.
2. _ The preceding converter 101 is connected to an

- external data word source (not'shown) for receiving a 8 bit
~ data Qord'D(i)'therefrom.' Note that i is an integer |
10 '“indicating the inputting order of corresponding data words,
and is used as an input'byte counterl Then, the preceding
converter 101-produces'two 16 bit code word candidates
Cl(i) and Cc2{i) for thet data word and two DCC flags Fdl
and Fdz.-.These pee flags Fdl and Fd2 declare whether DSV
15 'control is possible with each.of these data words D{i)
where "psv controllable" means that two code words C(i) can
" be selected for conver51on of the one data word D(l), and
this selectlon_can_mlnlmlze the absolute value of the DSV
after NRZI conversion of the_selected code word c(i). Note
- 20  that DSV control is alsoc referred to as DCC (DC control).
. A detailed description of the_etrﬁctﬁre of the creceding.
conterter 101'will.be_described later with reference to
'Fig. 2.
| The first parallel—serial'converter 102a is
-25. connected to the precedlng converter 101 for receiving the
uflrst code word candldate Ci1(i) therefrom . The flrst-

parallel—ser1al converter 102 is further connected to an

12



The first parallel-serial converter 102a is 25  connected to the
precedi ng converter 101 for receiving the first :code word candi date CL(i) .
therefrom The first paraIIeI seri al converter 102 |s further connected to
an .12 WO 97/22182 = . _ - PCT/ JP96/ 03626
‘external word clock source {not shown) for~ receiving a word clock signal
Swc transmi t W98 each code therefrom and to an exter nalPCEQBRS/0¥ZHd bi t
cl ock source (not shown) for receiving a.code word bit clock Sbc .
‘transmitted by code 5 - word bit unit therefrom The first parallel-serial
- converter 102a converts the 16-bit parallel code word candidate Cl(i) to a
serial code word, and outputs a serial code word sequence. Note that
conversion andelst@mnl w@%mqkospmaet ¢noteshwn) 1fPr recedviingi gnubrénc
and the code word: bit, cl ock si 16-bit parallel code word and

'serial code woflCSF SRt SME ¢ a&§m‘E5F3IYéﬁhc§ﬁﬁ?\&ﬂ4f thegefsep apneode
o0 SShec Lo ALY o AT AR LS S

Cfirst paral | el - 2eflal COnver ter V|ng

code word and fhgeSeingta Gl Wora BEEUSNSE t£15¢ Qi EmittRA bl éEdQSV
counter 103a is further connected to the external code word bit clock

source f@ receovd rgit hmitd atlereifgoml Sbc therefrom - Based on these 20
~ .data, the DSV counter 103a counts the DSV of -each serial code word and
~accunul ates it. Nbre5§Ee§1r5§apﬂyal1hb~$§ﬁi¢bunvwﬁr§©3 nnehudeaverts

up/ down- counter mhl q)counts
it paral el code word candidate Ci(i) to a serlal

:_code word, and.outputs a serial code word seguence.. Note
- that conversion and output are Synchronized to the word
io0 - clock signal Swc and the code word bit clock signal Sbc.
16-bit parallel code word and serial code word are referred
to as.“parallelfcode_word" and "serial code word",
respectively. |
The first st-counter:103a is-connected to the
15 - first parallel-seriai converter 102a for'receiving'thus
converted serlal code word and the serial code word
sequence therefrom. The first DSV counter 103a is further
connected to the external code word bit clock source for
receivino the clock signal'Sbc therefrom. Baeed on these
20. " data, the DSV counter 103a counts the DSV of each serial
code word and accumulates it. More spec1f1cally, the DSV
counter 103 1ncludes a up/down—counter'which counts zero
' _and is rec1procally sw1tched between up-count mode and down
~ count mode when a one in a serial code is detected.
25 o The first serlal—parallel converter 1l04a is
connected to the first parallel-serlal converter 102a for

rece1v1ng the serlal code word and the ser1al ‘code word

13



and is reciprocally smntched bet ween. up-count node and down count node mhen
a'one in a serial code is detected. 25 o "The first
serial-parallel converter 104a is connected to the first parallel-ser[al
~converter 102a for receiving the serlal code mord and the serial code word
13 = WD 97/22182 - PCT/ JP96/ 03626

© sequence t mayefagn The flrst serlal parallel converter l@¢xnpssid3east her
~connected to the external code word bit clock source and the word clock
source for receiving the clock signals Sbc and Swc, respectively,
"therefrom Based 5 ' on these data, the first serial-parallel convert er
104a converts the serial code words to a 16-bit parallel code word C(i’).

- The DSV conseghégee 1ot sfmannne ahed fh@stheeﬁierephmrwwﬁﬁrﬂéﬂ for
receiving the flags Fdl and Fd2 10 ~ therefrom and. is further connected
~to the f|rsnOEENaeo@mwtheninnnﬂamteﬂe¢elVhegemtérm&i @sle oot ddtval ue DSVI .
therefrom and sending a first DSV counter update signal thereto. The DSV
control |l er %88°ksseuses @thddeedord FHBCEe%%WEFQDS"\PJE:cﬁﬁﬁ%‘erIGBGhPor |

‘receiving a nd. DSV, ¢ nte efro and endlng a
second DSV Egﬁﬁge 1R g&’m S 5:'.‘tIﬁ:érgf’ﬁpecg’p 3f| ca{ﬁry t°ﬁ'33 c% f8i ler 108
updateg theg OURLEd atdle e Silae SQRSaplplis ib AUbRRGAY eg Macounters

103a and 103 ose, counted value iIs |n erior
ot her DSV ceufivertdOthe Xbrial code worls £5\a cmmmi | rahQ% Ic @8del Ses a

_CPU ROM and RAM formng a controller controlling DSV accunul ati on
© word C(i). , .
- The DSV cqntrollerlloa is connected to the -

preceding'converte: 101'for.reeeiving the flags Fdi and Fd2

10 therefrom, and is further eonnected to the first DsSV.- |
counter 103a for receiﬁing a first DSV counted value DSV1
therefrom and sending a first DSV counter update'signal
thereto. The DSV controller iqs is also connected to the
second DSV counter 1035_fbr receiving a second DSV counted

15 - value DSV2 therefrom end eendinéla second DSV counter
update signal thereto. Specificeliy, the-COntroller 108 -
updetes.the coﬁﬁted value of,either one of first and second
DSV couhters 103a and-ioab WhOSe counted value is inferior

_ ' by the ‘counted value of the other DSV counter 103.

20 _ The DSV controller 108 comprlses a CPU, ROM, and

RAM; formlng a controller cont:olllng DSV accumulatlon
- using a”so—called_lbok-ehead_method. The DSV controller

108 more specificaliy-confrpls the compeﬁeht.elements based
on'the,DCC fiags Fdi and_FdZ_supplied from the preceding

25  converter 101, and the information from the DVS counters

103a and 103b.
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usi ng a-so-call ed-l ook-ahead nmethod. The DSV controller 108 nore
specifically controls the conponent el enents based on the DCC flags Fdl and
Fd2 supplied fromthe preceding 25  converter 101, and the -information
‘fromthe DVS counters 103a and 103b. 14 WO 97/22182 B
'PCT/ JP96/ 03626 Thi s | ook-ahead nethod is a technique used when Eg%[%'gre
two code V\Dr_d‘é’oﬁzfﬁpsﬁoul d be selected.for a particular data HbF, ) 102 é., '
‘when DSV control is possible. I'n this DSV controllable state, the decision
--as to which of 5 the two code words should be used is postponed until a
DSV control state occurs again, at which time a decision i.s made to sel ect
the code word for the first DSV control state resulting in the |owest

‘absol ute value of theTH3¥ éeeﬁﬁﬁh%ﬁémpﬁﬁhqqui%i%n?qgm§lgééoﬁﬂeﬁﬁwh€%ntroI”__:.
tate is 10 ount ered. Le cificall he DSY contraller 108
¥ ‘o L e t%g’h cg? =t Vépg%ﬂlé% EMHL% FE SF%.F%'OYQT? '

ultimately determnes whi cl ) ¥he preceding -
converter 101 ﬂ&fﬂid\ﬂ%‘i‘: aktd bbﬁa read estyddiVo ve%%%%lcggfsasgible.
at” co

suppression in the final 15 =~ NRZI .signhal, and selects t de word. The
details of thikn ciidrsatDs¥n cantrdiiabidestdnd owns deciefiencasetbowridh ¢
.chart. Based on these signals DSV1, DSV2, Fdl, and Fd2, the DSV controller .
108. prod@ces d&hea /¥ godet wprdgnshonl@ e ussdyrisl postpovedtvwntilng BSE /0

sel ectors 106a and 106b. The DSV controller 108 further produces a selector
control contro sta;e,occurs again, at which time a decision is _

made to select the code word for the first.st control
state resulting in the lowest absolute value of the DSV
~accumulated by the time the second DSV control state is
“-lb encoﬁntered. . _ |
- More specificaliy, the DSV controller 108
uitimately détermines which of the two code words_oﬁtput
from the preceding converter 101 will ;ésult in the
greatest low fregquency cémponent'suppression in the final
15 = NRZI signal, and selects that code_woéé}_The'details of
| this operatioﬁ are described below with reference to a floﬁ
chart. | _.
Based on these signals DSV1, DSV2, Fdl, and Fd2,
the DSV controller-loé.producés an i/o selector control
20 -signals for:cbntrolling'the I/0 selectors 106a and 106b.
| The DSV controller 108 fuither produées a selecfor'control -
signalé for controiling the selectors 107a aﬁd 107b. |
_ 1he second selectbr_lO?b is.coﬁﬁected to the'D;ﬁ.
controller ;oslfor_rgceiving-the selgctor control signal to
25 'select read/write addfess therefrom. |
i The'first;I/ozseiectér 106a is conﬁeéted to the

first serial_converter-104a for receivihg_the is—bit



signals for controlling the selectors 107a and 107b. The second sel ector
107b i's connected to the DSV controller 108 for receiving the sel ector
control signal to 25 - select read/wite address therefrom The first 1/0
sel ector 106a is connected to the first serial converter 104a for receiving
~the 16-bit- 15 Wo 97/22182 . ' DR

PCT/ JP96/ Of@2@/mmeal | el code word C(i) therefrom and is freriseesose@nnect ed
to the DSV controller 108 for receiving the 16-bit data C(i) data to wite
t herefrom and sending the data read therefrom 5 The first .

buf fer nmenory 105a is connected to the first 'I/O selector 106a for - .
sel ectively exchanging the 16- bit parallel code word C(i) thereto based o
~a control spgpallél osdddarddV adnt kbl réfRP. and hes f fustndiufdmeadear y 105a
is further connected to the second selector 10 107b for receiving the
“read/ wite tddthesPiVierwituilertha o8 forr betébvimenoney 1dH5s acatml at es and
‘stores parallel code words. Note that the wite and read addresses to the

buf f er nenof¢ilodatarke pidte dhanefseghand| serding obhe f4adm meadwrite

address Cougﬁer 09,2and the 15 . read address counter 110 as controlled by
the DSV contPBFFet®@08. The first selector 107a i s connected to the first

0 PSRN 007 e R iR ekt P 40 dhiilcd b8 thlom 20
: " first I/0 selector 106a for selectively exchanging the 16—
bit.pa;allel éode'word c(1i) thereto based on a control
signal from the DSV controller 168,_ The first buffer

" memory 105a ‘is further'connectgd to the second selector:_'
10 " 107b for reéeiving the reéd/write'address therefrom.:
The first buffer.meﬁorj 105a accﬁﬁulates and stores.
parallel code words. Noté thét.thg write and read
addresses to the_bﬁffer_memory 105a are supplied thrqugﬁ .

selector 107b. from. the write address counter 109 and'thé

15.  read address counter 110 as controlled by the DSV

2

o

~controller 108.
The firsﬁ selector 107a ié-connected to the fi:sf'
I/0 selectbr 106a for'recéiving the first code word él(i)
‘therefrom. o S | _'
l20 . The first I/O-seiectprs 106a is controlled by the
| DSV contfoller 108 to store_thé'parallel code word C(i)
~ from the first'serial-paréilel converters 104a to the first
buffer memory 105a, or to read and output'the'parallel code
words C(i) stored ih the_buffer memory 105a to the first
.25 : selector 1d7a; | | | | o
' Thus, the fifst*pafallél?éérial converter 102a, DSV

. counter 103a, Serial-pa:allel'coﬁverter'104a, buffer memory

15



‘DSV controller 108 to store the paraltel code word C(i) fromthe first
serial -parallel converters 104a to the first buffer nmenory 105a, or to read
and out put the parallel code words C(i) stored in the buffer nmenory 105a to

the first 25 sel ector 107a. Thus, .the first parallel-serial converter.
102a, DSV counter 103a, Serial - paralre[ converter 104a, buffer nenory 16 - -
WD 97/22182 WO922182 SR PCT/ JP96/ DCBHD6A®36, and

| /.O sel ector- 106a construct a flrst | ook-ahead unit |1la which tenporarily
stores the first code word candidate C (0) until the evaluation of the
first code word candidate G.(i) with respect to the second code word 5
candi date C2(i), and outputs thus stored first candidate code words CL1(0)
to C(i-1) to %Qﬁ?ﬁ|anﬁ:Ii@l§e@e¢tqo7%06&mqnnstﬂq¢t esh@isstohdok-ahead

"~ parallel-serial converteL 102b, DSV counter 103b, Serial-parallel converter
104b, buffer Hﬁﬁﬁiﬁ' lﬁhdt?WQ?¥ﬁﬁ¥&%(ﬁtqgﬁﬁbtééngﬁFEEt°9d§0"°rdsecond

- .I'ook-ahead uni A e .the second_code wo

~ candi date C2(0 4414%§%h?ﬁv°ﬁ HPQ us st red°§ ggﬁdftﬁiﬁ %@é?&%ﬂfﬁe'
words C2(0) tgdeiiigaltk bQ(Ehew:f.tﬂ Sx.teﬁf'ecﬁ?tt‘or tﬂg7§ec§ﬁﬁcbo% &3hdyq the DSV
controller 108 controls the first and second | ook-ahead units. 11la

~and 11 1bst o staaralidatef crzmamlncsaﬂmphu‘samu@aheoﬁedeﬂ\@é@lscﬂdﬁaﬁ@
Cl(i-1) and C2(0) to C2(i-I) wuntil it is determned that which candi date

code words Cl(®deoWordE0F1i8) gerdl (iftian tat Ithecﬁmristlaseleotim: VIo'Zh .

determ ned as good is outPutted
Similarly, the second parallel—serlal converter

102b, DSV counter 103D, Serial-parallel converter 104b,
buffer memory 105b, and I/0 selector 106b construct a _

10 - second look-ahead unit-lllb which'temporarily stores the
second code word candldate C2(0) to 02(1), and outputs thus
stored second candidate code words C2(0) to C2(i-1) to the
first selector 107a.

Spec1f1cally, the DSV controller 108 controls the .

15 flrst and second look—ahead unlts 111a and 111b to store
the first and secona candldate code words C1(0) to €C1(i-1)
and Cz(O) to c2(1-1) untll lt is determlned that which
candidate code words C1(0) or CZ(O):is good. Then; the
candidate code viord determined as good .is outpu‘l:ted

20 therefrom. B |

Referring'to Eig. 2, the specific.coﬁfiguration of
the preceding converter’lOl'is shown. The preceding
converter 101 further comprlses ROM tables 201a, 201b
201c, and 201d selectors 202a, 202b, 202c, and 202d end-- ”

_25_ | runlength memory.unlts 203a and 203b, evaluators 204a and
204b, nextestate_memoryszbsa_and 205b,.synchrooization code

generator 206a and 206b, controller 207, and 1/93 fregquency
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20 therefrom Referring.to Fig. 2, the specific configuration of the
precedi ng converter .101 is shown. The preceding converter 101 further
conpri ses ROMtables 201a, 201b, 201c, and 201d, selectors 202a, 202b, :
202c, and 202d, end- 25 -runlength nmenory units 203a and 203b, evaluators
- 204a and 204b, next-state menory 205a and 205b, synchronization code- '
gener at or 2@63»7and2 206b, control |l er 207, and 1/ 93 frequencypci/Frosno3cdd

97/ 22182 .- : : : ' _ _ o PCT/ JP96/ 03626 di vi der 208.
The ROM t abl es 201a, 201b, 201c; .and 201d store all. of the eight-to-sixteen .
conversion tables according to the present invention by state. ‘Referring to .
Fig. 3, conversion tables Tp(m. and 5 Ts(m) used in the eight-to-sixteen
conversi on ngtwidencow di mMhel RoMNeaplLesepb1a NVeods Oredic,Shadan2o018i mlarly -
to the tables Tpc(m and Tsc(n) .shown in Fig.- 8, there is-a total of eight"

- ‘tabl es and gstupedhlced dheg etightotip-stiateen (SinVidatsian $BbIEE) wWith two '
.tables, a primary and 10 = secondary, associated with each state. The
prismary conVRFSPEHLAG R Ehe Presgntaiayenyicy mbIstaks-m), wherein m .
~‘corresponds to the nu rs... the secondary cqnversign,table Ts(m are

al so identified by %ﬂﬁ?r&89r§§pgﬁarng's?%R%frsﬁﬁP:ﬁﬁg g?e%?é??n??g referred
to as "t at apd N 3 -ihe ' Yo SSRMES 550 es Tp(m

~cont ai nssal I eg%pgg)ﬁosfe%g’tnatv?gr gégBtt Egt s%%{r:l% c.éxpresslzﬂ(? \?\}et_ &meii ght - bits,

i.e., 256 sod¢coffiriattd whedpresbatlinbest tonleisvaninaC @idithe1g-v6t next

state indicators NS. The 16-bit code _ -
the tables Tpc(m) and Tsc(m) shown in Fig. 8, there is a
total §f eight tables aﬁd grouped according to four states
(STATEl-to.STATB4) with two tébles; a primary and
10 secondary, associated with.each_state,_ The primary |
conversion tables are indicated by symbols Tp(m), wherein m
corresponds tb the state numbers. the secondary cohﬁérsion
table Ts(m) are a;éo identifiéd by m-itsecorresponding
state. In this sense, m is refefred to as "state index".
15f_ The primary convgréiﬁﬂ.tablés_Tﬁéﬁ) contain all ”:"
.sorts of data words D that.can be expréss;d with eight_
bits, ife;, 256 sorts of data words, the'ié-bit_code words:
C, and the 2-bit next étate_ihdicators NS. The 16-bit code
words C and the next state indibatoré NS(i) both correspond
20 to each of these data words D. |
The secondary_conversion tableSst(m) contain a
finite selection of data-words_D,_specifically the'ss_data
words ffém 00000000 ﬁo 01010111, the corresponding code_ .
'wofds C, and the cdrresponding next state indicators NS;
25 : ' Both_fhe priﬁary-and sécondafy conQersion_tables
. Tp(ﬁ) and Ts(m)Ifﬁrthef'contain'd*bit béginning.runlenqth_-'

indicators IR and end_é-bit ruﬁléngth’indicatqrs ER. Both
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- words -C and the next state indicators NS(i) both correspond 20 .- to each
of these data words D. The secondary conversion tables Ts(m contain a
finite selection of data words D, specifically the 88 data words from
00000000 to 01010111, the corresponding.-code words C, ‘and the corresponding
- next state -i.ndi cators NS. - 25 . Both the primary and secondary
conversi on t s esaig(m and Ts(m). further contain 4-bit begmmmgﬁlaaml ength
indicators IR and end 4-bit runl ength i ndicators ER  Both WO 97/ 22182 -
'PCT/ JP96/ 03626 runlength i.ndicators IR and ER are also corresponding to
“the preceding_code word C. Specifically, the statel ROMtable 20la stores a
first primary conversion table Tp(mel) and a secondary 5 conver si on

‘tabl es. Ts(nFl yuhoentbr indidatdri GRSMAGELERNSVE dTsdi dhrrdspob#Engt iter ROM
tabl-es 201b, 20l1c, and 201d simlarly store corresponding primary and - .
secondary contbespna%ébﬁ@scw med §. and 4) and Ts(n¥2, 3, and 4) for the
second. state STATE2, the third state STATE3, and 10 the fourth state
 STATE4, respecti veI y Speciii iy athe §F§Be%t%9‘ésta}1ﬂ%r2r?&la| &FOFgENRI f yi ng

bogi i o runERBE BT Reef e eketen Sk Th e LS 3tle Ak R anove, 1n
data word by [oTSaraite r?%“’%%”ﬁ@fé e o & o‘iastat}?"ﬁ?é‘%l;f‘e‘ “ow
tabl e 201d, eashreg.ROM e esxch2d]lRoandaBidd petwutzowc,26Gnd 2odat a bl ock
correspondl ng to that inputted data word D(i) therefrom _
similarly store corresponding primary and secondary
conversion tables Tp{m=2, 3, and 4) and Ts(q=2, 3,_and 4)
for the second state STATE2, the third state STATE3, and
10 - the fourth state STATE4, respectively. Each ROM table also
stores information idehtifying_the attributes of each code
~word C including the next state NS(i), and beginning
runlength IR and end runlength ER, as described'in_the
| above, in addition to the code wordeec themselves...
15 . When an i—th_s-bit-aeta #ord-ﬁkis is ihput to the
statel ROM table 20la and the state4 ROM table 201d, each
- of ROM tables 20la and 2014 outputs a zsébit'data block
corfesponding to that inPutted data word D (i) therefrom.
This 26-bit data blqé’k' is divided into a 22-bit block anci_ a
20 4-bit block. | |
The 22-b1t block contalns the 16—b1t code word
.C(i), 4 bits end runlength indicator ER(i) declaring the.
. end ruﬁlenéth of that code word'C(i),uand 2 bits.next etate
indicator NS(i) declarlng the next state. The 4-bit block
25 is the beglnnlng runlength lndlcator IR(1) declarlng the

beglnnlng runlength of that code word C(i).
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This 26-bit data block is divided into a 22-bit block and a.20 4-bit

bl ock. -The 22-bit block contains the 16-bit code word C(i), 4 bits end

‘runl ength indicator ER(i). declaring the end runlength of that code word
~C(i), and 2 bits next state indicator NS(i) declaring the next state. The
4-bit block 25  -is the beginning runlength indicator IR(i) declaring the
begi nni ng' WAPEEEH of that code word C(i). 19 . - WO 97/ 218A/3p96/03626
PCT/.JP96/ 03626 However, .when an 8-bit data word D(i) is supplied to the
other ROMtables 201b and 201c, only the 22-bit block containing the 16-bit
- code word C(i), the 4 bits end runlength indicator ER(i), and 2 bits next

. state indicator 5 NS(i) is selected and output therefrom Referring back
‘to-Fig. 2, the contridverer0%When annsebieddata tisrd X €)nals Gappiwend source -
~.(not shown) for receiving the data word.D(i), and is further connected to
an. external. #6rBhe| eERkes RAME LGS 203hnpnd| 2@Tc) yorh the 22-Hitough the
1/93 frequen  vider 208 tq.receive the word clock signal Sw and 1/93°
frequency di§¥8§% {F%ﬂ%ﬂﬁhtnﬁééﬁéeFFvEPQ?'Yﬁ@?é?(%ﬁn 4 Riits epHect or

-202a is conn | eatdy iBLY t es J in the ROV tables 201a, -
.201b, 201c, %Lfgngﬁr% 201 tOO?:r rEgé'ix\?i gg&t%eb%g)b'??x%l%c%et ﬁ&déFFgﬁf
Simlargy, thg(ipuid f’séﬂ@_{‘é&)l’an&o%ﬁtkﬁtceﬂ% to each primary table

- Tp(m and further to each secondary table Ts(m In ROMtables 201a, 20ib, "
“201Cﬁﬁand 201d for Referring back to Fig. 2, the controller 207 is :
éonnected to the external data word soufcé {(not shown) for.
reéeiving the data word D(i), and is further connected to
an external word clock source (not shown) directly and |
10 through.the_1/93 frequency divider 208 to receive the word

clock signal swe and 1/93 frequency divided word clock,
respectively, théréfrom. |

| The third selector 202a is cbnqécted to each of

primary tables Tp(m) in the ROM tables 20la, 201b, 201c,

A

i5 and 201d for receiving the 22;bit blséﬁ ﬁherefrom..
Simiiarly, the fourth selector zozb.isxéonnected]to each.-
primary table Tp(ﬁ) and'further to eacﬁ secondary table |
Ts(m) in ROM tables 201a, 201b, 20lc, and 201d for
receiving the 22-bit block thereffom, respectively. Note

20 that.one of 22-bit data is oﬁtputlin parallel from each of.
."t_:he ROM tables 201a, 201b, 20lc and 201d to the third |
selector 202a,'and hovever'twd'of-ZZQbit data are output in
parallel from each of the ROM'tables_ZOla,-201b, 201c; and
Zoid tolthe fourth selector 202b,-for compatibility with

”25.w_ the look;ahead_method, whereby code words C1(i) and C2(i)
| are temporarily sto:ed wh§n there are two code words c1({i)

- - and CZ(i)-corresponding to one data word D(i), as may occur
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receiving the 22-bit block therefrom respectively. Note 20 t hat. one of

- 22-bit data is output in parallel fromeach of the ROMtables 201la, 201b,
201c and 201d to the third sel ector 202a, and however two of 22-bit data

‘are output in parallel fromeach of the ROM t abl es 201a, 201b, 201c, and
201d to the fourth selector 202b, for .conpatibility with 25 the

l.ook- ahead neVA8H221¢her eby code words O (i) and C2(i) are t HFEPaHH3635
stored when there are two code words Cl(i) and C2(|) correspondlng to one

- data word D(i), as may occur 20 WD 97/ 22182

PCT/ JP96/ 03626 when the data word EXl) is are.87 or fewer. .The th|rd and
fourth selectors 20 and -202b are ,both connected to. the control.ler 207 for

receiving the ¥BFBcE ? ?ﬁﬁﬁrWﬂrQSFﬁﬁdl%stﬁEFe?7oﬂF fewer. The thiygeand

sel ectors 202a 0 I h ol | er Qs ect one -

of the four ROF/?QQB‘% gg;z%glteo,q_.g%t 24 E@% %%édg’i%q&g{h A% %Q'e %r?l ;%/hs single
~-of the 22- bitcdataobl &€ kePuts Bt rfe‘éuﬁvgg?btﬁed@éfeéﬂdicl&%n@%'l) s:LEﬁé.'l and
“ NS(i).) fromthe four ROMtables to outpuf therefrom 10 I'n ot
::the_controllertﬁ@fesfbmcts one of the four ROMtables 201a, 201b, 201c, and
'201d based on the eval uation results returned by the evaluators 204a and
"204b and %he val ues stBredealSCtpren2phe arti2@ayensentyo208d BydtRe5b. 15

‘The first end- runlengih nenogéhZOSa i's connected to the first selector- 202a
‘for receiving EABYECHIET AfY MhS&dgeh PREI ehitlhe Hiolyg ROMeEBRLPFR )1, -

loutputted ther9858n1201c, and 2014, and select only a single of the 22— .

| i bit data block out of four 22-b1t data blocks (C(i), ER(l),
and NS{i)) from the four ROM tables to output therefron.

) 10 - In other words, the controller 207 selects one of the four
ROM tables 201a, 201b, 20lc, and 201d based on the .
evaluation results returned by the evaluators 204a and 204b
ana the values stored NS(i) in the next-state memory 205a.
and 205b."- |

15 o | - The flrst end-runlength memory’ 203a is connected to _"
| the flrst selector 202a for receiving the 4—b1t end |
_runlength indicator ER1(i) selectively outputted thereffom.
Slmllarly, the second end—runlength memory 203b is
connected to the second selector 202b for receiving the 4—-

.'20 bit end runlength;lndlcator ER2(1)-se1ect1vely outputted

 therefrom. |

The first eValuafor 204a is conhected to statel ROM
table 201a (STATEl) for rece1v1ng two of 4—b1t beginning
runlength 1nd1cator IR(l) therefrom, and to the state4 ROM

- 25 table 201d_(STATE4) for rece1v1ng two of 4-bit beglnnlng
rﬁhlength:indicator IR(i). The first evaluator 204a is

further connected to the first end-runlength memory_203a

21



Sinilarly,

the second end-runl ength nemory 203b is connected to the second

sel ector 202b for receiving the 4- 20 bit end runlength indicator
~selectively outputted therefrom The first eval uat or 204a‘is connected to

statel ROM
runl ength i

tabl e 201la (STATEl) for receiving two.of 4-bit begi nni ng -

ndicator IR(i) therefrom and to the state4 ROM 25 tabl e 201d

ER2(i )

< (STATE4) fowossezisyi ng two of 4-bit begi nni ng runl engt h i ngcrabw3d2R(i) .
The first evaluator 204a is further connected to the first end- runlength
menory 203a 21 WD 97/22182

PCT/ JP96/ 03626 for receiving the 4-bit end runlength I ndi cat or ER1(|)

‘therefrom The first eval uators 204a-adds the end runl ength indicator-

" ER1(i-1) st

poedrdyeivitnd i 41l tS CRRCRGhIe APED IndicatA0FRIMHN the -

-~ ‘begi nning runlength indicator I'R(i) of the next code word Cl(l) Thi
.code word Ckhe¥efsomut putted fromthe ROMtabl es 201a and 201d

- i'ndi vi dual |
satisfies t

y, and is to deternine whether the total runlength thus obtalned

he (2, 1#e rmseng!ﬁ'ﬁlpéﬁ%éthogm 1t@e engnausiAngLth

S next

"constralnts. L m econd e al yat o 204b cOo ct d to statel
POV al o zb&§ Bt ol (19 GRRRCAKT B8 O i m% BRBeRY . O -
E4) for :

_ gé%. ‘g:lb?; %Hé)rge[?qgﬁ'}n?nggga%*%gt | cat or (P%Szﬁ%e) second
eval uat or 2Rdft i Sodeirdiel caqinect edikonéke é&r@%mhr(tirjl a@gth -

-'| ndi cag or
receiving t

outputted from the ROM tables 201a and 201d 1nd1v1dually,

and is to determine whether the total runlength thus |

'obtained satisfies the (2,_10)'run1ength for both STATE1l

.10

‘15

20

and STATE4 constraints.

.Similarly,. the second evaluator 204b is connected
to statel ROM tableu201a.(STATEI) for rece1v1ng the 4-bit
beginning runlength ihdicator'IR(i) therefrom, and to the
state4 ROM table 201d (STATE4) for recezv;ng the 4-b1t

beglnnlng runlength 1nd1cator IR(l) The second evaluator
a»

- 204b is further connected to the second end-runlength

memory 203b for rece1v1ng the 4fb1t end runlength 1nd1cator
ER2 (i-1) therefrcm
o The second evaluator 204b adds the enad runlength

indicator ER(i) sto:ed by the second.end-runlength memory.

203b with the beginning runlength indicator IR(i) of the

‘next code_word c2(i). This next code word c2(i) is

outputted-from-the ROM tables 20la and 201d individuallY:_

and is to determine whether the total runlength thus

25

' obtainedhsatisfies the (2, 10):fun1ength constraints for

* both STATE1 and STATE4. The first and second evaluators

204a and 204b are bothlcopnected to the controlier 207 for

22



menory 203b for receiving the 4-bit end runlength indicator ER2(i-1)
therefrom The second eval uator 204b adds the end runlength 20 . i ndi cat or
.ER(i) stored by the second end-runlength nmenmory 203b with the beginning
~runlength indicator IR(i) of the next code word C2(i). This next code word -
~C2(1) is out romthe ROMtables 20la and 201d i ndi vi dis
to- detern1ne&%ﬁéﬁﬁé? the total runlength thus 25 obtalneggﬁafpgﬁﬁgs t he
(2, 10) runlength constraints.for both STATEL and STATE4. The first and
second eval uators 204a and 204b are both connected to the controller 207
for -22 WD 97/22182 :

- PCT/'JP96/ 03626 tr?nsferr rgktrua naI Lcatlve evaJuatlon result 3
“thereto. The“SPBAFFTLENEE ﬁﬁﬂ?a aﬁﬂ lﬁﬁd%V?&P?$ﬂPQﬂﬁﬁ SPdors 204a and
204b i s desc hQFQ Helow. 5- - As descri bed above, the four ROM

tabl es 201a, 201b, 201c, and 201d store the conversion tables shown in Fig.

3,--and insofar as the.etﬁge:ﬁh@aae& a€Cendi dealwat it md®Rs byhewa in Fig.
12, the (2, 10) sequence constraints will be satisfied in the

i nter connect evalbators R Gix Gossi20d bc ddedésScribedroslow As a. resuI:t it may
seemthat the evaluators 204a and 204b are not needed. Wien the next state

. is stat® 1 (STATEl) »F desardibed gbaye4) the iR RON Haldiest @022andPEPon in.
Lhe ot TBR SATAREYALS o8l LIRBLERST L e Lo,
' and insofar as the state changes according to the rules
shown in Fig. 12,-the (2,.10) seéuence constraints_will be
satisfied in the interconnection between successive code.
10 words. As a result it may seem that the evaluators 204a
and 204b are not needed |
~ When the next state is state 1 (STATEl} or state 4
(STATE4) , however, the state tran51tlon51n the dlgltal
modulation apparatus of:the.present invention is not
15 = automatically determined as designated bﬁ*the preeeding_
| code word c(1-1) statlcally Note'that“the state’
- transition dynamlcally determlned to select either of
' STATE1 and STATE 4 whichever resulting in the best_possible :
-_Dsﬁ control while.(z,lo) censtraint_satisfied in both case.
' -e.20'.' o Thus, when.the-first evaluator.204a determines that
the code word C1(i) can be selected or data word D(i) is 8?t
or fewer, the controller.207:sets pcc flag Fd1l. Likewise,l
when ‘the second evalﬁator_204b'determines that the code
word C2(i) can be selected or:the data word D(i) is 87 or
25 fewer, the controller 207 sets DCC flag Faz.
| The first_nekt-state'memory'zosa is connected to

' the first selector 202a for receiving the 2-bit next state

23



code word C(i-1) statically. Note that the state transition dynam cally
deternmined to select either of STATEl and STATE 4 whichever resulting in
“the best possible DSV control while (2,10) constraint satisfied in both
case. 20 ~Thus, when the first evaluator 204a deternines that .the
code word C (i) can be sel ected or data word D(i) is 87 or fewer, the
control | er WwO97/2248 DCC flag Fdl. Likew se, when the secoPl/P6P362¢ or 204b
det er mi nes that the code word C2(i) can be selected or the data word D(i)

| s 87-40F 25 fewer; ‘the controller 207-sets DCC flag Fd2.” The first '
next-state nmenory 205a is connected to the first selector 202a for
‘receiving the 2-bit next state 23 = WD 97/22182 '

. PCT/ JP96/ 030Rbidatti ASar(iNStheyefhenef I sevnd awotic state- meubeymam)ry
205b is connected to the second sel ector 202b for receiving the 2-bit next

state indi R IsHMPagretetrofte $ReoRd S8 e&iﬁ?rsé’co@rhjfﬁé'xtre%wénﬁermrl es -

~ 205a-and 2 0 n ed to ﬁf ral 207

~transferring ? he(:}l'tlbc ib|s'tté\(r‘21.'§x?§8% tor r# eﬁ§f((%°f‘ anELRIS:Eﬁ?tst ored .
. therein. Thgd 'ée'ﬁoxﬁ“@ze’i&ﬁg'ﬁétém&h&?ﬂ&aédﬂ“ a@ﬂd%o@s%"‘ai-@t Bben206a and 206b
~are both connected to the controller 207 for receiving the word clock

- signals S er¢dnrasutel to 'dhbecbheﬂdl?]]@iy’ 0¥ i fikad tae crtdhgl the thbez-
frequency-divided clock is then used for the timing at which the
- ‘synchr oni. zakibmedtositate dndigeteraniShel )s anchNe? (2at lsclmreddbhgmaemat ors
- 206a -and 206b. Note that while this synchronizatiqn code is the
synchronlzatlon codde first an second synchronization code
generators 206a and 206b are both connected to the
" controller 207 for receiving the word clock signal ch and
”'._'16 | ‘the frequency-divided clock therefrom.
“The frequency-dividedIclock'is then used for the timing at
which the synchronization clock is output from the
synchronization code generators 206a and”206b. Note that
while this synchronization code is the synchronization code
T s used during reproduction, one synchroniz;tion code two code
“f words long is inserted for every 91 codeinords ‘More
specifically, the synchronization code is inserted on a 93
word clock cYcle - Note that for the purposes of DSV
control in the digital modulation apparatus of the present
20__ invention this synchronization code is handled in the same
manner as a st-controllable code word.

The fifth selector 202c is connected to the third'
selector 202a for rece1v1ng the 16—b1t code word Cl(l) |
selectively outputted therefrom, to_the first

25. synchronization code generator 206a'for receiving:the_

synchronization code therefrom, and to'the_controller 207

for receiving a control signal tnerefrom. Similarly, the
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15 - used during reproduction, one synchronization code two code words
long is inserted for every 91 code words. Mre specifically, the
~synchroni zation code is inserted on a 93 word clock cycle. Note that for
- the purposes of DSV control in the digital nodul ation apparatus of the
present 20 i nyention this synchroni zation code is handle ane
manner “as a @%H?rollable code word. The fifth selector gstﬂwkﬂﬁnﬁ
connected to the third selector 202a for receiving the 16-bit code word
Cl(i) selectively outputted therefrom to the first 25  synchronization
~code generator 206a for receiving the: synchroni zati on code therefrom ‘and

he 58 M miEh, sg3etehr 555 14 LAnERLE o Il Hold W LdWepe Lot LY,

sixth select 02 S aP . Qur 2 h cond
'synchronl zati o%%do }el!eg%%e ﬁgcdl nHQ%&EBﬂeEQ%%%%F%%t%&%%% ?él(?gl Vi ng

the-16-bit cege weherc2iey. zé%efcﬁy&@yeawagttea todeit afslia v rol  signal , -
-5 respectively, therefrom Thus, the third sel ector 202a, first _

-end- runlengthzqﬁvpryhaoaynchfmnizatmpnewaﬂeaton62®4e9ntrmifsanalnext state
menory 205a, the first synchroni zation code generator 206a, and the fifth
‘sel ect ob 202&espectivelya th?@ﬁfﬁﬂﬂe 10 converting unit [0la for

t | t t ade, d The, f th 02b
_-SEZEﬁGaL'ndyrﬁnf’é'nS?h Bror DS 095 BR0BeERr L and iRt SR $othond
neXt' state QEEE&¥-%Q§Q the f%?§¥“$d§ﬁ%%%&9“h6@£'OEhQQéﬁkst next-state

memory 205a, the flrst synchronlzatlon code generator 206a,

and the fifth selector 202c construct a first pre-

- 10 '-convertlng unit 101a for temporarlly storing the- lnput code
data C1(i). The fourth selector 202b, second.enderunlength
memory 203b, the second evaluetor 204b, the second next-
state memory. 2055, the second synchronizetion code
generator 206b, and the sixth selector 202d construct a

‘15 second pre-convertlng unit 101b for temporarlly storlng the
‘code word. 02(1), as described in the ‘above. '

The selectors 202c and 202d select and output
either the code words from the selectors 202a_and 202b, or
the:synchronization.code from the synchronization cooe

20 7generator 206a and 206b. | |

The controller 207 con51sts of a CPU, ROM, and RAM,
and controls determlnatlon of the next selectable state and
the operatlng tlmlng of each component Detailed operatlon
of the controller 207 is descrlbed below.

:25 Ogeratlon of _the dlg;tal modulat1on aggaratus

The operatlon.of.thejdigital_nodulation apparatus

comprised as above is described below. First, the

25



generator 206b, and the sixth selector 202d construct a 15 second
_pre-converting .unit 101b for tenorarily storing the code word C2(i), as
described . in the above. The selectors 202c and 202d sel ect and out put
ei ther the code words fromthe selectors 202a and 202b, or the ' -
synchroni zation code fromthe, synchronlzatlon code 20 generator 206a and .-
206b.. The c¥R¥@208r 207 consists of a CPU, 'ROM .and RAM XEA/IBRHA3626| S

determination of the next sel ectable state and the operating timing of each

. conponent. Detailed operation of the controller 207 is described bel ow. 25
“ Operation of the digital nodul ation apparatus The operation of the digital
“modul ation appar at us conprlsed as above is described below. First, the 25
WD .97/ 22182 conceptual operation is described with remnﬁwuﬁgabosﬁge 4,

: conceptual gg&atlon i.s descrihed with reference to Fi 4, -and then the
oper ati.on wi B9 aHERD M reRenATHOM &R GeQErF?EEFQJtWPq dffce to Fig. 5

later. Refer f| ow char tual _ oper ation
accor di ng- toé%%gr%ﬁgge tﬁlﬁé;%ﬁﬁg & &9 #6 Ehe operatlon starts, at

c.step #1, i is set t wdlerdihdMcS t 0 t he
' operat|on the byte coJ?terg?F) Fgac gar%dfl%%gé%lggé#i%tﬁhaﬁgrggted by the

 state imdex spépatién ddtording to thal pseeentinddiecidai asvehewh(i) in the
- (n+1)-th order |s i nput. At step #5, it is judged whet her the val ue of data
o _ When the operatlon starts, at step #1, i is set to

o, aﬁd m is set to 1. Thus, at the start of the operation,

the byte counter (i) is cleared, and the STATEl indicated

by the state index m is set. ._ o
10 ' ) At step #3,.thé data word D(i) in the (n+1)-th
| " order is input. : - _

At step #5, it is judgéd.whether the value of data
word D(i) is less than 88 or not. When it is judge “YES”,

meahing_that-the data words D(i), the procédure advances to

N . . /)
.l ... e e

T 15 step #13. | L |
BERS : At step #13, ﬁhe-daté word D(i)r§s temporari1y
converted to first and second COde.word candidates C1(i)
and C2(i) with the.conversion tables Tp(m) and Ts (m)
currently indicated the §tate index m.. &hen, the procedure
26 | aannces to step #19; | o
At step #19, either one of two codé word c1(i) and
'C2(i) produced at ste§ #13,.advantageous fbf reducing'the
DC component.is sélecﬁéd. Then”thé byte counter (i) is
incremented at step'¥10, and the procedure advances to step
25 #11. | |
| At étep #llg-When it ié_judged whether all data

wgrds D had been converted or not. -On the other hand, it

26



mord (i) is less than 88 or not. Wen it is judge "YES', neaning that the

~data words D(i), the procedure advances to 15 ~ step #13. At step #13, the

data word D(i) is tenporarily converted to first and second code word

. candidates Cl(i) and C2(i) with the conversion tables Tp(m and Ts(m _

-currently indicated the state index m Then, the procedure 20 advances
to step #19. WO #19, either one of two code word O (i) Pﬂ‘d"’?ﬁ‘("ﬂ‘
produced at step #13, advantageous for reducing the DC conponent.

" selected. Then the byte.counter (i) is increnented at step #10, and_the
-procedure advances to step 25 #11. At step.#11, when it is judged

“whet her all data words D had been converted or not On the other hand,

26 WO 97/ggqggdged “NO" at step #5, the procedure advaqqgﬁgppggﬁggaze Is

Judged "NO' step #5, the procedure advances to step #7. At step #7, it

‘i's judged wh her the state nunber index is either one of 1 and 4, or not.

- Wen it is judged. 5, 8;55% rkgglrutgggg GRBYRL '&E‘et@ﬁ r]‘u%[ e§TATE1 or

. STATE4 are currently use e’ proced vances o st Step #15,

it is judged jipRbNgls Ehenerr sRatdY A Qd %&ahs»cnunﬁs.énlﬂdei@s)uhg@d 4 can

 be. repl aced by the other index 4 or 1, respectlvely For exanple,” when the.
10 cenver Sy@s”{, ahkasing (Y cnversibantayles| fot STATH o [STATEd
whether t he conversion table Tp(nm=4) can be used in

. are. currently used, the procedure advances to step #15.

At step #15, it is judged whether the currently
adopted state number.ihdexes 1:or 4 can be replaced.by the
other index 4 or 1, 'respectiﬁely For eXample, when the

i0 . conversion tables Tp(m-l) are currently selected, it is
judged vwhether the conversxon table Tp(m=4) can be used in
stead of the currently selected tables Tp(m-l) w1thout
v1olat1ng the runlength llm1tat1on, i.e., (2,10) constraint
. at the ccnnectlng part, or not. When 1t is judge "YES",
15 _I_the procedure advances to | step #17. *

At step #17,_the data word D(i)iis'tempcrarily
.ccnverted to the first code word candidate C1(i) with the
conversion tables Tp(ﬁ=1) and to the second code word
.candidate C€2(i) with the con#ersion tables Tp(m=4) . Then,.

20 the procedure advahces_to step #16;“

However, whenﬂit.is'judged at step #7, it_means
that changing the currently selected conversion tables
Tp(m=1 or 4) can nct_be-replaced by'other possible tables
Tp(m=4 or.l) The procedure advances to step #9.

- 25 . ' ' ‘At step #9, the data word D(i) is converted to the

code'word C(l)_Wlth the conver51on tables Tp(m)_currently

27 )



stead of the currently sel ected tabl es Tp(mel) without violating the
runlength limtation, i.e., (2,10) constraint at the connecting part,
When it is judge "YES', 15. the procedure advances to step #17 At

‘not .
step #17,
wor-d candldate C1(1i) with the conversion t-abl es Tp(mel) and to the second

the data word D(i) is: tenporarily converted to the first c

or.

ode

.~ .code word cW@R7@a12 C2(i) with the conversion tables Tp( m=2CT/APIENEES. 20
t he procedure advances to step #10. However, when it is judged .at step #7,
it neans that changing the currently selected conversion tables Tp(nol.
~'4) can not be replaced by other- p055|ble tables Tp(ne4 or 1). The
procedure advances to step #9. 25 _ ) At step #9, the data word [Xl)
S convertednﬁGCﬁhedcbdethordtIXQ)numhdr uhdexomverﬁhen tn@lprodéduﬁe -

Scurrently
jPCT/JP96/038§8aPHGFc§Peﬁt59 #He state nunber i ndex m
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Referring t i | t§he aratus'
R F?g @1fi dath, wbba prf HdP betn (dagvardbgi t eh HUEM dﬂ}&pp

‘the tipe baterminates.ease of description shown and described as serially
The flrst step S401 is to initialize the

- 10

g executed on the tine base.

-pcontro

10

15

25

1 is showmn. Note that even those st eps execut n para

Referrlng to Flg. 5 " the operatlon of the a dlgltal
modulation apparatus DMA of Fig. 1 is shown. . Note that
even those steps executed in-parallel:on the time base are
for ease of descrlptlon shown and described as. serlally '
”executed on the time base.

The first step S401 1s to.initialize the control
variables i=0, ml=}, and m2=1 where i is incremented in

synchronization with data'wordeD'that are ihputted to the

Then the .procedure

that
tes.

Il el

digital modulation apparatus DHA; and is CIeared when a DC -

control 1s performed. ml is the next state used to
e _
'determlne the code word c1(1) for the flrst look-ahead

channel.(the data bus from.whlch_the code words Cl stored

to the one buffer memory 165a'are processed), and m2 is the

next state used to determine'the code word C2 for the look-

ahead channel (the data_bﬁs froﬁ which the code words c2
stored to the other'buffer.ﬁemory 1osb are processed).
‘When one data word D(l) is then input to the
'preced1ng converter 101" (step S403), the DSV controller 108
determines whether the 1nput data word D(l) -is data word
less than 88 (step 5407) | '_ ._ _
- If the input data’ word D(l) is -data word less thanl

88, the DCC flags Fdl*and,Fdz are set, and then a DC_'

on



“variables i=0 m=l, and nR=l where i is increnented in synchronization
with data words D-that are inputted to the digital nodul ation apparatus
-DVA, and is cleared when a DC 15 control is performed.  m is the next
state used to determ ne the code word C (i) for the first | ook-ahead -
channel ' (the data bus from which the code words Cl stored to the one buffer -
menory 105a W@9IMW¥essed), and n2 is the next state used .t PCEPLEHBIe t he

code word C2 for the look- 20 . - .ahead channel (the data bus from which the

code words C2 stored to the other buffer menory 105b are processed). Wen
one data word D(i) is then input to the preceding converter 101 (step
S403), the DSV controller 108 deterni nes whether the input data word D(i)

i s data word Z®ntrolersuthas B8 ¢r@p-eU(n) step Shzli npNetelathatvdad D(i) is
~data word |l ess than_88, 'Lhe DCC flags, Fdl .and Fd2 are set, and then a DC 28
VO 97/ 22182 control routine is a t 1cal;look-aheadpgypgggglgﬁgggyegontr0|

typical I ook, hehodoPckERe i d Wee Wa SecRE Pt et s whem s
- sel ected, - and jirS +RROYMGI Nchder: f1PWicharg, in Fig. 6. 5 . Mre |
speci fically, when the DSV controller 108 detects that DCC flag Fdl or DCC
flag Fd2sis set, .the iSve vepereir 3NN ygneheRV2h et 98¢ dcdittdia 2V ogount er.s
. 103a and 103b are read and the absol ute val ues thereof are conpared (step
S503). The baeterFtaehbry RESLIRg FHH ot HCCnFlagdEd20is setnr dheePS¥nce
?Q”es‘)ondi_n_gvta x’;_tegeug\'}? 188 Shvd G in the DVS counters 103a and
_1b3b are read and the absolute.values_thereof are compafed'
(step S503). The.buffer,membry 105a or 10Sb storing'code.
10 word sequence:cérresponding to the smaller of the £§Q
values is then_éelected, thelcode word seqﬁence stored in
the selected buffer memory is output frbm the digital
modulation appafatus througﬁ thg selector 107a and
parallgl-seriai convérter lo2c (stépslsgds and'5511),'5nd
e 15 the DSV counters 103a ahd'léﬁb.éndlﬁoﬁé;ol variables (m1 or
o . m2, and i) are ﬁpdated {étépé SSO?,-85f§: and_S509)..
Referring back to,?ig..s,'whgn bc control rodtine
is completed, the input data word D(i) is converted to the
- COrresppnding code word C1(i) from the brimary conversidn_
20 table of the state déclared by m1, and'§t6:ed to buffer
meﬁory 105a thfough]thé pa;alieléserial converter.loza.
_ Théﬁ, the first digitai sum variation DSV1 is calculated
(step 5413). The same“inqu data word D(i)'is
simhltaneouély_COnverted to'the'corresponding code word

25 C2(i) from the secdndary qbnversion table of the state

declared by m2, and stored'to buffér'memory 105b through -



~values is then selected, the code wor-d sequence stored in the sel ected

buf f er

sel ect.

15

DC cont r ol
the correspondi ng code word C (i) fromthe primary conversion 20

menory is output fromthe digita
or.107a and parallel-serial converter 102c (steps S505 and S511),
~the DSV counters 103a and 103b and control  variables (m or n2, and
1) are updated (steps S507, S513, and S509).
r\OPT/R382 s conpleted the input data word D(i) | RCRAIR9GeRsRed t O
tabl e

or.

nodul ati on apparatus through the
- and

Referring back to Fig. 5 when

of the state declared by nm, and stored to buffer mermory 105a through the

paraH

el -

serial converter 102a ~Then, the first digital sumvariation DSVl'

‘is calculated (step S413). . The sane input data word D(i) is S|nultaneously

convert.ed totmhepeaaﬂQSQOHdrnglocmhyamnat A92b.  CPhe) sécond tdiy stechiar y
conversion table of the state declared by n2, and stored to buffer
105b t hr ough Vagiatigp BF¥2oigoalso calculated (step §415).

PCT/ JP96/ 03626 t he p@galle ser,i al gﬁirtegylggg The second di git al

~variation DSV2 is al

S AP EQTRR P a EFE F IR PR

al |

menory

.SUm

the next staiggnokhal Beeibiad %@d%nw&a éflslls %ﬁs h-ﬁé St0f_ed tO

the 5

~control variables mM a

(steps

' necessagy datent@eds vheiabbeemi nind n2st(@Rep40b) 17t #Rd Cofie Mor ds
-accurul.ated ‘by that tinme are output (step S425), and operatlon of the

~digital

10

_ |nput

10

15

20

25

(step S405), however, the variable i is increnented
405), the code words accumulated by that time are output

(step S425), and qperat;cn of the digital modulatlon
apparatﬁs.terminates.j_If all data words have not_heen

input (step 5405), however, the variable i is incremented

~ (step S421), and the-apﬁaratus awaits input of the next

' data word.

If it is dqtérmined in step S407'that the data word
D(i) is greater than 87; it is determineé whether the '
current ml state on the_firstmiookfahéaégthahnel is state 1
or state 4, aﬁd.whether the runlength cézttraints will be
violated if the state is switchéd betﬁeeé stateii_and state
4 (step 5429)._ If:the'cbde_words from statés.i and 4 can
both be used, the ml variable is set to 5, STATES, (step

S431), and DC control routine is executed (step s433)

Note that setting ml1 to state 5 is equlvalent to settlng

the DCC flag Fdl in Flg. 2.
However if it is determlned that the current ml

state on the first look-ahead channel cannot be either

~state 1 or state 4, this evaluation is repeated forilook-

ahead channel 2 (step S443). If it is thus determined that

‘the data word D(i) to be converted can be converted to

.30
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(step S421), and the apparatus awaits input of the next data word. If it is
determned in step S407 that the data word D(i) is greater than 87, it is
determned whether the .. 15  current -m state on the first look-ahead

- channel is state 1 or state 4, and whether the runlength constraints wll
be violated if the state is switched between state 1 and state 4 (step
'S429).  If th¥OP3@¥80rds fromstates 1 and 4 can both be usBATURISE36A6
variable is set to 5, STATE5, (step 20 S431), and DC control routine is
executed (step 5433). Note that setting m to state 5 is equivalent to.

. setting the DCC flag Fdl .in Fig. 2. However, if it is determ ned that the
~current m state on the first |ook-ahead channel cannot be either. .25
‘state 1 or st&ENET ghagecd PXithake i aregbareglf @y andka RS¥&ad channel 2

(step S443). If it i us _determiped that the,data word. D(i) to be .
‘converted can cﬁé’t&'&]@gwﬁdc? eS"fFr‘P"\Rﬁ ¢ obigsned, m2 1is %EQ to 5

cont rol | bl o CoTetugrd Larehe So et rRUrRECts, stefla kel g oc
control routi sasig.exrevbethdStaRtIhylineg tHose;sLhabu sei1diY ¢ dettinkS
-equi valent to setting 5 the DCC flag Fd2 in Fig. 2. After DC control .
~routine Bs cohleeDE8 €iagpFdA33) Fidhe2state val ue of the first |ook-ahead
. channel m is evaluated (step .S435). If m is 5 m is updated to 1 and
o : - -After D control-routine is completed (step 5433),
. the state value of the first look-ahead channel ml is
evalﬁatgd (step S5435). If_ml is 5; ml is updated to 1 and |
:mz is updated to 4 (step s4§7)} mi.is'othérwise left |
10 unchanged. o A
If in step S435 it is determined that ml is not 5,"
or if the process in step S437 is comp1eted, the data word
D(i) ‘is conﬁerted_tq code word Cc1(i) fréﬁ the primary
conversion table assodiated.with the sgéte decléfed by m1
‘15 ' and stored to buffer'mémofy'idSa'(sté§‘§ﬁ39), and’ is
| simultaneoﬁs;y converted to code wbrd'&%fi} ffom the
_ priﬁary conversion table assbciated.witﬁ'the stafe dééiéred'
by m2 and stored_to'buffér-mEmory 105b'f§tep S441). Note
| that the DSV valués'_nsvl- and DSV2 are calculated at step
20_' . s439 and S441, respectively. | |
o | ' By.means of tﬁe processjeXEcuted from steps 5427 to
_S431'above, the dynaﬁic_control method of switching to
state 1 (STATE1l) or state ..4.'(.STAT_E4) during conventional
implementation of the EFMﬁlus cdhversion techniQue is
25 improved by means of tﬁe.pfeseht_invention. More
specifically, if_therg_is a tfansitioﬁ to state 1'(STATE1)

or state 4 (STATE4) in the digital_modulation_apparétus_of_-

.31



" n2 is updated to 4 (step S437)r=n1-is otherwise left 10 unchanged. |f in
. step S435 it is determned that m is not 5 or if the process in step S437
is conpleted, the data word D(i) is converted to code word C (i) fromthe

pri‘mary conver sion tabl e associatéed with the state declared by nl 15 and

Stored to buffer menory 105a (step- - S439), .and is sinultaneously converted
- to code worwo@24isp2 from the primary conversion tabl e assocpei/sdsmssed t he
- state declared by n2 and stored to buffer nenory 105b (step S441). Note

~ that the DSV val ues DSV1 and DSV2 are cal cul ated at step 20 $439 and

- S441, respectively. By neans of the process executed fron1steps $S427 to

. .S431 above, the dynamic control nethod of switching to state 1 (STATEl) or

- state 4 (STAﬁE4présennglnoewEﬁmm;ntﬂe|5ﬂ@oentmhasuemoﬁf1§hﬂoEFNpIus g

~ conversion technique is 25 i nproved by neans of the present i nventi on.

. -More. speci f padiomaticaliyefdesignated arinitt iisn ingedddgently STolEYedrscst at-e 4

- (STATE4) in the dlgltal nodul ati on apparatuys of 3 1 WO 97/ 22182 - -
PCT/ JP96/ 03856 Hné& BPE&EﬁttH‘%\}é%t‘f‘?}?PW’c% dfatBet PRERYE Ghanre ot

LT oo ot gES OBy O RO G 5
-~deter mgned %%hesnhhaaﬁadenébles \w\ﬂ detdicdat snen§§|§é & COd 0' “and if
- it does, -the DSV-controllable.code word is dynami cal |y selected. If t he
- |nput data wmwdcantrodmableotodsnwaﬁdﬂms dynamically selected.
' If the input data word D(l) does not correlate to a
pSV-controllable code word, the data word is converted to a
_ ~uniformly definable code word and stored in the buffer
10  memories 105a and 105b (steps 5449 - 5441). However,
because a maximum look—ahead.count.is'set to an integral
number_Bc;_e.g., 15,'due.to the storage capacity of the
buffer memories 105a and 10Sb, renaining:storage room of
. the buffer memories is also nonitored (steps S449$ Note'
'ﬁpwé"ls : 'that because one DSV-controllable synchronlzatlon code is
inserted for every 91 code words, the step 5449 can be
eliminated by 1ncrea51ng the look~ahead count to 91 words
Operation of the digits) demodulation apga;gtgs
| Once data words are written by the digital
téo ' modulatlon apparatus descrlbed above to a recording medlum,
it is necessary to read the recorded code words from the
recorgding medlum and demodulate the read code words to the
original data words.’ Thls process is descrlbed below with .
reference to Fig. 7, a block diagram of a digital
.25 'demodulation:apparatus'for'this-purpose.
Referring to Fig.'?,_this digital demodulation

‘apparatus DM’ comprises'a'13-bit shift register 501, 1-bit

32



- DSV-control | abl e code word, the data word is .converted to a uniformy

definabl e code word and stored in the buffer 10 menori es 105a and 105b

. (steps. S449 - S441). However, because a maximum | ook-ahead count is set to
an integral nunber Bc, e.g., 15, due to the storage capacity of the buffer

“menori es 105a and 105b, remai ni ng storage room of the buffer nenories is -
al so nonit or ¥PYERMIs S449) .. Note 15 ~ that because one DEGTEBHYBEHRE abl e

~synchroni zation code is inserted for every:91 code words, the step S449 can
be elimnated by increasing the |ook-ahead count to 91 words. Operation of

- the digital denodul ati on apparatus Once data words are witten by the .

digital 20 _npdul ati on apparatus descrj bed apove tq a recordi ng_nedi um

it is necessatytReF 2P DY 208Pded LBTRIWITRASLY FERSHETr 80dr dPngSTedi um
“and d dul atg.th | d . Lh il nal _dat d This
ong SeToil 16,410 SRS R ankopi W h 180 oLt TR

.process is deSEr oW w tth™ er enc , o a g
Jdigital 25 = 566004 BN oRPRALAL Bésf-oéntﬁkﬁ,&l‘%%%eso%fSrﬁh?ﬂ_t'o Fig. 7,
‘this digital denpdul ation apparatus DM conpri ses a 13-bit shift-register
501, | -bit 32decodr BUL2B3Zub decoder 509, and a selector 510 that are

- PCT/ JP96/ 03626 | atches 502a and 502b, a 16-bit shift register 503, a 16-
_bit I atch 504mutu2llnmanrERtgdt es568awna NotgpthatORhdst 81061 4-i nput OR
~.gate 506, an AND circujt 507, a muin ¢decoder 508, a sub decoder 509, and a
" selector 510 ffEeAR}ation aHﬂiF&&PFyDEonﬁ%%ﬁ%ﬁ?%ﬁgﬁsﬁ@wﬁ?e REVETERdt PR s -

digital 'de”Ddé’éﬁé}éxg@ezapz%raats‘r\%wl?'\"inc8££ CERPNES G185 817525825 PEi0n
S apparatus shoﬁh in Pig. 8. | -
The main decoder 508 stores the correlation between
| 10-l;:all code wo:ds-énd-daté words for which there is no
_-dupiicatidn, i.é., the correlation for which there is oﬁly
ohe code word for éaéh_data.wprd, and the duplicate
.,;orrelation.for which thé next state is:state 2. If the
' code word to be decoded is a ééde word.gelonging to either
_.._5 15 _bf'theSe-correlaﬁion_Sets,'if'can be dé%bded unigquely to
o _-thé'cdrresponding_origiﬁal“ééta words.” % 7 -
| Thé'sﬁb-decddér'SOQ stores only'thé duplicéte
correlation for which ﬁﬁe hexﬁ state'is-state-s, and can
thus uniquely}decoée}ﬁode &ords belonging to thié
. 20 .corré;ation set to fhe.coffesponding ofiginalldata'word.
'_Thé opératién of the_digital demodulation apparaﬁus
fhué'comprised_is deséfibed below.
The code words read from the reéording medium are
.input.as_a bit sééuence to'the 13-bit shift.registér 501,
25 'énd'are forwarded to thé"lG-biﬁ.shift register.soﬁ when the
next code:word'is.inpuf._The céde'word'passed to ﬁhe 16-bit

. shift register 503 at this timé is considered below. Note

33



_converter 2003 shown in the dlgltal modul at i on/ denodul at i on apparatus shown
in Fig. 8. The main decoder 508 stores the correl ati on between ‘10 al
- code words and data words for which there is no duplication, i.e., the
.correlation for which there is only one code word for each data word, and
the duplicate correlation for whicch the next state is state 2. f the code
‘word to be de¥Qd¥®HS a code word belonging to either 15 - edriirossRzs
correlation sets, can be decoded uni quely to the correspondi ng original -
data- words. The sub decoder 509 stores only the dupllcate correlation for-
whi ch the next state is state 3; and.can thus uni.quel y decode code words
bel onging to this 20 correlation . set to the corresponding original data
word. The opefBfFoAnBRtEHRY dil tchdelarmuuitat the appBIB! sKi#HUSefQIBY sed i s
descri bed belgw lhe fode words read fromthe recordi ng medi umare input as
a bit sequencé 2o°PRBIS3S the @’fﬁf‘ilrr"é@tstséﬁ to1debsct wheml whee forwarded to-

~the 16-bit sh t the next..code word is input.. The code
AT Y S

wor d passed to the edt this time is conS|dered

-bel ow. Note 33 V\Q-r9e7/e”o%h&?emn test -
'PCT/ JP96/ 03626 t hat i nputting thescogg ﬁgr to N%ifﬁﬁ??%ﬁﬂ%ﬂ? reglster

503 enab? es t@eteNming r ()i tiS®Gat-a get ﬁﬁa/%eﬁltrﬁs fepld oM ARG Coagdictions are
‘satisfied. The conditions tested by the AND circuit 507 5 determne (1)
'_|f blt 1 Cﬁ)aﬁﬂ?%rw?ﬁq fgilgﬂznﬁhthhepnssent code word is one, and (2)
if bit-16 Q15 and b1t-15 Q14 in the present code word are
both zero, and (3) 1f any one bit from b1t-11 Q10 to bit-14
Q13 . in the Ppresent oode'word is one.
10 - . If both condltlons (2) and (3) above are true, the
h end runlength of the present code word ranges from 2 to 5
1nc1u51ve As a result 1t is determlned that the next code
word 1s-state 2 or state 3 as shown 1n Flg. 12. Condition
(1) means that the next . code word is ‘not state 2 as will be

w Y.
AN L -

.h;f.' 15._ known from Flg. 11. It can therefore be determlned that
R the next code word is state 3 if all th;:e condltzons (1),
(2), and (3) are true.
| When the AND clrcult 507 detects the above
condltlons to be true, it selects and outputs a data word
20 E from the sub decoder 509 by controlllng the selector 510.
When the above condltlons are not true, the AND circuit 507
selects and outputs a- data word from the main decoder 508
As a result of thls operatlon, cede words read from
the recordlng medlum are unlquely decoded to the or1g1na1 :
25 data word by means of the main decoder 508 or the sub

.decoder 509 1rrespect1ve of the state used for modulatlon

and 1rrespect1ve of whether a dupllcate code word is used
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code word followi ng the present code word is one, and (2) if bit-16 QL5 and .
bit-25 Ql4 in the present code word are both zero, and (3) if any one bit
frombit-1 QLO to bit-14 QL3 in the present code word is one. 10 :

If both conditions (2) and (3) above are true, the end runlength of the
present code word ranges from2.to 5, inclusive. As a result, it s =

det erm ned th¥P¥A&8kext code word i's state 2 or state 3 as BRHWRPEO32E| g .
12. Condition (1) neans that the néext.code word is not state 2 as will be
15 known - fromFig. 11. .1t can therefore be determ ned that the next
code word is state 3'if all three conditions (1), (2), and (3) are true.
VWhen the AND circuit 507 detects the above conditions to be true, it

sel ects and out puts al8afhowtf deedoted that: Hhidghthecddeitzbo by

controlling the lLector _510. When above conditipong.are not true, the .
AND circuit 507 d?@ﬁ%&f’é’ 3385‘5?1?‘@&}' }qbeatpge\%&Fﬁegr SHgPaémﬁﬁ??\ ¥}k oder 508. .
As a result ofégggg gpeLat ko Qae; yords ead .fromtihe_recordi ng nedi um
‘are uni quely é%co e3 tosghgﬁg}?gjnalﬁggg‘zndg?é 3@?%Egy5%§é§§5%ﬁ the main
decoder 508 orcdnstraihtdecndersfdl?, itHe Hheskente inbehbost L VSRS gy
nodul ation and irrespective of whether .a duplicate code word is used. 34

WD 97/ 22882 1limited to these constraint values. IPCFiIPI6¢ O3G2¥oust tehoul d
be noted that while the digital nodulation apparatus of the preferred '

enbodi nent s at®OoFEsEKEALEA akn i The aRhithag Aheopresent, invgnisieuasre
constraint conyersian, o Nge 8" &S Filxdd™12MeA" 382 ol cOfversion
o '-ICOnverting data wordé of é fixed.léngth to co&e.wprds
having a cohstant rﬁnlgngth constraint.
10 The digital'mbdulation.apparatué-of_the'preferred
- embodiments is aléo'déscriﬁed ﬁsing a iookfahead method for
DSV control, but the'preéeht invention shall not be so
limited and other DSV control technigues may be applied.
The.present invention_does ﬁdt-felate-5p§cifically to tﬁe
15 method of confréllibgﬁthehd§ﬁ; but ié_:ﬁéractering by
enabiing Dsv controi-in'cbﬁ&érsiéns.tﬁgf'do not allow for
. DSV control'in'dbnventibnal (EFMplué) cﬁnversidn methods._
Furthermore, the digital'modﬁlation.apparatus of
~ the present embodiments uses ROM tables for the conversion
20  tables, but'caﬁ-alternativeiy'usé.raqdom logic
. combinational circuits as the storage means. |
| Furthermore,_the digital_moduléfioh apparatus of
the present embodiménts selgéts'the'code word résulting in
 the iowest absolute vélhe“in'thé final DSV.during DSV |
25 _.contrél as'a-means of Suppressihg the low frequendy
| ‘component in the NRZIHsignal} but the same effect can be

- achieved by selécting the code word resulting in the lowest
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-5 limted to these constraint values. "It will be obvious to those
~skilled in the art that the present invention can also be applied to :
fi xed-1ength code word conversion converting data words of a fixed length
~to code words having a constant runlength constraint. 10 . . The _
‘digital nodul ati on apparatus of the preferred enbodinents is al so described
~using a | oowadvgaznet hod for DSV control, but the present PCAMBYO366 shal |
not be so lim'ted and other DSV control technlques may be applied.. The
~present .invention does not relate specifically to the 15  net hod of
~controlling the DSV, but is characterized by enabling 'DSV_control .
conversions that do not allow for DSV control in conventional. (EFNqus)
conversi on npeiﬂod@aluelrdmmhmmsoﬂheedngvt*adlua:stdLatmnm thepapakusheadt he
- present enbodi nents uses ROMtables for the conversion 20 = tables, but
“can al ter natPeeigd rseﬁitﬁﬂ*ﬁlindgltbecéﬁﬁﬁ n‘a‘ﬁ%rﬁs‘@ltﬁé\% A8 Zbet Piéweﬁ‘érage

means. Further.nor t he di |t%% Iatlon ar.at us ‘L he -present -
~enbodi nent s %‘ET‘ %Essqwecsog’é deﬁ wh‘?nga‘ﬁ% L §t absol ute value in-
t he final D QN %0 ﬁgl 8%n gkegﬁégg t he | ow
f.frequency corrpone ’he R S:E%nalp %? [E r}%a ?ect can be. achi eved
. by selqptlng% §ode mord resulting in the | owest: 35 WD 97/.22182
'PCT/ JP96/ 03626 peak val ue of the absol ute. DSV val ues durlng t he | ook- ahead
‘period, or sel ectl ngrt tsﬂnonmea\lebdbeesutéd rchatn whtid el thesstatiel of squar es
of ‘t he- DSV - the | owest DSV -
(STATEl) to states4 (STATE4) ROM tables 20la to 201d assign
26 bits to each code word, the 4 bits declaring the initial
runlength of the state2 (STATBZ) and state3 (STATE3) ROM
10 -  tables 201b and 201c do not affect operatlon and can be.
omitted. In addltlon,_the 4 blts declaring the end
runlength when the next state is state 2 (STATEz) or state
.3 (STATES) can also be 51m11arly omztted _
A d1g1ta1 modulatlon apparatus DMA accordlng to

15  Claim 1 and a dlgltal modulatlon method accordlng to Claim

vy

O I -n.-

5 for convertlng data words to runlength llmlted code words
comprlse a storage means for storlng plural types of
conversion tables of code words correspondlng to all.
p0551b1e data words, a selectlon ‘means or step,

:a,Zb - respectlvely, for selectlng from among the plural
conversion tables the next conver51on table to be used
based -on the code word obtalned from the 1mmed1ately
-precedlng conver51on, and a readlng means or_step,
respectively, for readiné and3oﬁtputting the code word

25 correspondlng to the data word to be converted from the

_conver51on table selected by the selectlon means.
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di stribution, at each tinme point during the |ook-ahead 5 period. It
shoul d al so be .noted that while the statel (STATEl) to state4 (STATE4) ROM
.tables 20la to 201d assign 26 bits to each code word, the 4 bits declaring
~the initial runlength of the state2 (STATE2) and state3 (STATE3) ROM 10 -

t abl es 201b. and 201c do not affect operation and can be onmtted. In
~addition, thevaompag2 declaring the end runl ength when the neBGTAPPHIE6 S
state 2'(STATE2) or state 3 (STATE3) can also be sinmlarly onmtted. A
digital nodul ation apparatus DVA according to 15 - Cdaim1l and a digital
nmodul ation method according to Claim5 for converting data words to

runl ength-linited code words conprise a storage means for storing plural
types of conversion tabbesebﬁctiﬂnamﬁﬁﬂﬁsOCOFFeBpeﬁﬁeﬂgstth%ﬂ¢°qxﬁ§ﬁﬂane dat a

wor ds, a select|%2§n§gns or ste resgectlvely, for selecting from
~anong the plurt@®P RS BRANYSH efsh“l H’é'ﬁ?ek’f’ gsnber SPER YaEES WhedRPYused

based on the e a dlat receding conversion,

and-a readlngq%%%ﬁggégnggﬁ #Qﬁ%%%% |ve Eﬁ% gﬁ ﬁg nﬂ"dﬂ%ﬁutting'the =

code word 25 mtce&rcbﬁ%eeaﬂbﬂgbéa:éé}eﬁet%ow Qoi‘@ Bstsma&r%\g%ﬁé om t he
conversion table selected by the sel ection neans. /22182

PCT/JP965036261Ehﬁ13ebe9tpoecéﬂing;cnnvﬁreﬁoaehﬁatﬁhéhebdénuﬁrdngntamabhes .
.- that convert the data words to-code words wherehy the runlength constralnts
.are al so Sat|§ﬂ4¢@e|ﬁoﬁhgw1ng converszon, and ass1gns the code word

resulting in the most favorable dlgltal sum varlatlon (DSV)

" in the 51gna1 after the code words are.non—return-to—zero_

inverted (NRiI)_converted when there are plural conversion
-10 tables wherebf the next.code*word.can.be assigned such_that..

both said code words can_beddecoded to the'original data |

-words.. . |

| When a data word to be converted is supplled to.

thls digital modulatlon apparatus oxr method one of plural

15 predeflned convers1on tables is selected. The selected

3
4
is

B

conversion-table.is the tasie'whereby1%£e data word is
'converted to the code word achzev;ng the greatest
suppre551on of the low frequency component in the resultlng'.
- NRZI signal 1nsofar as the. runlength constraints are.
'20'. _satlsfled in the 1nterconnectlon between the code word
f converted 1mmed1ately before and the code word obtained
_froo the foliowing conversion.' As a result, the coﬁversibn'
table used for the next conver51on is. not determlned
automatlcally accordlng to the de51gnatlon by the code word i
25 obtained from the lmmedlately precedlng conversion, but 15_:

,determined intelligehtly to obtain'the_code word resultiﬁg_
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I nt erconnection between the code word obtained by the 5 I edi ately
precedi ng conversion and the code word obtained by the foll ow ng
conversion, and assigns the code word resulting in the nost favorable
~digital sum.wvariation (DSV) in the signal after the code words are
non-return-to-zero inverted (NRZI) converted when there are plural '
conver si on W@ s12218Rbl es whereby t-he next code word can be p&pisbggss2such -
that both said code words can be decoded to the original data words. Wen'a -
data word to be converted is supplied to this digital. nodulation apparatus
. .or method, one of plural 15 predefined conversion tables is selected.
- The sel ected conversion table is the table whereby the data word is .~
converted tqn kBeCgdeavse Wlﬁéd&ﬁ%&hﬁé}x%{ §u9?£§§§19@ of &he low
frequency conponent in the resulting NRZI signal insofar as the runlength-
constrai.nt s N®z& 2Qgnalsatisfied in the interconnection between the code °
- word converted i medi ately before and the code word obtained fromthe . .
- follow ng conversi ol the [digkkak modwdatdenepppanatud| acemediinortd he next
-.conversion i s not det rnineg.autonatiCalry according to the designation by

“.the code woid328 2 2Bt EPRc 911 HREYIATEAPaPEFYOPr RESH MPL R er si on, but
s determ ned iRt gl | LAEATLY £ %&Lﬁla'l-%%v%?gfo%%{fgﬁégg%g' ng 37 VO

.97/ 22182 _ Mk 626 in the -
~greatest | ownhi-agUEREYed OBP 0bGFe ItIRESD 111 HatBewdFdE ShDPahodd the -
di gital nodul-ation apparatus according to . B
S code words of which the initial runlength is within a

specifiC'range defined for each type of conversion table,

and plural code words correlate to a specific data word; 1'
10 and the selection meéns_(method) is characterized by

selecting the conversion table based only on the code word

- converted immédiately before when the data word-is:ong;of'
the preceding specific data words, and the code word is
selected so that the digital sum variétion (DSV) in the
' : ' fodE

'15= signal obtained'by NRZI-convérﬁing the converted code word

T
To -

S

v e
fabten -t

is in an optimum_statei . ’ _
With this digital_médﬁiatidn'appa?atﬁs.and method -
the_conver#ibn tables are compiied 50 tﬁgt plufal code.
'wofds correlate to a specific daﬁa'wora,.énd when one of
'ifizbl. those_spécific data words is éupplied, the code word
 obtaining the besf—state_bsﬁ in the fiﬁai NRZI signal is
seiected. As a result, the apparatus and meﬁhod of fhe '
presenﬁ'invention'ﬁo:e_éffegtivély;sﬁppress.the'low
fréquency-cdmponent of the NRZI signal. |
_'25  L . In the digital.modulatibn épparatus:accofdihg to
.Claiﬁs,B_ahd 4'ahd-the aigita1 mddu1ation method accofding

to Claims 7 and-s, the selection means (method) comprises a
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Claim 2 and the digital nodul ati on nethod according to 5 Claim 6, each
of the plural conversion tables is characterized by correlating to all data
~words only those code words of which the initial runlength is withina
“specific range defined for each type of conversion table, and plural code
words correlate to a specific data word; 10 and t he sel ection neans
(method) is cwemae28zi zed by sel ecting the conversion tabl e BEEERBIRE on
the code word converted i nmedi ately before when the data word is one of . the

- precedi ng specific data words, and the code word is selected so that the
- digital sumvariation-(DSV) in the 15 si gnal . obt ai ned by NRZI -converting
‘the converted code word is in an optinumstate. Wth. this digital .

- nodul -at i on apgdrstusemady nenfocarnidhe smEeeedsnemorrbheit avitlc ppdaddyso t hat
plural code words correlate to a specific data word, and when one of 20
‘those speci fi £o¥aFhoRbPdsPeralmamsasutiNe cpde WRFES o AT SR at‘ﬂ@“ |

best-state DSV | d.. As |
-’aS;S)ar Zt 3seandmﬁ‘:??’ﬁf)z 8&’?&: g%sﬁ%ﬁl %ﬁ ﬁﬁ%g fél??zé%?a}’{fg SG}B’BFESS the .
low frequency ($3XRRNEHE Qécéﬁﬁﬁpﬁ¥”céﬂd¥¥§ on2 ables contalﬂfh%'H%d@ gital -

‘nodul ati on appar atus according to Calns and 4 and the digi nodul ation
-.met-hod agcor diyegae0s&tasifiny b &ec}d&@io&ebeﬁktﬁﬂlﬁ%n& (4ms hod) conpri ses’

a .38 - WD 97/22182 - PCT/ JP96/ 03626
- first nenory unrtbrandngcgemridemm ﬁhmcpdw Whrdaqa!a‘cairyed dixram dwhieng - pl ur aI
consecutive code words; an eval uation :
' 1mmed1ately precedlng conver51on and the code word obtalned_
from the follow1ng conver51on, a storage means_(method) for
storing to the first memory unit the-code word contained in .
'10'd the first oonverslon table and the following code word; and
storing to the second memory unit the oode word oohtaihed'
in the second converslon table and the following code word
'when it is determlned by the evaluatlon means that there
are two usable conversion tables, a comparlson means .
15l -'(method) that compares the magnltude of the absolute.value
| of a flrst look—ahead DSV calculated from the code words
obtalned to that polnt and stored in the flrst memory unit
.-with the ‘magnitude of the absolute value of a second_look—'
‘ahead DSV calculated from the code words obtained to'that_
20 point'and stored in-thehsecond ‘memory unit when it is
determined by the evaluatlon means that there are two,
husable conversion. tables produc1ng the code word follow1ng.
at 1east the code word segquence stored to the first memory
unit or the code word sequence stored to the second memory
.25 unlt;'a look—ahead selectlon means (method) that selects
the first code word sequence as the more preferable

conversion table when the comparison means determines that

g’



means (method) for determ ning whether there are two types (first and
second) of conversion tables containing code 5 wor ds satisfying the
- sequence constraints in the interconnection between the code word obtai ned
~fromthe i medi ately preceding conversion and the code word obtained from
the follow ng-conversion; a storage means (nethod) for storing to the first
menory unit ydeLpEe wor d contained in 10 the first conm%;,gﬁbl e and
- the follow ng code word, and storing to the second nenory unit the code -
word contained in the second conversion table and the foll owi ng code word,
~when it is determned by the evaluation neans that there are two usable
_vconver5|on tabl es; a conparison neans- 15 (et hod) that conpares the
magni tude of chhe,phsalul e,avldeuefoima First 100k g&RY iGalgihabed from
t he code mords obtained to that point and stored in the first nenmory unit
Wi th the magahd uskl @fts hthealseebonticcvak igopd seqaaaidl aIsDQJtre glogad DSV
calcul'ated fromthe code words obtained to that 20 point and stored in
‘the second nprefgrakbie qanxenSJOnstdbiermhenxthg/QdupaﬂmﬂqmaWBonsneans t hat
‘there are two usab) e conversion tables producing the code word fol |l owi ng at
“least the cofeteprinaediidicdhe: apsalvbeyriye (af thendrhysinileckrabgadcode
word: sequence_stpored to tqﬁ second. nenory 25 - . -unit;- a | ook-ahead
- sel ectidn ma’gﬁ M?ﬁ)(ﬁ A1&T "sel ects the fi rst code word sequence as the
~nore preferabl e.con b t [ J183 term nes that
39 WD 97/ 22182 e U 118PbEs8iBle Y SOIRA 1SRN S35 ﬂ§P96/ 03626 t he
absol ute val geneérsivn Hiztiled qek aheaﬂgw\épécisn&i |cfarta word to be

converted the apparatus and methcd of this embodxment do
-'not spec1fy the conversion table to be used based on the _
'lb: DSV of the code words output to that poxnt but specify the.'-
conversion table to use after con51der1ng the DSV of the |
code_words that may be obtained by the time a state in
which two conversion tables Can be selectedloccurs agaio.-

This look—ahead method controls 1ow frequency component

.i"";- ’ - . [0S 8
0 13 _suppresslon w1th cons1deratlon for the code words that may
cek hrt

result from subsequent conver51ons, and therefore has a
greater effect suppress;ng the-low frequency-component of
the NRZI 51gna1 when compared with methods considering only _
the code words that ‘have already been selected.
20 | 'd The recordlng medlum according to Claim 7'ahd the
':digital modulation methods according to Claims”a, 5, and 6
are characterlzed by the data words being recorded._
With thls recordlng medlum, the data words recorded
thereto are arrayed so that-constant runlength constraints
25 . are satisfied and a constant low frequency component
suppre551on can be achleved., Recordlng media to which data :

words are thus recorded exhlblt the fcllow1ng effects.
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and sel ects the second code word. sequence as the nore preferable conversion
"tabl e when the conparison neans determ nes that the absolute value of the -
~first | ook-ahead 5 DSV is not smaller. Wien it is possible to select two
different conversion tables for a single specific data word to be :
converted, the apparatus and nethod of this enbodinent do not specify the . .
conver si-on t¥M6t%9/22182be .used based on the 10 DSV- of. t he cBEBIRROH36out put
t-0 that. point, but specify the conversion table to use after considering
‘‘the DSV of the code words that may be obtai ned by the tinme a state in which
.two conversion tables can be selected occurs again. This | ook-ahead met hod
--controls l-ow frequency conponent 15 . .suppression with consideration for.
the code wor dSpedificrhiedbiet appane tuh st arRPrOsMEdngi Shis Tecor@dnref or e

has a greater effect sup ressi ng_t he lOM/frequen conmponent. of the NRZ
si.gnal when. CORPHFE aﬁétﬁogg ZE ORIt i %R]Wﬂﬂ%é the &BHefEB?BEn?%aI have

~already been %&Lﬁ:%eq} .'L% eg" ctivel%%%{es;soeréjl ”%E%d' !ége:ggg t% d .6

- Caim7 and t FEt7on ccording to

are charact eréfﬂe.sieatw éﬂ%x@atau‘é@adﬁybﬁhf&ﬂ&i@rv‘iqqle \Mbﬂtﬁﬂt§oﬁ§cor di ng
medi um the data words recorded thereto are arrayed so that constant

r unl engtsh C ONnsd cradxitrity AMhen this sﬁgnsilﬁd diifdl t3 zedndkaeffeovibteBguency _
- conponent suppressi on can be achi-eved. - Recording nedia to which data words
‘are thus recofurRresasdhbeloweaf ePF%V\ile wiusot §nd4(§he PV\QPQW-QQHBZOf

'fPCT/JP96/03626
: variations in the servo error signal occurring during

reproduction is also effectively suppressed.
As apparent“from the-above,_when_a datalnord-to be
-10 . converted is supplied toﬁa digitalznodulation apparatus or
method according to Ciain 1 or c1aim'5; respectively; one
of.plural preoefined conversion tabies is selected_where
the.selected'conversion table is that:from which a code
word satisfying the'rﬁnlength:constraints and resulting in
15. the greatest low frequency component suppreSSLOn in the |
Ifinal NRZI s1gna1 can be selected. The'%elected converSion'
‘table is then used to convert the data word to a code ‘word.
It is therefore p0551ble to obtain a code word
N enabling maximum suppress:l.on of the low frequency component
20 in the final NRZI Signal Without reduc1ng the recording
| den51ty as occurs With conventional conversion methods such
as EFMplus in which the selection of the next conversion
table from among plural conver51on tables is automatically
deSignated by the preVious code word.
25 : W1th the digital modulation apparatus or method
according to Claim 2 or Claim 6, respectively,_plural code'

- words correlate to each of data words within a specific

41



Specifically, the apparatus for reproducing this recordi ng medi um can reads
~a NRZI signal in which the |ow frequency conponent is effectively : '
- suppressed. Thus, the probability of read errors caused by threshol d value

fluctuations 5  occurring when this-signal is digitized is effectively

‘suppr essed bel ow a constant value, and the probability of variations in the

servo error wognmaisoccurring during reproduction is also efdcanroonbzs

suppressed. As apparent fromthe above, when a data word to be 10

~.converted is supplied to a dlgltal hDduIatlon appar at us or nethod accbrdlng'--
to-daim1 or daimb5, respectively, one of plural predefined conversion
" .tables is selected mhere t he sel ected conversion table is that fromwhich a

~ " code word saranfy| ngnd heatdlMae Breoeshivarted 86 0céds uldridg bakedSon  t he

. greatest |ow frequency -conponent suppression in the final NRZI signal can
- " bhe sel ect ed. coFhveseien t tablem ver sihdicht dheecode t hords sate tnifomrwdyt the data
-~ word to a-code word. It is therefore possible to obtain a code word -
~enabl ing nax@ﬁﬁh?%%p%ﬂeﬁﬂﬁRﬁ?ﬁﬁ ﬁﬂﬁe1PUW¢FP§ﬁﬁEﬁ%yCQERﬂﬂﬁR9ﬂ The effPﬁtthe

~final NRZI w t hout, reduci t he recor de |t as occufs with .
:-conventlonal of ﬁb%?5|%ﬁF§§ﬁ?ﬂxf§ %’cﬁuggrﬁ gﬁgg}% (§$ﬁﬁﬁ¥ sel ection of
‘the ne con p I S I
auton&ﬁ cal | ésﬁégﬁgﬁ%@d&b ﬁ?ﬁ%\% ot'is{g@o e vvoré ilgm&l% %%elr% J'\S/\b'th t he
di gi tal nmodubalyosnépPedetwisrdlcoreicladiAgCesdedgh tdatd aidha? etenCl ai m 6,

respectively, plural code words correlate to each of data. mords_mnthln a

SpeCIfIC 41 though the complexlty of the processing operation is
51mp11f1ed. ' '

Low frequency component suppre551on control 1s
: v10._ _accompllshed u51ng a 1ook-ahead méthod in the dlgxtal -
. modulatlon apparatus -or method accordlng to Clalms 3 and 4

or c1aims 7 and 8, respectively. The low frequency |
component. is thus suppressed ‘more than w1th suppression
technigues whlch only consxdered the currently obtalned

15 : code_Words.. - Lo e

- . . N * - . f-'-! A )
The record1ng medlum accordlng to Claims 9, 10, 11,

e
‘and 12 records the NRZI 51gnal obtalned by the dlqltal
modulatlon method of Clalms 5, 6, 7 or 8, 1 e., a 51gna1
in which the low frequency component is suppressed more

20 . than it ls by conventlonal modulatlon methods Fluctuatlons-
| in the threshold-value ‘when dlgltlZlng the reproductlon..
legnal and varlatlons resultlng from the servo error '
.51gna1 are therefore suppressed 1n the apparatus used to :
reproduce thls recordlng medlum._
25 _' It is therefore p0551ble by means of the present

1nventlon thus descrlbed to achieve a hlgh guality

recordlng medium characterlzed_by a high recording density

" 42 .



WO 97/ 22182 PCT/ JP96/ 03626 range,
and data words are converted to code words based on conversion tables in
‘whi ch the code words are uniformy defined to.suppress the |ow frequency
conponent. The effect of this operation is to suppress the |ow.frequency 5
conponent nor e efficiently than nethods in which there is only one code
word correl at Mrl:gs'm:uaeach data word. even though the conpl exit pcuirpechoass
processing operation is sinplified. Lom#frequency conmponent suppression
‘control is 10 : acconplished using a | ook-ahead nethod in the digital.
~nDduIation-apparatus or nmethod according to Clains 3 and 4 or Clains 7 and
8, respectively. The |ow frequency conponent is thus suppressed nore than -
With suppressifi teduw gresrwrats mnl-yhgtcmsuidearddzmlgeaodrreaaiygobt ai ned 15
code words. The recording medium according to Cainms 9, 10, 13, and 12
records the h&@peEﬁRyﬂﬂS:oBPélﬁedaeyl%vﬁaQh%ﬂQ¥§aln999PéPFeﬂ"n%@Pﬁ%B%#SCJa|ns
5 6, 7, or nal ,i.n whi ch, he IOM/frequency conponent. i s
suppressed norfe°12(§’r°d“tcﬂ'3 PprifdsTege - nodul ati on et hods. -

‘Fluctuations in the t AneRAg Fglng f d%$§ﬂé§m9ekk§bﬂgn£Eebéé%"fﬁif§i0“

'signal, and variationS resu servo error signal,, dre therefore

suppressed i N 4 3R ahUSoHAESE1Sh AP e pt:.—@ferréaoéﬁlbwnﬁ@:%élm 25
It is therefore possi bl e by means of ‘the present invention thus described

‘to achi eve a irgdr epfa ity reterelnug tmohhenaﬂwmpehgﬁ.ngedrbv]imgsu gt is
recording density 42
i to be noted that various changes and modifications are

apparent to those skilled in. the art._ Such changes and
pmodifications are to be understood as included within the '
1@_'_ scope of the present 1nventlon as defined by the appended
claims uniess they depart therefrom.
'Industriel Applicahilitf.'
| As described above, the conversxon table to be used
} for the next conversion is determined 1nte111gently so as
. ﬁﬂf 15 -to suppress the low frequency component “in the resulting _
e NRZI Signal when compared w1th the. conventional eight—to—
.sixteen conversion methods. Thus, the probability of |
: variations in the servo error signalioccurring during
. reproductions is also'effectiveIY'suppressed, while the
20 process;ng operation is more s;mplified.
| "Therefore, the prevent Ainvention can be applicable
Vto a digital modulation and demodulation apparatuses used
for a high quaiity recording and reproduction with aehigh
'tdensity and a low error rate. Various advanced digital
25 recording'and reproducing systems such as'a DVD, DVC, DAT,
| and so on; currently availabie, and:any coming digital

recording and reproducing apparatus_requiring a high

43



WD 97/ 22182 : _ PCT/ JP96/ 03626 and a Iow
error rate during both witing and readi ng operations, and to achieve a

di gital nodul ation apparatus for producing said recordi ng medi um Al t hough
the present invention has been fully 5 = described in connection-with the -

‘preferred enmbodi nents t her eof with reference to the acconpanying. draw ngs,

it is to be waismdzfshat various changes and nodifications arecpgpRfosid t O
those skilled in the art. Such changes and nodifi.cations are to be

"~ under stood as included wthin the 10 ~ scope of the present |nventron as

defined by the appended clains unless they depart t herefrom | ndustri al

Applicability As described above the conversion table to be used for t he

- next conver sgaalisy ted©sra ref et iQind 'cﬂﬂn§b¥e§993§ré§t beﬁ&l%éo? ho the Iow

frequency conponent” in the resulting NRZI signal, when conpared wth.the .

convent i onal theghresent sintesgriaronver si on met hods. Thus, the probabrlrty

~of variations in the servo error signal occurring during. reproductrons is

al so. effectively suppressed, ‘whi'l e the 20 processing operation is nore

sinplified. Therefore, the prevent invention can be applicable to a digital-

- modul ation and denodul ati on appar at uses used for a high quality recording

and reproducti-on with a high density and a |ow error rate. Various

advanced digital 25 - recording and reproducing syst ens such ‘as a DVD,

- DVC, DAT, and so on, currently avail able, and any coning drgrtal tecording .
and. reproducrng apparatus requrrrng a hrgh 43 . L
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WO 97/22182 PCT/ JP96/ 03626 qual it
recording medi um can receive great benefits fromthe present a“uﬂ

CLAI Ms: - 1. A digital nodul ation apparatus for converting d

runlength- linmted code words, conprising: a storage device t hat stores
plural sets of .conversion tables correlating said code words to sai d data
‘words, ; a-sel Y8R Bhat sel ects a set of conversion tables tBCHEPAaHA6Tr om

arong said plural sets of conversion tables, based on a code word obtalned

froman i medi ately precedi ng conver'si ons; and a reader that reads and

‘out puts said code word corresponding to. sald data word to be converted from
"said conversion table selected by said sel ector, wherein said selector _
-selects a set of conversion tables thaFL%bMSerts the data word to the code

word so that _a runlengéh constraint i.s satisfied in an . interconnection-:
 béetween a préCedlng 2

’vﬁ:?rld nopudAkdan b?/PE%tteltuﬁnMPét dloy gepverthyg

ool et or oot SArE 40EEs RSC PSR TR LaR RARELAT, 2D ot

sel ector selects .p

" constraint, g8Rprassh@i ng a .decodabl e- code word to the data word, said

sets of ¢convers

sel ect or further sel ects the conversion table assigning a code mord resul t

“in.a . nost favorabl e skaidgs nafisV.dR0ak| OPO 1Y), 2 01Y)- laduRD1ke- 28£0 i nverted:
‘(NRZI') .converted signal assenbled fromthe code words, each of said plural

 sets of convéF@?bWGtE&HEEQ(ﬁﬁﬁﬁebdtpngven$yonctkblnswﬁ§p(m)whnthamm]nrt|aI
‘runl'ength is mnth%n a ran%éhdefrned for each type of conversion table to-
correspond|n§°ﬁﬁf :

10

20

. 25

15 -

2 Said, Fodsy V@Fﬁ?r hg) p‘l'—%r%ﬂlqztﬁ?é'-a words (D), -

a selectlon means {202a, 202b, and 207) for

3 selectlng from among . Sald plural converSLon tables (Tp(m)

and Ts(m)) the next conver51on table (Tp(m) /Ts(m)) to be

used based on sald code word (C(i-1)) obtained from the o

immediately preceding conversion, and

S a readinglmeans (101) for reading and outputting

'the code word (C(i)) corresponding to the data word (D(i))

to be converted from the conversion table (Tp(m) and Ts(m))
selected by sald selectlon means (202a, 202b and 207),

| whereby said selectlon means (202a, 202b, and 207).
selects a set of conver51on table (Tp(m)/Ts(m)) that
converts “the data word (D(l)) to the code word (C(i)) so .

that the runlength constraint 1s also satlsfled in the

_1nterconnectlon between the code word (C(l—l)) obtalned by

the 1mmed1ately precedlng conversxon and the code ‘word
(C(l)) obtalned by the follow1ng conver51on,'and when there

are plural sets of conver510n tables (Tp(l) and Tp(4)) each

of which a551gns the code words (C(l)) belng able to be

decoded to the ‘original data ‘word (D(l)), the conversion

_'table {Tp(m) and,Ts(m)) selected is the conver51on table
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words to each.of particular data words, and said sel ector
conversion table based only on an REPLACEMENT SHEET I mre mﬂglmlmmlnlllll
-converted code word when the data word is a particular data
‘selects said. code word resulting in the nost favorable digital sum
‘variation in the signal after NRZI -conversion of said converted code word.
2. The dlwbtgabzllgpdul ation apparatus of claiml,. wherein sgai/sposoicaagt or
conprises: a first nenory; a second nenory, said first nmenory and said
- second nenory each having a capacity for storing plural consecutive code -
- words; an eval uator that deternines whether two conversion tables of
;.dlfferent sets contain said code word satisfylng said runl ength constralnts
in said int efgone N Tsial yeess sgn the ade woud abtai nedi] 5%§@1€lmg -
i'mmedi atel y precedi ng conversion and sai d code word obtail ned from sai d
follow ng caim/ éitsd aosta favorahle ddigiEalt Isum shedesiancoOsvywoin tloat ai ned | n
a:first conversion tablé and a code word follow ng thereafter to-said first-
menory and $ighed wdt@rcShearnde vords s€ddnd esrvapprpatempttoasrra code.

~word follown ere beln stored in said second menory when it is-

~ det.ernined qu'ﬁq&%f}m;?&% %’ftef‘{]ere are two usabl e conversion tabl es; a
conpar ator that co iégg f u

. | ook- ahead cal E:TRI ?gg{e?rom sal é%dg?’%oggégg {(gﬁedyf &{%%‘['é p0| nt and
~stored in sahhifi NSt WHRFRLY BAER Gf NAGE pudeadl salsabsotsheeraiow of a

. second |.ook-ahead DSV cal cul ated from sai d code words obtained to that

-poi nt-.and stuakdes (Tepdm) aado'nsl(m)e)rrmqrre\uae.nsl bnily thbse ncodel ﬂzxyrdsal d

~ evaluator that there are two_usabl e conversion tables producing said code
word foll owu‘rﬁj (ﬁfe"’REPE’AGEWENFlGI-EFunleng’Ch (IR(l)) is within a

range defined (Flg 11) for each type of conver51on table.
J10 (Tp(m) and Ts(m)) to correspondlng data words (D), and o
| correlates plural code words-(C) to each of particular data -
words (D), and o |
" said selection meansi(262a, zozbhuand_zof)_selects

a set of conversionitable'(Tp(m) and TS(mj) based-oniy-on

[

A 15 . ‘the code word (C(l)) converted lmmedlately before when the
'}{f / data word (D(l)) ls saxd parta;:iar data{nord (D(l)),_and
: selects-the code word (C(l)) resultlng in the most
favorable digital som_variation (DsV) in.the signal after.
NRZI conversion of the Converted_code'ﬂord (c(i)). |
20 3. A digital modulation apparatus'(DMA) as olained in
' Claim i, wherein said'selection means“(zoza, 202b, and
207)) comprlses . | ' |
a f1rst memory (105a) and a second memory (105b)
. with capaclty for storing plural_consecutlve code words:c)f
25 _ '..an'evaluation'means (#7;and'#15) for determining |
whether'there are two conversion tablesﬂof different sets

(Tﬁ(l) and Tp(4)) each°of which contains the codefword'
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46 Substitute sheet - 14 April 1999 of said code word seq L
said first nenory and said code word sequence stored to sai dﬁmﬁ ”ﬁ!mﬂm"m'
and a | ook-ahead sel ection device that selects a first code s
‘as a nore preferable code word sequence when sai d conpari son neans

determ nes that said absolute value of said first | ook-ahead DSV is smaller
‘than said absWQf?@218| ue of said second | ook-ahead DSV, and BEF/IRA6H3ES

second code word sequence as said nore preferabl e code word sequence when
sai d. conparison means deternines that said absolute value of said first -

| ook~ahead DSV is not smaller than .said absolute value of said second .

| ook-ahead DSV. 3. - Adigital nodul ati on nethod for converting data words. .-
to runl engt h- (diriifjedndoge (@b} dsatxﬁﬁmmgsmhgt rapdentthneopsraintsetio of
conversion tables corelating said code words to said_data words; selecting

a next. set of %&@@FSH“P%‘&F%@“ tkﬁ%%é’d‘ef FeAFaNBRY {REL T Aptegmedyf
‘conversion ta asgd Eladecfrpbeprv% %%t 3l pnergrgg.gn A edi atel %&gdl ng'

precedi hg con é'toé"l (t): rea a~codé word corresp

to a data worqdy Ci)l?eosealﬁééeﬂrérﬁ QRd fteﬁelw%t;eeoﬁoayeiéﬁon table, wherein
a set of conversion tables is selected that converts the data word to a

- code wordg so that. a ranseogade ammsis Jivvial,s1eabj siowd, i 108N 10w, emﬂnnectlon
- bet ween a precedi ng code word obtained by an i mredi-ately preced| ng :

© canver si on andi®)céer wbpUingtte r@i%ﬁla‘s’temmemvél%@h theogdeevorider e
-are plural conversion tables that satis a runl en th constral nt each of

~which assigns (£1dddé ﬁBPHaa’b‘F% ) e d5 §&e&°f‘ge’éﬁ B’Plﬁ?]‘?ﬂaﬁf and

the code word (C2) follow1ng thereafter, and storlng to
said second_memory (105b) the code word C2(1) contained in
10  the second conversion table (To(4))'and the code word
following thereafter, when it is- determlned by said
_evaluatlon means (#7 and #15) that there are two usable
conversion tables (Tp(1) and Tp(4)),__ |
a comparlson means (5503) that compares the _

_ 15 magnltude of the absolute value of a flrst look-ahead DSV
el | (DSV1) calculated from the code words (Cl) obtalned to that
.polnt and stored in sald flrst memory (105a) w1th the

magnltude of the absolute value of a second look-ahead DSV-
(DSV2) calculated from ‘the code words (C2) obtalned to that
.20 | peint and stored in Sald ‘second’ memory (105b) when 1t 1s
| determlned by said evaluatlon means (#7 and_#lS) that there
are two usable converSlon tables (Tp(1) and Tp(4)) N
producing the code_word_following at least the code word -
sequence. stored to said first memory (105a) or the code
.25 . word sequence stored to sald second memory (105b), and
a look-ahead selectlon means (8503, S505, S507,

§511, and 8513) that selects (s507) a first code word

' o THIS SHEET HAS BEEN
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data word, each selected conversion table is the conversi-on i -

a code word resulting in the nost favorable digital sumvari LI!ﬁWI"I‘FmHImﬂ"I

non-return- to-zero inverted (NRZI) converted signal assenble fromt s *

code words; each of said plural types of conversion tables correlating only

code words of which an initial runlength is within a range defined for each

type of conwry&ixrs2t able to correspondi ng data words, and CUTIRPY36280

plural code words to each of particular data words, said se|l ected set of

conversion tabl es being based only on a code word converted i medi ately

~ before the data word is selected as a particular data word, and wherein

said selecting selects the code word resulting in the nost favorable _
~digital sunsegneateoasitha mngnarefferablMREbde Onved ssequaicd heronvert ed

. code word. 4.  The digital nodulation nethod of claim5, wherein said

~_sel ecting depéfAnFABRaTAReMAteaNFer(S583¢ feternings sthafdthombhaaliute t abl es
.cont ai ning code words satisfying the runlength constraints in the o

‘i nt er connecVPéHepBE waRHd of Inskrabsedi RSY (POVH it riRak k8%l Pngr eceding -

- conver'si on gagd.a.coges ey d, A ANdLONAa' OLLOMLOY £OTMEr Sign, and further

. : mox : .
.conprising:~storing a col rd contaln n e hvEl%i%on table and

@ codegvor dpf-akbpubllg Ebed QAL sdRiehck! LAENBAPA Vedih A LafiGated -

containedin the second conversion table and a code word follow ng. - '
‘thereafter ys5a3jedoasanyt rtmrminehehatt the abieluteechhvmtoft ki@ are two
-usabl e conversion tables; conparing a magnitude of an absolute value of a
first | ook- Ahcal bovkrahead RBY (DSYHIt A8 8BALLEXr ds  obt ai ned to that - poi nt
-and stored in said first., menory W th a nagnitude of an absql yte val.ue of  a
~second | ook#*ahead 0% _¥$§£gi]§dé€$E%HEETaH aratus (DMA) as claimed in

Claim 2, wherein said selection means (202a, 202b{'and_
2105f~_2b7)).compfises: - |
| o a fifét memory'(ldsa) éhd a second meﬁory (105b)
'wiﬁh cépacity for-storihg plurél_consecqtive code'words
R ‘an efaluatioh means (#7 and #15) for determining
15 -'whethei th¢re are twoicénverSiéﬁ#tableéié% different sets
-_(Tpkl) and Tp(4)) each of whi;hféonfaihéﬁ;he code ﬁd:d
(C1(i) and c2(i)) Satiszihg'the fﬁnléngtﬁ constraints iﬁ
_ the interconnectipn bétween the code word (C(i4;)) obtained:'
from.the:immédiatély.p:éceding conversibn and the code word -~
20 (c(i)) obtained from thé following conversion; | | |
| a storage means-(1§5al'1osb,'lo7b, 108,’109, ana
110} for storing to-saidjfirst,hemory (105a) fhe code_word.'
:(Cl(i)) cohtainéd in the first conversion table (Tpfi)) and.
) the code word (c2) foilowing théréafter, and storing to
-25._ said second ﬁemofy (iDSb) the éode:WOra C2(i) contained in
: the'seéénd cdnversion tablé'(Tp(4)).and'the code word

folloWing-thereaftér,“when'it is determined by said
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calcul ated fromthe code words obtained to that point and stor ' '
second nenory when it is determined that.there are two usabl elﬂ muﬂlﬁﬂ"ml“"l
tabl es producing the code word fol | owi ng one of the code word o i
stored to said first nmenory. and the code word sequence stored to said

second nenory; and selecting the first code word sequence as a nore

“preferabl e co¥@MBH&2 sequence when it is determined that theP%W’G%@‘val ue

of the first | ook-ahead DSV is snmaller than the absolute value of the

second | ook-ahead DSV, and.selecting the. second code word sequence as the

nore preferable code word sequence when it is deternined that the absol ut e

val ue of the first |ook-ahead DSV is not.snaller than the absolute val ue of.
‘the second | osvadwesdopSweans (#7A ﬁrfé’cd‘rlénn@hﬁﬁthﬂif?o?r%a‘FW?/Nﬁfhﬁeﬁa wor ds
thereon by neans of the | tal, noduyl ation geihod according to claim5. 6.

A recording nﬁdﬁnﬂﬁrﬁapncﬁ?gﬁﬁg(%‘t’d \ﬁtﬂddg A&t éon by neans of the. digital
‘nmodul ati on met hod accgr%&ggahosoq qﬂ ?gm 7‘4&%43%%5{ the

PCT/ JP96/ 03626 code wor orrespon SOrts a words (D)

-conprising th%a%‘iﬁl&ﬁdef fsﬁk@%hﬂdﬁl%alﬁyofaﬂdfﬂ& 18H0 A8 by d :
plural sets of conversion tables (Tp(n) and Ts(m)) the next 5 . conversion

tabl e (Ta( M aoevis( eh)lchdated unesh harcdoae Hbeds ogel Wkt (iG{da Bo tHakai ned
-from the inmedi ately preceding conversion, and reading and outputting (#19)
the code wor d pedfit) pndostesednin mjido fimstdmenompr (R} )Witho the converted

f 10 - th t abl T | ected b d selectin
L1Ep, (0o, HimaSaRichRagR Lol S TR0 VTS b 5850 ol S0/ 0

(DSV2) calculated from the code words (C2) obtained to. that
point and stored in said secondzmemory (105b) when it is d
10 d determined by'said evaluation meansf(#l:and #15) that there
are two_usable-converSion tables (Tp(1) and'Tp(4)) |
‘producing the code WOrd following'at least the code mord
sequence stored to sald flrst memory (1053) or the code
_ word sequence stored to sald second memory (105b), and
L ..15:_- - a loock-ahead selectxon means (6503, 8505 S507,
¥ . hf5511, and 5513) that selects (5507) a flrst code word
' .esequence as the more preferable code word sequence when
- said comparison means (8503) determlnes that the absolute
:value of sald flrst look—ahead DSV (DSVl) 1s smaller, and
20 .s;selects (8513) a second code word sequence as the more
'preferable code word sequence when said comparison means
(8503) does not determlne that the absolute value of said
flrst look—ahead DSV (DSVl) is smaller. _ |
-5. _ A dlgltal modulatlon method for convertlng data

25 '_-words (D(l)) to code words (C(l)) u51ng plural sets of

'converslon tables (Tp(m) and Ts(m)) of runlength-llmlted
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~ Wwhereby said selecting step selects (S503, S507, S513) the c '

(Tp(m/Ts(m) that converts the data word (D(i)) to code \/\/orﬁ!mmm'lml"mlﬁ“l '
whereby the runlength 15 constraint is also satisfied in

i nt erconnection between the code word (C(i-1)) obtained by the imediately

precedi ng conversion and the code word (C(i)) obtained by the next -

conversi on, ¥a47eNen (#7 and #15) there are plural conversimry80smn3624 abl es

“each of which assigns the code word (C(i)) being able to be decoded to the

original data word CD(i)), the conversion table (Tp(l)/Tp(4)) selected is

t he conversion table assigning the code word (C(i')) resulting in the nost

“favorable digital sumvariation (DSV) inh the signal after 25 t he” code

words (C(i))cade wuads ebouiresponatng tov&ﬂlexbﬁﬁﬁzﬂﬁ daravebkad. (p) WO

97/ 22182 - PCT/ JP96/ 03626 6. A

di gi tal nodweapsing rbe gtepsabfied in Claimb5, wherein each of sai d

‘plural types of conversion tabff% #fﬂ and Ts (m) correl at es only those

al

code words (C) of wWiEERSEABY; f nlaé'ffbtﬂ%)l REem apengi 8ALR a- range
“(Fig. 5 f b d T
(Fig. ol 0l L7 BAG0-LYRE Lofal " BOLE TP Hho AT (1)

~to corresporfdi ng data words correl a | ura

and C2@ )) - teyrRaitieh Q&bﬁecgi‘gimgaiﬁd%ﬂﬂ)(% beluBél: baldasehdine

sel ecting step (#13, #17 sel ects 10 the set of conversion
t.abl es (Tp(rodanaioEsi( K ibaspdobbained fium aome ivmedia€ely) peese@ingd

i medi at el y- bef ore when the data mord (D(i)) is said particular data word
"([Xl) 0- conversion, and : : _ :
" ' readlng and outputting (#19) the'code.word'(C(i))
| correspondlng to the data word (D(l)) to be converted from r-_
10 the conver51on table. (Tp(m)/Ts(m)) selected by sald |
selecting step (#13, #17, and #18), _ _
whereby sald selectlng step selects (5503, 5507, .
_t8513) the conversion table (Tp(m)/Ts(m)) that converts the i_
data word (D(l)) to code word (C(l}) whereby the runlength

15 constralnt is also satlsfled ln the 1nterconnectlon between*

.'_'.a:-_.‘; . . . w e . e s

the code word (C(1 1)) obtalned by the 1mmed1ately
-preceding conversion and the code word (C(l]) obtalned by
the next conversion, and. |
‘when (#7 and #15) tﬁere are plural conversion
20 | tables each of]which assigns the'code word (C(i)) beiné B
: able to be decoded to the originai data word (D(i)), the
| conversion_table:(Tp(l)/T§(4))7selected_is therconverSion
table assigning thefCode'word (Cfi))_reaulting in the most |
fatorable digital sum variatioh (DSV) in the sional-after d
25 . the code words (C(i)) are noneretﬁrn—to-zero inverted |

(NRZi) converted.
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87), and selects the code word (C (i) or C2(i)) resulting |n

favorable digital sumvariation in the signal 15 after "“HW]E“’"H“ " IIII
of the converted code word (O (i) or C2(i)). 7. _ ta*

met hod as claimed in Claim4, wherein said selecting step (#13 #17, #19)
determ nes whether there are first and second conversion tablesp%@ggl 20
and Tp(4)) coWOHBA#EY code words (A (i)) satisfying the runlB

~constraints in the interconnecti on between the code word (CXl-I)) obt ai ned
~fromthe imediately- precedi ng conver si on and t hé code word (C(i)) obtalned
- fromthe fol  owi ng conversion; and further conpr|5|ng the step. of: 25
storing to a first nenory, (105a) t he code word (Cl(i)) contained in said
first conversien tabl® ?4?%?9% Wﬂﬂ?#ﬂﬁé°@oﬂ@thﬂ¢dafCﬁlﬁkﬂQQMMﬂufhﬂ%@réafter

and to a secon

_PCT/ JP96/ osszé’gﬁEFerye?iés%Sl S8 I AR FIPEELPT ) FORYTR S M FARSSai d second. -
~.conversi on tatz'gg’( ;%é}&)mé [lzﬁo QLA anl?)tﬁ&ééa%x?ci‘& Jctl%iseaff elye When

it is determn 7 and #15 ere are two us e conver si n t abl es

(Tp(1) ‘and 5 whiZR(€he; 1ﬁﬂﬂmlﬂgﬂ(e$@Q&) (rReimpops twideh i 4 hamRs qirige ..
val ue of a first |ook-ahead DSV (DSVI) cal cul ated fromthe code words (Cl)
obt ai nedsto thay PBefmhedniiostexad typasmfdcbnvetsmnmtqbt(é.@@&:)(mm Emdt he -
magni t ude of the absolute 10 val ue of a second | ook-ahead DSV (DSV2)
calculated fr&m(mhe Eﬁd%°ﬁfﬁ%ﬁ??43ﬂﬁ Stai Heyde o(RhatanfdisRreaidt®cored in

- said second mETRLY, (2030),MAED (d {55 SRHCETSFR £ Thadi e 8 curar
| data_words (D(i):0-87), and
- said selecting step.(#13, #17, and #19) selects
10 thé_set of conversioh tables (Tp{m) and'TS(m)).based'only
on the code word (C(i)) conve:ted“immediately before when
the data word (D(if)'is saia pérticular data word (D(i): o~
:'37), and selects the code. word (01(1) or C2(i)) resultlng

in the most favorable dlgltal sum varlatlon in the 51gnal

; O

15 = after NR3ZI converslon of the converted code word (C1(i) or
o 5-; . .' TG o .'-_.:.- l . :
i c2(i)). : - e e
7.. A digital modulation method'as claimed in Claim 4,

wherein said éelectingistep (#13, #17, ?19)'determinés

. whether there'are first.an&'second'convgrsioh tables (Tp(;)
20 and Tp(4)) confaining code}words:(Cl(i)) satiSfying ﬁhe

runléngth constraints in the interconnectioh between the

oodo'word (C(i-1)) obtainedﬁfrom the immediately proceding

conversion and the oode word:{C(i)) obtainedofrom the

folloﬁing oonversion} and further comprising the step of:
.25 ' storing to a fitst. memory.(1§53) the code word

(Cl(i)) containéd in said first conversion table (Tp(1))

and the code word' (C) following thereafter, and to a second
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are two usabl e conversion tables (Tp(l) and Tp(4)) producing
" (C(i)) following at least the code 15  word sequence storeHImlmlmlmﬂH“I
nmenory (105a) or the code word sequence stored to said second*newory *
'(105b); and selecting said first code word sequence as the nore preferable
code word sequence when it is determined (S503) that the absolute val ue of
.said first wsoRaaisead DSV (DSV1) 20  is smaller, and sai BCH@P®WNBE260de

word sequence as the nore preferable code word sequence when it is not
~deternined (S503) that the absol ute value of the first |ook-ahead DSV is
.smaller. 8. - A digital nodulation nmethod -as claimed in daimb5, 25
wherein said selecting step (#13, #17, #19) determ nes whether there are’
~first and semmudyc0SbSI bhetadndesvc(flq:)((r)z @E@nag prﬂ)a).neanimlsung code vvords
(A (i)) satisfying the 52 WD 97/ 22182

‘PCT/ JP96/ OSWWnIW?ﬁSéehsW%l%t%TH(#)t)h@nﬁnﬁéﬁcéﬁﬂec‘twm 62X ween t he

--code word ( | ned_ fromthe imedi at el recedi ng conversion and
~-the ‘code V\D%J(le%’)l Fﬁﬁﬁgﬁe’fr JRehe & S H\ﬁtﬁémgﬁﬁ‘aefﬁoﬂ‘ d %P urt her

conpri sing :%,g_r t r (105a) the
code word ((ﬁ‘?ﬁs) cont ngeﬁ‘“n“%%’?lff. rst fgg%ee?g?%%gtg’%?g{?%{%/)) and -t he
‘code wgrd ( @pfaglyl;omi ng thereafter, and to a second nmenory (105b) the code . -
‘wor d (C2(i)) contained in said second conversion table (Tp(4)) and the code

~word (C) 10 f ol | compariher eeafct:!ar ‘thsheaghnt tbdedef etine rmsc(l#ﬂceand #15)

‘that there are two usabl e conversion tables (Tp(l) and '
S value of a first look-ahead DSV (DSV1) calculated from the

' code words (Cl) obtained to that p01nt and stored in Sald
| first memory (105a) with the magnztude of the absolute
10 value of a second look—ahead Dsv (DsV2) calculated from the
- code words (C2) obtalned to that point: and stored in said
esecond memory (105b) when it is determined (#7) that there
are twotusable-conversion tables-(Tp(l) and Tp(4))"
produc1ng the code word (C(l)) follow1ng at least the code
"15.-3.word sequence stored to said flrst memoryg(losa) or the_
'Téﬁi' | | code word sequence stored to sald seconda;emory (105b); and
selecting said flrst code word sequence as the more
preferable -code word sequence when it is determlned {S503)
that the absolute value of sa;d first look—ahead DSV (DSV1)
20  is smaller, and said second code word sequence as the more |
: preferable code ucrd sequence when it is not determined
(S503) that the abso;ure ‘value of the first look-ahead DSV
is smaller. | |
8. A.digital'modulation method as claimed.in.Cleim 5,.
25 ._ wherein said selectlng step (#13, #17, #19) determines |

whether there are flrst and second conversion tables (Tp(l)'

and Tp(4)) contaln;ng_code_words (C1(i)) satisfying the
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Tp(4)); conparing (S503) the magnitude of the absolute val ue of
1 ook-ahead DSV (DSV1) cal culated fromthe. 15 code words (CI ll ﬂ [IE“I!I ﬂl"l“l
that point and stored in said first nenory (105a) with the mag

~absol ute value of a second | ook-ahead DSV (DSV2) calculated fromthe code

words (C2) obtai ned to that point and stored in said second nenory (105b)

when it i's de™AH A (#7) that there 20 are two usabl e cBEVEPS03426

tables (Tp(l) and Tp(4)) producing -the code word (C(i)) followi ng at |east

the code word sequence stored to said first menory (105a) or the code word
sequence stored to sai-d second nmenory (105b): and selecting said first code

- word sequence as the nore 25 preferabl e code word sequence when it is

det erm ned (S5E®nlemgth: Rengbsainte ialthe dntezicanheetion cbktegrmackizsy

(DSV1) is smaller, -and.s secong _code d seguence as the nore 53
97/ 22182 code word- ?b?l f alneaM¥rom t PC*W@ Ba%ggﬁapiﬁ%ﬁqﬁqgﬂ e

Code vord seqUentelehy buhSeROle i IR e (277 O8beh by AR AR LT ® A ue

~of the first | ook-a IS sna |ng medi um
(OH) for carryimgléaiagSconve®sisn { Xrid )fdﬁ&@eoeohyrﬂeﬁﬁ@ Be tdteelidH:t al’

nmodul ati on net hod according to O aimb5. .10. A recording nedium
(OH) for Barrying dat asmorrksg(ﬁa(|d)fmwemembyyn'eMSapfthél&:dﬁegMoaid
nmodul ati on method according to CQaim6. 10 11. A recording

nedlun1(CH) foKC@éﬂﬂylﬁgnﬁ%}%ﬁd in said first converSLOn table (Tp(l))

and the code word (C) follow;ng thereafter, and to a second
memory (105b) the code word (C2(i)) contained 1n-sa1d
_ second conversion table (Tp(4)) and the code word (C).
- 10 . followiné thereafter,-when it is determined'(#7 and #lS).
| that there are-two.usable.conversion tahles,(Tp(l) and.
TR(4)); - |
comparing (5503) the magnitude'of the absolute
: value of a flrst look-ahead DSV (DSV1) calculated from the.
15 code words (C1) obtalned to that polnt and stored 1n said:
 first memory (105a) w1th the magnitude of the absolute
value of a second look-ahead DSV (DSVZ) calculated from the
.code words (C2) ohta;ned.to_that p01nt and stored in said
second'menory (105h)'when it_is_deternined (#7) that there
- 20 are two usable converslon tables (Tp(l)'and'ip(4)).
producing the code word (C(l)) follow1ng at least the code
‘word sequence stored to said first memory (105a) or the
code word sequence stored to said,second memory (105b); and
selecting said:first code word sequence as the more
.25 preferable code word seguence when.it is determined.(SSOB)
_that the absolute value of said first look-ahead DSV (psv1)

is smaller, and said second code word segquence as the more
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Caim7. 12.

wor ds (D(|)) ‘thereon by neans of the-digital nodul ation rrethod
: A recording -nedium (OH) for carrying d ml "ml””"
walm s«

(D(i)) by neans.of the digital nodul ation nmethod 15 - accordlng
8. 54 : ' "

.
4

10

15
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preferable code word sequenoe when 1t is not determlned
(8503) that ‘the absolute value of the first 1ook-ahead DSV
1s_sma11er. t | | o ' '
9. o . A recordlng medlum (OH) for carrylng data
words (D(i)) thereon by means of the dlgltal modulatxon
method accordlng to Claim 5. - _

10; _ . A recording medlum (OH) for carrylng data
words (D(l)) ‘thereon by means of the dlgltal modulatlon
method accordlng to CIalm 6. _ ) .

11, | A recordlng medxum (DH) for carrylng data
words (D(i)) thereon by_means of the-dlgltal modulation
method according:to Claim 7. | _ _ _

i12. "__ _ A recordlng medium (OH) for carrylng dataz
words (D(l)) by means of the dlgltal modulatlon method

-

accordlng to c1a1m 8.
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