30 WO 97/ 22182 PCT/J"6/ 03626 DESCRI PTION A DI A TAL MODULATI ON APPARATUS, A
DI A TAL MODULATI ON  METHOD, AND A RECORDI NG NEDIUM'THEREFCEL%S gigag glekﬁ
The present .invention relates to a di gital 5 nodul ation app d t
optical disk nmedia, and relates particularly to a nodul ation techni que
applicable to suppressi ng the |ow frequency conmponent of a non-return-
to-zero inverted (NRZI) signal. Background Art 10 Di gi t al crq_g,ﬁy: S{ on and
denodul ati on ‘585 Wuses used far recordi ng and reproduc _
optical disk nediumare typically conmprised as shown by the bl ock d| agram
in Fig. Sc. A conventional digitdesoptegrn on and denodul ati on appar at us
DMC i'ncl udes a. nodulating unit 1000 15 for nodul ating data. word to a
‘non-r et ur n-t o- zer¥® DIFFERS SPD Igﬂh’-}'usj A| DIGHTAHMOPHLATERY OH f or
witing and  MEAHTIg AR STRAPAPT THFEEFOBm an optical disk OD, and

‘a denodul at or pQR: Jar pdef@dul at| ng. the read signal SNRZI to the original
data word. 20 Specifically, during nodulation the data words D(i) by the
modul at or 1000 are f IThet poemendr feveritdonodelatesdso &(digitalted to ' _
recording.to an _opti.cal disk OD by neans of a code converter 1001, the . -

converte@ cod®° ad"s"‘:‘é‘l( ppPapatus; H%‘ﬁi MD PR Pato ddsh peddy upP@ t o- zer o
' d (NRZ b h [
inverted (NRZLL) 28 pfRlcutattyPio 2 fdEL ?éﬁg,vec%ﬁh%gon M&&dfa[ at hi an

|nteger represents the Inputting or e corre
is therefore mot s@mts@imﬂﬂm the :tmqmlenﬂ]drﬂ:lﬁdponént of a non~return-

to-zero inverted (NRZI) signal.

Background Art
10 ' Digital modulation and demodulation apparatuses
used for recording and reproduction with an optical disk
medium are typically comprised as shown by the block
- diagram in Fig. 8c. A conventional digital moduletion and
demodulation'apparatue DMC includes a modulating unit 1000
15 for modulating data word to a non-return-to-zero inverted
(NRZI) signal Sypzy. an_opticel head OH for writing and
reading the signal Sgpe; to ‘and from an optical.disk oD, and
a demodulator_zood for demodulating the read signal S“Ril to
the original data word. | _ |
- 20 SPecifically; during modulation the data words D(1i)
| by fhe modulator 1000 are first converted to code.words
C(i)_suited to recording to an optical.disk oD by ﬁeans'ef
‘a code converter 1001, the converted code words C(i) are
rhen converted to a non-return?to-zero'inVerted (NRZI)
25 signal SNRZI by an NRZI converter 1002. Note that i is an
1nteger represents the inputting order of the correspondlng

data words, is therefore not greater than the total number

o1
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the inputted data words. The resulting NRZI signal SRRZI is then witten
to the optical disk OD by the optical head OR The NRZI signal SNRZ2 is
read out fromthe optical, 5 disk OH for the denodul ation by the

denodul ator 2000. During denodul ation, the NRZI signal SNRyl is reversed
to the codewoonshig(i). This reversed code word C(i) is PERIRSFRIS t 0 t he
data word D(i). Thus, the caonversion 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 SNRZI in
this process is as shown in Fig. 9 by way of exanple. EFM conversion One

met hod of con®&rhdrpathedatald BEr§st o TH8dEesUS-ing: HRZE(FH9RPA Svmsode
converter is gi -1 Q=f. ivon . (EF RYET StiQLas THESs EFM ]
conver si on ne?hg%;e’%a%rlggéégéflﬁh%ggytﬂan]ﬁ a|l%)gté<-§-,er an(;yolis4 a&% 2, f(% 8,17) code
sequence consbgai nt conversion nmethod where d is the mninmmrunlength
permtted in each code word C(i), k is 20 the maxi nmum runl enq_;it;a ermtted

in each code word C(iTe W23 $igRal| Smgt i fReYattd o (KA nd i is
the | engyh of q LG 332 WRL haddoabaadliéh YN0 Wdhdababler Dl Of bILs of

the same” val Ué which corresponds to sighal-transition after NRZI 25
conver si on, ep@ringdRoaalatich,exREPRRZI BegueE s fi{ Sisofreversed to
"the code word C(i). This reversed code word C(i) is |
reversed to the data word D(i). Thus, the conversion
process performed by the modulator 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 Sypzy in
this process is as shown in Pig. 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 eight-to-fourteen
modulation (EFM) conversion. This EFM conversion method
expressed in (d, k;'m; i) terms is-al(z,lo; 8,17) code
sequence constraint conversion method where d is the
ninimunm runlength permitted in each code word C(i), k 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(i).
The runleﬁgth is the number of bits of the same
value which correéponds tb siqnai-fransit;on after NRZI
25 -coﬁversion, e.g.!.ZERO in this e#amplé, between Bits of a
different value which corresponds tbinon-signal-transition

after NRZI conversion, e.g., ONE in this example. The d

2



different val ue which corresponds to non-signal-transition after NRZI

conver si on,

and k constraints are the runlength limts, and this type of

runlength-linmted code is thus wusually 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 exanpl e the code word C(i) g,@tr)ma (2,-10)-

-code sequené‘ép%?eﬁlgfr'ai nt, resulting in every code word C(i) having at
| east. two and not nore than ten zeroes between

e.g., ONE in this exanple. The d 2 WD 9782182 PCT/ JP96/ 03626""

any two ones in the code

word. A 3-bit nerging code.is 10 then inserted between one 14-bit code word
and- the next 14- bit code word. Each code word is constructed so that this

(2, 10) code sﬁmuemseaﬂSﬁtrsalaﬁh tite awm@engtt Jfimdds| naicdehid7ejpd code

.sequence containing a.code word C(i) and this transition code. 15 Thi s

transition cofé Fan

FERTBEPiGd: Aade i4F thusivsued 1y ocatadspy(fg ®hi s code

sequence consiral nt the absolute value of the digital sumvariation (DSV)
is reduced to m nim ze the | ow frequency conponent of .the channel

i.e., the NRrz
begi nning of the binary bit.

a val ue &f +1W°%th~9t Iﬂérsbl‘E@V&Ft?ﬁet%tahéﬂ‘%%tatcédﬁaver‘b vapuBhds - 1.

‘known that the, Io u nt seqgu can be
suppressed bye’(‘:a roI ﬁlgng&f%g%ggpggﬁ esragit‘%%mﬁr oc f@ %Qghi?m ze the
absol ut e’ val ugegieridei &onsE&é:mH, résuldsngabh QevteQ'ySHBtWé afoxdt bei) ow. f requency

10

- 25

20 .

25

having at least two and not more than ten zeroes between

‘any two ones in the code word. A 3-bit merging code is

then inserted between.one 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-bit code sequence containiﬁg a .code word C(i).and this
transition code. _ '

This transition codelis.selected so that in
addition to satisfying"this.code sequence consti_'aint the
absolute value of the-digitel_sumlyeriation (DSV) is

reduced to ninimize the low frequency component of the

‘channel signal, i.e., the NRZI signal Sygg;- Note that the

. DSV is accumulated from the begin;'xing of the binary bit

seguence where the bits of one bit state have a value of +1
and the bits of the other state have a value of -1.

It is known that the low frequency component of the
b1t sequence can be suppressed by controlllng the.
conversion process to minimize the absolute value of this

DSV. It is desirable to suppress the low fregquency

'component of the NRZI.siQnal Syrzr to prevent read errors

si gnal ,

Si gnahoﬁKFﬁﬂed‘zlﬁealhahnt BEM ZbnvebBYoh sara@ebitii gdtad fromt he
‘sequence where the bits of one bit state have
At

S



conponent of the NRZI sighal SNRzr.to prevent read errors 3 WO 97/22182
PCT/ JP96/ 03626 caused by threshol d val ue fluctuation when the signal is
digitized during reproduction, or to prevent fluctuation in the servo .
error signal during recording and reproduction. EFM conversion is thus an
effective conversion 5 nmethod with respect to suppressing the |ow _
frequency conponent of the NRZI signal SW1, but it is not a conpletely.
sati sfact or yweemesesi on met hod when used with the hi gh raaessBszg densities -
of the latest optical disk nedia. 10 EFMpl us conversion EFMplus is a
modi fi ed EFM conversion nmethod designed for inproved performance w th high
density recording (cf., Kees A Schouhaner |mm nk, "EFMolus: The Coding
Format of. the Hi gh- Den5|ty Conpact Disc," 1EEE, 15 1995). This EFMplus
conver si on i §2¥s§P by] hreshqgly vadye f%ﬂ%&&éﬁb%?(ﬁhﬁ§tFB?rﬁ1ﬁﬂéﬁvéFS|on met hod

achi eving & ATh1e:.ddROYRIRINL bR, LERQY dROcdanain RN GaTRaY e vi th EFW

conversi on cor espondln e sequence constral n

conver Si on agndesédedraboyiynainal- vy wecdfd iy \“aB ST ek JlRicReEn . an
eight-to-fourteen nodul ation (EPM conversion is extended to an

ei ght - t 0- si xt een no@iMacPRYEriPs\ S ﬂMﬂ?rEFne%ﬁquiHPthnﬂﬁisﬁeFd D(i) is

converted to_a., Jé‘g.lt a%?g&‘é%& g&&res\é@_g egs. ol %%&on uses a single

static 25 conversion us. converélon selec s one-conver si on
tabl e from pkompdneémdioltabhe MFPIVeighal sahl,esuBctoridi Rgttd specific rules

each tine a data word is ?resented for _

- completely satisfactory conversion method when used with
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. Schouhamer Immink, "EFMPlus: The
Coding Format of the High-Density Compact Disc," IEEE,

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

20 conversion method, an eight-to-fourteen modulation (EFM)
conﬁérsion is extended to an eight—to-sixteen modulation
(ESM), wherein an BQbit data word D(i) is converted to a
16-bit code wprd C(i). |

Whereas EFM conversion uses a single static

25 conversion téble, BFMplus.conQersibn seieéts one converéion

table from plural available conversion tables according to

specific rules each time a data word is presented for



4 WD 97122182 PCT/JP96/ 03626 conversion, and uses. the sel ected conversion
table to convert the data word to a code word. Note that the use-of a
specified single conversion table is called a "state" corresponding to

t hat ~conversion table. 5 Fig. 10 is one exanpl e of possible conversion

t abl es Tpc(n) and Tsc(m wused in the EFMpl us conversion nethod. There is a .

total of- ei ght t abl es. and grouped according to four state lto
state 4) wt ORI apl es, a primary and secondary, assodi |c§‘f‘ré%}°%2€h each 10

state. The primary conversion tables are indicated by synbols Tpc(m,
wherein m corresponds to t he-state nunbers. For exanple, mrl neans the
pri mary conversion table Tpc(nrl) for the state 1. Simlarly, me2, 3, and

4 mean the prdoaREys £V ahai Gbd %hlee§eﬂe%(=_arzan¢é¥sﬂohet§$fé @2, 15 Tpc(ms)
for the state 3, and Ipc(nr4) for the state 4, respectively. -1n the sane

‘manner the seconsery thendetsiword taba e:ohc(enj-dar Noxlesthatientie isedoby m.its

correspondi ng. Each %éz mary conversion table Tpc(m, contains all sorts of
dat a wor ds t hdt SPafiHedRHrets SOPYPTHEAR &ﬁPlﬁl’c% called 3 “statghg sorts of

data words, ard tbesdfribt +6adfLRE, &Q%Beﬁﬁgpﬂég' ng to each of these data

wor ds. Each secondary coOnversion table Tsc ontains a finite selection
of data 'sD words, spetighiralisy ohbeceddher bg wisdane wonvkasiioam 00000000 to .
01010111, and the correspondj ng code words C. 25 Both the primary and '
secondary conF@PIPBTRAB eIYFECIP) iRPd $8cERg ERBIPLHPnCePYRIEICBt at e

I ndicator NS GQRfghns dietbbefs % YO 37/ &P HionE Tee26183%0% upea

according 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, w=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 Tpc(m=4) for the state 4,
respectively. ' In the same manner the secoﬂdary 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
correspondlng to each of these data words Each secondary
conversion table Tsc(m) contalns a finite selection of data
D words, specif;cally 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(m) and

Tsc(m) contaln a next state 1nd1cator NS contalns elther



one of four values from1l to 4 each indicating the state of

conver si on.

primary or secondary conversion table
t he next conversi on,

t he next
Mre specifically, the state of the next convé&rsion, i
5 Tpc(m and Tsc(m to be used for
I s designated by the code word C(i-1) obtained from

. e.,

t he

the inmmediately preceding conversion. The next state designation by each-

crle word is predeterni ned based on the.

-own runlength (nunber of the | ast

successive zevospis2This 10 step ensures that the (2, 10)PCEIPBSOI@EEnts are
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(mml) . and Tsc(ma2) are used for the first data word D(i) to be

sati sfied

convert ed,

c(m

.e., the data word 15 following the first synchronization code.

As shown in FPB® 99 fWIcKabPes HESE Lotk & SRGR 11daddrdpthStang 95

i's

conpi l ed so thab LG RAGHRigs. contained in a single conversion table all g
share a common characteristic. For .exanple, the code words contained in 20

t he second conver si oMorabspecificeiRy, arhe Fsetexs) thlel névatve an init

runl ength of at least 1 and not nore than 5

i al

zeroes with the first bit and-

the thirteent SOBVETH™ Befng TFePEindpt €Xt AEEOISRY PRPYHS IpFRP % 9. 11)
i ndi categ t hatl‘p?:‘ﬁ?ﬁ AHd TéalHP (RYbeb8sOGR! tRE Rext? 2oh(er SN 0d s Of

sel ecting one ©

supplied is

10

15

20

25

ese eight conversion tables each tine one data word is

destgndiadl byl the HAMOWOTE XAL32) PSTtaliP@@1068@RAhe( 1) The first
step is to determ pne the state of :

immediately preceding conversion. The next state

designation by each crde word is predetermined based on the

own runlength (number of the last successive zeroes). This
step ensufés fhat the (2,.10) constraints are satisfied
even in the interconnection betweeﬁ code words C(i-1) anAd
C(i) as shown in Fig.llo and Fig. 11. Note that the first
conversion table Tpc(m=1l) and Tsc(m=2) are used.for the
first data word D(i) to be converted, i.e., the data worad
following the first syn@hronization code.

As shown ih Fig. 11, each of these convérsion
tables Tpc(m) and ng(m) is compiled.so thqt the code words
contained in a single conversion table all share a common
chéracteristic. For example, the code words contained in
the secbnd conversion tables Tpc(m=2) &nd Tsc({(m=2) all have

an ihitial runlength of at least 1 and not more than 5

zeroes with the first bit and the thirteenth bit both being

zero. Note that "X" in the table (Fig. 11) indicates that
the bit value méy be one or zerd. o

The method of selecting one of these eight
conversion tables each time one data word is supplied is

described below.



t he next conversion NS(i-1) according to the designation by previous code
word C(i-1) in a manner described above. (2) If the next data word D(i) to
be converted 5 is, in the range 00000000 to 01010111, i.e., is data word
87. or less, the primary table Tpc(m or secondary conversion table
‘Tsc(m) converting the data word D(i)-to a code word C(i) achieving maxi num

suppression of -the | ow frequency conponent i n the NRZ -
sel-ected. It WPPT2%E 10 obvious that if the data word D(|‘)"gf("§l"6°§“80nverted

.is not wthin the above range a primary conversion table Tpc(m) will
al ways be used. The EFMpl us conversi on nethod thus converts one data word
'D(i) to-one code word C(i). 15 It should be noted, however, that there is a

certain anmount of dupfy cat | Offyd gﬁ. ﬁﬂ{&l%e%ﬁmgqg,teaggggel& each of

t he.conversion tabl es pc(n) Tsc( In Fig
specifically, ﬁhleenemméesimmm:ém oritng st gheddéesighaftienchy dat a

words D(i.).. 20 dependi upon the selected state. The four code words C(i)
surrounded by P&"P"éﬁ't‘%trﬁﬂ%iea?""’r"?eﬁfé “th $me MapPes qepcrppgd %"&re such

o oresi ords It 1yl ey A Do REREIRAL Wb WYY €0 MR oolVELO

denodul ation, i.e., en re-converting one

C(i) to tehe 25 sCahr tisearathiyrgoakxionoootel, ontdlemnple:. \mrdlsSdaﬂa goedysziecoded
to the original data word. 7 WO 97/22182 PCf/JP96103626 This is achieved

i n EFMpl us cofFer8P®n e BRIPIMhFapde RS (MxPr stefapdary (COPVEraienN2 or state

3, when a dat %ab\ﬂ\.@r'gsgﬂ)) cbﬁv&oﬁ\ﬁ%r &‘.ﬁg éaQ:a wgyg lﬂ&qt QOCQ d@o&@ ';lgrg:( ).

C(i) achieving maximum suppression of the low frequency
component in the NRZI signal Sxrzr is selected. It will be

io 'ebviouS'that if the data word D(i) to be converted is not |
within the above range a primﬁry conversion table Tpc(m)
will always be used. |

The EFMplus conversion method thus converts one |

data word D(i) to cne dode word C(i). '

> - It should be noted, however, that there is a

' certain amouﬁt of duplication in the code'wofds c(i)
contained iﬁ each of the coﬁVersipn tables Tpc(m)-and _
Tsc(m) shown in Fig. 10. More specifically, the same code’
word C(m) can be assigned to different data words D(1) .

20 depending upon the selected state. The four code words
¢(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 code words C(i) to the

25 corresponding data word, the code word is uniquely decoded

to the original data word.



Whet her 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
result, when the code word C(i) read fromthe optical disk ODis

denodul at ed, it can be wuniquely 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 thewoaaghigcode word C(i) can be known during depesigsogbisssn by using
the rules shown in Fig. 11 and Fig. 12. Mre specifically, as shown in _
Fig. 12, it can be determ ned whether the code 15 word was converted in
state 1, (2. or 3), or 4 fromthe runlength at'the end of the code word
C(i-1) read immediately before the code word C(i) being decoded. It can
al so be determ ned wheisheis ehbieode inoERMplass conversizh bynsbiftin® or state

3 fromthe values of code word,bits 20 and 1 s shown in EFig. il. it-is
t heref ore pos¥d B§*hret eofimlpl%ﬁtec%rﬂfe gf’gﬁ 1o " 8ef convert an

8-bit data \m.;r%dt% (3) 16s Rinberpd® ﬁ’&)radd\%i:)cat%néoﬁg mcﬂ%g%decode the

code word C(1) to t e original data word D(1). 25 Wile EFMl us conversion
t hus i npr ovesatgrdert hentRidiopohy estsifdad mes ochtei 2hox &sqmt' 3tdst he

achi evabl e recordin ensi t. erf nce.in te uppr.essing the
| ow 8 W 97/ ZBEESI™ \%9 %Bz%é tl‘ EGu ﬁ{?}“@&ﬁpgﬂ%n‘g% wpr.§ ‘R&i si gnal
SNRZI i's infefd Qe tonvihtala 9. ERM GORESHSE ORmelDERe SRSE flogal yi) While

EFMpl us conversion i mproves the recording density by 17/.16 conpared with

EFM conver si argad dwohr tupierptycabniimke0d ssipiEmedsilated, it can be
uniguely deéoded to the original data word Q(i) even if the
code word C(i) is a duplicate code word because the state

10 following 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 demodulation by using
the rules shown in Fig. 11 and Fié. 12. More specifically,
as shown in Fig. 12, it can be determinéd whether.the-code

15 word was converted in state 1, (2_6r 3), or 4 from the
runlength at the end of the code word C(i-1) read
immediately before the code word C(i) being decoded. It
can also be determined whether 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 6riqiha1 data word D(i).

25 While EFMplus conversion thus improves upon the EFM

:conversion method with respect té'ﬁhe achievable recording

density, its performance.in'terms of suppressing the low



5 deteriorates by approximately 3 dB. Disclosure of the Invention The
obj ect. of the present invention is therefor to provide a digital
modul ati on apparatus whi ch'sol ves these probl-ens. 10 The present invention.
has been devel oped with a view to substantially solving the above

descri bed . di sadvantages ‘and has for its essential object to provide an
i mproved digital nodul ati on apparatus. In order to achiey pf-

af orement i oneWP TPt ive, a 15 digital nodul ation appar a'fecl)rss" % onverting .
data words to runlength-linted code words conprises storage neans for
storing plural sets of conversion tables, correlating said code words to-
said data words, a selection neans for . selecting fromanong said plural

conversi on t aldr@subhey NesipoREnt WY ehai ARzt AlbRalt 9 be 1sadebassd wn said -
.code word obtained fromthe i-nmmedi ately precedi ng’mé nversion, and a '
readi ng neans that p€aBfhgoandreimput Mprg spesifddallyr ¢#hiterERMmlasdi ng to

the data word to be converted frogmthe conversion table selected by said
sel ection nearf&PVEES WL 38 OLST &%F&E?’FW%&H?E&”@CPZ/? SmpgFed”. |

conversi on t ak}ient Bk SSHREEESn | NOWIRE B 'Eemé%fer&oge UG 030 that the
runl ength constraint is also satisfied.in' Y, 97/ 22182 BCIIIP96/ 03626

t he i nt erconneetievhobatesredy abprodaetely B dBtai ned by-the immediately
pr ecedi ng -'convg'rsi on and the code word obtained by the foll ow ng :

conversion, ardSfABA Ih&te “BP I PIREAPRsets . of conversion tables each of
whi ch assigns the codgmeQhdece dieiche Aldento RfeMaeAley Lifkdd}er0Ls 91 Nal

data word, the _
provide a digital modulation apparatus which solves these
_probleﬁs.

10 - The present invention haé.been developed with a
view to substantia11y so1viﬁg the above described
disadvantages and has for ite essential object to provide
an improved digital modulation apparatus.

In order to achieve the aforementioned objective, a

15 digital mbdulation apparaiﬁs_for converting data words to
runlength~limited code words comprises storage means for
storing plural sets of cbnvefsioﬂ tables, correlating said

. code words to said data words, a selection means for
- selecting from améng said plurai con&ersion tables the next

20  conversion table to be used based on said code word
-obtﬁined from the-immediatgly preceding conversion, and a
reading means for reading and outputting the code word
corresponding to the data Qord'to be converted from the |
conversion table seleéted by said selecﬁion means,

25 whg:eby'said sélection means selecﬁs a set of
conversion table that éonverts'the data word to the code

word so that the runlength constraint is also satisfiéd in

9



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 inverted converted. 10 Brief. _
Description of the Drawi ngs These and ot her objects and features of the
present - invention will becone clear fromthe foll ow ng description taken
in conjunction with the preferred enbodi nents thereof wth reference to-

t he acconpanworsgz2zisawi ngs t hroughout 15 which |ike part spar/erseesisgnat ed by
| i ke reference nunmerals, and in which: Fig. 1 is a block diagram show ng a
digital nodul ation apparatus according to the present invention, Fig. 2

i s.a block diagram showi ng the specific 20 configuration of the preceding

converter 101 shgym i n E%%ﬁ 1, Fig. 3 is a graph show ng one exanpl e of
all  conversiQf tABPESCITAT AR P TRt Fadte YRR ARTR ined Rt 0N et hod

according 10 {diRaRhesRNipred¥aihd WonvRalddant e kddeOWoENAca RS SI St ance
of explaining a concept of the dlgltaf nn&ﬁlatlon accordlng‘io Fhe

present inverty ahe £61146i9%¢/ 284V R6H, JRAOLBIA68Rerdiage H1ifa1d sekew chart
showi ng an operation of.the digital nodul ation apparatus of.Fig. 1, Fig. 6
is a flow chaftfh SSRYKFTAP™ tRELIeDHRACH of suibkbupeadarg dbeshodm wardshe fl ow

chart in Fi O.pcing Snfd Go Bel Secbddetl EAEUATnEH WO, EH] dile?
denodul ati on apparatus according to the pres ik |nvent|onf
conversion table selected is the conversion table assigning
the code word resulting in.the most favorable digital sum
variation in the signal after the code words are non-
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 describtion
taken in conjunctioh with the preferred embodiments thereof
with reference to the accomﬁanying drawings throughout
15 which like parts are designated by like féference numerals,
and in which: | ' _
Fig. 1 is a block.diagram showing a digital
modulation apparatus according to the present invention,
| Fig. 2 .is a block diégram showing the specific
20 configuration of the pfeceding converter 101 shown in Fig.
1, | |
Fig. 3 is a graph showing one example of all
conversion tables that may be u#ed_in the EFM?lus
conversion method accofding to the.present invention,
25 ' _ Fig. 4 is a flow chart in assistance of explaining
a concept of the digital modulation according to the |

present invention,

10



Fig..8 is a block diagram show ng a conventional digital nodulation and
denodul ati on apparatus, Fig. ‘9 is atable illustrating the correlation 10
bet ween the data word, code word, and resulting NRZI signal wth respect .
to the conventional digital nodulation and denodul ation apparatus of Fig.
8, Fig. 10 is a graph showi ng an éxanple of all conventional conversion
tabl es used i'n the eight-to-sixteen 15 conversion nethod, Fiqg. 11 is.a -
tabl e showi nd*®#¥2®nmon characteristics of the code wordd ned in.
each of the conventional conversion tables shown in Fig. 10, and Fig. 12
is a table showing the relationship between 20 a code word and the state"
of the next conversion with respect to the conventional conversion tables

shown.in Fig. 10. BegijgMylgsFars{af I8 RbwihBeah Vsutait9Bn oF et ure of
the digital nodul ati on apparatus 25 Referring to Fig. 1, a digital '

nodul ati on appdigited medebatdiongappatdtmspplskig. ilpvention is shown. This
di gital. nodul ation a DM conpri ses a precedi ng converter. 11 WO

ar at ys
97122182 PCT/ JP96/ osegg‘-’f 1‘bL11F patt?Y ShATEFRAYiRENY T &5°0tX82a, 102b, and

102c, DSV couni@irontifdds e shBaR. 115 &iledk1h a8l 16 OMer 5er s -104a and
.104b, buffer nenories 105a and 105b, input/output (I/0O~ selectors 106a-and

106b, selectors 107a Rig. D0Zs, aDslocdk adayrat Istowin@,a wiigieakddr ess- count er
109, and read address . counter 110. The precedi ng converter 101 is
connect ed to afiemedulation apparatus according to the present invention,
| Fig. 8 is a block diagram showing a conventional
digital modulation and demodulation apﬁaratﬁs,
- Pig. 9 is a table illustrating the correlation
;o' . between the data'word, code word, and resulting NRZI'signal:
with respect to the con?entional digital modulation and
-deﬁodulation-apparatuslof Fig. 8,
Fig. 10 is a.graph shﬁwing an example of all
conventional conversion tables used in the eight~to-sixteen
15 conversion method, _
| Fig. 11 is.a.table'showing the common
charactgristicé of_the code words contained in each of the
~conventional conversion tablés shown in Fig. 10, and
Fig. 12 is a table éhowinglthe relationship between
20 a code word and the state of the next conversion with
' respect fo the céhventioﬁal éonversion tables shown_iﬁ Fig.
- 10.

Best Mode For Carrying Out the Invention

Structure of the digital) modulation apparatus
25 ‘-Referring to Fig. 1, a digital modulation apparatus

.according to thé.present invention is shown. This digital

modulation apparatus DM .comprises a preceding converter

11



external . dat

of correspond
t he preceding
Cl(i) and C2(
DCC flags“FdI

words- C(i) -can

this selectio
conver si on of.

a word source (not shown) for receiving a 8 bit data word -
D(i) therefrom Note that i is an integer 10 indicating the inputting order

ing data words, and is used as an ihput byte counter.

Then,

converter 101 produces- two 16 bit code word candi dates
i) for that data word and two DCC flags Fdl and Fd2. These
and Fd2 decl are whether DSV 15 control is possible with each
of -t hese datwowopziss D(i) where "DSV control | abl e" neansPCHar60362$ code

be sel ected for conversion of the one data word D(i),

and

n can mnimze the absolute value of .the DSV after NRZ

the sel ected code word C(i). Note 20 that DSV control

is al so

referred to as DCC (DC control). -A detailed description of the. structure

of the precedRy: R¥AMetE per il \ﬁ°F’I"e’r3"eeRfe§8F?be’cP%bat 8pd 43¢ r BF¥rence to
biht&A aldgl- §§ri0a.3!b CQQi‘Eth-‘?:%f;Q:@@i 1% %@rﬁ&g@ﬁ%gd Lo the

Fig. 2. The fij

pr ecedi ng converter 101 recei ving t

Irst co

candi aat e Cl(i)

therefrom Thaohby shuf fear aéhe&r&ennah ﬂﬁﬂ\lﬁsbﬁrlﬁkﬂﬁ:/betlﬁwtdIQD)COI’meCt ed to
2182 : PMIP96103626 - external word clock source' (not shown)

an 12 WD 9712
for receiving

sglegkers d0sakard gipslb. Sieleqtansni e dnd LA7RadfVcode

therefrom _andontOofi:exbe! Nalyaodapare dibhech oo S9HACEdd Aliasbaun) for

rece|V|ng a CO

bit €l oc c transmtted e 5 wor

bit unit

t herefrom Theohht&t mar.al |l el -serial. converter 102a converts - the 16-bit
word candidate C (i) to a serial code word, and outputs a
serial code word Squ@ﬁCErec?@ﬁﬂg converter 101 is connected to an

paral | el code

10

15

20

external data word source (not shown) for receiving a 8 bit

data word'D(i)'therefrom.' Note that i is an integer

- indicating the inputting order of corresponding data words,

and is used as an input'byte counter. Then, the preceding
converter 101 produces two 16 bit code word candidates
C1(i) and C2{i) for that data word and two DCC flags Fdl

and Fd2. These DCC flags Fdl and Fd2 declare whether DSV

‘control is possible with each of these data words D(i)

where "DSV controllable"'means that two.code words C(i) can
be selected for conversion of the one data word D(i), and
this selection can mlnimlze the absolute value of the DSV
after NRzZI conversion of the seleqted code word C(i). Note

that DSV control is also referred to as DCC (DC control).

. A detailed desctiption of the structure of the preceding

Fig. 2.

25

converter 101 will be described later with reference to

The first parallel-serial converter 102a is

connected to the preCedlng converter 101 for receiving the

uflrst code word candldate ci1(i) therefrom _ The first

parallel-serial converter'loz is further connected to an

12



t hat conversion and output are synchronized to:the word 10 cl ock signal Swc
and-t he code word bit clock signal Sbc. 16-bit parallel code word and
serial code word are referred to. as "parallel code.wrd" and "serial .code
~word", respectively. The first DSV counter 103a is connected to the 15
first parallel-serial converter 102a for_receiving thus converted serial
code word and the serial code word. - sequence therefrom\xggﬁ%%@ég DSV
counter 103aWR%XBt her connected to the external code 't cl ock
source for receiving the clock signal -Sbc therefrom Based on these 20
data, the DSV counter :103a counts the DSV of each serial code word and
‘accunul ates it. More specifically., the DSV counter 103 includes"a

~up/ down- count ey Wi GBYALSLFR Qoufdd (ndt! 85bwH)0¢aL! YesWivinged Ratareen

up-count node and dewn count.node when a one in a serial code is det ect ed.
25 The first selock -signall $¥c copnerittedl ®4thieachcoodecthetefiromt hand i r st
paral l el -serial converter 1.02a for  receiving the serial code word.and the,

serial code woF8 3% KHFIRLFLASe PeFd Rido a8 OREFuERTe TREP F ¥  The

first serial-papall@ingC8N¥&dd foralffe didvckUsbdUraneRPecdL byt Bobbie external
code word bit clock Source and the word cl ock source for receiving the

cl ock - sigsal s @®bed anict Swit tresedromvely, therefrom Based 5 on these data,
‘the first ‘serial-parallel converter 104a ,converts the serial code words to

a 16-bit parallel ' codd®ewbrFrCPRYal kSt FRVVEFFEF 48 FEM¥eiected to
the precedi Ngef@MVEIi@r pdfa fedr cB@@%dﬁ:‘dﬂgaﬁ&'ﬁiJﬁeaﬁi(fplt@stEpgal

:_code word, and outputs a serial code word segquence. Note
. that conversion and output_are'synchroniZé& tb the word
io . clock signal Swc and the code word bit clock signal Sbc.
16-bit parallel code word and serial code word are referred
to as."parallechode_word" and "serial code word",
respectively. _
The first DSV-counter:103a is-éonnected to the
15 - first parallel-serial ;onvérter 102a for-receiving'thus
converted serial;todeiﬁord and the sérial code-ﬁord_
sequeﬁce therefrom. The first DSV counter i03a is further
connected to the'eXtéznal code word bit clock source for
receiving the clock signal'Sbé therefrom. Baéed on these
20 daté, the DSV counter 163& counts the DSV of each serial
code word-ané accumuiatés it. More épecifically, thg DSV
counter 103 iﬁcludeé"a up/down-counter which counts zero
~ and is reciprocaiiy switchedlbetween up-count ppde apd down
_ coﬁnt:mode wvhen a one in é'seriéllcode is detedted.
25 - The first seriﬁiQParaliel converter 104a is
cénnetted.to the firSf parallél-serial'coﬁverter 102a for

~ receiving the seﬁidl code word and the serial code word

.13



10 therefrom and is further connected to the first DSV. counter 103a for-
receiving a first DSV counted value DSV1 therefromand sending a first DSV
counter update signal thereto. The DSV controller 108 is al so connected to.
the second DSV counter 103b.for receiving a second DSV counted 15 val ue
DSV2 t herefrom and sendi ng -a second DSV counter update signal thereto.
Specifically, the controller 108 wupdates the counted value of. either one
of first andveemamd DSV counters 103a and 203b whose. CRSUWPEA326| ue s
inferior by the counted value of the other DSV counter 103. 20 The DSV
control l er 108 conprises a CPU, ROM and RAM formng a controller _
controlling DSV accunul ation wusing a -so-called | ook-ahead nethod. The DSV

controller 108 nore %Fe0|f|call coptrols the co gnt el ements based on
the DOC f1 agSRBPRGH FHEASEERT | J0eT FORTS BT IF LRARIG S35 BORRFer 101,

and' the inforgghi 00 ALRRLENEIASLEAURS & &Qé@naﬁ“@o&@@u&"m\é@ 97/22182 .
PCTI JP96103626 Thi s | ook-ahead nethod"is a techni que used when there. are

two code wor @dothatowraiel dndbettaelwoetledlcfco:r saur@arfiorcueaeidiia therd, i.e.,
when DSV control is possible. 1In this DSV controllable state, the decision

as to which GRock $ifalaoSheANd\SHEs ESPECHIHRL s SHeF TRt pSR&aunti | a

DSV contr ol gt 2hése TY! StRIH st BErl-phriil® RodGELE4ONdsa MRde to
sel ect the code word for the first DSV control state resulting in.the

| owest absol uwbeveetsicdhel sehiaDS¥deavwerdnlitat #diénbitthpatale) kedeecond DSV
control state is 10 encountered. . Mre specifically, the DSV controller
108 " word C(i). . _
- The DSV cqntroller.los is connected to the -
preceding converter 101 for reéeiving the flags'Fdl ahd Fd2
10 therefrom, and is further éonnected to the first DSV.
counter 103a for receiving a first DSV counted value DSV1
therefrom and sending a first DSV counter update signal
thereto. The DSV controller 108 is'also_connected to the'
second DSV counter 1035_fdr receiving a second DSV counted
15 value DSV2 therefrom and éending a second DSV counter |
update signal thereto. Spgcific#lly, the-controller 108 °
ﬁpdatés.the counted value of_either one of first and second
DSV counters 103a and 103b whose counted value is inferior
by the counted value of the other DSV counter 103.
20 | The DSV controller 108 éoﬁprises a CPU, ROM, and
RAH; forming a controller coht:oliing DSV accumulation
- using a”so-called_look-éhéad method. The DSV controller
108 more specifically contrpls the compqﬁent.elements based
on the DcC fiags Fdi and_Fdz_sﬁpplied from the preceding

25 converter 101, and the iﬁformation from the. DVS counters

103a and 103b.
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ultimately determ nes which of the two code wor ds. output fromthe
precedi ng converter 101 will -result in the greatest IOM/frequency
conponent - suppression in the final 15 NRZI .signal, and selects that code.
word. The details of this operation are deScribed bel ow with reference to
a flow chart: Based on.these signals DSVl1l, DSV2, Fdl, and Fd2, the DSV
control l er 108: B% es an |/ 0O selector control 20 S|gna5§nﬁgkmggptrolling
t he I/C)selectors- a and 106b. The DSV controller 108 further produces a
sel ector control signals for controlling the selectors 107a and 107b. The
‘second sel ector 107b is connected to the DSV controller 108 for receiving
the sel ector control signal .to 25 select read/wite address therefrom The

first.1/Q sel ector 1088;id S1dHRPERE4EtheitBoliNEs o iteShnS@id AsedCaRaer ter -104a
for. receiving, the 16-bit 15 WD 97/22182 PCT/ JP96/ 03626 parallel code wor d

C(i) therefronthensl are tve tdnde Eomﬁad#!e@ cowld the Belectsdt forl@r 108 for |
receiving the 16-bit _dat dafato |te t her m and _sendi ng the
data read - t hePRFTSHa5 %féa%‘%g lﬁf'e R 5ty cfﬁgﬁ f BHﬁEt’ir’]]e% to the
first 1/0 sel efﬁOihﬂsoﬁavf&xnt&ehfﬁié/@txtexcé}@%egsi&e akbtobihidiio?l | el
code word C(i) thereto based on a control - signal fromthe DSV controller

108. . The $i.r st tipeftwor coclermryﬂﬂem?u% bfeunstrlarlsc@nﬁbmmﬁ uptihea ASY¥ond
selector 10 107b for. receiving the read/witge address refro The first

buffer merory GO¥FAcEIRER AEVTERFXbr 85 VIEGFUFREP 3 %Pﬂs Not e t hat.

the wite and y&ffto select the code word for the first DSV control

| | state resulting in the lowest absolute value of the DSV
accumulated by the time the second DSV control state is

10 encocnterec. _ _ '

- More specl#ically, the DSV controller 108
nltimately determines which of the two code words output
from the preceding converter 101 will result in the
greatest low frequency component'suppression in the final

15 °  NRZI 51gnal, and selects that code word The details of
| this operation are described below with reference to a flow

chart. _ _

Based on these signals DSV1, DSV2, Fdl, and Fd2,

the DSV controller-los.produces an i/o selector control

20 .signals for.controlling'therI/O selectors 106a and 106b.
The DSV controller 108 further produces a selector control -
signals for controll;ng the selectors 107a and 107b. |

. The second selector 107b is connected to the’ st
controller 108 for rece1v1ng-the selector control signal to

25 'select read/wrlte address therefrom.
| ' The flrst I/o selector 106a 1s connected to the

first serial converter ‘104a for recelVlng the 16-b1t

15



addresses to the buffer nenory 105a are supplied through selector 107b
fromthe wite address counter 109 and the 15 read address counter 110 as
controlled by the DSV controller 108. “The first selector 107a is connected
to the first 1/0O selector 106a for receiving the first code word G (i)
therefrom 20 The first 1/0O selectors 106a is controlled by the DSV
controller 108 to store the parallel code word C(i) fromthe first

seri al - par aWedngspverters 104a to the first buffer nemorypd®Sas or to
read and output the parallel code words C(i) stored in the buffer menory
105a to the first 25 selector 107a. Thus, the first parallel-serial
converter 102a, DSV counter 103a, Serial-parallel converter 104a, buffer:
menory 16 WO 97/ 22182 PCT/JP96/ 03626 105a, and |/ O sel ector 106a o
construct a PRF3tlglogsedghuerf QUi t thevef rghi cdnd SifpSREFPSY cndeeted he first

code word. ca0dLHabR CLLOL b 2bROr &Y Uutall B ol DE L1 Shosgode vord

candidate C1(1) wth respect to the secon wor d can ate. C2(i), and

out puts thuscghiprégtd ithsir Cendindeberof A BBidiEngCthe) ddta Glald-1) to the
first selector 107a. Simlarly, the second parallel-serial converter 102b,
DSV count er ¥bgpefx®®-i al - paral |l el converter 104b, buffer menory -105b, and

omohEt o oce, R AL Berdssohany S0k SeRbllicd Pl o
out puts thussigskoremd setectox avdadfbr sxadetiwsXis exeh@hgimy Ehei 143 to the
first selector 107a. . - :
o bit parallel code word C(i) 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 receiving the reéd/write address therefrom.
The first buffer.memory 105a accumulates and stores
parallel code words. Noté that the write and read
addresses to the bﬁffer_memory 105a are supplied through
selector 107b from the write address counter 109 and the
15 ..  read address counter 110 as controlléd b?.the DSV
) controller 108. | ' - -
The first selector 107a is connected to the first
I/0 selector 106a for receiving the first code word C1(i)
therefrom. | _ _ _
20 The first I/O-selectprs 106a is controlled by the
DSV contfoller 108 to store the parallel code word C(i)
 from the first serial—paréllel converters 104a to the first
buffer memory IQSa, or to réad and output the parallel code
words C(i) stored in the buffer memory 105a to the first
25 selector 107a. | | '

" Thus, the first parallel-serial converter 102a, DSV

 counter 103a, Serial-parallel converter 104a, buffer memoxry

16



Speci fically,

the DSV controller 108 controls the 15 first and second

| ook-ahead units ills and nib to store the first and. second. candi dat e
code words C1(0) to Cl(i-1) 'and C2(0) to C2(i-1) until it is determ ned

t hat which candidate code words CI(0)'or C2(0).is good. Then, the

candi date, code murd'deternined'as good is outputted 20 . therefrom - _
Referring to Flgn the specific. configuration of " the Erecedin o
‘converter 101™O9"ZHBwn. The precedi ng converter 101 furt'@ﬁ”ﬁﬂyﬁﬁgises ROM .

tabl es 20l1a, 201b, 201c and 201d, selectors -202a, 202b, 202c, and 202d,

end 25 runl ength nenory uni ts 203a_and-203b,

eval uators 204a and 204b,

next -state menory 205a and 205b, . synchroni zation code génerator'206a and

control | £§5a204naaffb yeaacésﬁqw%ecxon&lu\é\@ %&%gﬁ%@ﬂﬂf%ﬁ/ 03626

206b,

~divider 208. The ROM tabl es 201a, 201b, 201c, and

store a of .the

" ei ght -t 0-si xt eewitcanyereiich teﬁ#cesanaycstdnesgthe fhestpredenvordivent i on by

State.

i's shown.

is'a

Ref erri ni

t ot al

State ' 3, conversion tables Tp and 5 Ts(m wused in
the eight-to- s?%dé@ﬁtﬁo?ﬁ/‘é’r’sPBﬁJrré’tbﬁoavaH%&Pal ﬁé%

si M daidi¥ate cltm L 2bl §eshRet Mo %@ 48640

of eirght tables and grouped according to four states (STATEI

Fﬁésb #orfdvention -
BG4y Fi O 8,

-there

tOSTATE4)5 wi t hedniidhael €2(i)a #nd rartyudscthf seopadl airstasandidited with each
The primary conversion tables are indicated by synbols Tp(m,

‘st at e.

‘wherein in

table Ts(m are al so ényIQg

mis referred to as gfate

sense,

10

15

20

25

cFIS HOREE G %) hEo Gdslhukdahe. finet Hedertar y1enver si on
slLbhd 201 28PONYINY SLAIG " TN S

102b, DSV counter 103b, Serial-parallel converter 104b,
buffer memory 105b, and I/O selector 106b construct a .
second look-ahead unit 111b which temporarily stores the

second code word candidate c2(0) to 02(1), and outputs thus

stored second candidate code words C2(0) to c2(i-1) to the

first selector 107a. . _
Specifically, the Dsv controller 108 controls the .

flrst and second look-ahead unlts 111a and 111b to store
the first and,second_candxdate code words Cc1(0) to C1(i-1)
and €2(0) to C2(i-1) until it is determined that which
candidate code words Cl(o)"or cz(0) is good Tﬁen; the
candidate code word determined as good is outputted
therefron. '

_ Referring'to Eig. 2, the specific. coﬁfiguration of
the preceding converter'lollis shown. The precedlng

converter 101 further comprises ROM tables 201a, 201b

201c, and 2014, selectors 202a, 202b, 202c, and 202d end-- “

runlength memory unlts 203a and 203b evaluators 204a and

204Db, next-state memory 205a_and 205b,_synchron1zat1on code

, generator 206a and 206b, controller 207, and 1/93 freguency

17



1s The primary conversion tables Tp(n) contain all sorts of data words D
that can be. expressed with eight bits, i.e., 256 sorts of data words, the
16-bit code words C, and the 2-bit next state indicators NS. The 16-bit
code 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 @bBifhdl, the corresponding code. words C, acrméesss
corresponding next state indicators NS 25 Both.the primary and secondary
conversion tables Tp(m and Ts(m further contain 4-bit begi nning :
runl ength.. - indicators IR and end.4-bit runl ength indicators ER Both 18
WO 97/ 22182 PCT/ 3P96/ 03626 runlength indicators IR and ER are al so

cor r espondi ngdt6iderh@opr e T ﬁ@“c‘é@f@l%%l@ 203pecrPiealang 2PK2 statel ROV

tabl e 201la storss, %1_].8%%5{1}’30 Ego%l\g(qz_r?l o‘? "{"%Q'é?&%é% ]e)s and a secondary

5 conversion ta I'rs in Fig. 3.

The ot her R%é@&ﬂdasxgw&bnhé@keseﬁﬂdual&dloﬁlHp lstaky. store correspond| ng -
primary and secondary conversion tables Tp(me2, -3, and 4) and Ts(ne2,

3,,and 4) for the sBeferriywate BINTE2, cPh@’T%WthP%&% TgfAYENd and 10 t he
fourth state fT(A‘TE%ee eS PG ‘é@éﬁ(ﬁ— dpac%v%r@}léx? meth@RES 1 nformation

identifying t ttrl tes 0 including the next state
NS(i), and begicvtdigg wr&mgﬁ-bséﬁt ai‘tdleﬁﬁdoﬂim’ﬂ ehgWh. ERimd3adBsard bed in
the above, in addition to the code words C thenselves. 15 Wen an
i-th.8-bit datke kwcdes(Thc(™ PRpBuTsE@®)t ghown in Fig. 8, there is a

total of eight tables and grouped according to four states
' (STATEl to STATE4) w1th two tables, a primary and

10 secondary, associated with each state. The primery |
conversion tables are indicated by symbols Tp(m), wherein m
corresponds to the state numbers. the secondary cohversion
table Ts(m) are also identified by m itsEcorresponding
state. In this sense, m is referred to as “state index".

15 The primary conversion tables Tp(m) contaln ali
sorts of data words D that can be.expressed with elght_
bits, i.e., 256 sorts of data words, the.io—bitlcode words
c, and the 2-bit next state ihdicetors NS. The 16-bit code
words C and the next state indioatore NS(i)'both.correspond

20 to each of these data words D.

The secondarylconversion tableS'Ts(m) contain a
finite selection of data-words.D,_specifically the'BB data
words from 00000000 to 01010111, the corresponding code '
.words C, and the corresponding next state indicators NS.

25 ' Both the primary -and secondary conversxon tables d
Tp(m) and Ts(m) further contain 4—b1t beglnnlng runlength

indlcators IR and end 4-bit runlength indicators ER. Both
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state]. ROMtable 20la and the state4 ROMtabl e 201d, each .of ROMtables
.201a and 201d outputs a 26-bit data bl ock corresponding to that inputted -
data word D(i) therefrom :This 26-bit data block is divided into a 22-bit
bl ock and a 20 4-bit block. The22-bit block contains the 16-bit code word
C(i),. 4 bits end runlength indicator ER(i") declaring the and runlength of
that code word C(i);, and 2 bits next state .indicator NS(W)T decl arl ng the
next state.. Whe238it bl ock 25 is the beginning runl engt PRt or | R(i)
decl aring the. beginning runlength of that code word C(i). 19 WO 97/ 22182
PCT/ JP96/ 03626 However, when an 8-bit data word D(i) is supplied to the.
ot her 'ROM t ables 201b and 201c, only. the 22-bit bl ock containing the

16-bit code word 4bt end, T nIenth |nd|cator R(i ‘and 2
bits next staF@n?%qgﬁbt‘iBF"c t"ﬁs?F)an% Bgl exé? =2 a6t suqtndgﬁ'ér &rom

Referring backph Fekaidg to& GRRlreller 207 is connect ed to the external
dat a ‘wor d sourceofnot shown) for - receiving the data word D(i), and is

further connected to Spegitktadilyal %r#a@hécko%mlbée tonn m)a directly

and 10.through . the 1/93 fre uenc di w% 28213 el ve tt}‘%av\ord clock .
signal Swc an&%?@?‘f’r"@ﬂﬂeﬁ% Ve&l PHCERRAS: 5P 7 k2 r%spec‘f V&Fy, therefrom

The thirg sel 2027 +hB16OMAqRLEH #¢ eRENr Oist BehEBI AT SRokR(M) i n.
t he ROM t%abl e%s 8%% ZOfb 201&‘0&&t . and 201d fsor recei vi ng the°22 bi t

bl ock therefrdm FSypmd.ar Fpe othexf Bgnttatslsbemxh. 2202h and @PAdAected. to each
_pr| mary table ngnz and further to e&ch segondara% t abl e '
lar ng p

ly store correspon a secondary '
conversion tables Tp(m=2, 3, and 4) and Ts(n=2, 3,,and 4)
' for the second state STATE2, the third state STATE3, and
.10 = the foutth'state STATE4, respectively. Each ROM table also
stores information identifying the attributes of each code
.word C including the next state NS(i), ana beginning
runlength IR and end runlength ER, as describedlin_the
. above, in addition to the cede words C themselves.
15 . When an i-th_a-bit data ﬁordfﬁfis is input to the
statel ROM table 201a and the stated ROM table 201d, each
. of ROM tables 201a and 201d outputs a 26-bit data block
corfesponding to that inPutted deta word D(i) therefrom..
This 26-bit data blqék' is divided into a 22-bit block and a
20 4-bit block. o |
The 22-b1t block contalns the 16—b1t code word _
.C(1), 4 blts end runlength indicator ER(;) declaring the
. end runlength of that code word C(i), and 2 bits next state
indicator NS(i) declarlng the next state.. Tbe a-bit block
25 is the beginning runlength 1ndlcator IR(;) declarlng the

beginn;ng runlength of that code word C(i).
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Ts(m in ROMtables 201a, 201b, 201c, and 201d for receiving the 22-bit

bl ock therefrom respectively. Note 20 that one of 22-bit data is output
in parallel fromeach of "the ROMtables 20l1a, 201b, 201c and 201d to the
third selector 202a, and however two of 22-bit data are output in parallel
from each of the ROMtables 201a, 201b, 201c, and 201d to the fourth
sel'ector 202b, for conpatibility with 25 the |l'ook-ahead. net hod, whereby
code words. OVMPi9}223%d C2(i) are tenporarily stored when pdwreesmas® two code
words Cl(i) and C2(i) corresponding to one data word D(i), as may occur 20
WD 97/ 22182 PCT/ JP961i 03626 when the data word D(i) is are 87 or fewer.
The third and -fourth sel ectors 202a and 202b are both connected to the
controller 207 for receiving the selector control signals therefrom 5 The

sel ectors 202a and 209%°XPE’ JOMYY 8P| RcPy dpha WRwhO{d) | 35 oPPLlEigdsel ect one

of the four RQM tgd! 52048 H1hR, Cyngd 0 N only a
single of the 22- bit data Dt{)l1£')aca:5ka outz-gg%ca%nguraglzé'- t]ﬁ}{lyggg?isﬁ %gtl%s (C(i),

ER(i), and NBlr¢k dordainkingfihe 1REhit akldeswbed oubputhé hendfsoghd 10 | n
ot her words, the_contraller 207 selects one of the four ROMtables 201a,

201b, - 201c, ani"PAG'HILEIRTPR FR (LbyvANTari BRET ANt AR UHdG2B9T t he
eval uat oss 2048 (di 2 @b e B4l dride oM ehethetF £ NS(1) in the next-state

menory 205a. and 205b. 15 The first end-runlength nenory"203a i s connected
to the first sel ect ®ef20Pind dracketeiRdigng2t hehel-dointrehler 2ol ¢agt h

I ndi caltc)r ERl%ié sele%(r:"tgi velé/ out E_utted therefrom- Simlarly, the
second' end-ru P ?ﬁﬁﬁ] ﬁDF9 2ﬁ§ﬁ Pgl data word source (not shown) for
' receiving 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 Swc and 1/93 frequency divided word clock,
respectively, théréfrom. |

| The third selector 202a is cbnnécted to each of
primary tables Tp(m) in the ROM tables ?01a, 201b, 201c,

15 = and 2014 for receiving the 22-bit b1§¢£ therefrom. _
Similarly, the fourth selector 202b.is;§onnected_to each
primary table Tp(m) and further to eacﬁ secondary table
Ts(m) in ROM tables 20l1a, 201b, 20lc, and 2014 for
receiving the 22-bit block thereffom, respectively. Note

20 that one of 22-bit data is output in parallel from each of
the ROM tables 201a, 201b, 201c and 201d to the third
selector 202a,'and however two of 22-bit data are output in
parallel from each of the ROM tables 201a, 201b, 201c; and
2014 to'the fourth selector 202b, for compatibility with

'-2snm lthe look;ahead,method, whereby code.words C1(i) and C2(i)

are temporarily stored when there are two code words c1(i)

and C2{i) corresponding to one data word D(i), as may occur
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connected to the second sel ector 202b for receiving the 4 20 bit end
runl ength: indicator ER2(i) selectively outputted therefrom The first
eval uator 204a is connected to statel ROM ‘table 20l1a (STATEl) for
receiving two of 4-bit beginning runlength indicator IR(i) therefrom and-
to the state4d ROM 25 table 201d. (STATE4) for receiving two of 4-bit = .

begi nni ng . th indicator IR(i). The first "eval uator ég “‘! furthe
connect-ed to%}h% stt end-runlength menory 203a 21 |V %9 §39 '
PCT/ JP96/ 03626 for -receiving the 4-bit end runlength indicator. ERL(i) '

‘therefrom  The first evaluators 204a adds t-he ‘end runlength indicator
ERL(i-1). stored by the first end-runlength nmemory 5 203a with the

begi nni ng runl qRgh hrididaeatwird B(i) of dresnext fewde. Workk €hiid.ankhi s next
code word Cl(i) is outputted fromthe ROMtables 20la and 201d - _

i ndi vidual |y, Tewdth sﬁetlscuet%rWHeaMe&W@t athebqt@t gpnpeghieshphtheéius
obtained satisfie ( 1 runl e STAT 10.and, STATE4
.cohstraints. SFﬁT‘?ﬁ?ﬂf %% ci’fﬁﬁe% ‘-’u 8r %(ffg‘arsc%’&ﬁ?é‘cféam % statel
‘ROM t abl e 20lavf,STé¥hi. for receiving the 4-bit: beginning runlength -
‘indicator I'R(i) therefrom- and to.the state4 ROMtable 201d ( STATE4) forl R

receivi ngst he 4-bit 15‘hbeg¢mtngsrmﬁaengﬂh2¢2td|ac&t oentiRiled Bhetheecond

evaluator ~204b-is further conne ted to the, second end- | engt mam)ry
'203b for recei PR HET4 28T *% Fﬁﬁl%}?gf’g i TRt oF éﬁ;{lefl? {]ah’er efrom-

201b, 201c, and 201d, and select only a single of the 22~ .
bit data block out_of four 22-bit data blocks (C(i), ER(1),
and NS{i)) from the four RbM tables to. output therefrom.

i 10 - In other words, the controller 207 selects one of the four
ROM tables 201a, 201b, 201c, and 201d based on toe
evaluation results returned by the evaluators 204a and 204b
end the values stored NS(i) in the'oext-state memory 205a.
and..ZOSb.. o | |

15 o ' - The first end-runlength menoxy’ 203a is connected to _'
| the flrst selector 202a for receiving the 4-bit end |
_runlength indicator ER1(i) selectively’ outputted therefrom.
Slmllarly, the secdnd end-runlength memory 203b Ls X
_ connected'to'ﬁhe second selector 202b for receiving-the'4—
. 20 bit end runlength:ihdicator ERZ(i)fselectively outputted
. therefrom. o | |
The first eValuafor 204a is_conrected to statel ROM
table 201a.(STATBl)'for receiving two of 4-biﬁ beginning
runlength 1nd1cator IR(i) therefrom, and to the state4 ROM

. 25 . table 201d (STATE4) for recelvzng two of 4-bit beginnlng

runlength ‘indicator IR(i). The first evaluator 204a is

further connected to the first end-runlength hemory_203a
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The second eval uator 204b adds-the end runlength 20 indicator. ER(i)
stored by the second end-runlength menmory 203b with the beginning

runl ength indicator IR(i) of the next code word C2(i). This next code word
C2(i) is outputted fromthe ROMtables 20la and 201d individually, and is
to determ ne whether the. total runlength thus 25 obtained satisfies the
(2, 10) runlength constraints for both STATElI and STATE4. The first and
second eval ustom7a218204a and 204b are both connected to tireTiRIsNI2d | er 207
for 22 WD 97122182 PCT/ JP96/ 03626 transferring the signals indicative.
evaluation result . thereto. The significance of the eval uation nade by
the evaluators 204a and 204b is described below. . 5 As described above,
the four ROM tables 201a, 201b, 201c, and 201d store the caonversion tables
'shown i-n Fi gTo8, reciiyipgsbirerd-Rdtt ard sppdengHungedcatenrifiiddto the rul es
shown in Figth&?ef} > (2, 10) sequence constraints will be satisfied in
the interconnection. between successive code. 10 words. As a result it may
seemthat the eval uather si?éavaandtiiiRoascadiat theederd runfleagthhe next
state is state 1 (STATEl) or.state 4 ~(STATE4), however, the state
transition' ARALFRERE FREAF-IIMSIGFERi Bh REpaIER LSS TEReIESs BRPOThvent T on

word O 1) S0aR ] b S G L ey ety
determi ned t pesel @nie @birhec: af) . STATEIneaxndcsdeATora whiheser reésulting in
the best possible .DSV contraol while (2,10) constraint, satisfied i.n both
case. outputted from the ROM tables 20la’and 2014 individually,
and is to determine whether the total runlength thus
obtained satisfies the (2, 10) runlength for both STATE1
10 | a:;d STATE4 constraints. |
Similarly, the second.evaluator 204b is connected
to statel ROM table 201a (STATE1) for receiving the 4-bit
beginning runiéngth indicator IR(i) therqfrom, and to the
state4 ROM table 201d (STATE45_£6; receiving the 4-bit
'15_ beéinning runlength indicaior.iﬁ(i){ Tﬂef#econd evaluator
£ 204b is further'connected to fhe second e;d-runlength
memory 203b for receiving the 4-bit end runlength indicator
ER2(i-1) therefrom. : .
_The second evaluator 204b adds the end runlength
- 20 indicator ER(i) stored by the second .end-runlength mémory
| 203b with the beginning runlength indicatdr_IR(i) of the
next code_word c2(i). This hext code word C2(i) is
outputted from the RbM-tables 201a and 201d individually,_
and is to determine whéthér the total runlength thus
25 | qbtained”satisfies the (2; 10):funiength constraints for
both STATE1 and STATE4. The first and second evaluators

204a. and 204b are both connected to the controller 207 for
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20 Thus, when the first evaluator 204a determ nes that the code word CI1(1)
can be selected or data word D(i) is 87 or fewer, the controller 207 sets -
DCC flag Fdl. 'Li kewi se, when the second eval uator 204b deternines 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 fl ag Fd2. The first next-state menory 205a is
connected to | rst selector 202a for. receiving the JaseXt state
23 WO 97/221??’?%?;’3%6103626 i ndi cat or NS1(i) therefromgT- hremsecond
next-state nenory 205b is connected to the second selector 202b for
receiving the 2-bit next state indicator NSZ(l) therefrom The first and-
second next-state nenories 205a and 205b are  both:5 connected to the

control | er. ZQ}attefextﬁa@sftSérématlbelﬁma&ivblavmenshafesurtdu cators. NSl (i) .
and NS2(i.) stored therein. The first and second synchroni zation code - .

generators 206bgrere- 206b are both connect ed to.the. control I er 207 for

receiving the word ock,si frequen VI ded cl ock: -
therefrom The freq e"ﬁcﬁlﬂ? BCEI kmq'leset'ﬁ%ﬁ °é'd9' Seﬂ%’}h Fl mng at .

‘whi ch the syneiieRidal i204aChREloosd Ob'tduEeripaa Bd1dw.Synchroni zation code
generators 206a and 206b. Note that while this synchronization code is the

synchrorfi zati on codeisl Begsetbafupbaye r dgveodavt | R t@héé%y?ﬂ:ﬂ#r:oﬂptlat i on code
two code vvords Iog%hls inserted.for -eve

speci fically,2%fe APEnFYS CS%V?r?iPﬂs’é?’?O]gecf mﬁ°§" Qﬁ’w\/\ﬂr d*tlock .
cycle. Note that ;hebedh@sPUhO WA OEnMRs 80BEF@ind ot Bfe didiesal Modul at i on

apparatus of. the present 20 invention this synchroni zation code is. handl ed
in the same shown in Fig. 12, the (2, 10) sequence 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 trans;tlon.in the dlgltal
modulation apparatus of the present invention is not
15 - automatically determined as designated bﬁffhe preoeding.
| code word C(i-1) statically. Note that the state’
transition dynarioally determined to select either.of_
' STATE1 and STATE 4 whichever resulting in the best poseible -
-_DSV contxrol whlle (2 10) constraint satxsfled in both case.
20 ' o Thus, when the first evaluator 204a determines that
the code word Cl(i) can be selected or data word D(i) is 87
or fewer, the controller 207 sets DCC flag Fdl. Likewise,
when ‘the second eveloator.204b determines that the code
word CZ(i) can be selected or:the data word D(i) is 87 or
25 'fewer, the controller 207 sets DCC flag Fdz.
The first next—state memory 205a is connected to

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



manner as a DSV-control |l able code word. The fifth selector 202c is
connected to the third selector 202a for receiving the 16-bit code word
Cl(i) selectively outputted therefrom to the first 25 synchroni zation
code generator 206a for receiving the synchronization code therefrom and
to the controller 207 for receiving a.control signal therefrom Simlarly,
the 24 WD 9782182 FCC/ JPI9N03626 sixth selector 202d.is connected to the
fourth sel ecwop722282b, : t he second synchroni zati on code gBFRPEH¥3626206b, and
the controller 207 for., receiving the 16-bit code word C2(i), the:
synchro#ifizati on code,- and a control signal -5 respectively, therefrom
Thus, the . third selector 202a, first end-runlength nennry 203a; the

flrst eval uat o flrst xt S the first

synchr oni zat T"b 8‘ 55{:&* os) gl gﬁﬁ ?ﬁhcmﬁof‘%ﬁg et(?t OF"202¢ const ruct: -
a first pre i@sxs:%vebhh@@témltb &Qétased‘oaa sETa AT nbybsxt&r iregeitEnd Nput code
data Cl(i). The fourth selector 202b, second end-runlength nenory 203b, :

t he second e‘vlaé%’ctbdt nexb stalte trbimntoneds2(iot sherabrany ZbShEinste second

S nchronlzat -code ener 206b. t he el c 202d
c)c/)nstruct a f«f&?ﬁa g %ﬁggrﬁ'??duﬁﬁl ?9‘7’ Slz)égge?rpo(riarl ly storing the

A% 6r

code wogd C2{bnnecteades Cfﬂéoez@nti—m idie 2oboper tHapssetenicprae?262s »nd 202d
sel ect and output either the code words fromthe selectors 202a and 202b,
or the' synbit gwixtaskare codidchrens tNRa (3) rand &isiz4al i %?Pr@GdéhQ’Ong’ener at or

206a -and 206b. ' Th% gop ég Lgé égggn OQ%ﬁéﬁronlzaglon doé%Jw and RAM

generators 206a and 206b are both connected to the
" controller 207 for receiving the word clock signal Swc and
10  the frequency-divided clock therefrom.
_The frequency-divided.tlock is then used for the timing at
which the synchronization clock is output from'the:
synchronization code génerators 206a aéd:266b. Note that
thle this synchronization code is the syﬁchronization code
7'515 used during reproduction, one synchroniz;tién code two code
words long is inserted for every 91 code‘@;rds ‘More
specifically, the synchronization code is inserted on a 93
word clock cycle. - Note that for the purposes of DSV -
control in the dlgital modulation apparatus of the present
20 invention this synchrqnxzatlon code is handled in the same
‘manner as a DSV-controllable code word.

The fifth selector 202c is connected to the third
selector 202a for receiving thé 16—bit code word Cl(i)
selectively outputted therefrom, to the first |

25 synchronization code generator 206a'for receiving the

synchronization code therefrom, and to the gontroller 207

for receiving a control signal therefrom. Similarly, the

24"



and controls determ nation of the next selectable state and the operating
timng of each conponent. Detailed operation of the controller 207 is
descri bed bel ow. 25 O'erat on of the digital nodul ati on apparatus The
operation of the digital nodul-ation apparatus conprised as above is
described below. First; the 25 WD 97/22182 PCT/J"96/ 03626 concept ual .
operation is des?zyr“ged with reference to Fig. 4, and th PerhPRoseer ati on
with a DC cont utine is described with reference to Flg 5 later. -
Referring to. Fig. 4, a flowchart of conceptual 5 operation according to
t he. present |nvent|on i's shown. Wen the operatlon starts, at. step #1, i .
is set to 0, and mis set to 1. Thus, at the start'of the operation the

byt e ‘count er Likni SeflRiedoz@nd thanSHATELol fk crietn bylédterstate index m
is-set.. 10 At step #3,.the data word D(i) in the (n+l)-th order is input.

At step #5, iZozis: puelgswmﬂesmmpnezmqmceﬁed@&rwraﬁer&ﬁh') and | ess t han

88 or not.. Wen it is ude e ds | the -
procedure advdrfc&8HE® lﬁggPEpF 1§ecﬁ‘@;’\qegh gé-kﬁ?' cgg%gwgv%d D(DI())IS |

tenporarily con éer L6d dydchibsizatidnSesaud apade ewitdotapsintal,es C1(i) and
C2(i). wth the nversion tables Tp(m. and Ts(m) currently indicated the

state inslex irespBeeiiyelyhetpevebtm.e 20 advances to step #19. At step #19
: ef'ther one of two Cgﬁ& Wort.g C]}Sil.)d seld.ector( |2})2gr Op'rs%degé-ﬁ;tﬁ%nw

advant ageous for re
memory 203a, the first evaluator 204a, the first next-state

memory 205a, the first synchronization code generator 206a,
and the fifth selector 202¢c construct a first pre-

- 10 '-converting unit 101a for temporarily storing the- input code
data C1l(i). The fourth selectoxr 202D, secono.end—runlength
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-converting unit 101b for temporarily storing the '
‘code word.C2(i), as described in the abbve. | '

The selectors 202¢c and 2024 select ‘and output
either the code words from the selectors 202a ‘and 202b, or
the synchronization code from the synchronization code

20 7generator 206a and 206b. o

The controller 207 consists of a CPU, ROM, and RANM,
and controls determination of the next selectable state and
the operating timing of each component Detailed operation
of the controller 207 is described below.

:25 eratio o_ e gdj odu at on a atus .

The'operation.of the,digital_modulation apparatus

comprised as above is described below. First, the

25



DC conponent.is selected. Then the byte counter (i) is increnmented at step
#10, and the procedure advances to step 25 # 11. At step #11, when it

i s.judged whether all data words D had been converted or not. On the other
hand, it 26 WD 97/22182 PCl'/JP96/03626 is judged "No" at step 15, the
procedure advances to step #7. At step #7, it-is judged whether the state
nunber index is either one-of 1 -and 4, or not. Wien it is judged . 5
OYES', neani MP¥Rats2conversi on tables for STATEl or STATEALTHP®!03@6r rent | y
used, the procedure advances to step #15. At step #15, it is judged

whet her the currently . adopted stat.e nunber.indexes i or 4 can be replaced
by the other |ndex 4.or 1, respectively For exanple when the 10 .

conversion tabl es are curre el.ecied, it _is jud et her .
Tho. “conver s| B CSRAE LT BPAER L TaA LR TR 61 SRToBP i So bt Pertty
sel ected tabl gga Ta{eh theVbpdititlionViObild B2 EbREFdNk-ensie |1'sm tati on i.e.,
(2 10) constraint at the connecting part, or not. Wen it is judge "YES',

-the procédsexitedy antbsrefierenep ¥ FigAt 5slaer#17, the data word D(i) is

tenporarlly converted to the first code word candi date Cl& é with the
conversion tabl es TpfAEFTII QS Fbgttﬂe eEoNY TBIE RbrPrERTfbate C2(i)

with t hesconvgpsian drARkesrdHyW8) tnd hRceR iMRmREBREMIMARYANCES tO Step
010. However, when it is judged at step #7, it neans that changing the

currently. sel ect ed c®hesrtheorpeabtbon S'ﬁp@'hsl aly stpepcéh, riotisbeet egst aced by
ot her p055|ble tab eslsnggt4 Qr 1}huThe procedure . agvgnges to step #9.

0, an s, at the s operation,
the byte counter (i) is cleared, and the STATEl indicated
by-tha state index_m is set.

10 ' At etep #3, the 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”,
meanlng that the data words D(l), the procedure advances to

“~ ’ ..

15 step #13. _ ' S
A At step #13, the data word D(l)ils temporarily
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 etate index m.. ihen, the procedure
20 | advances to step #19; |
At step #19, either one of two code word C1l(i) and
C2(i) produced at step #13,.advantageous fof reducing'the
DC component,is selecﬁed. Then the byte counter (i) is
incremented at step #10, and the procedure advances to step
25 #11. |
| At etep #11,-when it is_judged whether all data

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

26



25. At step #9, the data word D(i) is converted to the code word C(i) with -
the conversion tables Tp(m currently 27 WD 97122182 PCT/ JP96/ 03626
i ndi cated by the state nunber iilndex m Then the procedure advances to step -
#11., At step #11, when it is judged "VYES',-neaning that ..all data word '
:'D(r) had been converted then the control 5 terninates. Referri n‘g to Fig.
.5, . the operatron of the a digital nodul ation apparatus 1is
shovvn Not e tWRP"*2en t hose steps executed in parallel on {"ﬁe time base
are for ease of description shown and described as seri ally 10 executed on
‘the-tine base. The first: step 5401 is to. initialize the control variables
=0, m=l, and nk=1 where i is- i.ncrenented in synchronization with data

‘words Dt hat ﬂ&h?%”ﬁﬁ e $6ee #9i Oid@lproesahal i;onansparY weePMA, and is
cl eared when a 5 control is per orrreé, is the next state used to

Xt deterdv.ne the code word Cl(i) for the first |ook-ahead channel

the data bus from whjch.the_ cod Lh buf f |
i e proceseed) M rEers o M et il sBeBhEt sy sthEk RRE [ Fe code

word -C2 for titegxo %&@éieaﬂecwrtneha(theozd%e buhe 98" Wi filagklie code

words C2 store e other buffer nenory 105b are processed). Wen one
data worsl D(i9YESS, therniingptibat cdnivergi®t dublgs clory STATEL Ikl STaTRp S403),
‘the DSV controller 108 _determ nes whether the input data V\é)rd D(|) i s data
:V\Ol‘d 25 | essa:{qqgﬁrggnt.‘(%tuéﬁ 54% procedure advances to step #15. .

At step #15, it is judged whether the currently
adopted state number.indexes 1 .or 4 can be replaced by the
other index 4 or 21, 'respectively -For ekample, when the

0 . conversion tables Tp(mal) are currently selected, it is
judged whether the. converslon table Tp(r=4) can be used in
stead of the currently selected tables Tp(mal) without
v1olat1ng the runlength limitatxon, i.e. ' (2,10) constraint
at the connectzng part, or not. When it is judge "YES",

A 15 _l,the procedure advances to 1 step g27. "

' At step #17,_the ‘data word p(i)*§5'temporarily
'cdnverted to.the first code word candidate C1(i) with_the.
conversion tables Tp(ﬁ-l) and to the second code word
-candidate cz(i) w;th the conversion tables Tp(m=4) . Then,'

20 | the procedure advances to step #10
However, when it is judged at step #7, it means
that changing the currently selected conversion tables |

Tp (m=1 or 4) can not be-replaeed by'other possible tables

Tp(m=4 or 1). The procedure advances' to step #9.

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

code word C(l) with the conver51on tables Tp(m) currently :
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.If the input data word D(i) is data word less than 88,.the DCC fl ags Fdl
and Fd2 are set, and then a DC. 28 WD 97! 22182 PCP/ JP96/ 03626 contro
routine is executed instep S411.- Note that-DC control routine is a typical -
| ook- ahead process executed when a DSV-controllable code word is selected,
and is shown in the flowchart in Fig.. 6..5 Mre specifically, when the
DSV control l er 108 detects that.DCC flag FdI or DCC flag Fd2 is set, the
DSV . val ues BI22Y DSV2 stored in the DVS counters 103ZAHPN¥8Bp are
read and the absol ute val ues.thereof are conpared (step S503). The buffer
menory 105a or 105b storing code 10 word sequence corresponding to the
smal l er of the two values is then selected, the code word sequence stored

in the selecied Qubfel, MERIOLY, e QULRHL; L0 Ok hengl 0lbal prmdiati on

appar at us throu r 7a7and ° paralTel-seria onver - 102c
(steps S505 aﬁdaSEéé)toaﬁﬁplilihe DSV counters. 103a and 103b and contro
variables (m or n2, and i) are updated (steps $507, S513.,.and $509)
Referring back to. Fidt skerufith plhegoitr bt Jnggedn IYESY, cBﬁﬁPb‘!ﬂed:hthe i nput

data vord D1l 8a80TN8Ld 8155 dd GeeROLLERAU N SOIRMBLALA(1) From (e

primary.conversion able e st stored to
buf f er ﬁﬁnorwmiﬁﬁaatesough the parallel-serial converter 102a Then, the
first digital sumvariation DSVl is cal cul ated (step $413). The sane i nput

data word D(i) is sRHAATFARBOLR IR % ofy ciiee@PEERtiRD ©ér Fag poritiigagatode wor d
25 C2(i) froomogﬁﬁré?gﬁrk a¥a%8%\ﬁ~{hﬁlo?nl-‘%£bllelgfsﬁ% st ghee df¢ ared by ne,

and stored t roug
even those steps executed in parallel on the time base are

for ease of descriptlon shown and described as serlally '
10 ; ”executed on the time base.

The first step S401 ie_to.initialize the control
variables i=0, ml=1, and.m2=1 where i is incremented in
synchronization with data wordedD'that are inputted to the
digital modulation apparatus DMA, and is oleared when a DC

15 control is performed. ml is the next state used to
- determine the code word c1(1) for the flrst look-ahead
channel. (the data bus from which the code words Cl stored
to the one buffer memory 105a are processed), and m2 is the
next state used to determine the code word C2 for the look-_.
20 '.ahead channel (the data bus from which the code words c2 |
stored to the other'buffer.nemory 105b are processed).
~ When one data word D(i) is then input to the _
preced:ng converter 101 (step s403), the DSV controller 108
determines whether the 1nput data word D(l) -is data word
25 less than 88 (step’ S407) '

-If the input data word D(1) is ‘data word 1less than

88, the DCC flags Fdl and Fd2 are set, and then a DC .

28



.29 WO 97/22182 PCTIJP96/ 03626 the parallel-serial converter. 102b. The -
'second digital sum variation DSV2 is also calculated (step S415). The
information related to the next states obtained w th the code words C1(i)
and C2. (i) is stored to the 5 control variables m and n2 (steps S417 and
5419). If all necessary data words have been input (step  $S405), the code
words accunul ated by that time are output (step S425), and, WEI on. of
the digital MRAWE®on apparatus. ternminates.. If all -da‘f‘_%{"&g d%° have not
been 10 input (step 5405), however, the variable i is incremented (step
$421), 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”
deterni ned whetheroi heukaneUls Gllfacibed! A1 &0 50EL i kel A0k gRead channel
is state 1 Al' or state 4, and whether .the runlength constraints will be
violated if tlenstal ecowtisei ishredypétakbelpakt-ahead mrtestaexecutefist ep S429) . .
If the code words fromstates 1 and 4-can’ both be used, the m variable i's .
set to 5, STAMBSD g REYrootraklablesfadb@eehis orelasiteineard iexshavRd (step .
'$433).  Note t:hat, sepid t .ate:.5 is equivalent to setting the DCC -
flag Fdl in F.‘S’Ef%%\%‘fgh.% i%{l%i"s%le_term ned that the current nl ~state
on the figst |-ook-ahaadechbpaciticaadnotwhen ehthpsv Honkkalberl 108 St ate 4, -

thi's evaluation is repeated for |ogk- ahead channel 2 (step S443). tf it is
thus det er mi nE§*EALE “Mate PGt & a0 FE10PT )DG% BRI TR et BBt cdh®S¥onverted -
to. . values DSV1 and DSV2 stored in the DVS counters 103a and

_1b3b are read and thé absolute valuaes thereof are compafed.
(step S503). The'buffer_mémbry 105a or 105b storing-code'
iO word sequence:corresponding to the smaller of the fﬁq
values is then_éelected, the'code word seqﬁence stored in
the selected buffer memory is output frén the digital
modulation appafatus througﬁ thg selegtor 107a and
parallgl-seriai convérter ;02c (stéps 5565 and'5511),land
.. 15  the DsV counters 103a ahd.léﬁbIAnd'eoﬂg;o; variables (ml1 or
w m2, and i) are updated (steps 5507, S513, and S509).
Referring back to,?ig..s,'whgn pC control routine
"is completed, the input data word D(i) is converted to the
o COrfesponding code word C1{i) from the brimary convgrsidn
.20 table of the state déclared by m1, and'Et6:ed to buffer
| meﬁory 105a throughﬂthé parallel-serial converter 102a.
_ Théﬂ, the first digitai sum variation DSVl is calculated
(step 5413). The same”inpup data word D(i)'is E
simhltaneously_cﬁnverted td'the'corfesponding code wofd
25: C2(i) from the secdndary qonversion table of thé state

declared by m2, and sﬁofed to buffer memory 105b through -



.30 J WO 97122182 PCT/JP96/ 03626 either state 1 or state .4 on channel 2,
and a DSV- controllable code word can be obtained, n2 is set to 5 (step
S447), and DC control routine is executed (step 5431). Note that setting
n2to 5 is equivalent to setting 5 the DCC flag Fd2 in Fig. 2. . After DC
control routine is conpleted (step S433), the state value of the first

| ook-ahead channel- m is evaluated (step 5435). If ml is 5 m is updated
to 1 and nR VO%PIk ed to 4 (step $43.7); m.is otherw sBCTEPO3y .
unchanged. If in step S435 it is deternmined that Ml 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 primary conversion table associated vmth the state

decl ared by m i and tored t ry" 305 p! and- is
si mul t aneously FREoRIET 0|1tor&8dec‘?/\75’re%’rter fr o';'nh %ee(coﬁ)’(ra dl 1ytaco%u%r si on

tabl e associ at\@@wcibntﬂwzshatﬂéte@aa&aﬁatéw (aeeﬁrskmt)ored to buffer-nmenory
105b (step $S441). Note that the DSV val ues DSV1 and DSV2 are cal cul ated at

step- 20 S439 and $441Thg é@ﬁem#tﬁ@lfyrelﬁﬁmné‘sh%f"qmsﬁﬁ‘e%%s@teﬂee@t ed from

steps $427.to 3 abov tr rrethod of sy tching to
state 1 (STATI’—IF“)% %hgta? X°f§srAéI6E@)) aurlér}g‘ goﬁ T SRal® \llyl’rrpl ement ati on of

the EFMplgis C@pw@isi Ovar 1 Gue drid m25(¢ﬂa:gfsomﬂ7 ba»harsamm of the present
i nvention. More specifically, if. there is a transition to state 1

(STATEl) or state 4 ISPAREnpcessariyedatyivoadspprNg deeoninpifar(Gtes. of .
‘S405), the code words accumulated by that time are output
(step S425),.and operation of the digital modulation
appafatus.terminates.j If all data words have hot been
10 input (step S405), however, thé'variable i is incremented
(step S421), and the apparatus aﬁaits input of the next
data worxd. N . _
If it is dgtermined in step 5407.that the'dgta word
D(i) is greater than 87, it is determine? whether the
. 5 curfent'ml state on the tirsﬁmiook-ahéa&iéhannel is state 1
- or state 4, and whether the runlength c;;straints will be
viclated if the state is switched betweeé state.i and state
4 (step S429). .Ir the code words from states i and 4 can
both be used, the ml variable is set to 5, STATES, (step
20 8431), and DC control routine is executed (step S5433).
" Note fhat setting ml to state 5 is equivalent to_setting.
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
25: ~state 1 or state 4, this e&&luation is repeated for look-

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

the data word D(i) to be converted can be converted to
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31 . WD 97122182 PCT/JP96/ 03626 the present invention, the state
transition is not automatically designated, but is i nteI ligently select ed
S0 as to suppress the DC conponent in the output channel signal. In other
words, it is determ ned whether the code 5 word candi date erabl es DSV .
control, and if it does, the DSV-controllable code word is dynam call y

sel ected. ut data word D(i') does . not. correlate

DSV-controI | ay&e’ ’é’d&s word, ‘the data word is converted to"§""’6ﬂ?’f’érm y
def i nabl e code word and stor ed in the buffer 10 nenories 105a.and 105b :
(steps S449 - S441). wever_ "because .a nmaxi mum | ook- ahead-count is set to
‘an i ntegral nunber - e.g., 15, due to.the storage capacity of the -

buffer nmenori E&Lﬂ;@5as€a1§e 1055, stRBRENbALIHNAERTL, HRM0bsvL he buf fer
menories is al'so nonitored (steps S449). Note 15" t hat because one

DSV- cont rol | alsiantzohtnblenicede i wirdc cdb be obtaiped pdn ds seerto $1 code words
the .step S449 can be. elimnated obé I ncrea |ng t he. | ook-ahead count to 91.

words.  Oper at§SfPoP*t e &Pi PQuc ﬁBdlﬂ%\"c S8R 1pHeshed Ht%®Pdat a words are

written by thedhgit abord tiRdWiting APRY 3l s dASGRLRRE BDARLIRy
récording medium it is necessary fo read the recorded code words fromthe- :

recordi ngg nedithe 286 fhawmddRaire Rige Bead. code words to the original data
words. -This process is,described: b low with, reference to Fi a bl ock

| 7 |
diagram of a digital By RS RAME PO i ARt 6isC Q“Frlef:ﬁ?s(ﬁﬁppggéﬂRef erring
to Fig. 7, th't?ledbgatélanQngﬂl'@:te' 20re@HRBkBbKEDUnaRREP A5 GS @ 13-bit

shift register 501, 1-bit .
S . evaluated (step. 5435),, If ml is 5, ml is updated to 1 and
.az is updated to 4 (step 5437); ml.ls ‘otherwise left
10 unchanged. o 'f | |
If in steppskas lt'is determined that ml is not 5,
or if the process in step S437 isrccmpleted the data word
D(i) ‘is converted to code word Cc1(i) from the prlmary
conversion table assoclated with the state declared by ml
‘15 ' and stored to buffer memory ‘10Sa - (step 3539), and is
: s1mu1taneously converted to code word cﬁ?z) from the
~ primary conversion table assoc;ated w1th the state declared
| by m2 and stored to buffer ‘memory 105b (step 8441). Note
. that the DSV values DSV1 and DSV2 are calculated at step
20 . 8439 and s441, respectlvely. -
| ' Bylmeans oflthe processfekecuted from steps 8427 to
S431'apove, the dynadic_control method of switching to
state 1 (STATEl) or state-4d(STATB4) during'conventicnal
'_ implementation of the EFMplus cohversion technidue is
25 lmproved by means of tﬁe.preseht invention More
speczflcally, if there is a transxt:on to state 1 (STATEl)

. or state 4 (STATE4) in the dlgltal modulatlon apparatus of.
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WO 97/ 22182 PCT/JP96103626 | atches 502a and 502b, a 16-bit shift register
503, a 16- bit latch. 504, a 2-input OR gate 505a, a 2-input NOR gate
505b, . 4-input OR gate 506, an AND circuit 507, a nmmin ,decoder 508, a sub
decoder 509, and a selector 510 that are 5 nutually connected as shown.
Note that this digital denodul ation apparatus DM corresponds to the
reversed. code converter 2003 shown in the .digital nodul ati on/denodul ation
appar at us shware7#nsi g. S." The nmai n decoder 508 stores tReTPI36I6at i on
between 10 all 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 which the next
state isYstate 2. If the coge worg totbe chodeg.is.a coge wor d bel ongi ng
to either 15 PREEEN T SPIVEP S P tR& §52%® (“TRRAT BRSO uni quely to  the
correspondi NG Homat Ped1 A lu_s\eh#%a, ThEL Sih 0eeiesemQY sLPESSORLY the .
duplicate corretation for which the next state is state 3, and..can thus .
uni quel y. decsdeocedppwssdshbeb© mpmpgnent tin $heOowtputekchanoel set to t he
c0rresponding_original data word, The, operation of the digital :
denodul at i on SHFFarat uE* THES CORSi S&d T LTFESBLPBLINEERET. T &E86de wor ds
read fragm t hg,dyeCeaAa{MhtEEdhEBLeY Ssvi BEMirddS anki ir SROUeasE dre the 13-bit
shift register 501, 25 and are forwarded to the 16-bit shift register 503
when. the nexisvegdatyolkhkile. togritworfhés chitanicalilpesdegted. the 16-bit -

Shi ft register 503 af, (s LI J,3.°005) 4550080 Qe MoLee 33 V0 97122182

DSV-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 - S441). However,
because a maximum iook-ahead.count.is'set to an integral
number Bc, e.g., 15, due to tﬁe storage capacity of the
buffef memories 105a and 105Db, reﬁaining:stdrage room of
the buffer memories is also ﬁdnitoréd (stéps $449). Note

15 that because oné'DSV-Contfoll&Ble syncﬁ}éﬁization code is
insérted fbr every 91 code WOrdé, the s£é545449 can be

eliminated by increasing the look~ahead count to 91 words.

Once data words aré_writtqn_by the digital
-20 modﬁlation apparatus déscribe& above to a recording medium,
| it is necessary to regd.the recorded code words from the
recording mediﬁm-and demoduiate the read code words to the
original data words. This procéss.is_described below with
reference to Fig. 7, a.block.diagram.of a digital -
. 25 'demodulation'aﬁparatué for this purpose.
Referring to Fig.'?, this digiﬁal demodulation

‘apparatus DM' comprises a 13-bit shift register 501. l—bit
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that i-nputting the code word to the 16-bit shift register 503 enables the
'AND. circuit 507 to detect when the followi ng conditions are satisfied. The
condi tions tested by the AND circuit 507 5 determine (1).if bit-1.00 and/or
bit-13 Q12 in the next code word following the present code word i s one,
and ('2) if bit-16 015 and bit-15 Ql4 in the present code word are both .

zero,. and (Q%bm%y one bit frombit-ii QO to bit-14 Pt3rdeisckdre present:-

code word is | f bot'h conditions (2). and (3) above are true, the

-end runl ength of the present code word ranges from2 to 5 inclusive. As a
result, it is determ ned that .the next code word is state 2 or state 3 as .
‘'shown -i.n Fig. 12. Conditiaon (1) nmeans that the next code word is.not state

2 as will be 15tmwsofzaandzlsgzblla 1¢-baanstiirer ebgistde sdet eanisred t hat .
the next code word is state 3 if all three conditions (1), (2), and (3)
are ‘true. V\hehlt:hhaﬁmwefrcmlzrlw‘?’tc@léé% 8952/ aB oy eI NRUGN HPR| F#e t 0 be

true,. i-t.sel eﬁééga{}gégguggﬁf% g% w%rd gocfrrcggkt% sgbmgggoder 5009. by

controlling t e ’he a ove condi't1ors ‘are-not true, the.

AND circuit 5@dcodd 808§ aruixboabebaér Fo0dat andvar defeotert Baomahak deeoder 508.
As'a result of ‘this operatioen, code words read fromthe recording: medium
are .uni géel y seterldy connertedy Fgl m"n 25Neleg £hasr Bhis H@ak’lof the main

‘decoder .508 ghﬁwﬁl@;\{ggedec%}e& Jrcrogg s?ﬁit"{ L€y ftﬁi‘g-e%@&gd%%@ for

nndulatlon hera e code word is used.. 34

V\D 97122182c3ﬂéﬂﬂ3&63!@3@2&owht iﬁh@tﬂ ﬁi@.@ta1n%adlif\ﬂ$n/d%bdﬁlaﬂ%ndI gi tal
apparatus shown in Fig. 8. _
. The main decoder 508 stores the correlation between
10 :, :all code words' and data words for which there is no
N duplication, i.e., the correlation for which there is only
one code word for each data word, and the duplicate
.,correlation for which the next state lB state 2. If the
' code word to be decoded is a code word belonging to either
e .. 15 "_of these: correlation sets, it can be decoded uniguely to
| -the corresponding original data words.” | |
| The sub decoder 509 stores only the duplicate
correlation for which the next state is state 3, and can
thus uniquely decode code words belonging to this
L 20 .correiation_set to the corresponding original data word.
. The operation or the digital demodulation apparatus
thus comprised is described below. '
The code words read from the recording medium are
.input.as a bit sequence-to ‘the 13—b1t shlft_register 501, .
25 and are forwarded to the'16-bit.shift registerlsoj when the
next code.word'is.input..The code'word'oassed to the 16-bit

. shift register 503 at this tine is considered below. Note
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nodul ati on apparatus of the preferred enbodi nents are described as

i npl enenting a (2, 10; 8, 16):sequence  constraint conversion,. the present
invention shall not be 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 fixed-1ength code word conversion converting data words of a
fixed length to code. words having a constant runlength constraint. 10 The
di gital nodul 2¥P38H2Bparatus of the preferred enbodi nent sPETPaim3Es

descri bed using a | ook-ahead nmethod for DSV control, but the present

i nvention shall not be so linmted and other DSV control techniques may be-
applied. The present invention does not relate specifically to the 15

met hod of cont i D . is aracterized b enabl i ng DSV
control in con\r/tgfusci'%%sgt&ﬁg? g%/é ncgqt%teaf'%c\?v °o%g'eD§V%j&ms¥‘6FtiFF%’f\?énti onal
(EFNpl us) convépsi emebieishots. alnurdikeanorsoy theadidid aneAOgHd ati on apparatus
of the present enbodi ments uses RON tables for the conversion 20 tables,
but .can al t er n2PRIRYind cendikinng A5gi satimfiiedat i onal circuits. as the

storage neans. Furth e, 4.he digital podul ation apparatus of the
present embodi ment s sg’?’gg{;gm%]htém@gdge%%g?ew ¥y SRS hE%owest absol ute

value in Bhe fQdeteriisdé duying H38W1260 Cane/oe! b86-1 BRENSH OfheSWRAREESSI NG the
| ow frequency conponent in the NRZI signal, but the sane effect can be _
achi eved by sef8%¢ i¥RF% RelidytidansPa Presenti aede (worlde iboswst a88 VI 97/ 22182

T o 030266 ke gl I SESRIANG B talies QUL TG | ook nead
. both zero, and (3) if any one bit from bit-11 Q10 to bit-14
Q13 in the present code'word is one.
10. _ If poth conditipns (2) and (3) above are true, the
end'runlength.qf the preSeﬁt code word ranges from 2 to 5,
 inclusive. Ae:a reeulﬁ, it is determined that the next code
word is state 2 or state 3 as shown in_F&g. 12. condition
(;) means that the-next.code-word-is,eet state 2 as will be
15 knqwn from Fig. 11. It can ﬁherefore Befdetermined.that.
the next code word is state 3 if all three conditions (1),
(2), and (3) are true.
| When the AND ciréuit 507 deﬁects the above
conditions to be'true,'it_eeiects aﬁd ouﬁputs a.date Qord
20 from the sub decoder 509 by controlling the selector 510.
When the above conditions are not true, the AND circuit 507
selects and outputs a deta_word from the main decoder 508.
As a result of this.operation,_code words fead-from
the_recording;medium are uniguely decoded to the original
25 data gord by'meanS'of'the main deceder 508 or the sub
..decoder 509 irreebective of.the state used for modulation

and irrespective of whether a duplicate code word is ﬁsed..'
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sum.of squares of the.DSV, i.e., the |owest DSV distribution, at each time
point during the |ook-ahead 5 period. It should al so be noted that whil-e
the statel (STATEl) to stated4 (STATE4). ROM.tabl es 201a 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 tabl es 201b and 201c do not
af fect operat can be omtted..In addition, the 4 arlngthe-
end runl engthg%&rqgl he next state is state 2 (STATE2) orp&‘gﬁs‘g&% ( STATE3)
.can also be sinmilarly omtted. A di gital ‘nodul ati on appar at us DVA accordi.ng .
to .15 Caim1 and a digital nodul ation method according to Claim .5.for -
converting data words to runl engthlimted code words. 'conprise a storage -
neans for storing plualshbyp@® v hote@Mits i1t e Righitapde wor ds
correspondi ng to al| possible data words, a selection neans or step, 20 .
respectivel y, mognlatien@ppgratusmadnthe mmep'lredambqﬁdmetslm tabl es the

next conversion table sed. .based on _the code word obtained fromthe. |
i medi at el y. ;54}?5534’?1% a@o?ﬂ?@f MFIng Ay d8di By HaFEIBEEE ep,

respectively, dopkergf MondBes B, Dihbi Praddh® SAGGH VRN sk £ Ydresgondi ng
to.the data word to be converted fromthe conversion table selected by the

sel ecti ors nearidmigéd \\® Thepe 1&hsREaiiPOGIIRE26 I haldebecobUipusetns- or step -

sel-ects the cqnversion. | es t ha onvert the datg words to code wor ds
whereby ~ the r@ﬁﬁ&nﬁ’fﬁ%&nzf’rw%ﬁ&agﬁa%% BLEFENG SFVPRE IR can :

' ntefCO”“eCt'<¥15G6L¥%%¥bﬂaga GémkiﬁﬂaLgeﬁﬁﬂﬁabﬁeg &B&é'@%nversion
: converting data words of a fixed length to code words
having a constant runlength constraint.
10I.- The.digital'modulation.apparatue-of_the'preferred
" embodiments is also'&escrioed osing a lookfahead method for
DSV control, but tne'present invention shall not be so
limited and other DSV control techniques may be applied

The present invention does not relate specifically to the

25

AR

15 'method of controlling the DSV but is characterized by
enabling DSV control in conversions that do not allow for
. DSV control in- conventional (EFNplus) conversion methods.
Furthermore, the digital'modolation.apparatus of
-the present embodiments uses ROH tables for the conversion
20  tables, but can alternatively use random logic
" combinational circuits as the storage means.
| rurthermore,.the digitallmodulation apparatus of
the present enbooiments selects the code word resulting in _'.
 the lowest absolute value ‘in the final DSV during DSV
25 _ control as a means of suppresszng the low frequency
| component in the NRZI sxgnal, but the same effect can be

~achieved by selecting the code word resulting in the lowest '
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5 immedi ately precedi ng conversion and.the code word obtained by the
fol |l owi ng conversion, and, assigns the code word resulting in the nost
favorabl e digital sumvariation (DSV) in the signal after the code words:
are.non-return-to-zero inverted (NRZI) converted when there are plural
conversion. .10 tables whereby the next.code:word can be assigned such. t hat
bot h said code words can be. decoded to the original data words. Wen a
data’ word toWses'é@Wverted is supplied to this digital nSGEHBOYA apparat us
or nethod, one of plural- 15 predefined conversion tables is sel ect ed. The
sel ected conversion table is the table whereby the data word is

converted to the code ‘wor d achleV|ng the greatest. suppr.ession of

the___l OW. frequg%ﬁél g{_’lg fz‘tf sagfhf‘f‘ 33 t| n eSNIé’ZLJm gﬂi%l i gﬁo{)&[ £ the

runl-engt h. con e |nterc nnectlon between the

code word COﬁaﬂaded owBEﬁé@ElngytbeféHd% aaﬁld tiheuaeseg wWar dneblavaad from
the follow ng conversion. As.a. result, the conversion table used for the
next conver si sumicf sauages crfirithedDSV, auteewatﬂ%dpﬁys*acw di ng to the

desi gnation by.the code word 25 optai ned n1the dlat precedlng
conversion, b fs?ﬁfbdglﬁﬁteﬁﬁnﬁﬂﬁﬂ FﬁT%ﬂﬂ°l§£n ?ﬁf“ﬁo aln ﬁsxcode wor d
resulting 37periodd0 97/22182 PCT/JP96/ (8626 } in the greatest |ow
frequency conponent suppression in the NRZI signal. In the digital

nmodul ati on appar at us I&cehﬂ\dldwglﬁe bﬂfm’tnﬁzﬂm?d“bheedﬂm tsé?Ptﬁ%dul ation

et hod accor dl(g':gA Eol) io sgateﬂ. (S%%QA)OfRohh‘gaﬁeusr 301a 19 ﬁ' Qgsfa'pl es is

26 bits to each code word, the 4 bits declaring the initial
runlength of the state2 (STATEz) and state3 (STATE3) ROM

10 tables 201b and 20lc do not affect operatlon and can be.
.omitted. In addltlon,_the 4 bits declaring the end .
runlength when-the next state is state 2 (STATEZ) or.etate
.3 (STATE3) can also be simllarly omltted

A d1gita1 modulation apparatus DMA accordlng to

15 Claim 1 and a digltal modulation method accordlng to Claim

.5 for convertlng data words to runlengtnuilmited code words

' comprlse a storage means for storlng plural types of
conversion tables of code words correspondlng to all.
possible data words, a selectlon ‘means or step,

20 respectively, for selectlng from among the plural
conver51on tables the next conver31on table to be used
based on the code word obtalned from the 1mmed1ately
-preceding converszon, and a reading means or_step,
respectively, for readiné and-oﬁtputting the code word

25 corresponding'to:the data word to be'converted from the

~conversion table selected by'the'selection means.
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characterized by correlating to all data words only those 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; 10 and the sel ection neans (nethod) is characterized by

sel ecting the conversion table based only on the code word converted

i mredi at el y - before when the data mnrd is one of the precedi cific
data words, aW@TR&code word is selected so that the dijfY ﬁ%@gﬁ;
variation (DSV) in the 15 si-gnal obt ai ned by NRZI-converting the converted
code word is in an optinmumstate. Wth-this digital nodul ation apparatus
and net hod the conversion tables are.conpiled so that plural. code words

correlate to a specif§ a ggg &t eBNBePlctD tnkhessvearRgehfi ¢ data
-words is suppl i ed, thie&eco é \c/:\g?dgwgbt aleél\“lnnge heebec':st state bSV in the final

NRZI signal i Stam@sethed cofvent raslditatiterdappar eddes wardsmelhdmebyof t he
present. invention nore -effectively suppress. the |ow. frequency corrponent
of the NRZI sithmlrunkength cRESEFINCA 2FBRASR FBRLZHIRG dnutheccor di hg to

d ai ns. 3 and 4 cwge‘;(;y_ﬁl ‘gé)é}pltggl Qghmggdv%g%?; gzgg %C?O ains 7 an'd'

8, the selecti Bh-Sreans conpri-ses / JP96/ 03626 -

first men®ry UfbdeddBtley s;eeeadmgerauhyeumdn winBhthe apiel Wwyrd fabtadhed i ng .
plural consecutive code words; an eval uation .neans (nethod) for:
det er m ni_.ng whext H&e Fﬁé*‘é"ﬁ'ﬂec?wrtsyﬁés ang jas§i9ns thee £8A8) WAH conver si on

.tabl es containi n%&gﬁgn %r dﬁ%&atfa ¥L%€°alt gég_? u&ﬂf%ﬁ??@léﬁ'(&%@) in the

|nterconnect|6ﬁ he CcoO
"in the sxgnal after the code words are non-return-to-zeroc

invertead (NRZI)lconverted when there are plural conver51on .
-10 tables wherebv the next.code*worc can be assigned such that __'
both said coce words can.bendecoded to the original data
.words. T _ :
| "When a data word to'Be converted is supplied to -
_ thls digital modulation apparatus or method one of plural’
-';&;l'_f 15  predefined convers;on tables is selected The selected .
'ué%#i- - convers;on-table is the table whereby the data word is’
'converted to the code word achieving the greatest :
suppre551on of the. low frequency component in the resulting
' NRZI signal 1nsofar as the runlength constraints are.
'20'. satisfied in the 1nterconnection between the code word
) converted 1mmediately before and the code word obtained
from the following conversion. As a result the converslon
table used for the next conversion is not determlned
automatlcally accordlng to the designatlon by the code word

25 obtained from the lmmedlately precedlng conversion, but is

_determined intelllgently to obtain the code word resultlng
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i medi atel y precedi ng conversion.and the code word obtained fromthe
foll ow ng conversion; a storage neans (nmethod) for storing to the first
menory unit the code word contained in 10 the first conversion table and
the followi ng code word, and storing to the second nenory unit the code
word contained in the second conversion table and the followi ng code word,
when it is determined. by the evaluation nmeans that there are two. usable
conver si on twoleesziszla conpari son means 15 (nethod) that cecpamessishe - -
magni t ude of the absolute value of a' first |ook-ahead DSVcal cul ated from
the code words - obtained to that point and stored in the first nmenmory unit-
with the. magnitude of the absolute value of a second |'ook- -ahead" DSV

cal cul ated fromthe code words obtained to that 20 point and stored in the
second. rrem)r‘y‘ GREt ITRASPSEL FSY TRRSVERRY rRAFPPEVENT \RRFESEAPT ol F@&ns t hat
there are twg ?,lpzle conversi on, tabl es produci ng the code word

fol | ow ng. at Feas ]he .code word sequence stored to the first nenory

unit or the code worrh 3fguangetfl toadldtidnN@pSeEtifth FeBBEYimp toni t; a

|'ook- ahead sel ecti on neans éms_t hod) that selects the.first code wor d
sequence as t‘ﬂ@lﬁ*oilea‘tﬁ &her dbytalcgadelatins mgbhed AFERTEABRY %npari-son
means. det erm t at 2.8 19 he absol ute

val ue- ogthe (‘?{gﬁ'g J é\ég“%#’%?sna‘fw T LoH %Q%%I el%ts the second code
wor d- sequence:mat:hermdebpr eéﬂfabrténgommsl data afdr@swbely ttteseonpari son
means determines that the absolute value of the first |ook-ahead 5 DSV is
not snal | er. oARENvP¥ds LIHYRirh the dnitizk ropdenyth rig #itbivdhversion tabl es

for a Singl63éﬂ%@ﬁk;é(}éyagadﬁP{ﬁL&t}opeeach type of conversion table,

and plural code words correlate to a specific data word;

L

10 and the selection médns_(method) is characterized by
. selecting the conversion table based only on the code word
converted immédiately before when the data word-is:one_of
the preceding specific data Qords, and tﬁa code word is |
- _ selected so that the dlgital sum variation (DSV) in the
Y o

15. signal obtained by NRZI-converting the converted code word

N -:__ \ . . -‘_": .

is in an optlmum_state.

With this digital_médﬁiatidn'appa?atus.and method -
the conver#ion tables are compiied s0 that plural code -
wofds correlate to a speqific daﬁa wora,_and when one of

20 those specific data words is $Upplied, the code word |
obtaining the besf-state DSV in the final NRZI signal is_
selected. As a result, the Apparatus and method of the
present invention ﬁo:e effectlvely suppress the low
frequency gdmponent of the NRZI signal.

25 o . In the digital modulation apparatus'accofdihg to
Claiﬁé.B_and 4'aha the aigitai ﬁddulation method accofding

to Claims 7 and 8, the salection means (method)lcomprises a
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converted, the apparatus and nethod of. this enbodi nent do not specify the
conversion table to be used based on the 10 DSV of the code words output to
that point, but specify the. conversion table to use after considering the
DSV of ‘the code words that may be -obtained by the tine a state in which
two conversion tables can be selected. occurs again. This | ook- ahead

nmet hod controls | ow frequency conponent 15 suppression with COQE geratlon
for the code WOP#¥What may result from subsequent convef SR _
therefore has a greater effect suppressing the | ow frequency conponent of
the NRZI signal when conpared with nethods:considering only the code. '
wor ds: t hat have already been sel ected..20 The recording nedlun1accord|ng to

Caim?7 and thg el I 9itR é%?ydpg y4 5, and 6
‘ar e’ char act erl 7ed b@énﬁcﬁ'lg §R€g fid gs g‘g‘?'tr?g)q‘?’é?gfaj@ V\}th this. recording '
medi um the dgog BBsrlhg paotaetonskenrive abde awsmisgdanoetditatdonst ant .

runlength constraints 25 -are satisfi'ed and a constant |ow frequency.
conpohent suppmeassi tretdwd) pEopdatereiningrupgtien Fhreai are FXit¥Reat a

words are thus LeEordet 2XBhE lof U8nLald 2 BEbE{d %5&;&%3/\@&2/22182_

PCT/ JP96/ 0362 pec he. appar at-us reproduci ng thi's
recordi ng NediotasCadt IsFydag atNREeqab gk |consBradritah ihhené ow frequency
conponent is effectively suppressed: Thus, the probability .of read.errors
caused by t hr detreraonrgdrdon| mn she epdecwardiohFained $FA% thegnal is

chartized |5 SLLSlLYel) p AR A0S Rl Bp8C0R Was'BLHE Bl
reprOdUCt i on ifgonl ﬁﬂeeﬁJlﬁ.@'&&H@'dbrﬁ&??l&i;ﬁ@dstorage ‘means (method) for
storing to the first memory unit the .code word contained in
."10': the flrst conversxon table and the follow1ng code word and_ -
.' storing to the second memory un1t the code word contained
in the second converslon table and the following code word
'when it is determined by the evaluation means that there
are two usable conversion tables, a com;arison means - .-
lsl -"(method) that compares the magnltude of the absolute value
of a’ flrst look-ahead st calculated from the code words y
obtazned to that po;nt end stored in the flrst memory ‘unit
| with the ‘magnitude of the nbsolute value of a second look-
‘ahead DSV calculated from the code words obtalned to that
_.20' point and stored in the second memory unlt when it 1s
| determined by the evaluatlon means that there are two,
yusable conversxon tables produc1ng the code word follow1ng,
at least ‘the code word sequence stored to the first memory
unit or the code word'sequence_stored to the second'memory
25 | unit; a look#ahead selection'means (method)'that selects

the flrst code word sequence as the more preferable

conversion table when the comparlson means determines that

s



As apparent fromthe above, when a data word to be 10 converted is
supplied toa digital nodul ation apparatus or nethod according to Claim1l
or Claimb5, respectively, one of plural predefined conversion tables is
sel ected. where the selected conversion table is that fromwhich a code
word-satisfying the runlength constraints and resulting in 15 the greatest
| ow frequency conponent suppression in the wz .  final NRZl -signal can be
sel ect ed. Thaydelmameed conversion. table is then used 't oropeseBdst he data
word to a code word. It is therefore possible to obtain a code word

enabl.i ng maxi mum suppression of the | ow frequency conponent 20 in the
fi'nal NRZI signal.. w thout: reducing the recording density as occurs . with
conventional. conversion nmethods such as EFMplus in which the

sel ecti on. . of tbheamapteomb%%%nth% doiretf Lephhsig BﬁerJeﬁ s®3AYE¥ si on

tables is auto aII esj ed th Vi ous .. 25 Wth the
di gi tal nodul & o%e aﬁ%a}zg USE%OSE ‘%y rgc%% Mg t %?al m% or aim.S®,

respectively, ppbterlb1eOdBnvalyids €MILvAke 10 Qﬁﬁﬂ&a@isﬁkﬁhﬁea‘f@rds within a
specific 41 V\% 9722182 PCTI JP96/ 03626 -range, and data words are converted
t 0. code V\ordsdb'as'ledm thehidies pbro sl ¥glue othitdle £hestdpeknahere are '
uni forn hg{;efi Lo squ{fss the | ow frequency conponent. The effect of
this operatio § &g suppress ‘the | ow frequency 5 conponent nore
efficiently than net hads it ishpeSsidier ol Seléxtl twonaicfsensord correl ating

to each data word even though the conplexity of -the. proce55|ng operation
i's s|np||f| edonversion tables for a single specific data word to be

converted the apparatus and method of this embodlment do

'not specify the_conver51on table to be used based on the

_10- DSV of.the codelwords outputito that.point but specify the .

conversion table to use after con51dering the DSV of the

code words that may be obtained by the time a state in

which two conversion tables can be selected occurs again.

.Thls look-ahead method controls low frequency component

- 15 suppression with consxderatlon for the code words that may

o rasult from subsequent conver51ons, andqtherefore has a
greater effect suppre551ng the 1OW'frequency conponent of
the NRZI 51gna1 when compared with methods considering only
the code words that have already been selected. |

20 d The recordlng medium according to Claim 7Iand the
:digital modulation methods according to Claims 4, 5, and 6
are.characterized by the data words being recoxrded.

With thls recordlng ‘medium, the data words ‘recorded
thereto are arrayed so that constant runlength constraints

25 . are satisfied and a constant low frequency component

suppre551on can be achieved. Recordlng media to which data

words are thus recorded exhlblt the follow1ng effects

40 .



Low frequency conponent suppression control is 10. acconplished using a

| ook-ahead nethod in the digital nodul ati on apparatus or method according
to-Clains 3 and 4 or Clains 7-and 8,. respectively. The |ow frequency -
conmponent i s thus suppressed nore: than W t h. suppression techniques which
only considered the currently obtained 15 code words. ~+aU XA The
recordi ng medi um according to daims 9, 10, 11,  and 12 records. the NRZI .
si-gnal obtaHWQfWQﬂpthe digital. - nodul ation et hod of CPEIIPem36ss - 7 . or
8,7i.e., asignal "in which the | ow frequency conponent I S suppressed nore
20 .than it.is by conventional nodul.ation methods... Fluctuations in the ,
threshol d -val ue” when digitizing the reproducti-on. signal, and variations

resul ting frog;l,ééﬁl%s&yp ezﬁeotaﬁpémﬁl fo@rfem%emg ech%gptpaeas@ﬂ,gl n.the

apparatus use reproduce I's recordi ng nedium? is therefore’
possi.bl e by neediBmotahheediseaeRRZI isignali bm which ﬁneclravbedeQmemym eve a
hi.gh quality Tecording mediumcharacterized by a recordln density 42
WO 97/ 22182 PEIRHPYE\EE R feshdvely GHPeFeRied-at @haﬁn BEPRRR "iYng and .

reading OPer gt e oB-d & %@Qaee/;t%: ﬂaicﬁvmgu&ﬁxaeateenarat us for

produci ng- sai d recordi ng medl um e present 1 nvention has been.
ful'ly - Ssdescécdating enememlisonignull Iist aegjpmefeermdemwvemt s thereof
wit'h reference to the acconpanyi-ng drawngs, is to_be,noted that

vari ous changB4PREFEFSRBIPHIAGA BRS "ab‘b‘a'ré’l‘f’ tee Hf(?é’ébé?d'ﬁé?f i n- tne

Iart SUCh Cha%%?*%éi%ﬂs in the servo error 51gna1 occurring during
| reproduction is also effectively suppressed.
As apparent from the above, when a data word to be
- .10 ' converted is supplied to a digital modulation apparatus or
method according to Clain 1 or c1ain 5, respectively, one
of.plural predefined conversion tabies is selected_where
the selected conversion table is tnat:from which a code
word satisfying tne'runlengthlconstraints and resulting in
15. ‘the greatest low frequencyTEOnponent suppression.in the .
. final NRZI signal can be sefected:'Théfgelected'conversiony S .
‘table is then used to convert the data word to a code werd. |
It is therefore possible to obtain a code word
enabling maximum suppreSSion of the low frequency component
200 in the final NRZI 51gnal without reducing the recording
| density as occurs with conventional conversion methods such
as EFMplus in which the selection of the next conversion
table from among plural conversion tables is automatically
. deSignated by the previous code word
25 : w;th the digltal modulation apparatus or method
according to Claim 2 or Claim 6, respectively, plural code'

words correlate to each of data words w1thln a specific

41



nodi fications are to be understood as included wthin the 10 scope of the
present invention as defined by the appended clains unless they depart
therefrom Industrial Applicability As described above, the conversion
table to be used for the next conversion is determned intelligently so as
15 to suppress the | ow frequency conponent in the resulting NRZI signal,
when conpared with the. .con entibnal eight-to- sixteen conversion nethods.
‘Thus, the prowabikissy of variations in the servo error ssagaedsosseeurring
during reproductions is also effectively suppressed, while the .20
processing operation is nore.sinplified.. Therefore, the prevent invention
can be applicable to a digital nodul ation and denodul ation apparatuses
used for a high quality recording and reproduction with a_high - density"
and a low err 6?"9%1'( @ndy/gpty EOXSFy FRE eTPTHEGERS| T2 08 BPEAHPRERE PRpr oduci ng

systems such gg,go[M3, UGy DALy wndDH 5 MaeCUBLRNLEY @YaidARye. and any

comng digita f 8cor ) I Nng and ‘reproducrng apparatus. requiring a high 43 WO

97/ 22182 PGI/ JRDSH&BERE sufippddd fheetow HirkgubRey LbnpaReh €L eihee e G &t
benefits from the present invention. 44. CL NS WD) 97/22182

PCT/ JP96/ 03626f CEm fviPPeRatiiegn tidl tRpawPRIESSN tAP pEAvatftisIW M) for converti ng
- dat a W.%fds CBhpberdt RoBBILAE {diTht §¢ GAGE nBOAEEs () wnEQiRiHeTE e

only one code ‘word correlatlng to each data word even
though the complexity of the processing operation is
simplified.
Low frequency ‘component suppression control is

10. accompllshed uszng a look—ahead method in the digltal
modulation apparatus or method according to Claims 3 and 4
or claims 7 and sl'respeotiﬁely; The low frequency's
component is thus suppressed more than with'suppression
technigues which only con51dered the currently obtained

- . C e A “ae W

15 code words.__ o _ .
. . o : e xS T At : o
The recording nedium according-to Claims 9, 10, 11,

‘and 12 records the NRzI 51gna1 obtained by the d1gita1 '
nodulation method-of Claims 5, 6, 7, or 8, i.e., a 51gna1
in which the low frequency component is suppressed more

- 20 than it is by conventlonal modulation methods Fluctuatlons

| in the threshold value when digitlzlng the reproduction.

signal, and veriatlons resulting from the servo erxor '
.signal, are tnerefore.suppressed in the apparatus used to
reproduce this recordin§ medium. .

25 f It is therefore p0551b1e by'neans of the present

1nventlon thus descrlbed to achieve a high guality

recording medium characterized by a high recording density
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5 storage neans .(20la, 201b, 201c, and 201d) for storing plural sets of -
conversion tables (Tp(m and Ts(m), correlating said code words (C to
said data words (D), a selection nmeans (202a, -202b, and 207) for selecting.
from anong said plural conversion tables (Tp(m) 10 and Ts(n)) the next .
conversion table (Tp(m/Ts(m) to be used based on said code word (C(i-1))
obtained fromthe imediately. preceding conversion, and a readin means .-
(101) for rea®a22M outputting - the:code word (CXl)) c o FCEIPS P g to the
data word (D(i)) 15 to be converted fromthe conversion table (Tp(m and
Ts(m) selected by ‘said selection nmeans (2. 02a, 202b, and 207), mhereby
sai d sel ection neans (202a, 202b, .and 207) selects a set of conversion

table (Tp(m/ ?é({ﬁ% H_tgh<r51%r-1|_cgr(r)]nv§rtgutheal %%’a ‘y\qq_'rdL é%& )reg %e code V\D‘I’-d

(C(i)) so 20t cOnsY sat'i in the

i nt er connect i oppialEwBAL, trR diﬁck\lﬁv‘i 6Chigivan abammnbappafahﬁxs . _
|nned|ately precedi ng conversion and the code word (C(i)) obtained by the

f ol | owi ng ‘convéesipreduahny \Méﬁ rm@inareec})im al. sets of conversion tables.
(Tp(l) and Tp(4)) each,25. ich as he c ds..{{{i)) being
81 oug rpaiiesag ignée é-'lfb(t??ﬁe b"‘%h ?ui . .

able.to be decoded t a wor e conversion ‘table

(Tp(m -ang. TS(aaacx%beCi:ectdnsxet:’eﬁoxc%\eﬁrﬁwrbrteah&eea’ HinBo8iHmEdtHAS BEEN: ed.
45 REPLACED 11 tool C L MS WD 97122182 PCT/ JP96N3626 (Tp(m. and Ts(m)

assi gni ng t he theteeofordtl G(ai')erenesmct ithg a¢qpmu°he¥m@ pgab| & d159| t al sunﬁ

varleul on (EE“QOIQL %gted that various changes and modifications are

apparent to those skilled in. the art. Such changes and
gmodifications are to be understood as included within the '
;mib.'.-scope of the present invention as defined by the appended '
claims unless they depart therefrom '
'Industriai Applicability '
As described above, the conversion table to be used
for the next conversion is determined intelligently S0 as
o 15 -to suppress the low frequency component in the resulting .
Ria NRZI signal when compared w1th the. conventional eight—to—
-.sixteen conversion methods Thus, the probability of '
- variations in the servo error Signal occurring during
l reproductions is also effectively suppressed, while tne B
20 proceSSing operation is more Simplified '
' "Therefore, the prevent invention can be applicable
7to a digital modulation and demodulation apparatuses used
- for a high quality recording and reproduction with a high
' density and a low error rate. Various advanced digital
25 recording and reproducing systems such as a DVD, DVC, DAT,
| and so on, currently available, and any coming digital

recording and reproduCing apparatus.requiring a high

43



signal after the code words (C(i)) are non-return-to-zero inverted (NRZl)
converted. 5 2. A digital nodul ation apparatus (DVA) as.clainmed in Caim
1, wherein each of said plural sets of conversion tables (Tp(m and Ts(m)
correlates only those code words (C) of which the initialrunlength (IR(i))
iswithin a range defined (Fig. 11) for each type of conversion table 10
(Tp(m and Ts(m) to correspondi ng data words (D), and correl ates plural
code words (Cwawnmarh of particular data words (D), .andpeni@ssRtecti on
neans (202a, 202b, and.207) selects a set of conversion table (Tp(m and
Ts(m)) based only.on 15 the code word (C(i))  converted i mediately before
when the data word (D(i)) is said particular data word (D(i)),and -selects
t he code word C#%Q resulting in the nost - favorable digital sumvariation
(DSV) in the SPFHEYY FECOFIinRAeIIYR eI iTERebYe tFreatoRtrei e 588 word
(C(i)). 20 3. tﬁ{edgngé'steq,lt TR Etdon apparatus (DVA) ‘as claimed in Caiml,
wherein said sel ection neans (2(5'2a, 202b, and = 207)) conprises:. a first
menory (105a) and a second nenory (105b) = with capacity for storing plural
consecutive code words C); 25 an evaluation neans. (17 and 115) for
determ ni ng whether there are two conversion tables of different sets
(Tp(1) and Tp.(4)) each of which contains the code word Tt iced 46 THI S
SHEET HAS BEEN REPLACED I CL MS WO 97/22182 PCf/JP96/ 03626 '
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(CL(i) andC2.(i)) satisfying' the runlength constraints in_the

i nterconnection. between the code word (C(i-1)) obtained  fromthe _ __. . _.

i medi ately preceding conversion-and the code word (C(i))| obtained from
the follow ng conversion; 5 a storage neans (106a, 106b, 12Q7b, 108,, 199,.
and- 110) for storing to. said first menory - (105a) the code word (CL(1))
contained in %e’f’{’i stt conversion table (Tp(1)) and the code word (C2)

fol | owi ng ‘t herea 2P2 and stori ng to said second. nmenory e code
wor d - C2(i) contained in 10 the second conversion table (Tp(4)) and the code
word following thereafter, when. it is determned by said. evaluation.
means (07 and 015) t hat. there are two usabl e conversion tabl es (Tp(1).and -
Tp(4)) a conpari son rneans, (8503) t hadragagpar es- t he 15 magmtude of the:
absol ute value of a first Iook ahead DSV. (DSV1) calculated from the code
wor ds (‘Cl') oltai ned & dightsl mpdudatierd aspareﬂns nDMa) dfdat rcwinvertdiy (105a)
with the - %nl tude of the absolute value of a' second | ook-ahead DSV
(DSV2) * cal cuPtBd" 9% (Phet ?:da’é‘l\ﬁBFH%'](@EfeBb‘f%ﬂ%é'ﬂrﬁﬁ tHat 20 point and .
stored in saidngeeeiyy memory (105b) when it is ‘deternined by said .
eval uation means (, 7 and.#15) that there -are two usable conversion tabl es’
(Tp(1) &nd Tp(4)) ptodeage nepanise (2OLE, \2OLE, fmzlcovvang zdidye&st. the code
word . sequence. stored to sai.d first nenory (105a) or the code 25 word

sequence st oPEEF Y PHTal 8 R %ﬁﬁ‘i“fﬁrﬂe\'}b&ab]ﬁ?d (TR (Mo RELR) kel ecti on
S503, t 5 first d
MWE?SSTM S SHE%?QEIESQ%%E“IQ%PLA%%% )b hé%ids%’e‘g Sodap) & f1rot code

a selection means (202a, 202b, and 207) for

. _' ._selecting from among . said plural conversion tables (Tp(m)
“_-id and Ts(m)) the next convers1on table (Tp(m) /Ts{m)) to be
' used based on said code word (C(i-1)) obtained from the -
limmediately preceding conversion, and .
. a reading means (101) tor reading and outputting
"the code word (C(i)) corresponding to the data word (D(i))
15 . to be converted from the conve;sion.table (Tp(m) and Ts(m)).
selected by said selection means (202a, 202b and 207),
' whereby said selection means (202a, 202b, and 207)
selects a set of conversion table (Tp(m)/Ts(m)) that
: convertS'the data word fb(i))'to the code word (C(i)) so .
.20 that the runlength constraint is also satisfied in the
.interconnection between the code word (c(i-l)) obtained by
lthe immedlately preceding conver51on and the code ‘word
(C(l)) obtained by the: following conver51on,'and when there
are plural sets of’ convers;on tables (Tp(l) and Tp(4)) each
- 25. of which ass1gns the code words (C(l)) being able to be
-. decoded to the ‘original data ‘word (D(l)), the conversion

‘table {(Tp(m) and,Ts(m)) selected is the conversion table

| THIS SHEET FAs BeeR]
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sequence as the nore preferable code word——m—

sequence when said conparison nmeans (5503) determ nes that the absolute
val ue of said first |ook-ahead DSV (DSV1) is snaller, and selecgﬁnnmun

5513) a
second code word sequence as the nore 5. preferable code wirdcSequance. ﬁ%en
sai d conparison neans (5503) does not. determ ne that the absol ute val ue

of said

appar at us ( Div)sraas! ai ned in
202b, and 10 207)) conpri ses:

first |ook-ahead DSV (DSV1) is snaller. 4. A digital nodul ation
Cl.aim 2, wherein said sel ectarysroaessans (202a,
a first nenory (105a) and a second: nenory

(105b) - with capacity for storing plural consecutive code words (C) ; an
eval uation means (#7 and-115) for determining 15 whether there are two
conversion tables of different sets (Tp(1l) and gg(éh%ﬁeach of which

contains the GRf@wAPd TYE(i psiniog(Fyg <oge ¥p

ife FeRrEndeh

constraints i, chaeabol of£RRIGELIANBE UBEN vhBS.£OMP RS (Lldel))

obt ai ned.

fromthe

y preéecedi ng conversion and't

e code word. 20

(C(i)) obtai nejd;ri‘arloaftéue el boaé ngpraenye(isijoare anai-aleagenfeansercl06a, 106b,
107b, 108; 109, and 110) for storing to said.first menory (105a) the code
wor d- (Cﬂ(l))lnﬁﬁmF&ﬁnéﬂR$ﬂ cRevertes- conversion table (Tp(1)) and:

word (

cont al ne e second conversion table

t he code

o ! 2 5 10
5.b) the cogeJ Wrgg ﬁﬁa@ﬁe&d ‘51‘0‘[ ;J%QaEQs Qﬂéﬁ' dssefonsbamgROry (

(Tp(4))

and the code owaish 1f oi:lhmmgeadmermfshed,pmren séts ofdebeversigeh by said Th
48 THIS SHEET HAS BEEN REPLACED

10

15

20

25

tables (Tp(m) and Ts(m)) correlates only those code words
{(C) of which the 1n1t1a1.run1ength (IR(i)) is within a
range defined (Fig. 11) for each type of conversion table

(Tp(m) and Ts(m)) to correspondihg data words (D), and

correlares plural code words (C) to each of particular data -

words (D),. and

said selection meanSf(zbza, 202bhhand_207)_selects
a set of conversiohltable'(Tp(m) and TS(m)) based oniy-on
the code word (C(i)) converted 1mmediately before when the

. 5
data word (D(1i)) is sazd partlcular data word (D(1)) and

: selects-the code ward (C(l)) resultlng in the most

favorahie digital sum vériatiph (DSV) in ;hg signal after
NRZI conversion of the converted code word (C(i)).
3. A digital modulation apparatus'(DHA) as clained in
Claim 1, wherein said selactibn means (202a, 202b, and
207)) comprises: . | -
a first.memory {105a) and.a sgcond memory (105b)

with capacity for storing plural consecutive code words:c);

. an evaluation means (#7: and #15) for determinihg
wheﬁhér there are two conversion tables of different sets

(Tﬁ(l) and Tp(4)) each'of_whidh contains the code word

ced: | THIS SHEET HAS BEEN ]
“_--_ : REPLACED




CLNS W 97/22182 PCrlJP96/ 03626 eval uati on nmeans (#7-anrd—+#i5—+that—
there are two' usable conversion tables ..(Tp (1) and Tp(4y)+—a—conparisaon.
means (S503) that conpares the. . nmagnitude of the absolute value of a
first |ook-ahead DSV 5 (DSV1) cal culated fromthe code wor'd&S €Cr) abtai ned
to that point. and stored in. said first nenmory (105a) with the magnltude
of t:he absolute value of a second | ook-ahead DSV (DSV2) calculated - .
fromthe codeWR¥@318 C2) obtained to. .that. point and st SFEFPREaia
second.” nmenory (105b) when it is 10 determ ned by said eval uati on neans. (#7
and- #15) that there are .tw usable conversion tables (Tp(l) and Tp(4))
produm ng the code. word. follow ng at Ieast the code word sequence’ stored

to said .first )- r ofde - F,q&g.p stpipkd Qpsaid
second nenory {%ﬁ) a’(’& %9 sé&eﬁfggﬂsa ectlgﬁmmaans (5583 S505, -
S507, 5511, aiMé Eﬁtaicchh@‘ctsedm GSEItSIeéB5ﬂ7é codfel wata qaie-1)yprebtasegdence as

the nore preferable, code word sequence when said conparison neans
(S5.03) .- det erfiHome $he hipmediataby Areceding | GePVEFsioh #1di the TR ¥F8ad DSV

(DSV1) is smal]g ant%ﬂaed $LbE A% @ﬁiﬁin% 66080k ieade word- sequence as

the nore pref raﬁil)e code word sequence sal d conpari son neans (S503) -

does not. glet er ni ne thatsﬁdiagahsalnstqwedpaoob sEd7b, fiioBst1émpolandhead DSV

(DSV1) -is smaller. 5. A-digital :nodulation nethod for -converting data 25
wor ds. (D(i))1%%) EeHes\RRidy te(saip firsl msmoryl (3Q3ad She %‘?ﬁﬁ/é’PgF’on t abl es

( Tp( m and Ts ((dlr})i)?f cont i%ggt B’n @h@ E?gsg 'ﬁoﬁvgjfgﬁ;r %%lEEFH)(l%PhME D

the’ code word (C2) following thereafter, and storing to
said second memory {105b) the code word cz(i) contained in
10 ° the second conversion table (Tp(4)) and the code word
~ following thereafter, when it is- determined by said
_evaluation means (#7 and #£15) that there are two usable
conversion tables (Tp(1) and Tp(d)),__
a comparison means (5503) that compares the _
15 magnitude of the absolute value of a first look-ahead Dsv:
| {DSV1) calculated from the code words (c1) obtained to that -
'point and stored in said first memory (105a) w1th the
magnitude of the absolute value of .a second look-ahead DSV-
(DSV2). calculated from the code words (cz) obtained to that
20  point and stored in Sald 'second’ memory (105b) when it is
' determined by said evaluation means (#? and #15) that there
are two usable oonverSion tables (Tp(1) and Tp(4)) '
producing the code.word,follouing at least the code uord -
sequence. stored to said first memory (105a) or the code
.25 . word sequence stored to said second memory (105b), and
K look-ahead selection means (s503, 5505, S507,

§511, and 3513) that selects (S507) a first code word

THIS SHEET HAS BEEN
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all sorts of data words (D) conprising the steps of: selecting (#13,..#17.
and #19) from anong said. -plural sets of conversion tables (Tp(n) and
Ts(m) the next 5 conversion table (Tp(n) and Ts(n)) to besused.based onr
the code word. (C(i-1)) obtained fromthe i medi ately preceding

conversion., and reading and outputting (#19) the code word (C(i))
correspondi nquv/zcm data word (D(i)) to be converted fr QErJRG03IRE :
conversion table (Tp(m/Ts(n) selected by said sel ecting. step (#13, #17,
and #18), whereby said selecting step.selects (5503, 5507, S513) the
conversion table (Tp(m/Ts(m).that - converts the dat a vvord (D(i)) to code

wor d [ wher eb the unlenth 5 nstr i al so satisfied in the
i nt er((:(%nect PEAY BT Sveh Fh’é"rcegc?ee%\f) O](ECC’ )‘X° f&ﬁﬂ%ﬂc%fﬁeﬁe i medi atel y

precedi ng conyes SESpaA1dohRe£RAq 5805 i dteihl n@btdiaReehbYanddiataext

conversion, and when (#7 and #15) there are plural conversion. 20 tables
each of . whi vhlassofrmitheicsidaonbrdhddd DY besviy iabbeallemeadécoded to -

the original data word (D(i)), the conversion table (T (d‘le p(4))
sel ected. i ssﬁﬁé%n(\ﬁ?r‘ P ofh sﬁ%ldeca%%l‘tﬂ’l‘lclnﬁe?‘?ﬁé’%dé Wg‘? FE(i)) resulting

in the gost Qfmee cohgi fHa FeRu¥AEd 3nle@Ns4 L5\ Yomplr i S6n Slednal after 25
t he- code wor s are non-return-to-zero inverted (NRZlI) converted.
THI' S SHEET HASSBEE}does not determine that the absolute value of said
first look~-ahead DSV (DSV1) is smaller.
4. A digital modulation apparatus (DMA) as claimed in
" Claim 2;.wherein said selection means (202a, 202b, and
10 207)) compfises: ' '
| a first memory (105a) and a second memory (105b)

with capacity for storing plural consecutive code words

(€): .

. an evaluatlon means (#7 and #15) for determining |

. 15 : whether there are two converslon tables of dlfferent sets
Lo . £

_(Tp(l) and Tp(4)) each of wh;ch contalns the code word :
(C1(1) and c2(i)) satisfying the runlength constralhts in
.the interconnection between the code word_(C(i—;)) obtained
from.the:immediately preceding conversien and the code word
20 : (C(i)) obﬁeined from the following cdhversion; |
a storage means-(lbsal 106b, 107b, 108, 109{ and
110) for storing to said first memory (105a) the code word
(C1(i)) contained in the first conversion table (Tp(1)) and
- the code word (C2) following thereafter, and storing to
25 said second ﬁemofy (105b) the code word C2(i) contained in
" the seeend conversion teble'(Tp(A)).ana'the code word -

following thereafter, when it is determined by said

- .- e | : ‘ THIS SRHEET HAS BEEN
_ L e
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A digital nodul ati on nmethod as cI al med in claim5, wherein-each-of said
plural types of conversion. tables (Tp(m and Ts(m) corrj}l’at es only thoéle
code words (C) of which the initial runlength (IR(i)) is Withign @ nange ;-
(Pig. 5 11) defi ned for each type of conversion table (Tp(n) and Ts(m) to
correspondi ng _data words (D), and correl ates plural code sz 1(i) and
C2(i)) to eacWO8T2P%¥ ticular data words (D(i):0-87), andP%P'f ecting

step (#13, #17, and #19) sel ects 10 the set of.conversion tables (Tp(m:

and Ts(m) bas_ed only on-the .code word (C(i)) converted i medi ately before
when the data word (D(|)) Is said particul ar data word.- (D(i): 0- 87), and

selects the CQUEI MO fod Webht B2 GAR! #1s)f Gadkt Eile laRet Bo MMsipikavor abl e

digital sumvarration In gnal 15 ‘after NRZI conversion of the

converted codeowvetsior Eabfes __ﬂ]’p(ll) aand Tp.(4/) gli gi tal nmodul ati on net hod as
claimed in Caim4, wherein said selecting step (#13, #17, #19)-determ:nes.
whether ‘there are fi r"’st‘=°&ﬁﬂr%%ct§bH‘Bat%n(ﬁépégowaltalﬂ%'?afﬁ(@)e 20 and Tp(4))

contai ni ng Code ARLdse (elkhd dnsh @lhhéfVGAJEL%(B?%)f%eEQLP-% paynts in the

i nt erconnect i on ween t he obt al ned

i mredi at ¢ y prged) Ngalciayed snm and ddir wofes Wad (:63(:a:):)ed)ltroatned from |
the follow ng conversion.; and further conprising the step of 25 storing

toa fi rst memedpt. m@e&preﬁeim@eédmﬁwt memory (105a) with th |
magnitude of the ‘absolute value of a second look-ahead DSV

' (DSV2) calculated from the code words (C2) obtained to_that
_ point and stored in said second memory (105b) when it is d
| 10 T determlned by said evaluation means (#7 and #15) that there
are two usable conversion tables {(Tp(1) and Tp(4)) _
‘producing the code word follow;ng at least the code word
sequence stored to sa1d first memory (105&) or the code
woxrd sequence stored to said second memory (105b), and
T i5 .- - a look-ahead selection means (5503 5505 8507,
' ss1i, and 5513) that selects (ssov) a first code word
nsequence as the more preferable code word sequence when
' said comparison means_(ssosi.determlnes that the absolute
lvaiue of Sa;d_first ;ook—ahead DSV (DSVi).isrsmaller, and
20 '.1Selects (8513) a'second oode word'sequence as the-more
preferable code word sequence when said comparlson means
(5503) does not determine that the absolute value of said
first look-ahead AV (DSVl) is smaller E
-5. _ A dlgltal modulatlon method for convertlng data
25  words. (D(1)) to code words (cu)) using plural sets of

'conver51on tables (Tp(m) and Ts(m)) of runlength—llmlted

- - | - | THIS SHEET HAS BEEN|
e .o | REPLACED .




(A (i)) contained in.

REPLACED C M'S WO 97/22182 PCT/JP96/ 03626 nenory (105b)

word (C) following thereafter, and to it second 51 TH' S S[EET HAS

(C2(i)) contained in said second conversion table (Tp(4))

said first conversion table (Tp(1l))—andthe code

BEEN __

t he code word
Rd ¢'he cpdes war d

(O following thereafter, when. it is determined (#7 and #15) that there

are two usabl e conversion tables (Tp(l) and 5 Tp(4));

magni t ude of . WPH@22#sol ute value of a first | ook-ahead DBV/IFREIEH

cal cul ated fromthe

conparing (S503) the

code words (Cl.)) obtained to that point and stored in

said first nenory (105a) with the magnitude of the absolute 10 value of a

second | ook-ahead DSV (DSV2) cal culated fromthe

to that

code words (C2) obt ai ned

poi nt an d st red in sal secogﬂl 'ﬁ%é&lg g when it
det er ni ned (#‘?‘)“ h%?’é’esé’rf’é‘ reS8% Bh® 1% ‘?*rp(l) and
Tp(4)) producbgmbgﬂygngoggbvgyggs(g}t)) follow ng at |east the code

sequence stored to said first nenory (105a) or.the

15 word

code word sequence

stored to said seconéehe¢Mnng «EOSb)#lzanane#Exm|fwgmschhd|sa$ﬂ code word

sequence as t

( S503)

smal | er, sand s&ivhrigeANdaSRAQTERRS SRAOUENGS

t hat

h
Ph¥ RANYET§1oR faPles, §TP (MoRD

word sequence when it is not determ ned 8%03) that the absol ute

the first

10

15

20

25

| ookodﬂuxgdd[&§ﬂ11l§)snath;ned from the immediately preced;ng

conver51on, and

reading and outputting (#19) the code word (C({i))

corresponding to the data word (D(i)) to be convefted from

the conversion table. (Tp(m)/Ts(m)) selected'by said
selecting step (#13, fl?, and #18), _

whereby said selecting step selects (5503,'5507,
S§513) the conversion table (Tp(m)/Ts(m))fthat converts the
data word (b(i)) to code word (C(i)) whereby the'runlehgth.
constralnt is also satisfied in the interconnectlon between

““ ehn .
the code word (C(i 1)) obtalned by the immedlately

-preceding conversion,and,the code word (C(l)) obtained by

the next conversion, and
when (#7 and #15) there are plural conversion -
tables each of which assigns the code ward (C(i)) beiné o

able to be decoded to the original data word (D(i)), the

~ conversion table:(Tp(l)/Tp(4)) selected is the conversion

table assigning the code word (C(i)) resulting in the most

favorable digital sum variation (DSV) in the signal after

- the code words (C(i))'are non—return—to-zero inverted

(NR2I) converted.

e. %?8?’—6 fer abl e, code word se uencg Uév\génr;[’bl %’hlfs det; erm ned -
t B h S DS 20 is -
g tReulBd Sadeebarakl e code

.val ue of
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8. Adigital

nodul ati on nethod-as clained in daimb5, 25 wherein sard
~selecting step (#13, #17, #19) determ nes
second conversion tables (Tp(l)

satisfying the. 52 .. ...41 ..... .. | t--C..Ls WO 97/ 2218 t »

PC7/ JP96/ 03626

t he code"word

>

whet her there are first—ang=m=—_
-and Tp(4)) containing code words (cI(|))

runl ength constraints in the interconnection between the

‘code word (C(l-e%%aobtalned fromthe i mediately precedlngcw B¥sgdeSi on and
P obtalned fromthe follow ng conversion; and further

‘tonprising the step of:

word (O .

‘poi nE"_
absol ut

when:it

e

S

i tu bsolu vaI fir.st ead DSV
g{}g(ﬁmgr% t‘lﬁgm) oo f8 a“:‘%:50 e Qla%ae( ﬁo)deo Jfal ne@g g that
‘and st gheehi théaimdtibi rxslnlléaaﬂﬁy(l(ﬂ(%ﬁ)is withihhe rege (Boe- of the

val ue of a second | ook-ahead DSV-(DSV2) cal cul ated fromthe
wor ds (C3)  obtid) ndefinea Iiar wmttyaﬁdoi;tmdra‘rwrs&ia@lesé%m #etor y (105b)

. det d h 2 ¢ bl
Lables. (Tp(1} T TR bR PR T weBde b o PpCERes e oni ng a

Towi ng at-

| east - the codgural code words (c1(1) and c2(1)) to each of particular

T ge

10 .

15

20

25

data_words (D(i):0~-87}), and

- said selecting step.(#la, #17, and #19) selects
the set of conversion tabLea (Tp(m) and-Ta(m)) based only
on the code word (C(i)) convexted“immediately before when

the data word (D(i)) is said particular data word (D(i): 0-

:'87), and selects the code. word (c1(1) or C2(i)) resulting

in the most favorable digltal sum varxation in the’ signal

after NRZI converslon of the converted code word (c1(1) or

c2(i)). CoTss oo + g

7.. A dlgltal modulation method as claimed in Claim 4,
wherein sald selecting step (#13, #17 #19) determlnes

. whether there are flrst and second converslon tables (Tp(l)

and Tp(4)) contalnlng code - words (e1(i)) satisfying the
runlength constraints in the 1nterconnectzon between the
code'wotd (Cti-l)) obtained'from the immediately preceding
conversion and the code word (C(l)) obtained’ from the
follow;ng conversion, and further compr151ng the step of:
storlng.to a flrst memory.(lpSa) the code word
(C1(i)) contained in said first conversion table (Tp(1))

and the code word (C) following thereafter, and to a second

51

REPLACED
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5 storing to a first nmenory (105a) the code word
(C1(i)) contained in said first conversion table (Tp(l))

and the code word
(C) following thereafter, . ,

and to a second nenory. (105b) the code word
(C2(i)). contaigned i nAsaiiq;lt&xeqwadlsewernﬁ;taaataaénlcaa(ﬂauﬂa aadnt Hg code
10 follow ng thereafter, when it is determ ned (07 and #15)
there are twowhsupin aashy ef sttt tpébreé ‘(Ypﬁélyf aﬁﬂrve?ﬁéﬂ’)‘)tableéorrparl ng
(5503) the ma
(DSV1) cal cul

t hat

code



word sequence stored to said first nenory (105a) or the -codeword Sequence
stored to said.second nenory (105b); and selecting said first code word
sequence as the nore 25 preferable. code word sequence when it is
deternined (S503) that the absolute value of 'said first |ook-tahead* DSV *
(DSV1) is smaller, and said second code.word sequence as the nore 53
...... JI WO 97/22182 PCT/ JP96/ 03626 preferable code word sequence when it

i s not deterMaR@218f S503) that the absol ute val ue of thePFFFR$0A6Hok- ahead
DSV is smaller. 9. A recording nedium (OH) for carrying data 5 words’
(D(i)) thereon by nmeans of the digital nodulation nethod according to
Caim5. S0. A recording medium (OH) for carrying.data words (D(i))

ageriope%rge%%s %feéwfb)di taldl r’rQ,(‘j_’g Féé)& r’rggpgéjm% c?B((jé%qj to daimé6. 10

or carry t her eon by

means of the é@&haa&omaitslew 24b1d ROl )aCeGﬁrdhélgcdde Gbaama). 12. A
recording nedium (OH) for carrying data words (D(i)) by nmeans of the
digi tal nodulfliloninet thedeabtearcmhdghnit tis deCephingd (37 ¥t 972/5)2182

PCTI JP96/ 0362t§1atthei]'I‘]are tg.'o usab(IEC converrglon taI\LIes (Qp(l) and

5  TP(4));
comparing (sSoi) the magnitude of the abselute
value of a first look-ahead DSV (DSV1) celculated from the
code words (Cl) obtained to that'point end stored in said
first memory (105a) with the magnitude of the absolute
1o value of a second look-ahead DSV (DSV2) calculatedefrom the
- code words (C2) obtaieed'to that point and stored in said
‘second memory (105b) when it is determined (#7) that there
are two usable conversion tabies (Tp(l) and TP(4))
producxng the code word (C(i)) follow1ng at least the code

EE—

15 . - word sequence stored to said first memory (105a) or the
| code word sequence stored to sald seconde;emory (105b); and
selecting said first code word sequence as the. more
preferable code word sequence when it is eetermlned (S503)
that the absolute.value of said first leok-ahead DSV (DSV1)
20 is smaller, and said secend code wcrd sequence_as the more
preferable code word sequence when it is not determined
(5503) that the absolute va1ue of the.first look-ahead DSV
is smaller. _ _
8. A-digitai moduletion method as claimed in Claim 5,
25 wherein said selectlng step (#13, #17, #19) determines N

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

and Tp(4)) containing code.words'(Cl(i)} satisfying the

52
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rﬁhlehgth_conetraints in the interconnection between the
'code'word-XC(i—i))'oﬁtained from the immediately preceding
_conversion and the code word (C(ij) obtained from the
followino conversion; and further eomprising the'step of:
5 ~ ‘storing to a firet-'memory (105a) the code word
(C1(i)) contained in said firet'eonversion table_(Tﬁ(l))
.and the code-word (Cl following thereafter;'and to a second
nmemory (105b) the.code vord.(CZ(i)) contained.in-aaid
_ second converszon table (Tp(4)) and the code word {(C)
- 10 . following thereafter, when it is determlned (#7 and #15)
| that there are two usable conversion tables,(Tp(l) and_
Tp(4)); | | |
comparing (9503) the magnitude.of the absolute
- value - of a rirst look-ahead-st (DSV1) calculated from the
15 . code'words (c1) obtained to that poin¥ and stored in said
first memory (105a) with the magnitudg of the absolute
value of a second 1ook-ahead DSV (DSV2) calculated from the
code words (C2) obtalned to that polnt and stored in said
second memory (105b) when it is determined (#7) that there
- 20 are two usable convers;on tables (Tp(1) and Tp(4))
producing the code word (C(l)) follow1ng at least the code
‘word seqﬁenee stored to said first-memory (105a).or the
code'WOrd Seqaence stored to Said,secoﬁd memory (105h); and
selecting sajd:first code word sequence as the more
.25 preferable code word sequence when-it is determined.(SSOB)
_that the absolute value of said First look-ahead DSV -(stx)

is smaller, and said second code word seguence as the more
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preferable code word segquence when it is not détefmined
(S503) that the #bsolute value of the first look-ahead DSV
is smaller. S ' -
9. . A récording med.ium"__(OH) for .carrying dat_:é

5 words (D(i)) thereon by means of the digital nmodulation
method according to c1ﬁim 5. |
10. . A recording medium (OH) for'carfying_déta
words (D(i)) thereon by means of the digital modulation
method according to Clalm 6. _ | |

10 11. A recording medlum (OH) for carrylng data
words (D(i)) thereon by means of the -digital modulation
method accordz.ng to Claim 7. _
12. ' _ A recording medium (OH) for carrylng data
words (D(1)) by means of the dlgltal modulatlon method

-

15 accordinq to Claim B.
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## 1 i=0,mel # 3 Input D(i) YES # 5 D(i) <88? NO #7 mel or 4? #9 VYES
Convert D(i) to C(i) #15 can weither, of 1 #10 and 4?. NO .i=3+1 VYES
#13 #17. #11 Convert D(i) to Convert D(i) |I' Al converted NO Cl(i) and
C2(i) Cl(i) and &(i) #19 YES Select one of Cil(i) and C2(i) to reduce DC
conmponent END 4/1.0 WD 97/22182 PCT/ JP96/ 03626 START S401 Fi g. 5. :

i' ~0 m= er:lw?ag_”lnnlgzut i) . - - PCT/IP96/03626

Fig.4 BRI
g - ( smRT )
#1 i=0,m=1" |
| F
#3 Input D)
#5 :
YES D(i)<8>
#7 '
o N0
. ' ] #9
Convert D(i) to
Cl)
#15 |
either of 1 ]
_and 42 'NO #10 |
-~ =i
N . |YES
#13 #17 | #11
Convert D(i) to Convert D(i) to - NO |
C1(i) and()C2(i) "~ C1{i) and C2() All converted?
| IR ] - .

Select one of Ci(i)
and C2(i) to reduce| .~
DC component |

( eno )

4,/40



S405 D(i) is NO available? YES $S407 D(i) < 88? NO S427 S443 mil=1 or 47
m2=1 or 4? NO YES NO S411 DC control YES NC) YES S429.. S445 ml can n2
can-N S413 be either of 1 be either of 1 Convert D(i) to and 4? NO. and
4? Cl(i) based on Tp YES' S447-YES. (ml) and. cal culate S431 nR=5 -DSV1
'$449 S415 ml=5 r=Bc? Convert D(i) to S433 YES C2(i) based on Ts DC
control (nR).and calculate . DSV2 S435 Y nil=5? S417 ",§4§;9 B39 NO 7_1 I
m =NSI[Ci(i WOY”n1=1 np=4 S419 Convert D(|) to 01(| based on Tp F
nQNSI[CZ(l)] (rmL) and calculate : , ,

C .ST-ART .) |

| | Fig.'5.

- 5401 : _
i=0,m1 =-1_'.m2=1
= .
Input D(i)

'S405_~ -
D(i) is °
available? .

YES

DC control
o mi can N\ m2 can ~~
S413 be either of 1 _be either of 1
: 47 d 4?
~ Convert D(i) to | and 4 an .
C1(i) based on Tp
(m1) and calculate
‘DSV1
S415
c(%;mgert g(n) toT '  e—
2(i) based on Ts'| Y
(m2) ancé calculate L DC control
- DSv2- 8435
- > m1=>57 YES.
SM7 e .—/O-’/..-S437
| m1-—NSI[C1(s)] s439-  |NO [ mi=1, m2=4
: Convert Dfi) to : —
$419 ] — C1(i) based on Tp ' e
m2=NSI[C2(})}} (|| (m1) and calculate |
— - DSV1 -
S421 Vs  gans
=i Convert D(i) to | DC control
—_— C2(i) based on Tp{ . T
| - . m2) and calculate | '
_( ’ psv2. ( END )
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S421 DSV1 1 S425 DC control Convert D(i) to C2(i1) based on Tp . (nR) -

and. calculate END DSV2. . 5/10 WD 97122182 PCT/JP96/ 03626 Fig- 6 START
S501 NOi>0? YES 0 DSV1I YES O Qutput Cl(i-1) Qutput C2(i-1) S505 from
C1(0) 5511 from C2(0) DSV2+-DSV1 DSV1 --DSV2 S507 m2 ml S513 ml '-'nm2 .. '
F S5091 i=0 LEND 6/10 WO 97/22182 PCT/JP96J03626 co O tor ;ec

WO 97/22182 PCT/IP96/03626

Fig.6

(  stmaRT )

S501
0

.| output c1(—1) ~rqq| Output C2(i—1)
S505|  from C1{0) - S511L “hom C2(0)
| DSV,«DSV; | DSV, + DSV,
S507 T S513| - myemy
——— ]
ssp9| =

.L.lEND DR
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code NRZI converter 2003 converter 2001 Op 2000
R Fig. 9 PRROR ART D(i),Bbit 01 0011 O
1 O0(i),16bit 001 00 00O0 10 0001 00 SNRZI 8/ 10 WO 97/22182
PCT1JP96103626 Fig..10 PRIOR ART Tpc(nmrl) Tsc(mrl) D C. NSDCNS Q
00000000 0010000000001001 1 00000000 0001000100000000 4 ~.. 00000001
10000010000000100 2 00000001 0010001000000010 1 Cf) 11111110
000001000000019w0 532382010111 0000010000100001 1 11111111 OBIBEBEHE£000010 1
Tpc(nmr2) Tsc(nrF2) D C NS D CNS N 00000000 0100000000100010 1 00000000
0001000100000000 4 00000001 16500010000000100 2 . 00000001 0010001000000010
1 11111110 100000100, 000601001 3 01010111 0000010000100001 I 11111111
0010000001000010 .1 = 3) S D CNS M 00000000
0001000000001001 1%@0&3&@50 0 2 H 00000001 :
1000000010000100 2 00000001 0010010000001001 1 - : '

4 DMC

Code C(i) | NRZl |
f converterv\mm converter

] . . : .
D(i) E Reversed . Re_versed
- code [e——- NRZ

i Lconverter [~ 2003 | converter

- - = - g - - - = S = o = = - e = b 4 &

Fig.9 PRIOR ART

D(i) 8bit o0t 0o 0 1 1 0 1

C(i),16bit [ 00100000 10000100

SnRzI
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11111110 1000000010000000 4 01010111 1000100000000010 1 11111111
1000000001000100 3 Tpc(n¥4) Tsc(mr4) . DNSD. CNS. [lilt Q 00000000
0100000000100010 1 00000000 100 1000000000100 ..2 00000001
1000000010000100 2 00000001 0100001000000010 1 co 11111110
1000000010000000 4 01010111 1000100000000010 1 11111111 1000000001000100 3
9/ 10 ‘WD 97/ 22182 PCT/ JP96/ 03626 Fi'g. 11 PRI OR ART Converti g £ Nunber
of zero at 1sWOg"BPYH bit the code top( NZCT) Tpc(nmFl) & fg{’f’%?:’;f 25NZCT69
" XX Tpc(m=2) &Tsc(m:2) 1 NZCT~5 '00" - Tpc(me3) & Tsc(nr3) CsNZCT65 not
'00'- Tpc(ne4) & Tsc(ne4) 0 or. 1 ' XX Flg; 12. PRIOR ART . Nunber of zero
Next state at the code end (NZCE) O or 1 STATE1l '25NZCES55  STATEZ .or. STATES
65NZCE; 99 STATE4 10/10 ~ ,..,. .~ V%Is c L S Substitute sheet
- 14 April 1999 CLAI ME: _ ' -

Fig.10 PF?IOF? ART

Tpc(m—1) o - : Tsc(m=1)

D ¢ |Nnsfl b ¢ |nNs
1441 00000000 | 0010000000001001 | 1| | 00000000 | 0001000100000000| 4
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' 1 T . ! !
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Tpe(m=2) Tsc{m=2)
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Tpc(m=3) L Tsc{m==3)

p| ¢ Ins|l D | ¢ NS
2| ['00000000 | 0001000000001001 | 1 _ || 00000000 | 1001000000000100 | 2
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1. Adigital nodul ati on apparatus for converting data words to runi ength-
limted code words, conprising: a storage device that stores plural sets of
conversion tables correlating said code words to said data words,; a
selector that selects a set of conversion tables to be used from anong
said plural sets of conversion tables, based on a code word obtained from
an imediately precedi ng conversions; and a reader that reads nd out puts
sai d code wor WQ¥f2EB&pondi ng to said data Word to be con¥ 5”?8’% Fom said
conversion table selected by said selector; wherein said selector selects
a set of conversion tables that converts the_' data word -to the code word so -
that a runlength constraint |Is satisfied in an interconnection between a -
precedi ng code word Fﬂmsﬁﬁo y preceding conversion and
a -code word- obt ai nef?ga}are,gl I ﬁpo veér when said. selector selects.
plural sets of conversion tables that satisfy a runl ength constraint, each
assi gning a decodabl e code word to the data word, said selector further'
sel ects the conversion table assigning a code Word result In a nost
favorable digit sumvariation I'n g Rambeids tz¢ro inverted (JNRZI)
converted si gnajrass@mvefdioﬂrmlehe ﬁgeco\&rdi{{irg%ﬂl ofsts&i 3181 Bitdl sets of
conversi on tabl correlating aonly qgo words o-whilch an | nitiall

runl ength Is vvlthrpﬂb(miapgemg(fmaﬂgi for mnolrgm of | convXXsi on tjable to
correspondi ng data words and correljati n ral_cod¢ wo 8 to edch of
particul ar data. =ghé& g&P@“?@)ect or %@Zézﬁ_%g the con ér sion ftabl e
based only on a W | 1A% 4% C , ~Jubstitute
sheet - 14 April}| 1999 i oY at Iy an_vert?er(%ode V\Drélle\t/\hl\g(ﬁ t hd data '
word is a parti culpa(mdasdn 8wdsd(m=4) -~ Oori XX _

'Fig.12 PRIOR ART |

at m':"Z"otZZ' :rf.dz?:)zcs) Next state

0 or1 - STATE1
2<NZCES5 | STATE2 or STATES

BSNZCE=9 STATE4
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and selects said code word resulting in the nost favorable digital sum
variati:on I'n the signal after NRZI convefsion nvert"\ 8 205 V\l')rd
2. The digital: nodul ation apparatus of cJaim1l, whereirffsaid seRasnd r’;
conprises: a first memory; a second rrennry':'csaLd'»fl sst~menory and sa| d E \
second nmenory each having a capacity for sto cqns t code
wor ds; an eval uator that determ nes whef her té\%@sggﬁé\?egrrge})nq?aﬁﬁmsi%
different sets contain said code word satisfying said runlength
constraints IChLASMBdA i nterconnection between said code word obtained from
said imedi ately preceding conversion and said code word obtained from
said followidg cAmdigitalimodulationtapparajusifori copverting deteoweosisatocuengti-d
contained in a first conversion table and a code word follow ng thereafter
to said firstimitedooge wodisacorapksingiord contained in a second conversion
table and a code word following thereafter being stored in said second
menory when it i sactdragendedde that stores pluvallsets off canvatsiarhtablesasogrelatingus abl e
conversion tables; a conparator that conpares a magnitude of an absol ute
val ue of a f isailtcodewdrdstresaid oty worlls,pil at ed from sai d code words obt ai ned
to that point and stored in said first menory with a nmagni tude of an
absol ut e val ue of aazeletortitht sbleots-ansetad chBiérsion kablésoipd® dsedrframiathongde wor ds
obtained to. that point and stored In said second nenory, when it is
det erm ned byakiapldrat setsisftoonversioh tables,rased @nt avoodes word:obtaimedfrimant abl es
producing said code word followi ng one REPLACEMENT SHEET 15 APR 1999 46 .
_ i 1lmimedisdtety prededingltonversionst afdr i | 1999 of said code word
sequence stored to said first nenory and said code word
- a reader that reads and outputs said code word corresponding to said

data word to be converted from said conversion table selected by said selector,

wherein sald selector selects a set of conversion tables that converts the
data word to the code word so that a runlength: constraint is satisfied in an
interconnection befween a preceding code word obtained by said immediately

~ preceding conversion and a code word obtained by a following conversion,

when said selector selects plural sets of conversion tables that satisfy a
runlength constraint, each assigning a decodable code word to the data word,
sald selector further selects the conversion table assigning a code word resuilt
in a most favorable digital sum vériation in a non-return-to-zero inverted (NRZI)
converted signal assembled from the code words,

each of said plural sets of conversion tables comrelating only code words
in which an Initial runlength is within a range defined for each type of
conversion table to comesponding data words, and correlating plural code
words to each of particular data words, and

sald selector selecting the conversion table based only on an
REPLACEMENT SHEET

15 APR 1999
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sequence stored to said second nenory; and a | ook—ahead—setection device
that -sel'ects a first code word sequence as a nore preferable cgde word
sequence when sai d conparison neans determ nes that said absol ﬂte_va’l ue of
said first |ook-ahead DSV is smaller than said abksodute walwue-0f said =
second | ook-ahead DSV, and selects a second e.yard, sequ e
nore preferable code word sequence when said Céc)“g’ﬁﬁ'ﬁqf’fg iﬂg\l’dﬂs"@?ﬁ nes
that said absolute value of said first |ook-ahead DSV I's not smaller than
sai d absol ut eimmediatelyf canyeded eaterwiordodiendhe detad®rd iSa partidulpr tata wordyl at i on
met hod for converting data words to runlength- |imted code words,

conpri si ng: asrtadiectagaid endalward resultingdo theemssiofavorableatigitab senatariatiors ai d
code words to said data words; selecting a next set of conversion tables
to be used friorthasigng! aftes NRal conversien of sdid conveeted icode wald.es, based on a
code word obtained froman inmmediately preceding conversion; and readi ng
and outputting a ciee digitet nstutatiop capparatus wfacldiat d , weheteino shid selectoer t ed
fromthe sel ected conversion table, wherein a set of conversion tables is
sel ected t hatceampnsest s t he data word to a code word so' that a runlength
constraint is satisfied in an interconnection between' a preceding code
word obt ai ned by anfiistimediogt;el y precedi ng conversion and a code word
obt ai ned by a next conversion, and. when there are plural conversion tables
that satisfy a rurd eacard meoosy,rsaidfirstanedonyf andiisald sexcond nmemonodachwor d
able to be decoded to an inal REPLACEMENT SHEET 15 APR 1999 47 CL MS
Substi t ut e shhkating a tdpaxityifor st@rég plarat consecutiveeada woaedsoct ed conversi on tabl e
is the conversion table assigning a code word resulting In the nost
favorabl e di gital asuevahamtoathabdetermineswhethet twa conversion tables of different

sets contain said code word satisfying said runlength constraints in said
interconnection between sald code word obtained from said immediately
preceding conversibn and said code word obtained from said following
conversion,; |

a storing device that stores a code word contained in a first conversion
table and a code word following thereafter to said first memory and a code
word contained in a second conversion table and a code word following
thereafter being stored in said second memory when it is determined by said
evaluator that there are two usaBIe conversion tables;

a comparator that oompares a magnitude of an absolute value of a first
look-ahead DSV calculated from said code words obtained to that point and
stored in said first memory with a magnitude of an absolute value of a second
look-ahead DSV calculated from said code words obtained to that point and
stored in said second memory, when it is determined by said evaluator that

there are two usable conversion tables producing said code word following one
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to-zero Inverted (NRZI) converted signal assenbl ed TromTtThne code words,

each of saird ptural types of conversion tables corretatingonty—<co wor ds
of which an Initial runlength is within a range defined for each t Fe of

conversion table to correspondi ng data words, and cort ekFai¥ ng pkural code
words to each of particular data wrds, said ted set con i on

t abl es being based only on a code word convﬁgﬁ% ﬂﬁaa?tat g‘f‘pﬁg:‘ﬁgb t he
data word Is selected as a particular data word, and wherein said

sel ecti ng saifesaid codae woud sequends rstared to Bgidi first imemons and fsaidocadel wondl gi t al
sumvariation in a signal after NRZI conversion of the converted code
word. 4. Thesegugneastoreddalsakii secombmeamryifandl ai m 5, wherein said sel ecting
determ nes whether there are first and second conversion tabl es containing
code words sati sfajoolgabées seledtiongebice thrat selactstasfirstcadeavord tsequanveaast | on
between a code word obtained froman i medi ately precedi ng conversion and
a code wor daoinbre rpeefefablen codé oivond i sequences ewheno isaldin dompatisosy meems | Si ng:
storing a code word contained In the first conversion table and a code
word fol | ow digetninssthbt said absalutbivaiie ofsaklfirstdook-ahead 2SWis smallentieaned i n
the second conversion table and a code word follow ng thereafter to a
secondary nsmibrapsolutecvaluéd of Saltksecondniedk-ahead OIS\, carglr selbots a setdre
conversion tables; conparing a magni tude of an absolute value of a first

| ook- ahead [¥dde wardcséqabreb ds sdid tniare qoelerable dsdeowbrl sexpience Whah said nt  and
stored in said first nenory with a nmagnitude of an absolute value of a

second | ook- ediasetisbfs Yheans detsrmied thathdaid absolieNall8 Wb salddirstubok-ahedde sheet -
14 April 1999 <calculated fromthe code words obtained to that point and

stored in sapgviehct¥malleEtiahsalddbsoiute Valuélof siidsecondlidok-alidzdBSVAr e t wo
usabl e conversion tables producing the code word follow ng one of the code

\Qfg?ege?gegglsdsts g!g g]bdrta}rgnn%drﬁ?ﬂdnfmémbd e ebiiveitity dam Goft vwrrahléﬁgxuence

limited code words, comprising:

assembling plural sets of conversion tables corelating said code words )
to said data words;

selecting a next set of conversion tables to be used from among the
plural sets of conversion tables, based on a code word obtained from an
immediately preceding conversion; and

reading and outputting a code word corresponding to a data word to be
converted from the selected oon\-/ersion table,

whereln a set of conversion tables is selected that converts the data
word to a code word so that a runlength constraint is satisfied in an
interconnection between a preceding code word obtained by an immediately

=" preceding conversion and a code word obtained by a next conversion, and. - .=~

when there are plural conversion tables that satisfy a runlength

constraint, each of which assigns a code word able to be decoded to an gnfmal
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and sel ectimg=the first code word sequence as a nore preferabte-code—word
sequence whenits, | S U kned that the absolute value of the first |gok
ahead DSVjis snallér’“tch%mﬂ; he absol ute value of the s#cond Iook-ahean DSV,
and sel ectifig=the..sécond cogde word sequence as the noré& pi €fierablre” 6ode
word sequence when it TS~determ ned.that the absol ute val ue of the first

| ook-ahead DSV I's not smaller than the absol (RYPstisftashest ¢ hd ARt JRP9
| ook-ahead DSV. 5. A recording nediumfor carrying data words t hereon by

means of the data gidrd,| eavhddlettédconvetdiomitableciethé kgnversioh dable assigning a
recordi ng nmedium for carrying data words thereon by neans of the digital.

nodul ati on nedddedverdaesultinggintthe ehast favérabld Higitaldub vinistiop fifca ndnAekden-
REPLACEMVENT SHEET 15 APR 1999 49 .roe. eofJ 1 WORLD M LEC11J L PROPERI

Bureau Y ORGAbIzAAT InibHedNINFREINEOrivaARd Alghbl ds8émblddMkdsh tHeHiddeWdsllsy THE PATENT
COOPERATI ON TREATY (PCT) - (51) International patent Cassification 6: i

(11) Internati onaleathhdfi s=id ipturalNtypesrof sifverdion2 fdbles toPdlatiigl énlyGlodd3 20/ 14
Al (43) International Publication Date: 19 June 1997 (19.06.97) (21)

| nt er nat i onal wéyp! of aetiicto an NhitidlerunleRGH/ id RthiD 3 Gafgd définddnfor ach typel AINAKA,
Shin-ichi; 1-42-14, Yamatchi gashi. Tanabe-cho, Tsuzuki-gun. Kyoto 610-03

(JP). SH (229onvetsiom tdbletal corebparglirignidata Wdrd3s camib eorrdl&tity EliftallGodio) MADA,
Toshl yuki 4-11-11. Kanokodai ki tanmachi, Kits-ku. Kobe-shi, Hyogo 651-15
(JP). KQJI VA wdrdd as bach dfipaticular Bata wéms] shi 4- chone. Kanazawa- ku,
Yokohama-shi, (30) Priority Data- Kanagawa 236 (JP). H RAYAMA, Koi chi;

7-10. Qu- 7/ 32416%aidBsdhectedrbet of LaRver§ida tdblebeing Based amg oh-& bodeword
Tot suka- ku, Yokohama-shi, Kanazawa 245 (JP). MORI YAMA. Yoshi aki. Corporate
Resear ch converted immediately before the data word is selected as a particular data
word, and wherein said selecting selects the code word resulting in the most
favorable digital sum variation in a signal after NRZI conversion of the
converted code word. |
4, The digital modulation method of claim 5, wherein said selecting
~ determines whether there are first and second conversion tables containing
code words satisfying the runlength constraints in the interconnection between
a code word obtained from an immediately preceding conversion and a code
word obtained from a following conversion and further comprising:
storing a code word contéined in the first conversion table and a code
word following thereafter to a first memory and a code word contained in the
second conversion table and a code word following thereafter to a secondary
memory, when it is determined t_hat there are two usable conversion tables;
corﬁparing a magnitude of an absolute value of a first look-ahead DSV

calculated from the code words obtained to that point and stored in said first

memory with a magnitude of an absolute value of a second look-ahead DSV
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Corporation, Hori kawa-.cho. Sai wai - | et, Kavvaségygﬂg'ﬁé,s kgtnaig\%f?'ﬂagg 1-1,
Pujim , Tsurugashirna-shi. Saltama 350-02 (JP). (JP). PIONEER ELECTRONI C
CORPORATI ON cakmlated fromrthe cadecwordsabtaived toithati pednt and stored kusaid/seeandna- shi .
4-1, Meguro 1-chone, Meguro-ku. Tokyo 153 (JP). HI - Kanagawa 226 (7P).
TAKEUCHI , 7isempgonhwhemiDis deferminad re BEDIWQ jusablp) conyersionkiablas
Surugsdai, Chiyoda-ku. halt=, 307-2, M rntawacho. Hodogayn-ku,
Yokohana- shiproducing: thencodsword) followinglone aftthe (CoRe wqrd spquepae: storedCGeANVA.
Tanotsu et al.; Aoyama & Partners, |IMP Building. 3-7. Shirom 1-chose.
Chuo- ku. Osadaid fitst meank and $rcqdeyord (segyiemesstonedte gaid sgcend NMEMOTKR, VX,
SO, VN, European patent (AT. BE, CH DE DK, 13S. FI. FRL GB. OR IE, IT,
LU MC, N .and”T. SE). Published Wth International search report. Before
the expiration of the tine [imt for anending the clains and to be
republ i shed in t Iseleetimg thedfirst toelerveardisequerice ase mibre preferabiigode woet A
DI G TAL MODULATI ON APPARATUS, A. DI G TAL MODULATI ON METHOD, AND A RECORDI NG
MEDI UM THERgqten¢eWherlitds datermined thatithe absalutsi iluenof thedinstdodleahegshar ent :
(DMA) includes ROM tables (20l1a, 201b, 201c, and 201d) for storing r tm
t oe sow ' 001DSY!igrsaallen theey thecabsblukd ealué \dfjthasdcdn lopk-ahead SV,rand he
runkagth-limted code words (C) corresponding to ,sr "I , vo the data words
(D): end-r undeleding the secores cgdiOwerdasatjusned s the more phdféiableacatieewarduat or s
(204a and 204b) for deaennining , LAO

sequence when it is determined that the absolute value of the first look-ahead

DSV is not smaller than the absolute value of the second look-ahead DSV.
5. A recording medium for carrying data words thereon by means of the
digital modulation method according to claim 5. |

8. A recording medium for carrying data words thereon by means of the

digital modulation method aooo.rdlng toclaim7.
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THEREFOR

(5T) Abstract

This digital modulation nppamns (DMA) includes
ROM Iables (20)a, 201b, 201c, and 201d) for storing
plural conversion tables (Tp(m) and Ts(m)) containing
the runlength-limited code words (C) connspondlng to
the datz words (D), end-runlength memories (203a and
203b) and evaluators (204a and 204b) for determining
whether the mnlength -limit constraints arc satisfied in
the interconnection between two consecutive code wards
when the data words (D(i)) to be converted are supplied;
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words (CI(l) and C2(i)) that can be sclecied from two
conversion tables (Tp(l) and 11:(4)) to uffer memories
(105a and 105b) when the runienght-limit constraints are
satisfied, and selecting the code words (C(i)) with the
greatest effect suppressing the low frequency component
in the obtained signal when the code words (CX1)) are
NRZI converted.




word follow ng thereafter to a first nmenory and a code word contained in
the* secohd conversion table and a code word following thereafter to a
secondary nenory, when it is determned that there are two usabl e
conversion tabl es; conparing a magnitude of an absol ute. val ue of first
| ook-ahéad DSV calcul ated fromthe A&de mr%ﬁﬁ?@i%‘t@qng&)nt and
stored in said first nenory with a magnitude of an absolute value of a

second | oogaheéd, BESh $8letel Yohversionthbietis the2orivetsictDtible asdignimgiaed from
the code words obtained to that point and stored in said second nenory

when it iscedd ¥ord resditingan tembst faverabletigitat Bum variation in @ nohabiueas
produci ng the code word foll owi ng one of the code word sequence stored to

sai d first ypemiinveied (NRZI dMeitsd sighdl @esatnbled frontthelcodé Motdssecond nenor y;
and selecting the first code word sequence as a nore preferable code word

sequence when i gadhs ofl QhRY Piufd typstiof ichAvetbioA! tablesVedritating oMy dodest

| ook-ahead DSV is smaller than the absol ute val ue of the second | ook-ahead

DSV, and  RIng€ bt Wich sh it EhieRlR I¥VWitHinS# GaIRjecofitied OF el typer off er abl e

code word sequence when It is determined that the absol ute val ue of the

first | OOK%Q@?anQiMei fo '@8irespBNding’ dationoidaS anlSedrtdiftingaphifal ododene second

| ook- ahead recordi ng medium for carrying data words thereon by

ecor di ng. Mot ol ™ her con by means of the di g
_ y nmeans of the digital
modul ation et hggyakitdl S8t of Cofiveisioh fables being based only on a code word :
% converted immediately before the data word is selected as a particular data
word, énd wherein said selecting selects the code word resulting in the most
favorable digital sum variation in a signal after NRZI conversion of the
converted code word. |
4. - The digital modulation method of Claim_3, wherein sald selecting
determines wh_ethér there are first and second conversion tables containing
code words satisfying the runlength constraints in the interconnection between
a code word obtained from an immediately preceding conversion and a code
word obtained from a following conversion and further comprising:
storing a code word contained In the first conversion table and a code
word following thereafter to a first memory and a code word contained in the
second conversion table and a code word following thereafter to a secondary
memory, when it is determined that there are two usable conversion tables;
comparing a magnitude of an absolute value of a first look-ahead DSV

calculated from the code words obtained to that point and stored in said first

memory with a magnitude of an absolute value of a second look-ahead DSV
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calculated from the code words obtained to that point and stored in said second
memory when it is determined that there are two usable conversion tables
producing the code word following one of the code word sequence stored to
said first memory and the code word sequence stored to said second memory;
and

selecting the first code word sequence as a more preferable code word
sequence when it is determined that the absolute value of the first look-ahead
DSV is smaller than the absolute value of the seoond look-ahead DSV, and
selecting the second code word sequence as the more preferable code word
sequence when it is determined that the absolute value of the first look-ahead
DSV is not smaller than the absolute value of the second look-ahead DSV.
5. A recording medium for camying data words thereon by means of the
digital modulation method according to Claim 3.
6. A recording medium for carrying data words thereon by means of the

digital modulation method according to Claim 4.



