;e3e\T\L| 6TTbvU z 1 2 NOV ~~ SPECI FI CATION DI A TAL REPRODUCTI ON SI GNAL
PROCESSOR The present invention relates to a digital reproducti ﬁ@pq&hz
processor, and nore particularly, to a digital reproduction sign
processor which is enployed in a reproducti on apparatus for a digital

years. in iniormaiion recording media such as an optical G sk Iﬂlﬂﬁmfﬂ@mﬂfﬂﬂﬂﬂﬂﬂl

magnetic disk, technol ogi cal devel opments for ainming increases in,f e,
capacity and in the transfer speed have been pronpted. Especially,

i nprovenents in basic performancesSRECERLIGARIONmt i on recor di mnwmmm’mm m a
readi ng head for reading out information fromthe informatio Em

medi um are raised. In addition, inprovenents in reading accuracy «gs,x
techni ques such as higher nultiple speed operation, which refers to the
digital reproducti on 9ODIEETAPIREFRCIUCEIGN rSIGd, PROCESSPR al reproduction
signal processor relates to a technique for taking out, from signals which
are read froma recordi ng nmedium by the readi ng head, an accurate recorded
data, even froma signal in a bad state due to superposition of noises and

I nt er - cagegiNTanes frgmemces, enploying a high digital signal 12NOV
Q02 2 processing technique. Further, in a field of a magnetic disk in

whi ch resear cigs preglestt shvérPionlUEél eS| 804 PIHTESE OFSPFENECHESN NDSt
advanci ng, an anal og reproduction signal processing nethod called as "a

peak detQehniadn prictediod,y addPheyed paFkieulBi19] s a Heghmague, in which
differentication is anal ogously perfornmed to a reproduction signal, thereby
det ect i R@p3olRdlt iPA! Eeghadl pRosedBdr which is employed in a reproduction
apparatus for a digital recording medium such as an optical disc
and a magnetic disk.
BACKGROUND ART
In recent years, in information recording media such as an
optical disk and a magnetic disk, technological developments for
aiming increases in the capacity and in the transfer speed have
been prompted. Especially, improvements in basic performances of
an information recording medium and a reading head for reading
out information from the information recording medium are raised.
In addition, improvements in reading accuracy and techniques such
as higher multiple speed operation, which refers to the digital
reproduction signal processor are raised.
The digital reproduction signal processor relates to a
technique for taking out, from signals which are read from a
recording medium by the reading head, an accurate recorded data,

even from a signal in a bad state due to superposition of noises

and inter-codes interferences, employing a high digital signal



and taking out a recorded data. The above-descri bed techni que provi des
effects, that quite a sinple circuit can be structured, and further, that it
can realize a high speed apparatus that is operated with Iom1poweﬂ2 NOV 2002
consunption. However, according to a recent digital reproduction signal
processor, nost of reproduction signal processing nmethods for a nmagnetic
di sk have been shifted fromthe above-described anal og detecti ng nethod
called as "a peak detection” to a digital reproduction signal processing
technique called as "PRML (Partial Response Maxi mum Li kel i hood) nethod".
Thi s PRMromddmihg stecihigdel reproduction signal processing method which
is obtained by conbining a partial response nethod as a techni que of a
conmmuni cat i onFaythem,ais a Faelduer! akehghetilc agigk cinlewh el yesérehBRML
met hod shows superior characteristics in reproduction ability of
hi gh- densh tyid BEer deshisd@ited Son W idhdle lpoiced sbg sahageabeen ais@duct i on
signal processor. Therefore, in the field of the nagnetic disk, nost of the
anal og reprathiaid OMas| LH o P GHERIct ilbY 8 1keaN peResed nby mettddMal1el 2
N o v 2~oz 3 nethod. Further, i'n recent years, digital reproduction signal
processi %Jcﬂba'ﬂ!@ &é\‘:‘é%ﬂ’”ﬁ@%i‘?ﬁ% léﬁ\%’loﬁ‘ﬁéam natial detHdbL ffd & d of an
optical disk, simlarly as in the nagnetiC disk. A conventional digital
[ epr 0duGlddih Al PRAPRST Ui #drertd LA 131 hBR18EBEEN I erToitien b IS @
bl ock di agram ustrating a structure of a conventional “dirgital
repr oduct i or. i R d itialley, | o
P L bR AN EW, t)fﬁ(?gl}%y d@e@t;ﬁ%a"gyegﬂ glé:getfgx oY a %rllﬁq&tai 9

signal re froma rec I ng nedi 101" by a“reading 21s1np 0

‘ﬂgg' ik %4'?{5321%9?#%%%%%&235r‘?%%?é’?%%’ﬁ?&g% '%%*z%%d‘%éﬁafx ;3
t he analjp%gwrlzdpﬁjso?u%bl%&né:g{%ﬁgl\%ne?aw%vl\g@&% I Itctlgrc gg%b)?%@hg%gﬁa%gﬁ %etd(;kra ,

conver | A GRE SRR R0 el L BRI Gh EpGea Wppadisd e 2

{he. analh IR A dl Al R Sasy 07 el output fromthe
anal og/ di gi tahoﬁggiéf;}?EcéQéih £8P tré@éx@? ﬁ@i@%f{ yfé‘?’{-oéQ ti%_ esféﬁal

filter is a digl ter for equalizring eproductiion signal

Furtherpfﬁ%éﬁﬁﬂyﬁ'ﬂggéig% @é%faddﬂﬁioﬁoéi@ﬁahnBEEc%QSQng methods for a

magnetic disk have been shifted from the above-described analog

detecting method called as “a peak detection” to a digital
reproduction signal processing technique called as “PRML (Partial
Response Maximum Likelihood) method”.

This PRML method is a digital reproduction signal processing
method which is obtained by combining a partial response method
as a technique of a communication system and a maximum likelihood
as a code theory. This PRML method shows superior
characteristics in reproduction ability of high-density recorded
signals, with relative to an analog reproduction signal processor.
Therefore, in the field of the magnetic disk, most of the analog

reproduction signal processors have been replaced by the PRML



coefficient setting unit 106 and a Viterbi decoder 107. At this timng, in
the, coefficient setting unit 106, an optim zed 12 N o a 200z 41 V 2002
equi val ent coefficient of the FIRfilter is cal culated from out put &a@% og
the FIRfilter 105 with enploying an al gotithm of Least Mean Square
(hereinafter, referred to as LMS), thereby perform ng an equi val ent
coefficient setting. Further, the Viterbi decoder 107 perforns the nmaxi num
| i kel i hood according to output data streamoutput fromthe FIR filter 105,
thereby to output a binary signal. As described above, when the PRM. net hod
i s enpl oye@th@te reproduction signal processor can performa reproduction

w t hout extrenely intensifying high frequency noises. Further, even in a
dat a pattern wEnghkhes,j dagzecestbreanser dbgibglarepyedurtdgansagnaihe
Viterbi decoder 107 can performcorrections, thereby reading nore

accur at elprecessimgiesiicle o dihve iRRMLs imptdiod Hase\sen texamiorac@lismaln a
digital reproduction signal processor has a problemin sharply increasing a
circuit siizeldmf powerpttiorsslunjiskon sdsnidemiyr ed int Hhehenagpretdnt idiirst . anal og
reproduction signal processor. As described in the above-described prior
art, accordi ngat conkenttignadl digépabduneprodustjon| spgnadspoocessstr afillhde
circuits are realized by digital circuits. Therefore, the digital

r epr oductliexreiviafitedr ptezmasiteed f equi res an anal og/ digital converter which
operates at a high speed and a digital circuit which operates at a high
speed. Mre parfigapkalByist hebdoekogidgpanaillasveatengaadstipacduget alf a
circuit are required to operate at a channel rate, which is a standard unit
for witidhvent idid10 M gitfd10Z dprdiduictdlond atigmalh prokawsdr redplditing he
h'!hest frequency anong the drive systens. Wen the digital reproduction
sgnal prreass@tHad.operated at such a high frequency, the power
consunption of the anal og/digital converter is increased, and power
consunption of thegial1tyy caht anwhb§hs dgRaDPLESG CErat Bi gBcopagly mediamsqol
increased in the sanme manner. Further, in recent years, speed-up in a hard
di sk appayataisreading) heRid a2 dissknprRarat 4h Rhaed edilwy dlos advescedy
Especially, the reproduction speed of CD-ROM which is an optical disc
oriented e allpg eePrRgiuead die eignad TERgRLS i tad bheC idith o M iareerul 43 p! e
speed reproduction at the beginning of the devel opnent, to a forty nultiple
speed r ey Fricfn efidyV @10id st tbitlireddFy areflct®, JfF by BHe RAdlefminads is

fully diffused, a conpetition in realizing a higher nmultiple speed has

al ready gtoar,t eghd HIWReAr cotlitdhentld gfehn FEpediFie HReRU dias anphiLiShRy. nor e
Next, the analog reproduction signal, which was filtered by the
analog filter 103, is input into an analog/digital converter 104.
The analog/digital converter 104 converts the analog reproduction
signal to a digital reproduction signal at a timing, which is
synchronized to a channel rate of the analog signal. The digital
reproduction signal output from the analog/digital converter 104
is input into an FIR filter 105. The FIR filter is a digital
filter for equalizing the digital reproduction signal.

Further, an output of the FIR filter 105 is input to a

coefficient setting unit 106 and a Viterbi decoder 107. At this

timing, in the coefficient setting unit 106, an optimized



and nore, the channel rate will have a higher frequency, and when the
frequenecy becones higher, it results in a problemthat realizing @ NOV 2002
efficient digital reproduction signal processing becones difficult.
Initially, when the channel rate has bechme a high frequency, it is
difficult to realize an anal og/digital converter operating at a high speed.
Even when it has becone possible to operate an anal og/digital converter at
a high speed, the power consunption becones extrenely large. Al so, for the
digital circuit, as the_ , 6 12 Nov 200z channel rate becones_higher, it
becones fERéVahBnhpFeedfirientt ofothealIB el BRGNS rakrwlafredl fXxMmcuit |
Further, even though the high speed digital circuit can be realized, the
real i zat Pohipuhedaba ﬁfgﬁbecﬁﬁBefalb¢@b%@hﬂW¥ﬁh empleyng an vl gontthmeof
power consunption should increase. Further, as for the drives such as an
HDD and heawb Kean Squaner ¢herdipafiver corefepred teamdiMbk, dthepely, even
if a multiple speed performance is inproved. Further, a digital signal

pr ocessoperfistmihgdanneguihvatentpeoetf sobent coetpiing . | sFurtbergdthe operate
with a further | owered power consunption. As described above, while the

per f or mavitterbi pdegodss elid anpet fierms atlhe gnaxcimura clikel ipodvaccordite to
conventional digital reproduction signal processor, it is difficult to

real i ze spepdt ndata® stremerattput bframsehefFER filCtenskib povissrelonstept i on.
The present invention is nmade to solve the above-described problens and it
has for oatpwbj@chinaryroign=sla digital reproduction signal processor
operating with | ow power consunption and of |ow cost by reducing an

anal og/ di gi t alasc desertitred abdvd,giwhen ¢hec PRMLOpetAbdnd.salemp lofad)elthelt e,
!'Fn when a digitg! readi ng channel enploying the PRM. can be realized.

scl osureppddidieiomveignalh prooessr tean gpdr foxmi he rdmetwesion belthout
obj ects, according to the present invention (claim1l), there is provided a
digital egpremely i DitehgNeyimg aetsts of refiedcy uttgiases. di patehef fCeVERIIn a
data pattern which is judged to be an error by a level judgement,
the Viterbi decoder 107 can perform corrections, thereby reading
more accurately a recorded reproduction signal.

However, the conventional digital reproduction signal
processor has a problem in sharply increasing a circuit size and
power consumption as compared with the conventional analog
reproduction signal processor.

As described in the above-described prior art, according to
the digital reproduction signal processor, most of the circuits
are realized by digital circuits. Therefore, the digital
reproduction signal processor requires an analog/digital
converter which operates at a high speed and a digital circuit
which operates at a high speed. More particularly, the

analog/digital converter and the digital circuit are required to

operate at a channel rate, which is a standard unit for writing



2 NOV 2002 data from an anal og reproduction signal which is read from
arecordi:ng medium by a reading head, the digital reproductionsignl2 NOV 2002
processor, conprising: at |east an anal og/digital converter for sanpling the
anal og reproduction signal at aperiod whibch is |onger than the digital
recordi ng channelrate, and converting the same to a low rate

digital reproduction signal having a period which is |onger than thatof the
digital recording channel rate; an equalizing circuitfor performng a
digital filtering to the low rate digitalreproduction signal with keeping

t he | ow dagétaflodgener attheadihginn®l eqtel hast the highest fneguneacpohabag
forinterpolating reproduction data with the digital recordi ngchannel rate
from t hetdegdrdlveegysitemsat i oWheingthle, ddgjitddi rgppotutolonheignddi ng
recorded data fromthe data stream nterpol ated by the

i nt er pol procedsoer dsngpeeatbd dtgstiah aepRigRULiéQiescPNathPrPERELOr as
constructed above, an anal og/digital converter or digitalcircuits operated
at a chapagkumpteonadrbenel ahlayediyhes Ebyoneett &t Nis ainePeRaséd )'Sand
operating with | ow powerconsunption and of | ow cost.According to the
present payest tefstimp@ith2pf 186i€ espeRYtEefhicH &féabpeeptodugti Rigai gnal
processor of Claim 1, wherein the digital/anal og converter perforns a

sanpl i ngsgbedBakhter al8oWihePeaSed Mal tnér&aHeNEAnRéx he recording channel
rate. According to the digital reproduction signal processor as constructed

above, even enpytdyd, ad PedIRIYRNDS f dgeeddug Sn al My Qi\é}@% Tratus

possi bl e to exhibit performances "equival ent to those obtained b annel

rate pro SLERQ 3 dj t S i t }.on: i here is
. e oG RopPeCaL S0k Aopafalil REhe BUER HAR AL AMeod T he

it er pol r i i r [ 15 Lch,i b gLt ed
to o hal FoPar BER AL The PUERL Rkt ILRTERERL OF SOOI fn % o PRt ISR

. | d i hi
si gna paggssapgeﬁee&o,@éfraﬁi r@DQYR rg%g@@ﬁg@@g%%@ﬂ%r%o ah&Egyency

conponents can be prevented, 1hereby atron

charact egjshiGSe f@iﬂi@gsééb&hfegﬁg > iéﬂvgﬂtiﬁ§ %%é?%ﬁ%ﬁ%Qﬁfheﬁé s

provided a digital reproduction si rocessor o erein the

I nt er pol @&y, 87oPREAL! o 2a p%féﬁ'm\iféfﬁ%re% | é@&@%ﬁé&@&%ﬁ%f@érfﬁponds

to the partial” response transm ssion ¢ teri cs. According to the

di gi tal ' ' I t Lt gl ib
Lo obt ai SoarTT Gree - e aRes) BoFch BDr RomEPPEIOLE S, PR oY E cat i, e

ristics having no unwante nbi Se

enphasi s | j [ ' t €51 vided a
gl tal FHRCHLETS, 18, SO PERER AIVERE R RT BRte PR B
is constititediby a Viterbi decoder

However, when a higher multiple speed has progressed more

and more, the channel rate will have a higher frequency, and when
. the frequency becomes higher, it results in a problem that

realizing an efficient digital reproduction signal processing
becomes difficult.

Initially, when the channel rate has become a high frequency,
it is difficult to realize an analog/digital converter operating
at a high speed. Even when it has become possible to operate an

analog/digital converter at a high speed, the power consumption

becomes extremely large. Also, for the digital circuit, as the



whi ch can performa half-rate operation. According to the digital

r eproducti on signal processor as constructed above, it is possiblg é(NU

si mul t aneously cal cul ate existing probabilities of plural branched. %aﬂWZ
2 NOV 2002 According to the present inveéntion (Claim6), the digital
reproduction signal processor of Claiml1, wherein the judging unit perforns
an operation with one or nore a code length constraint in nodul ati on code.
According to the digital reproduction signal processor as constructed
above, it is possible to reduce paths of the Viterbi decoder w th enpl oying
t he one airammle mite dorcdmesythhighenst ndi econesodoket aod mode. dBRIfEEult
DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagramillustrating a
struct unm feal idiegia dlighempedididign tailgedlropibces Foarthergr évien tthomgh r st
enbodi nent of the present invention. Figure 2 is a viewillustrating

r epr oduddHeohisjlyPedd eljidnay) diacaditecant bes rehlazBND ghe reedieation

characteristics of a partial response which is exam ned to be enployed in a
DVD accendiftdf aight cdustzo@irgdllencfchialte theegopt kBV&el1OABs the power
consumption should increase.

Further, as for the drives such as an HDD and a DVD-ROM, an
increased power consumption cannot be accepted, even if a
multiple speed performance is improved. Further, a digital
signal processor installed in a note type personal computer is
required to operate with a further lowered power consumption.

As described above, while the performance is progressed and
the reading accuracy is improved in the conventional digital
reproduction signal processor, it is difficult to realize
speeding up of operation because of an increased power
consumption.

The present invention is made to solve the above~described
problems and it has for its object to provide a digital
reproduction signal processor operating with low power
consumption and of low cost by reducing an analog/digital
converter or a digital circuit operating at a channel rate, even
when a digital reading channel employing the PRML can be realized.

iscl f the i £

In order to realize the above-described objects, according

to the present invention (claim 1), there is provided a digital

reproduction signal processor which judges a digital recorded



Figure 3 is a viewillustrating a witing signal and a reproduction signal
-of. a DVD according to the first embodi ment of the present |nvent|? ng2mﬁ
3(a) is aviewillustrating a witing signal and a reproduction siéng a
3T continuous signal. Figure 3(b) is a viewillustrating a witing signal
and a reproduction signal of a 10T continuous signal. Figure 4 is a view
illustrating a sanpling point of an analog/digital converter according to a
second enbodi ment of the present invention. 1 ~ NOV Zp02 Figure 4(a) is
a viewillustrating an anal og reproducti on signal and a sanpling point of a
channel rate Figure 4(b) is a viewillustrating an anal og reproduction

signal and 4 ?a@?lﬂnngn pQﬁQiog‘)fre%rB@cu:tféﬂ esm%agunvﬁléh' §s ré/é@"‘{fférhuét rating
a StrUCture 0} | ter accord Ing enmbodi nent of resent

i nvent i on. rECQEEENS m%dﬂdm\n%% |qegsingt Pﬁgda %lw Lf&%%télofreaﬁoﬁﬁf:émm at or
constituti RggAadli gptcdedsOR) OdtipgraRifhgNadt Pr1R@esSodn Edr@llb@/algﬁtalw ew

|IIustrat|n half-ra res onse_character l.cs agcor to the
Lhird enbodPREREEST CHE SABRLIAY | HYenaRBies FGUIAA s tEny FOGPRLI (S rat | ng
response charaetiemhichcsisoflende® (thar?, tRe djigatabr deogrding phahnal
response i@%%£90|§£8r converting the same to a low rate digital
reproduction signal having a period which is longer than that
of the digital recording channel rate; an equalizing circuit
for performing a digital filtering to the low rate digital
reproduction signal with keeping the low rate, to generate a
. digital equalization signal; an interpolator for
interpolating reproduction data with the digital recording
channel rate from the digital equalization signal; a judging
unit for the judging recorded data from the data stream
interpolated by the interpolator.

According to the digital reproduction signal processor
as constructed above, an analog/digital converter or digital
circuits operated at a channel rate can be eliminated,
thereby realizing an apparatus operating with low power
consumption and of low cost.

According to the present invention (Claim 2), there is
provided a digital reproduction signal processor of Claim 1,
wherein the digital/analog converter performs a sampling at a

' half rate which is a half frequency of the recording channel
rate.

According to the digital reproduction signal processor
as constructed above, even employing a low frequency rate, it

is




according to a fourth enbodi nent of the present invention. Figure 9 is a

view il bustrating a structure of a half-rate Viterbi decoder accoréii’go%to
the first enbodiment of the present invention. Figure 10 is a trdlZi 2002
diagramof the PR (1, 2, 2, 1) in case Where the code length constraint is
0, according to a sixth enbodi nent of the present invention. Figure 11 is a
trellis diagramof the PR (1, 2, 2, 1) in case where the code |ength
constraint is 2, according to the sixth enbodi nent of the present

invention. Figure 12 is a half-rate trellis diagramof the PR (1, 2, 2, 1
2 N U Vp2's@idlm tp iexhddsds peeformancesdequéngintohnst thoae obtadjinedcbydi ng
to the sixth enbodi nent of the present invention. Figure 13 is a bl ock

di agr amal Icdhasinedt iragea psocessing.of a digital reproduction signal processor
enpl oyi ng a conventional PRML nethod. Hereinafter, enbodinents will be

descri bed w thcest@ingceot thefpgesent Ieertimdi (Edim depcrilbete hi ei naf t er
show an exanple, and the present invention is not limted to the

enbodi MpHosideabedidigital Iegibauttidnashigneh gragessoirl! bEstnatmng,a
structure of a

wherein the interpolator performs a Nyquist interpolation the
band of which is limited to a half-rate Nyquist frequency.

According to the digital reproduction signal processor as
constructed above, unwanted emphasis of high frequency components
can be prevented, thereby providing improved interpolation
characteristics.

According to the present invention (Claim 4), there is
provided a digital reproduction signal processor of Claim 1,
wherein the interpolation performs a partial response
interpolation which corresponds to the partial response
transmission characteristics.

According to the digital reproduction signal processor as
constructed above, it is possible to obtain efficient
interpolation characteristics having no unwanted noise emphasis.

According to the present invention (Claim 5), there is
provided a digital reproduction signal processor of Claim 1,
wherein the judging unit is constituted by a Viterbi decoder
which can perform a half-rate operation.

According to the digital reproduction signal processor as

constructed above, it is possible to simultaneously calculate

existing probabilities of plural branches.



digital reproduction signal processor according to a first enbodi nent of
the present invention. In the present enbodi nent, a reproductioq Zbgagl
processor of a DVD-ROMwhich is a read-only optical disk will be i 4182
dn Figure 1, an anal og reproduction sigﬁ%l which is read froma recording
medium 1l by a reading head 2 is input into an analog filter 3. The anal og
reproduction signal input into the analog filter 3 is subjected to cutting
of high frequency noises as well as signal conponents of a particular band
t hereof is enphasi zed. Next, the anal og reproduction, signal which was
filtered by t RECAFAING ol the BIP§ePﬁp&PVPHFé°Bn(QﬁéﬂﬂggdvgFPSIdé3h§élter
4. In the analog/digital converter 4, the analog reproduction signal is
sanpl ed ZEPEORREEioRt BIIRME AF AL HAIGE (Ghaimbfl tha eJuq%drwe
converted to a half-rate digital 12 N o v 2002 12 reproduction signal.
Subsequesn iy pertorng)iam| OPYA AR (Widih Angmar gaysitd [qasie tiength
anal og/digital converter 4 is input into an FIRfilter 5. The FIRfilter 5
is a di gtem$trainteringrodighfdiion mpdehe digital reproduction signal. Next,
the output of the FIRfilter 5is input into a coefficient setting unit 6
and an i nt er pacgoading Thetbeefligitent reprodngtdannt sdgoallcpracessan as
optim zed equalization coefficient of the FIRfilter 5 fromthe output data
of the Mdhdttucted ampleyiity imn duds iddlgorid hmdudemebhs @Sdthet WM terbi
equal i zation coefficient. The interpolator 7 perfornms a data interpolation
of sanpldewpdsar ntstiwemdlaring Hilnetheouwir fmoe tdfe duwid -lreatgthd atom sttrasiarh
The output of the interpolator 7 is input into a half-rate Viterbi decoder
8. The hial fmodikatidrerdudelecoder 8 perforns a maxi num | i kel i hood decodi ng
the data streamoutput fromthe interpolator 7, and outputs a binary

gnal . HY (rel ] RAWINGS t uting the digital reproduction
signal processor in figure 1 will be described in nore detail. Initially,
an anal og reprFadueei tnisi gnalock didyParOblbuibtrheidgsar shedcthrguo€ 3 is a
view illustrating reproduction signal frequency characteristics of a DVD
and fr eqignicta Ic hesparddudtsiione $ igfnad patddeslsore spwmriindhitah d ister
exam nation to be enployed in a DVD, in an anal og reproduction signal. 13

embodiment of the present invention.

Figure 2 is a view illustrating reproduction signal
frequency characteristics of a DVD and frequency characteristics
of a partial response which is examined to be employed in a DVD
according to a first embodiment of the present invention.

Figure 3 is a view illustrating a writing signal and a
reproduction signal of a DVD according to the first embodiment of
the present invention.

Figure 3(a) is a view illustrating a writing signal and a
reproduction signal of a 3T continuous signal.

Figure 3(b) is a view illustrating a writing signal and a
reproduction signal of a 10T continuous signal.

Figure 4 is a view illustrating a sampling point of an

analog/digital converter according to a second embodiment of the



1 2 NOV 2002 In figure 2, the ordinate presents output gain, the

absci ssas presents normalized frequency, and T shows a channel rate. A DVD
enpl oys a nodul ati on code being an EFM (Ei ght to Fourteen Modul aqi?rnoflﬂﬁz
The shortest code length constraint in th?s nmodul ation code is 2.

Accordi ngly, the shortest inversion period is 3T. Therefore, the nodul ation
code is characterized by | ess high frequency conponents of the code
character itself. Further, as can be seen fromfigure 2, reproduction
characteristics of the DVD have transm ssion characteristics such that high
f requencpresepénanvengienat t enuated, and the EFM Plus is selected as a code
which is suitable for this reproduction characteristics. Wen a parti al
response (PR) Figuxe bk(appls el view iknstaratting a3y anahod maprasyction
characteristics of the partial response have to be confornmed to

repr oducsiignadi gndl ackampdtiegi point of ahehBhfelasahech as possible. In
this case, the |lower order partial response such as PR (1, 1) in the figure
cannot be maderidwse 4 (b} hiss raepricewcillos e iany em stnadogfragmodidion
Therefore, a higher order partial response such as PR (1, 2, 2, 1) is

requi redstignh@ antr adsamglihggpoén8 bf a hadWw ratestrating a witing signal
and a reproduction signal of a DVD according to the anal og reproduction
signal . Figur e i% s \d enmlew | ASTustiratging W idgtmgetignaf ard FIR filter
reproduction signal of a 3T continuous signal. Figure 3(b) is a view

il ustrahbBeraingi tong shgpal embddamenpr edueheopresgnsl intentiod.N 0 V 2002
4 a 10T continuous signal. In figure 3, the ordi nates presents voltage,

and the absci ssppuny el @ tvidw A Srdeimp e Sumiotiiier &n t he
litude of the 3T continuous signal is danped to about one third of the

1UT cont i fYe¥posh8sz! cohexitut ifiganalegithlt eepBodest 061Ss $4RR1EpEbBESSbY .
hi gh frequency band noi ses and enphasis of the specified frequency. The

anal og filter mBiduremplQyed visewailanid et g Malffidtale qEiRhaségpditse
signals to sone extent and suppressing fol ding noises generated in the

anal og/ dgghatkabteenyeiEsr ackOraidgr tbotaeNt ALl ekBod el bfatheeppeBant
frequency characteristics enployed. An equi-ripple filter which has a fl at

group delavefbabacteristics of the pass band is nornmally enpl oyed. The
anal og/digital converter 4 is an apparatus for performng a sanpling of the

anal og reprodysiduife 9§ dndlvidlw A 1lIdBt¥Ating rdspdnsey G e ¢ ids LA a
anal og reproduction signal, thereby to convert the analog signal to a

di gi tal ﬁkgpaL-2tbn¢,1shsc@6ﬁa9ﬂéd£§iaabagema@rfespéngériﬁtaapbmatagnpling
at a half of the channel rate, particularly, at timngs synchronized
according to a fourth embodiment of the present invention.

Figure 9 is a view illustrating a structure of a half-rate
Viterbi decoder according to the first embodiment of the present

. invention.

Figure 10 is a trellis diagram of the PR (1, 2, 2, 1) in
case where the code length constraint is 0, according to a sixth
embodiment of the present invention.

Figure 11 is a trellis diagram of the PR (1, 2, 2, 1) in
case where the code length constraint is 2, according to the

sixth embodiment of the present invention.

Figure 12 is a half-rate trellis diagram of the PR (1, 2, 2,



wi th the anal og reproduction signal of the half rate. An FIRfilter 5
performs a filtering processing to the digital reproduction sig NGV gbnz
was obtained with converted by the analo /digital converter 4 inaccordance
W th an adaptive equalization coefficierdt which is deternined by the
coefficient setting unit 6. Figure 5 illustrates a view show ng a structure
1 2 NOV 21102 15 of the FIRfilter 5. In figure 5, the FIRfilter 5 is
constituted by a delay conponent 9, a nultiplier 10, and an adder 11. The
del ay conpopent rises a data flip-flo and has a function, for
del ayi ngt %‘I‘o‘é@s‘éy‘@l’n&%@?a" Sckength StERiitheS 4h@RATling dient 9
is operated as a 2T delay conponent since a clock of a half rate,
partlcuI%ﬂ?ySl%FEI%ERPQﬁm%P?1°?aEQ?|8F¢$EﬁE inverdeioqn ci ent setting unit 6
is one for determ ning an adaptive equalization coefficient which is
opti num for edisurs dg ilfpd Hdockaddagaamsildyssrathngdagptanctyproaficai on
signal, which was filtered by the FIRfilter 5 to a formof a partial
res ponsedlqh'@abbzyemm@tx@ ahignail Precesel tep lasing i danvesitgienal The
partial response enployed in the present enbodinent is PR (1, 2, 2, 1), and
an equalPRME imethedget to be equalized by-the FIRfilter 5 is an inpulse
response (1, 2, 2, 1) In t he coeff|C|ent setting unit 6, an adaptive
equi val eBRST. . ARR 10U i T N IOM| gorithm The LM5S is a
f eedback operatlon for mnimzing square errors between a "desired
response" andHereiesgtese bpbbHémenisswiddi be geshtibed whehcovefkreneet to
setting unit 6, the "desired response” is a provisional judgenent val ue,
and the figpamsse Dhetémbodimemts sdescpibéd herdiwa fitep tshow eam ceuatpba,
nal which is obtained by inputting a signal fromthe FIRfilter 5, to be

ual i zeghd cchdepyperental imvesypoiege s amptencimitend aed ethes temtsod idndrmorsul a f or

setting a coefficient of LM5 is described as 16 1 ~ NOV QO2
Embodiment 1

Figure 1 is a block diagram illustrating a structure of a
digital reproduction signal processor according to a first
embodiment of the present invention. In the present embodiment,
a reproduction signal processor of a DVD-ROM which is a read-only
optical disk will be described.

In Figure 1, an analog reproduction signal which is read
from a recording medium 1 by a reading head 2 is input into an
analog filter 3. The analog reproduction signal input into the
analog filter 3 is subjected to cutting of high frequency noises
as well as signal components of a particular band thereof is
emphasized. Next, the analog reproduction signal which was
filtered by the analog filter 3 is input into an analog/digital
converter 4. In the analog/digital converter 4, the analog
reproduction signal is sampled at a half-rate, which is a half

rate of a channel rate, to be converted to a half-rate digital



follows: P(n(t+1)= P(nt) + (AKXE(nt) XE(nt) XX(nt) ) (t=0, 1, 2, 3) From
the above fornmula, P(nt) shows a present coefficient, and P(n(t+1i)Z ﬂhvv%[ﬂ
renewed coefficient, Ak shows a tap gain, E(nt) shows an equali zatic

.error, and X(nt) shows an FIR input sigr’u&l. The interpolator 7 interpol ates
sanple rates which are thinned out for the half-rate digital reproduction
signal, thereby to generate a full-rate signal. Next, the half-rate Viterbi
decoder 8 is constituted by a branch netric 16, a path nmetric 17, a path

menory 18, an control signal generator 19 as jJlluystrated in the
const r uXSRFP WS HFIHd gur SHPSOQURIEHY i Hf éidrﬂ)‘éaﬁt W@Hﬁ"@n“tcézllon
reproductjon signal processor of this first enbodinent is prqovided wth an
1 anal of 1Rt AURIHy HEW The angdng/dhiditadn goayerésrodudsi dRPtyddtoat a
period which is |onger than the digital recording channel rate, to convert
t he anal®y FEprbutess o sifralFIB gllWa'ft elgiqgidigitadpridgdtan &esi gnal
having a period |onger than the recording channel rate and a judging unit
for equadquakiging Weidigltadpapradust igingfdgnailt-h keeping the lowrate
and performng interpolation thereto, thereby to take out data. Therefore,
t he anal og/ di Yex&l, tbaventpntoefthbedFERt filter chi isopeputi bgtatat he
channel rate are elimnated, thereby realizing 1 ~ NOV 2002 17 an
appar at i efEcienty satttingownidnwg ashampmterpeddter 7Tew @t . Enbodi nent
2. Figure 4 is aviewillustrating sanpling points of an anal og/digital
conver t ezoefiftiaridinty stektangeoorid énmadioddtesf apheptisdeed iequadtizatidd gur e
4(a) is aviewillustrating the anal og reproduction signal and sanpling
poi nt s afodffeicitEarinalf rtatee FIRE iflitgur & Arom ithea owtewti dadst oft ithe tFIR
| og reproduction signal and sanpling points of a half rate. In figure 4,

en a cdhideat & angplsgriplg o IMSp elfgomisahm,i tthesepys sioblsett aheepr oduce
signals in a frequency band up to a half channel rate fromthe sanpl ed
di scr et eeqietla zadowey @oefdfd dilentst r dthesl intdrppirasck; 7 hpeerfepmed wc tdara
characteristics of the DVD has a featured in which high frequency
conpone nitre: eanpe 1t iemu avife ¢ amp ld ngr eatindst evitichAacer divigined whdn fivom the
frequency characteristics of the DVD are noticed, since nost of signal
conponertal fexdiadte idatiahs tiveaquenchehandtmit W Ehe nimdredpoltatard iize iInput
function of signal reproduction, it is not necessarily required to perform
sanpl i ngirefo a GladrfralateaVd teirbli/ Geckdear Bar t iThd drdlyf-rnate Vipeadibl e to
realize a reproduction signal processing having a desired performances,
even wheleqoelelroBripey foams! angaxtimamc Hdked!i hoade deicolddnewfbaT thés ddeescr | bed
above, according to the digital reproduction signal processor of this
second eredimmenttputthe¢ romedqhendpntieatpolator 7, and outputs a binary

signal.

Next, respective apparatus constituting the digital

' reproduction signal processor in figure 1 will be described in

more detail.

Initially, an analog reproduction signal of a DVD-ROM will
be described.

Figure 2 is a view illustrating reproduction signal
frequency characteristics of a DVD and frequency characteristics

of a partial response, which is under examination to be employed

in a DVD, in an analog reproduction signal.



perform ng sanpling in the analog/digital converter nmade a frequency

enpl oying a half clock of the recording channel rate, ~2z2 ~0

t hereby realizing performances equivalent to those in the channeﬂ2r§ﬂ¥ 2002
processing, even when enploying a | ow rat® frequency. Enbodi ment 3. Figure
6 is aviewillustrating a structure of an interpolator constituting a
digital reproduction signal processor according to a third enbodi nent in
the present invention. As an interpolator, an FIR-type interpolator is
enployed. In figure 6, the |nt%§Polator 7 is conposed of a zero stufflng

sanpl er 12, a HelE9¥RponcHie CErdinaks (RYRSLILsI AUtRE H8 Hhddrhe
Initially, zero stuffing is performed to a signal which is input at 2T
rate, toabsci&Rasr PEESEALE narmaiirednfxedueney; eandh¥Tcahpwsiapghanned an
|nterpolat|ng FIRfilter of 1T rate. At this tine, a half-rate Nyqui st
coeffici atel.s deDVdn elPlOYSI @nmpldatlaé:lgngnedeebesng an BFM é§aghty teand of
1/ (4X T) or less. A coefficient of the interpolating filter (Cn) can be
obt ai nedFaurtedennYodulahiéonpl Pdusng Thenshart€atscode( 1€éngkh7cohstraiht( Tn
X 7C /1 2 ) According to the above fornmula, the filtering coefficient (Cn)
at each pni bhissmaduletionscod@é=0s127, E2cbrdflgl@,2the Ehofte€h=0. 637,
C6=1, Cr7=0.637, C8=0, (C9=-0.212, C10=0, C11=0.127. Figure 7 is a view
i |l ust raihmgrhabh- perdodlyiiai 3T.r eTheredorkar ahtembdtilas iancaepdendst o t he
interpolator. In figure 7, the abscissa presents filtering coefficients
characterized by less high frequency components of the code

‘. character itself. Further, as can be seen from figure 2,
reproduction characteristics of the DVD have transmission
characteristics such that high frequency components are
attenuated, and the EFM Plus is selected as a code which is
suitable for this reproduction characteristics. When a partial
response (PR) is to be applied to a reproduction system,
frequency characteristics of the partial response have to be
conformed to reproduction signal characteristics of the DVD, as
much as possible. 1In this case, the lower order partial response
such as PR (1, 1) in the figure cannot be made close to the
reproduction characteristics of the DVD. Therefore, a higher
order partial response such as PR (1, 2, 2, 1) is required to be
introduced.

Figure 3 is a view illustrating a writing signal and a
reproduction signal of a DVD according to the analog reproduction
signal. Figure 3(a) is a view illustrating a writing signal and

a reproduction signal of a 3T continuous signal. Figure 3(b) is

a view illustrating a writing signal and a reproduction signal of



1 ~ N~V al02 19 (Cn) at each point which are cal cul ated according to the
above fornula, and an axis of abscissas shows val ues at each poi nt| Z;;Nﬂaf -EUUZ
step. The above-described interpolation performed by setting hal f-rate
Nyqui st coefficients should be referredlfo as a hal frate Nyqui st

I nterpol ati on. As descri bed above, according to the digital reproduction
signal processor of this third enbodi nent, as an interpol ator constituting
the digital reproduction signal processor, an interpolator for performng
the half-rate Nyqujst interpolation having [imted the band to the

hal f - r at® MNBERTIMRRRIIBEL enpl oyed. Therefore, unwanted enphasis of

hi gh frequenc¥ conponents can be avoi ded, thereby to obtain sufficient

i nt er pol at i onIBh&Agurer Bst the. orfppateenprasenkst vielbdgee- aBdckhBed third
embodi ment, an enbodi nent enploying the half-rate Nyquist interpolation was
descri beahsqifsaar preseims foureh odotmore sesn ofeam|fbigune o/ Mchearti al

response interpolation will be described as an exanple of a structure of
anot her amplitpuietad thghahadntinuoudy guignali ritse daoiped ¢ iabosupposed to

enpl oy a frequency band up to one-fourth of sanpling frequency. In contrast
t her et o,thiasbrafi nthe d (Theqerinwlus esigorade | nt er pol ati on, all frequency
bands under one-fourth of sanpling frequency are not enployed, and nore
particul arl y, Nerter pheatnatogs fpéténr Aegepformsidstippressing aoHahdghf hi gh
frequency conponents is limted .1 2 NO V 2002 20 according to parti al
I espons & remreantye thastd amisfesstand temphaxfist lof el ispleciciedn fragqueiayal at or
enpl oys the FIR-type interpolator simlarly as described in the third
enbodi MaHe draleg diflfterericeas fenphdyeal 2 fanr ahe iNaQUiast nigntfdlremtfyr
side in coefficient values of the FIR
emphasizing signals to some extent and suppressing folding noises
generated in the analog/digital converter, in order to conform
with the partial response frequency characteristics employed. An
equi~-ripple filter which has a flat group delay characteristics
of the pass band is normally employed.

The analog/digital converter 4 is an apparatus for
performing a sampling of the analog reproduction signal at a
timing of a clock synchronized with the analog reproduction
signal, thereby to convert the analog signal to a digital signal.
Here, the analog/digital converter 4 performs the sampling at a
half of the channel rate, particularly, at timings synchronized
with the analog reproduction signal of the half rate.

An FIR filter 5 performs a filtering processing to the
digital reproduction signal which was obtained with converted by
the analog/digital converter 4 in accordance with an adaptive

equalization coefficient which is determined by the coefficient

setting unit 6. Figure 5 illustrates a view showing a structure



For exanple, in case where a PR(1, 2, 2, 1)-type partial response is
enpl oyed, the partial response interpolation coefficients are sho ﬁ?gl ?002

the following fornmula: Chn=sin [ ( Tn-1. 5 ) X7t 1] 1 [ ( Tn-1. 5 X
A2Xsin [(Tn-0.5)X7r] 1 [(Tn-0.5) XTC] +2Xsild [ (Tn+0.5) XTC] | [ (Tn+0. 5) XTC] +s in
[ ( Tn+l. s ) x ~] / [ ( Tntl. 5) x n] } / Ka Ka=sin(-1.5XTC)/(-1.5XTC)

+2Xsi n(-0.5X7r)/ (-0.5XTt) +2Xsin(0.5XTC)/(0.5Xn) +sin(l.5Xx)/(1.5x~).
According to the above fornmula, the filtering coefficients (Cn) at each
poi nt value are as follows: Cl=0, C2=-0,067, C3=0, C4=0.333, C5=0.789,
C6=1, CicP. s FIB-HiBB& 59=0, Cl0=-0.067, Cl1=0. Figure 8 is view
illustrating response characteristics of a PR (1, 2, 2, 1) according to a
partial response fiigueepsl,athe FIRa ffidterh Sedsodonsrtiitatetihbypacdeday
invention. In the figure, the ordinate presents filtering coefficients (Cn)

at each gsipdnerst U®, a MNRipTied 1) candled &g dilng tThé heebdpve
formula, and an axis of abscissa shows each point value in a T step. As

descri besbrityéht o CEunbrsde & heatth Of 1 Hb- £ B3Y O iHHS U HAc i SiE eRsor
according to the fourth enbodinment, in an interpolator constituting the

di gital JEpIPFtd U SIINA)c I GARSSOL cRedk | B FiRRONSerh PEIREPY! Bhé Oflelay
COI’I’eSpOHdI ng to the part i"al response transm ssi on characteristics i s

per f or megh enfdif¥ &f 0f e ofdrdfed AP D! Br e BUP RGO RIAY aSint Ofa MIHLE reaugncy
nore than the hal f-rate Nyqui st interpolation. "Further, the
half rate, particularly, a clock of a 2T rate is input.
A coefficient setting unit 6 is one for determining an
" adaptive equalization coefficient which is optimum for equalizing
impulse characteristics of the digital reproduction signal, which
was filtered by the FIR filter 5, to a form of a partial response,
thereby providing an equalized digital reproduction signal.
The partial response employed in the present embodiment is
PR (1, 2, 2, 1), and an equalization target to be equalized by
the FIR filter 5 is an impulse response (1, 2, 2, 1).
In the coefficient setting unit 6, an adaptive equivalent
coefficient is calculated by an LMS algorithm. The LMS is a
feedback operation for minimizing square errors between a
"desired response” and a “response by the transmission path”. 1In
the coefficient setting unit 6, the “desired response” is a
provisional judgement value, and the “response by the
transmission path” is the digital reproduction signal which is
obtained by inputting a signal from the FIR filter 5, to be

equalized to the partial response frequency characteristics.

A formula for setting a coefficient of LMS is described as



partial response interpolation can be conpletely matched with the parti al
response characteristics of the transm ssion system thereby providing
sufficient interpolation characteristics having no unwant ed noi se{@NBys P82
Enbodiment 5. Figure 9 is a viewillustrl#ing a structure of a PR(1, 2, 2,
1)-type half-rate Viterbi decoder according to the fifth enbodi nent of the
present invention. In figure 9, the half-rate Viterbi decoder is conposed
of a branch netric 16, a path netric 17, a path nenory 18, and a control
signal generator 19. In the branch nmetric 16, conbinations of all branches
accordi nfolbowR (1, 2, 2, 1), nore particularly, existing probabilities of
branches can be cal culated. To cal cul ate the existing probabilities of
branches is copl(etdl)x irdentt)i aal(akox Eaheyixa (M) xw(hent differences from
the Viterbi judging |evel, 22 12 N o v 2002 nore particularly, to

cal cul ati ng Eyel=odean mgtglc -yfhe halfrate Viterbi decoder 8 cal cul ates
existing probabilities with making a set of two successive branches, so as

to realize a lrabir ahe apeva ifermuiar,t Pght )t BAoRat B @@bseﬁtlzoéﬁfa_@&@m,
accunul ating cal cul ations of eX|st|ng probabllltles of paths having

possi bi l|4dd es(d Ot -PE) preheyeth FeMavddRrdd et Rsiant AGOUBHARNE 0 G} A At ons
of each path of the Euclidean netric calculated in the branch netric 16.

The cal o) B¢ ) Wiowd CaP B IBLhtHEH | e o OUtHE 0fnd PSRRI dPIFTIE fpd s
established.” The path nenory 18 stores |nput data until data is

establlq$f§hanKij udged data is output fromthe path nmenory 18. The control
signal generator 19 generates signals for controlling the path netric 17

and the path @ﬁ@v&nté§po§a@oeuvpqh%ekgalaegera5ﬁ91élgaegg whi&heRy
trolling the path netric 17 and the path nennry : As descrlbeg above,

the diyifdg IR ORISR 11 0N o g8 QEEPS1 ARGY J(}t:gnrf dfth

enbodlnent the judging unit Iis a unit constltuted by a V't dbcodlng

circuit gﬁgfgb iy REfdF 4R d frd @l & LRETHL4 RN, Therefore, is possible to
S|nultaneouslﬁpcalgﬁ%ate exi sting probagﬁlltles of plural branch pat hs.

FFI T T SR T U R
branch metric 16, a path metric 17, a path memory 18, and a
control signal generator 19 as illustrated in the construction
diagram of figure 9.

As described above, the digital reproduction signal
processor of this first embodiment is provided with an
analog/digital converter for sampling an analog reproduction
signal at a period which is longer than the digital recording
channel rate, to convert the analog reproduction signal to a low-
rate digital reproduction signal having a period longer than the
recording channel rate and a judging unit for equalizing the
digital reproduction signal with keeping the low-rate and
performing interpolation thereto, thereby to take out data.

Therefore, the analog/digital converter or the digital circuit

operating at the channel rate are eliminated, thereby realizing



enbodi mrent of the present invention. 23 1 2 NO V 2002 APR (1, 2, 2, 1)
has correlation with input data three pieces before the current g§t®
Therefore, when there is no code length constraint in a nodul ati Qgezmz
.more particularly, the code length consitaint is 0, which results in a
state of 8 bits, (000), (001), (010), (011), (100), (101), (110), (111).
Therefore, the nunber of branches shown in figure 10 results in 16.

Further, figure 11 is atrellis diagramof the PR (1, 2, 2, 1) in case
where the code length constraint is 2, according to the sixth enbodi nent of
t he pr esentappanaiiso eperadring & idddd owe pemierc coasuaphionsapd offie lownicostaf
bits are reduced to 6 bits, (000), (001), (011), (100), (110), (111).

Ther ef orEmbadimemini?ar of branches results in 8. The conventional full-rate
Viterbi cal culates such existing probabilities of branches at every 1T, and
cal cul at es exrigung $ribbabi Viéweilblisprstbingcsampl ivgg tvo Actesinaf adnng total s
of existing probabilities of branches. However, the half-rate Viterb
decoder appdiod/dd gditad T conver tlerg@weceotrding aohal Eecond embbUimeditagfarhef
the PR (1, 2, 2, 1) in case where the code |length constraint is 2,

accor di pgesenthd nvese ierodimefiref4 (e i eserilew MdRsitatiten R iaaldy/
existing probabilities of eight branches are cal cul ated at every 1T.

Accor di peprodute ibal sigaad RNACemplRhebabiinitki 6% eheceRhhnali eAteQf ando
branches are cal cul ated. Wen the code-length constraint is 2 and PR (1, 2,

2, 1) i¥igure 4(b) is a view illustrating the analog reproduction signal
and sampling points of a half rate.

‘ In figure 4, when a channel rate sampling is performed, it
is possible to reproduce signals in a frequency band up to a half
channel rate from the sampled discrete data. However, as
illustrated in figure 2, the reproduction characteristics of the
DVD has a featured in which high frequency components are
attenuated to a great extent. Accordingly, when the frequency
characteristics of the DVD are noticed, since most of signal
components exist in the frequency band of 1/4T, in order to
realize a function of signal reproduction, it is not necessarily
required to perform sampling at a channel rate of 1/T. More
particularly, it is possible to realize a reproduction signal
processing having a desired performances, even when performing
sampling at a channel rate of below 1/T.

As described above, according to the digital reproduction
signal processor of this second embodiment, the frequency for

performing sampling in the analog/digital converter made a

frequency employing a half clock of the recording channel rate,



24 | 2NOV~002 enpl oyed, the nunber of paths according to the half-rate
Viterbi.is twelve as shown in the follow ngs: (~)Sa>Sa>Sa (2)Sa>§2>ﬁbg 2002
(3) Sa>Sbh>Sc (4) Sb>Sc>Sf (5) Sc>Sf>Se (6) Sc>Sf>Sf (7) Sd>Sa>Sb (8) S >Sa
(9) Se>Sd>Sa (10) Sf >Se>Sd (11) Sf >Sf >Se (18) Sf >Sf >Sf As descri bed above, the
hal f-rate Viterbi decoder can be realized in a structure, wherein a
probability operation of two branches is perfornmed, and accunulating totals
of probabilities of all branches are obtained in the path netric according
to the result. Therefore, a Viterbi decoder for judging a data streamof 1T
rat e cartherdaperzealizinhpdriamances depdrialentafovshose tine tiiegichainnel
reproducti on signal processor according to the sixth enbodi nent, the
code- | enmatte qormstess iTtg ofevdre whetulaatplayisgda ilowl retemfiregquéneysf ore, it
is possible to reduce the nunber of paths in the Viterbi decoder wth
enpl oyi rEmddtEinennisty ai nt . 25 1 ~ N OV 2002 As described above, according
to the digital reproduction signal processor relating to the present
i nvention, thpigagkod/ dsgat aiewon¥ruserabing di gttatterecoftapperating at a
channel rate can be elim nated even when a digital read channel enpl oying
t he PRMjriteerippldtaad coyarigfuritg id digipedsi ddaciiiov gégnad greidedsor
reproducti on signal processor operating with [ ow power consunption and of
| ow costaccbi@iifigiticila rafiner EaibddinendNdn RheC @yeelenits invehthba .espacign !y
for a digital reproduction signal processor in a recording nediumsuch as a
DVD- Rwiﬁ%:?%l%ﬂt% HTRUG Nl dYR 13880 is emplofed.v 200z 26 WHAT IS
CLAIMED |I'S: I. A digital reproduction Signal processor which judges a
di gital recorggdridghrel 60MAE 2HBELH0LER6LUHICES OPompESEH ohi &hzbgoread from
,ecor di ng medi um by a readi ng head, the digital reproduction signal
0Cess Qe ¥ Mg Fapler! 1262 dladonpodienict al3 ,canw@niepifier 3aMPldmp the
anal og reproduction signal at a period which is longer than the digital
recordi ng Gagarals.rate, and converting the same to a lowrate digita
reproduction signal having a period which is |longer than that of the
digital r?Corﬂhﬂﬁiﬁhﬁfnekefét§tu§fi§§9§é'ﬁéfﬂofméﬁuté 405i§RA1 OFAIAH 3s.
digital filtering to e lowrate digital reproduction sighal wth keeping
the | owihdh@ a0 28eRekR! e td Helidoplveetedl iteali ARt GR¥eam@ Bt NiTerA@lAL OF
for interpolating reproductlon data with the digital recording channel rate

fromthgdicg tial iegudl 138l @ Sin¥e¥polating FIR filter of 1T rate. At

this time, a half-rate Nyquist coefficient is set on condition

that a signal exists in a frequency band of 1/(4XT) or less. A

coefficient of the interpolating filter (Cn) can be obtained
according to the following formula.
Cn=sin(TnXmw/2)/(TnX7mT/2)

According to the above formula, the filtering coefficient
(Cn) at each point is as follows:

c1=0.127, Cc2=0, C3=-0.212, C4=0, C5=0.637, C6=1, C7=0.637,
c8=0, C9=-0.212, C10=0, Cl1l1=0.127.

Figure 7 is a view illustrating half-rate Nyquist response
characteristics according to the interpolator.

In figure 7, the abscissa presents filtering coefficients



a judging unit for the judging recorded data fromthe data stream
interpolated by the interpolator. 2. The digital reproduction S|€g§N V 2002
processor of claim1, wherein the digital/anal og converter perfo g
.sanpling at a half rate which is a hal fl®requency of the recording channel
rate. 3. The digital reproduction signal processor of claima1, 27 wherein
12 NOV~00~the interpolator perfornms a Nyquist interpolation, the band
of which is |limted to a half-rate Nyquist frequency. 4. The digital
reproduction signal processor of claim1, wherein the interpolator performs
a parti diCmeggoeach podmiomdtichn axei chl@uﬂuaésponagordmlgetparchealabpweponse
transm ssion characteristics. 5. The digital reproduction signal processor
of cl ai hormuliagr eind ame axidggiofy alsictisisasc shewist wvaddebyad ¥athr poidécdden
whi ch can performa half-rate operation. 6. The digital reproduction signal
process@r saiepcl aiThel abdver-eias driidedi dgitey poliat ipar fpemforaedo by atetaoing t h
one or nore a code length constraint in nodul ati on code.

. Af . AA. ASALEAradld. Nyyuddyt, cAeffilienfaSshAbuldAbe. Adfeided. Ab. AG Ay hAZSFAU. A. .
A9. A9. A{. A{D| 5J JtI

rate Nyquist interpolation.

As described above, according to the digital reproduction
signal processor of this third embodiment, as an interpolator
constituting the digital reproduction signal processor, an
interpolator for performing the half-rate Nyquist interpolation
having limited the band to the half-rate Nyquist frequency is
employed. Therefore, unwanted emphasis of high frequency
components can be avoided, thereby to obtain sufficient
interpolation characteristics.

Embodiment 4.

In the above-described third embodiment, an embodiment
employing the half-rate Nyquist interpolation was described. 1In
the present fourth embodiment, an example employing partial
response interpolation will be described as an example of a
structure of another interpolator.

The half-rate Nyquist interpolation is supposed to employ a
frequency band up to one-fourth of sampling frequency. 1In
contrast thereto, according to the partial response interpolation,
all frequency bands under one-fourth of sampling frequency are

not employed, and more particularly, interpolation is performed

on condition that a band of high frequency components is limited
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Figure 8 is view illustrating response characteristics of a
PR (1, 2, 2, 1) according to a partial response interpolator of a
fourth embodiment of the present invention. In the figure, the

ordinate presents filtering coefficients (Cn) at each point value
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calculated according to the above formula, and an axis of
abscissa shows each point value in a T step.

As described above, according to the digital reproduction
signal processor according to the fourth embodiment, in an
interpolator constituting the digital reproduction signal
processor, partial response interpolation corresponding to the
partial response transmission characteristics is performed.
Therefore, it is possible to suppress emphasis of high frequency
more than the half-rate Nyquist interpolation. Further, the
partial response interpolation can be completely matched with the
partial response characteristics of the transmission system,
thereby providing sufficient interpolation characteristics having
no unwanted noise emphasis.

Embodiment 5.

Figure 9 is a view illustrating a structure of a PR(1l, 2, 2,
1)-type half-rate Viterbi decoder according to the fifth
embodiment of the present invention.

In figure 9, the half-rate Viterbi decoder is composed of a
branch metric 16, a path metric 17, a path memory 18, and a
control signal generator 19.

In the branch metric 16, combinations of all branches
according to PR (1, 2, 2, 1), more particularly, existing
probabilities of branches can be calculated. To calculate the
existing probabilities of branches is completely identical to

calculating current differences from the Viterbi judging level,
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% NGV g

g



L' dBbC 1098 ! KS9' 109%& () -

109& ()-' 109& ()-!109%& ()-!109%& ()-"10% ()-' dcYaBbC

1098 S6MBLOYE () - 4109& () -, $109& () -! <S(%10%&' ()-$109& ()- ! 109& (12 NBE 2002
10% L$10% h& ()- " s10% h& ()- @10% h& &%-3y&10% h& ()-M 10 10 10s8@

109& () - %0a@C 10% K( ( 109KOK& ()- && 10% h& ()- &$$10% h& ()-9"10%

h& ()-&$10% h& ()-!hY(10%@& () - &B~ @ 109%.#10% h& ()-s s10% h& ()-y&10%

h& ()- 10 h 10 h 10 h, &10% h& ()- !'P((10%hph& ()-B~9s."?~_@ 10%&- m' 10%
h& ()-!<)(10% h\h& ()-L" - 10% h& ()-99%$10% h& ()- 'h, | (10%& ()-s&& 10%
h& ()- Mee FeUE 1y v gromadqlaping Fucd ideap pekEig%w% h half 10%
h& () - &/10@6h&f()3# aBbC 10%& "10?&§f()-LF,[109&+&Tgééglo?&xi(l- o
9! 109G rate Mideskl) derpdes (8 calculateg #xB5C1irgoBrobedRlifriesowaddbs’ ()
I'$) #109%K k& ()-' 109%& ()- !10%& ()-L!10%& () - ##$3$$3$$~ E 10% ' 109%& () -
T10%<& Makingy BO®ets qf) -tvol G8cr@8sive branches, so as to realize a half-

rate operation. Further, the path metric 17 performs

accumulating calculations of existing probabilities of paths

having possibilities to be employed, more particularly,

accumulating calculations of each path of the Euclidean metric

calculated in the branch metric 16. The calculations are
‘ performed until an output of the path metric 17 is established.
The path memory 18 stores input data until data is established,
and judged data is output from the path memory 18. The control
signal generator 19 generates signals for controlling the path
metric 17 and the path memory 18, and outputs the generated
signals, thereby controlling the path metric 17 and the path
memory 18.

As described above, in the digital reproduction signal
processor according to the fifth embodiment, the judging unit is
a unit constituted by a Viterbi decoding circuit which can
perform half-rate operation. Therefore, it is possible to
simultaneously calculate existing probabilities of plural branch
paths.
Embodiment 6.
Figure 10 is a trellis diagram of the PR (1, 2, 2, 1) in

case where a code length constraint is 0, according to a sixth

embodiment of the present invention.
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A PR (1, 2, 2, 1) has correlation with input data three-
pieces before the current data. Therefore, when there is no code
length constraint in a modulation code, more particularly, the
code length constraint is 0, which results in a state of 8 bits,
(000), (001), (010), (O11), (100), (101), (110), (111l).

Therefore, the number of branches shown in figure 10 results in
16.

Further, figqure 11 is a trellis diagram of the PR (1, 2, 2,
1) in case where the code length constraint is 2, according to
the sixth embodiment of the present invention.

When the code length constraint is 2, the number of bits are
reduced to 6 bits, (000), (001), (01l), (100), (110), (111).
Therefore, the number of branches results in 8.

The conventional full-rate Viterbi calculates such existing
probabilities of branches at every 1T, and calculates existing
probabilities of paths according to accumulating totals of
existing probabilities of branches. However, the half-rate
Viterbi decoder operates at 2T rate.

Figure 12 is a half-rate trellis diagram of the PR (1, 2, 2,
1) in case where the code length constraint is 2, according to
the same embodiment of the present invention.

Conventionally, existing probabilities of eight branches are
calculated at every 1T. According to the half-rate process,
probabilities of combinations of two branches are calculated.

When the code-length constraint is 2 and PR (1, 2, 2, 1) is
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employed, the number of paths according to the half-rate Viterbi
is twelve as shown in the followings:

(l)sa>Sa>Sa

(2)Sa>Sa>Sb

(3)Sa>Sb>Sc

(4)Sb>sc>sf

(5)Sc>sf>Se

(6)Sc>Sf>Sf

(7)Sd>sa>Sb

(8)Sd>sa>Sa

(9)Se>sd>Sa

(10)Sf>Se>sd

(11)sf>sf>se

(12)sf>sf>sf

As described above, the half-rate Viterbi decoder can be
realized in a structure, wherein a probability operation of two
branches is performed, and accumulating totals of probabilities
of all branches are obtained in the path metric according to the
result. Therefore, a Viterbi decoder for judging a data stream
of 1T rate can be operated at half rate.

As described above, in the digital reproduction signal
processor according to the sixth embodiment, the code-length
constraint of the modulation code is 1 or more. Therefore, it is
possible to reduce the number of paths in the Viterbi decoder

with employing the constraint.
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a judging unit for thé judging recor ed data from the

data stream interpolated by the interpolator.

2. The digital reproduction signal processor of claim 1,

wherein
. the digital/analog converter performs a sampling at a
half rate which is a half frequency of the recording channel

rate.

3. The digital reproduction signal processor of claim 1,
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4. The digital reproduction signal processor of claim 1,
wherein

the interpolator performs a partial response interpolation
which corresponds to the partial response transmission

. characteristics.

5. The digital reproduction signal processor of claim 1,
wherein
the judging unit is constituted by a Viterbi decoder which

can perform a half-rate operation.

6. The digital reproduction signal processor of claim 1,
wherein
the judging unit performs an operation with one or more a

code length constraint in modulation code.



