;e3eM\ VAL6T\I, 1 DESCRI PTION ADAPTI VE EQUALI ZATI ON Cl RCUI T TECHNI CAL
FI ELD The present invention relates to an adaptive equalization circuit
inplemented by a digital circuit and, noje particularly, to an adaptive
equalization circuit that is SU|tabIe for equalization of a non-I|inear

signal, and perfornms high-order partial response equali zat| m,mj”m’
equal i zation error of a reproduced signal having non-I|inear M%Wﬁpls
m nim zed when reproducing it froma high-density recordi ng nmedisgify. t her eby
i nproving the characteristics of thg d signal. BACKGROUND ART In

an apparatus for recording and FGDFO%UCIHggggga i”/fron]rECOUMMMﬁmmﬂmmgmm

reproduction of data is carried out without being affected b
di stortions, by using a nethod of detecting non-linear distorti orgpdhs-om a

maveforn1and correcting th to renove the
non-|inear distortions, orEDK?%??@dE%¢A%€%$$i§¥“§%#§¢iFsIice | evel of
maxi mum | i kel i hood decoding That is, in the recording/playback apparatus,
when the reproduced signal has a wavef orm with non- | i near di stortions, an

adapt|veTﬁgﬁﬁgéﬁfuﬁfgﬁﬂyethod I's enployed, in which the L12

The present invention relates to an adaptive equalization
circuit implemented by a digital circuit and, more particularly,
(-3 to an adaptive equalization circuit that is ;uitable for
equalization of a non-linear signal, and performs high-order
partial response equalization so that an equalization error of a
reproduced signal having non-linear distortions is minimized when
reproducing it from a high-density recording medium, thereby

improving the characteristics of the reproduced signal.

BACKGROUND ART

In an apparatus for recording and reproducing data in/from

(vj recording media, reproduction of data is carried out without

being affected by non-linear distortions, by using a method of
detecting non-linear distortions from a waveform and correcting.
the waveform with an equalizer to remove the non-linear
distortions, or a method of controlling the slice level of
maximum likelihood decodihg.

That is, in the recording/playback apparatus, when the
reproduced signal has a waveform with non-linear distortions, an

adaptive equalization method is employed, in which the



distortions of the waveformare estimated fromthe reproduced signal to
deci de the characteristics of the equalizer. To be specific, filter
coefficients of the equalizer are optimged so that the second power error
between the | evel after the equalization and the original |evel of the
reproduced signal is mnimzed. Further, when equalizing the reproduced
signal during playback of recorded data fromthe recordi ng nedium parti al
response equalization is enployed to suppress enhancement of the high
frequengy shand ioAEP YL QEV%&%rh?Q&%d%%%gm%EgBaErSHaEﬁgt$%E§Bhﬁ§e8nd to
prevent the error rate from being I ncrease ue to noi se. partral
responsg;e4ual i-zaty IS LQVI Si ora Ldipg_mul tj ple val ues
by approé%ﬁatelé ?%%?F§|F?ﬁg%?%gqﬁu%ﬁ F?}cgf8?n%§¥f§§§%g%z%£tmegﬁ %Sdes in
a signal restd:ihetin . Sil; I wi_t_h ect_to the frequency
insteadsgf%?%ékﬁe??&?%ﬁ.%?hgﬁl?égﬂgstg?ggbesFéﬁsifﬁgrb%r%qﬂgp?géaegnﬁoa

si gnal i layi t target._ sign are_superposed to nmake the
nulti-vgpégdQﬁ§v§¥§%§gséoggra%%§8?,gs%HeFﬁe%ngigVeysa5E%Bdgﬁeby per form ng
provabi Li eyl ati ing_a Viterbi decoder or the |ike. Thereby, the

| evel s Sﬁ&%ﬁgggggﬁgla%?e%égsgf§g&8?gc?838 'P%OEPeUE?HﬁO?ﬂﬁeﬂiﬁhg??%qh%ncy
band copponent s of the signal. A conventional equalizer perform ng such
parti al resgﬁﬁgg'equalization has the follow ng characteristics. That is,

when 3 the ual i zer .receives, a reprqduced signal, froma portion
cor r espondi ngEe‘?%t %r’e&gée%fe%u%rbé)nra“bi’feﬂﬁo eShsitgRR ndydtid
recordin? ngdi#nl r a gortiog phere the direction of vertical nagnetization
i i nvePt8dPer 8gu5FF ggefngaranfoamcERe sFERAFIRY SR RHYRI i BAFFEAL t ar get
val ue. Therefore, equalization to the target value is not conpul sory
perforn€8588nﬁep8ﬂ933ﬁ28 1PRel fabfBP ?ﬁ?&nﬁ?i?HB%rﬁﬁér%PQ¢RF%Wﬁﬁ% @ g-he
cont i nugus xcluding %he bot h edges of the portion, and thus_ the high
frequen §géoﬁﬁ8ﬂ8ﬁ9§ i éPGdEGmPﬂngﬂEsr%ErBﬁ%céﬂPg?QH%ﬁdeﬁ%ﬂ%ﬁ%vented from
hasi zed,unnecessaril vy, mherebgBthe noi se i ncluded in the input

being e
signgl ggafﬁﬁtﬁﬁﬁﬁFFféran bPeRERYRUL f F3gh BEFAY ¥2bmshiam &Reing t he out put

signal of the equalizer. Further, when the characteristics of the

r epr odutBArER8RAI 0Gr §© PRLSSN ratio of the output signal fromthe
equal i zer can_be maintained by adaptively controlling the characteristics
of the equaJf%ﬂﬁ.paﬁﬁ%;ixﬁﬁﬂﬂéhﬁe|ﬁﬂ¥9¥iﬂ§$%°@$léu?p@?tBQQr@§ponding to the
. code-inverted rtion. Qf the reproduced waveform of the optical disk as
a signaPr?8+S%8ﬂ?£g¥I?ﬁﬁlgﬁﬁgc%%*?+ﬁ}%hY§1%ﬁst@%&%Rﬁﬁﬂﬁ%kﬁ?e%md adaptivel y
control s tge Lg coefficients so that the output fromthe equalizer is
parti al SPREPINSEREqHAT | TRAN LAY eXhntH ke BF e EeRE\RETHHTRICHHRRITT &  as

describgggggfyeaﬁg restricting the signal power with respect to the
(;' frequency instead of the decision.

That is, a target signal to be equalized and a signal
obtained by delaYing the target signal are superposed to make the
multi-valued levels easy to appear, and the signal is decoded by
performing provability calculation using a Viterbi decoder or the
like. Thereby, the levels of the signal are easily detected
without using the high frequency band components of the signal.

A conventional equalizer performing such partial response

equalization has the following characteristics. That is, when



shown. in figure 2. An adaptive equalizer shown in figure 2 is one disclosed
in, for exanple, Japanese Published Patent Application No. Hei. 8 4
153370, and this equalizer detects a posgtion corresponding to a pit edge
of a reproduced signal or a portion where the direction of magnetization is
inverted in vertical magnetic recording, and perforns equalization to
predeterm ned reference anplitudes (-1,0,+1) at the detected position.

Ref erence anplitudes corresponding to other positions than nentioned above
are not dabi 8qdalibes £6ULVESTahpspibd@Cedas i@l -Arom "D poithy t1" as
reference anplitudes. In figure 2, 27 denotes an input terninall}or

recei vi ngoarehppalihg b6 sHbagsedrto MovSEQI Y el dzat %}%-m 12a, 12b,
|

and 12c denote del ay neans which are connected in series I's order, and

each del i i j : i i . e _si gnal
out putt e%xg ggrghﬂ;é hg@%ﬁ%ﬁ%ﬂ% leéren@%ﬁ (%g&:p %ppﬁ%?#ﬁ#% héeﬂ%gql-a&yec-rge}'éjr?s a.
Furt her, i : o} ors, f oryel ating the output
signal s ??gﬁ]ltcﬁgb%ae ay ﬁ%ﬁﬁg&gz%f %‘f)éﬁi%%' Vit heoi%&olu{epsu{% hsei grneﬁr%fr%l(ﬁ:rﬁp
switch 24; rehed. | ; t rther, 26b, and t.he .out put
signal s g%gﬁnéggégd%rlrot %H%ﬁ?‘gﬁr&s&?‘%}%’t i‘%lle%"‘lr]'ati%éggﬁ?%%e’co??%q]altzoﬁ‘%l a,

cireurt Pnerheterare irkle LOIANEIeof AR bk AR FER, el Tam it

circuit. e transversal equali iFon ci'r

meant o Dy iy S0 Bh RARTORAE Ak Y Toadb, e By oot Rdd « om
1 100 EabcrStliedT S O Sno it Gkt PRl FHR ARG SFBAUSRSY, and Loc
260, o SR RUUES aod (RS E Rl Shomaly Arec s R s fEomo! By

i gnal roomd el Mo Rt CRRY The' BiitoRodns] cadenn she

addi ng t t pu i l.s fromthe buf.fers 16a and 16b, .and 14b denotes an
addergf oﬁ%@%i%ﬁé?#e%t%ﬁ G ASmAnSY Rtesh TE8T Bedngh&Tansmettedc.

Furt her e 8 es. an out termnal for outputting the output signal
fromt hretpaéadt eer2 ﬁw hsa]’t&lasl, qq?lle&%e\ geﬁéllar]\ﬁ‘ﬁeéh has been subjected to
maveforn1equa%hz%hion bﬁethg adaptive eﬂuallzer; 21 denotes a ternary
deci si on circGiE “PSF’ stHBFBcHPRgCPAGASEGhLPCECS r 0fn ERe BeRIRAUGRd nitanabsg to
ternary decisign; denot es ref erence agnplitude generation circuit for
gener at i HF & sﬁq&aﬁ%?ﬁ r?gf g:qeefoélrt@%e S&%ailt dFeMokhenedBadi gesf Capebe
out put si%ggg fromthe eraQétdeci ion.circuit 21~ 17 denotes a subtracter
for subtTPaett %ﬂiﬁéﬂ Y (B LFQtdn g &R FRRragterdatife 8ht phe

si gnal %()atfuégeference anplitude generation circuit 22; 29 denotes a

del ay cir%nu% 3or'delaying an error signal E1 outputted fromthe subtracter
17 by one uni% time I‘ 2% denot es switch for disconnectkﬁglthe out put of
{he delay cirlOrt STUAhHZEENRPET | AL AT S r O RGP T ESSRANBNE (s Ghd t o
the correlatars 25a, 25bt.and8%5%' and 23 denotes an error signal selection
circui t FOIE FRVSHEH §OF tdre Ofi ShesF§RaPIEcedr wagREPEM PRgERRCORW E3h 24,

on the basis of the output fromth -
disk as a gignaap%or contro?ling tap coefficients of the

equalizer, and adaptively controls the tap coefficients so that
the output from the equalizer is partial-response-equalized.

An example of a conventional equélizer as described above is
shown in figure 2. |

An adaptive equalizer shown in figure 2 is one disclosed in,

for example, Japanese Published Patent Application No. Hei. 8-



6 ternary decision circuit 21. Next, the operation will be described. The
signal, which is obtained by subjecting the output signal R fromthe
transversal equalization circuit 20 to tgrnary deci sion by the ternary
decision circuit 21, is converted to a ternary signal D having a reference
anplitude by the reference anplitude generation circuit 22. The out put
signal R and the ternary signal D are input to the subtracter 17, and an
output error signal E1 is taken out. The error signal selection circuit 23

extracts, fromthe output signal of the ternar | ST MYy Gd dpafidingl ta lee
tining ajswhioh andethesteqeakizef dfgFatsid %%%lpu%,r?and out%dtﬁs a

sel ection signal S. The switch 24 is operated by, E£Sti100 Sigradidh so
as to seggtoghyetbg affeprbdeceﬁréiggﬁgn%F ﬁsp%¥$ﬁggf§ﬁ%e error signal E2
rrela

to the c or 25. Wen the selection signal.S be h¥&ind heand
SW t ch zéfiﬁagh%%géatwbﬁrQbyinhertﬁéuPnEznglFﬂ£ %%$§§€§§o?§ %%oné%hequal
to E1l. AsTa result, the tap coefficients of the t%ansxeésgﬁ eapgyégation
circuit %%f@a%m%d@@hbmghﬁtdontmolpeédééééwépﬁé EBLPRE™CGrfef at ron bet ween
the reference error signal E2 and the input signal fr%n1t § ;iR termna
27. On ”}Q.f’td‘etfl hand + Heh e il esle lpostiitdensi g RAEeESNES Rattive, the switch
24 is opened,’anJ the reference error signal E2 to. be ingggvgoaggcﬁot
correl at oro%m " other thdvs ivElanss R H@”F&Bngge I'cients of the
nultiplié? I'n the transversal 7 equalization circuit 20 are not
changed.(}hgréé@re two output signals fromthe ternary decision circuit 21
and it is*%ssuned that these signals are T1 and T2. no" and "+1" as

This equalizer has three values "-1",

i terminal
reference amplitudes. In figure 2, 27 denotes an input

j ization
for receiving a signal to be subjected to waveform equaliza /

[4

i input
series in this order, and each delay means delays 1its p

5 25b
terminal 27 is applied to the delay means l12a. Further, 25a, '

i ignals
and 25c denote correlators for correlating the output sign

i i m a
from the delay means 12a, 12b, 12c with an output signal fro

i 26b, and
(i? switch 24 described later, respectively. Further, 26a, '

i i from
26c denote integrators for integrating the output signals

the correlators 25a, 25b, and 25c¢, respectively.

i i i .t- In
!

i te dela
the transversal equalization circuit 20, 12d and 12e deno y

r i i i d each delay
means which are connected in serles 1in this order, an

i i signal
means delays its input signal by one unit time T. The g

i i la
outputted from the input terminal 27 1s applied to the delay

means 12d. Further, l6a, 16b, and 16c denote puffers as



These output signals Tl and T2 fromthe ternary decision circuit 21 nay
have any of the following three states according to the | evel of the input
R both T1 and T2 being inactive, only Tl being active, and both T1 and T2
bei ng active. The reference anplitude generation circuit 22 generates a
ternary signal D having a reference anplitude according to the state of the
output signals Tl and T2 fromthe ternary decision circuit. The error

signal selection circuit 23 decides whether the error signal El is to be

used as i IQIEANRIGE erfifls Sl KRke B2 a Nolan, WIS et QULRYLST gaalcTt Lhom

the ternary decision circuit 21 1's inactive'for successive three€

e, Orsithen 4 e-auil Gnghat (AR e LAEABEXFOEE ShaT, VM2, |

i nactive for successive three or nore e”selection §i
o Lo Zh e, VBl 7B WIBebls, 2L IRl (SIS ptay 1o
e Bk 1Ae B B8 Y AL B b a8 L8, IR0,
! et SR e B RO BB B0k SRk DLy R 1O O
descripgé%%t%% 5V%8d%2 %%%agbﬁgkbo%he output signals from the buffers

l6a and 16b, and 14b denotes an adder for adding the output

f‘? signals from the adder 1l4a and the buffer 1léc.

\ Furthermore, 28 denotes an output terminal for outputting
the output signal from the adder 14b, that is, the signal which
has been subjected to wéveform equalization by the adaptive
equalizer; 21 denotes a ternary decision circuit for subjecting
the signal R from the output terminal 28 to ternary decision; 22
denotes a reference amplitude generation circuit for generating a
signal D having a reference amplitude on the basis of the output
signal from the ternary decision circuit 21; 17 denotes a

(;} subtracter for subtracting the signal R at the output terminal 28
from the output signal D of the reference amplitude generation
circuit 22; 29 denotes a delay circuit for delaying an error
signal El1 outputted from the subtracter 17 by one unit time T; 24
denofes a switch for disconnecting the output of the delay
circuit 29 and generating an error signal E2 to 5e supplied to
the correlators 25a, 25b, and 25c; and 23 denotes an error signal

selection circuit for outputting a selection signal S for

controlling the switch 24, on the basis of the output from the



,> 8 characteristics obtained as the result of adaptively controlling the
equal i zer characteristics such that the second power of a difference

bet ween the equal i zer output val ue and gyy of the three equalization target
values {-1,0,+1} of PR(1,1) is mnimzed for only the edge of the recording
pit, during optical recording in the case where the anplitude of the
reproduced signal is |owered due to high recording density. The PR(1, 1)
nmeans that, when perform ng partial response equalization, a weight of "1"

is given to each of. t.he or.iginal signal and the signal obtained by del aying
the ori &erﬁﬂar% &’Fﬁ“llsﬂfnoﬁé‘r%ﬁlt% tzlsirfe In this case, although the equalizer

has three equalizatjon target,val ue two values |arger in,level than the
three target yﬁFEestEﬁp%&?g?ﬁl?ﬂewégﬁap?ZQ?S%E%B%@'anﬂgetﬁégﬁ? r eWhiGR
equal i zer output is distributed concentrating on the five equalization
target el fRE3IRaLERY SuEd e G H&e PatPutasigRathEr TEQBMSEE, when the
equal i zer characteristics are adaptively controlled such that the

equal i z&tiaFvVieiSdt eiaddeafionsGirquil 20 4Qdterapryederds1ipBt R¥ehbehe
equal i zer output value and one of these two values is mnimzed, two val ues
appear iteanREYedlenision sl #laddist icoRvestedetowd tgrgaryvaigesl D
resulting in four values of reference anplitudes. Al though the |ow order
'partialTﬁé@ﬁ&h@éﬁmﬁﬁﬂﬁEQ%sﬁmﬂéétﬁéeeéwal'@erﬁﬁérﬁéﬁﬁoémégétﬁﬂgnal to the
five or four values of reference anplitudes which are not necessarily equal
to the geanerayisf elaeddtardpl.i t the qutimet sdgniadl R @nsoiide deanagieri stics,
actually equalization is carried out as if using the high-order parti al
KeSpons@ij'téﬁod) dreediapute tot hegsiubptaraties Rilghahdegnenuyprbindrtonponent

f the reproduced signal is reduced as conpared with that of the typical PR
(1,1) equgnadeEl Havitadesuomtf.requency characteristics, the reproduced
signal power which is concentrated on the |ow frequency band during high
density recor@hagerrnorbeighil ciehetyient chrteit adl extmacts wi ftmutthe

output signal of the ternary decision circuit 21, the timing at
which an effective error signal is output, and outputs a
selection signal S. The switch 24 is operated by the selection
signal S so as to send only the effective error signal as a
reference error signal E2 to the correlator 25. When thé
selection signal S becomes active, the switch 24 is closed,

(h, whereby the input E2 to the correlator becomes equal to El. As a
result, the tap coefficients of the transversal equalization
circuit 20 are'adaptively'controlled according to the correlationl
between the reference error signal E2 and the input signal from
the input terminal 27.

On the other hand, when the selection signal S is inactive,
the switch 24 is opened, and the reference error signal E2 to be
input to each correlator 25 becomes "0". So, the values of the

tap coefficients of the multiplier 16 in the transversal



enphasi zing the noise in the high frequency band, whereby the error rate of
the equalizer output is inproved. In the follow ng maxi mum | i kel i hood
decoder such as a Viterbi decoder to whitch the equalizer output is applied,
the recorded data is decoded with inproved error rate, by the method of
controlling the slice level using the equalizer output as the reference
anplitudes. By the way, since equalization using a transversal filter is
performed to renove |inear distortions, waveformdi stortions conprising
only |i Remialdizatebhi eiscarie @f @i wekychengead from the reproduced signal
by equalization using a transversal filter. However, there may be a case
where the wavehrén gist owbdi atpeaNsidndEs ef f &¢ tinee| te rreiray bciddpandi ng on
t he signal waveform For exanple, a reproduced waveform 60 havi ng asymetry

as showgiirgufiitgpne @neohkiesRORESuadt BhatCahtse! Bi§heL S eRF@IDT eshaeyef or m
60, the convex portions of the reproduced waveform correspond to recording

pits 61, and $les&ONEAYEL PYILARDS PNEUROIT2 Ak WHE RN 40 qrRA-digrOr di ng
pits. Wien this signal”i1s reproduced wth a nagnetic head, "the anplitude
| evel of.. : for (I g (=W T\ e [ r S a i | eve
T A e A S s T
relativel n [ it yde ekh+10 h r
reprodpggﬁt?ggﬁgyggeggngggsﬁgpkgrgfhg%€¥hglsé?grg%rgﬁfégyg?gégi_ bno?%%
recordi pg B%%nglagEi e LLHkEh Q?tﬁﬁanTEhﬁeiﬁgoégtﬂgep't?hglrb§erence
rel atively short, resulting in non-linear distortions in the reproduced
si gnal . ht Lf.or m. hi.gh~d L cor dj igal disk
VshowﬁE%%Egﬁgﬁr§g§?r§%ﬁg®b?%?%513i?27§Q§§£égégi%ug%s 3P?o$%%§£%y§a | aser
eam 70 . this ti [ I di Lt 75, .t [ i af i [ i h
t he Iasgﬁégg n976%$§§Fg§%f%%ﬁ?ﬁgpgéohEESPg%?giEﬁ,gﬁﬁe%% y ?%gog?%aaﬁﬁﬁéﬁe
recordin it 75.is_not,.record a iformleyel,.. ting in
IRl s fa' Peloraed oy Te rabutty SoRAs SHR cihgitt!

unevenné si gnal” ['eve area.”,  Wien the

ded si | i d ith the | | T h
SE0 e ool 8 BB WALADS, gt oo Ty LRSS
[ |1 | i . . Ih | i st i ts. | inth
vewver or SEREY AGIAG Baniti HeabealBFRr ¢Fofis Tk bR CReEF op St B bl 1 (1

o ot BT oSy e (PR Mg, T8 e SRR E ARy CgLT BT 28 T

sa r esul i ncrea €érror rate.

the CO”%@REF?E@'QF%E% r‘}ioggls%'c%%%%e?{?f??%gt 8§’1T£95 e d eﬁf%}xé’ﬁsﬁ{' bed

above, i'Sstortidns occdr in reproduced si gnal en the

e Bk, S SRS e
{ i ,
Fosul 11 A% RUEORSPAdPabr e EneroRge: FPRG’ ofps PAFEERE R BME 5 FIOR T

usual ly co S f consti.tuents _such as.signal de] upnj e and
gggtipIFgFgggmﬁgnBFFOBSPf&Pﬁgtégﬁaggz%¥§%ﬁdgn€%§s?ﬁ%%f %%@@%bq%gngﬁ?%ear
’tort%g%zgﬁit cannot _renove the non-linear conponents. Therefore, the

error b ?FﬁgnSStSﬁfogf the equalizer and the equalization target value

vares under {IRERCESLehe on e aluaciey ey llsaietheo

Lo cqualRsé ERBSsFahth ChavEFErm PhOLRD SaLarTIari eht ot pavat uleidy | !
means 29 is needed between the subtracter 17 and the switch 24 as
shown in figure 2. Further, with this delay, the delay in the
equalizer input signal to be input to the correlator 25 is

increased by time T.

As an example, a description is given of equalization



Further, ‘when the equalizer performs partial response equalization on a
reproduced signal froma high-density recording ,: nedium since the higher
har moni ¢ conponents of the reproduced sggnal are enphasized, the noise of

t he high frequency band characteristics having | ow anplitude, which is
included in the reproduced signal, is anplified, whereby the signal after
the equalization is deteriorated. As the result, there is the possibility
that the output signal fromthe equalizer may include an error signal

e i A i iy
DY 5 5L LS Dbl LESBORTE O L O BUENEE pdhdk g£S
CargetOhEaBseRcE: hebRegh: tha patadvers, hertt FR8 A€ é%fi%f?éﬁé it Qs

W th hi GREPSpPABRLHERLL The tAEEEENTatABNTT brOt b e FBCEer UetThe " T O

above-descri bed problens and has for _its obgect to proviqg an ada tivel
equal | zBLR&MLERACEPT SDL¥edNE0®4IROATI FREAFOSPEIRT Bht e A REH DR b 77
highly precise adaptive equalization and inprove the error ra e.(iISCLCSURE
OF THE KRVEKRILON LR §h8eFass ¥BR¥E the aBBiitudRcPf pbRe pFobreMicedn

adaptive equalization circuit according to the inveption iﬁ C%gi i

equal i zesgaali hpulovrgrel dugvitRghAGH- FPReRAIAY s#eR$1bhs, 4nAd ﬁg}'ges a

| i near equalization nmeans for subjecting the input signal, havjng non-I|inear
st Or t M@ABSt ShAFghWhERePEFAPEMANTr RapbR3s EEERPRIA PO LHAPEEN 1 0* t he

‘nput signal; a provisional decision circuit for receiving,.as an_input

signal,WﬁhghﬁupﬁuflgigﬁaglﬁﬁanﬁphéappnﬁﬁrtBﬂu@F%%bP?%nsh@§ﬁ§,a %dthe

estimati ng an equalization target value for performng equalizatjon_w thout
bei ng affigpaddobyainednbi- Heaayingi §her praginal shenfhplY SRGNEPLt TIBL 4,

error detection circuit for detecting an error between the provisional

deci ded equalInzathioh casgetalithenaile R ILiFRE 2 rtdAes @r?ét‘lald'é&téioéﬁ

circuit and the output signal fromthe |inear equalization nmeans; an input

di st ort tamgest welizes, citWouvelies dareeri Ag anvetlrbhapetheekh¥ee target

provi sional |y deci ded val ue obtained fromthe provisional decision circuit

and thevadpes spgeal; ianthet pauadiigesr ppsRUBepREt | BRCERERERt ¥B® nonitoring

the error outputted fromthe error detection circuit; an equalization

target egualdkzemeonsprlsr isosissribngedheorgantratingnofafpetfive

equalization target values in total.

On the other hand, as another example, when the equalizer
(; characteristics are adaptively controlled such that the

equalization target values are set at {*1} and a difference
between the equalizer output value and one of these two values is
minimized, two values appear in the equalizer output in addition
to the two target values, resulting in four values of referencg
amplitudes.

Although the low-order partial response method is used to
equalize the reproduced signal to the five or four values of

reference amplitudes which are not necessarily equal to the



val ue fromthe provisional decision circuit so that the equalization error
is mnimzed, on the basis of the signals detected by the error detection
circuit, the input distortion detectiongcircuit, and the output distortion
detection circuit; and a tap coefficient control circuit for controlling
tap coefficients of the |linear equalization neans on the basis of the error
detected by the error detection circuit. Thereby, in the high-order parti al
response equalization, the non-linear distortions possessed by the signal
before thgeeauaki aablRudadorhese PQ%%ﬁéiegerﬁohE@ Sh@patt i geiLhe
equal i zati on are observed quantitatively, and an equalization target val ue
at whic he1eguaki;zat,9RiBR" I k Qhm.Zed. LS; au i ly: set he
basi s o?c%he vglugs%_wzeréb§ ?Eebggg%?grbégs%%nég %ggg?igg%i%%égd%gg%% to
the | NPyl rehdfakcdakhaa RERnbHNCATHI-SbarE ORfel SaiR3bE2ee dhghefore, even
a reproduced si gnaf "havi ng non-1inear distértions can be equalfZed with
hi gh Y b ' apsye ' r is_a_ linea
rHEGREREY S bARa LoltBbAln?, LEARRYCLREULELET LR 26 RdOER a5

equal i zat'i tenm résufting in inproved error ra

he i . . : . : : . .
descri bSIHEATERAAFY TRRE BFobNe SHBTCRbor S oh bl r SI LE6Thr | S48 ET81 nary
deci si ' it f deci di that.th t put_Si | f t | i .
] B L B Bt
Si i i i Si [ i on, bas
i gh- of G8r SBFERAF e FadpBic EREy BR% o hEFRRBRCY L BEH: rHERE AT PR 2ot | on
target_valuea.exist-.gndegg.equagizatkon tgrget %alue selection circuit for
€et ect i fGQR7aPRr GpPi BEeCLEASEPRALY oft fﬁ?ﬁ T VAP G T Hé‘_'tr}}‘@'b%r ed
equal!zatlﬁn target valuesS on tpe basi s gf the signal obtained by the
addi ti off"EPAELAEIITHBF eBYL SRt 1RsthRt BETR L FRIRRGA RAT Frat WRERSRY Jrhe i ve

equal i zati on tagget vghues, aEd adagtive equalization is controlled
accor di AGTPE FAESeCTaligsSIRAFLREF, CURPUbpF BptTRERVeJual i zati on tar get
val ue can be selected fromthe u,dateq{ ual.i zation target val ues, whereby
an equalizaiifhléhﬁ l%ﬁﬂ%ﬂgfmﬁéiﬂﬁﬂﬂ'éi%ﬁ%&?QQaﬁeE€d§§t?Hﬁpeéswﬁthout
bei ng aftectgd ag tge ipgut sigpa$ havi ng, non-1inear distortions. Further,
accor di g TEEPEhECFAGERt FEnWRECH Ehen @Iuahizer iRy 2 ARRYLRH i dhi r cui t
as descri bed ia éﬂﬁiﬂll, t he equaljzation target control neans updates the
plural EGGSFASH: B3Rt 4F gRECOGPTE TR ITRIQUSRE §FHRF dratfyd e dhsy &8 cher
equal i zat.i on gaéfﬁt val ues fhen font olljng the equaljzation 15 target
val ue sBTaSORBTAFhiRT ZERE Bl LGRal FYat i GFiRT rihe HARPT ( RERMFuAS 28 on
target val ues can be_ controlled so

reference amplitudes.

By the way, since equalization using a transversal filter is

(,; performed to remove linear distortions, waveform distortions

comprising only linear distortions are effectively removed from

the reproduced signal by equalization using a transversal filter.

However, there may be a case where the waveform distortions

cannot be effectively removed, depending on the signal waveform.

For example, a reproduced waveform 60 having asymmetry as
shown in figure 6 corresponds to this case. 1In the reproduced

waveform 60, the convex portions of the reproduced waveform

correspond to recording pits 61, and the concave portions thereof



as to mininize the equalization error, without being affected by non-linear
distortions included in the input signal. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a block diagramfor explainjgpg the structure of (", an adaptive
equal i zation circuit having non-linear distortions, according to a first
enbodi nent of the present invention. Figure 2 is a block diagramfor

expl aining the structure of the conventional adaptive equalization circuit.
Figure 3 is a block diagramfor explaining the structure of a provisional

deci si 0RoirkSBion e, hdnle B riff gl pi ek . emﬁ@hﬁ%ﬂ&s%ipﬂgli ﬂge%gpaaugéaw e

4 is a diagramfor explaining the structure of an errof detectioh circuit

accor di 04 th0 ol g hichtsl ebedi ERR! afb11BRALNYEILY 08 ERIWiSyerdin G4l apram
or an |

for explaining the structure utput distortron detection circu

oo o eprbduted 1513 0 TORdLHER AL LRELLRKESR! Phvell ALE fad S AAAHA™

for exp ning the cause of non-Ilinear I ons occur

rRonel, BiSCE AT doRLaIShec O Brd oA AlAT A o SpLeL 1o (e

playback, 1B gyLs B1lhiq? (hWeCRAL ahBY; EXRL21 2L0P LPC QPRSI AN A1L0T o A ne
reproduced signal becomes smaller than the saturation level 62
when the recording pit 61 or the interval between the recording

(g‘ pits 61 is relatively short, resulting in non-linear distortions
in the reproduced signal.

Further, when performing high-density recording on an
optical disk as shown in figure 7, a recording pit 75 is
continuously formed by a laser beam 70. At this time, in the
recording pit 75, the irradiation time with the laser beam 70
varies from portion to portion, whereby the area in the recording
pit 75 is not recorded at a uniform level, resulting in
unevenness in the recorded signal level in the pit area.

Ci? When the recorded signal is reproduced with the laser beam
70, the reproduced waveform has non-linear distortions in a
portion 74 where the recorded signal level is uneven. The non-
linear distortion components included in the waveform having the
non-linear distortions cannot be removed by equalization using a
transvérsal filter. Therefore, waveform equalization is not
carried out satisfactorily, resulting in increased error rate.

In the conventional recording/playback apparatus, for the

reason described above, non-linear distortions occur in the



16 equal i'zation target control means according to the first embodi ment of
the present invention. Figure 9 is a diagramfor explaining a correl ator
and a tap coefficient control means accpoyding to the first enbodi ment of
the invention. BEST MODE TO EXECUTE THE | NVENTI ON Enbodinent 1. In this
first enbodi ment, an adaptive equalization circuit suited to a non-Ilinear
signal, which perforns highly precise adaptive equalization and i nproves
the error rate, is inplemented by a digital circuit, by using high-order
parti al egqyaghhzal,l bt [ . favy -1
distortf%ggeg?éﬁggﬁﬂgggérgrgg Sgﬁs??§§g%$%€rggﬁééﬂgwgygh dépt?ggEher’
equal i zat | WEGUI & St npnz | j I . or cli t i rst
enboding%?egfﬁ?ﬁggp?gsghgigﬁ%§n$PoﬁaeI% |é%?%g@?gﬁ%ﬁ%g;ngﬂgggdﬁa?nﬁ%%éi
t er m nal, ¢f 3V an.a g t e j 0 vef
equal i zgfi g%?5§8§gngtagg gﬁ ﬁ?%gggﬁée? &r o? Ec#eéér c}%% %%%H%lawrg%%i gnal
fromthe, | et m a; dL.qi Si s enot.es. a phase, . .
synchrO%PEQFF%%En%ghégkg%déghe%gkg%ggétr%%?%%u% i%##%ﬁ%ﬁﬁ%zﬁ%ﬁﬁiﬁ%ﬂ?t%?the
out put §j th onye r 1 and supplying it to the AAD
converté?ggﬁagﬁégggdgﬁgféggé ?¥a%é§e?55$rff?Ygr as a linear equalization
means whi ch rgceives, as._an input signagl, the output _signal .fromthe D
17 converter “tRGHAT hq%uﬁalrjazh é"rssélls%laliltyercot?ﬂ?g?%s8—fc§gpéﬁl|§f"9n(t|§i ﬁflég
| mpul se F@sgonSﬁ) txge filter ¢ nstructign.%*n.t e trangversal filter 3,
120a t 0®320t903hotelad W hdandddptin 2R B BFIm st iRPRE[Ims
order, and fach delaé nmeans de# S its iéﬁnu'Si%Qal'b one unit time T. The
(@) 2y rEdhRII0E Pacun By MRYIRG e HAt e diSHRVGIA 11 (nnpt
urther, 130a éo 130f fnd 1308 denot e nultigliers whi ch receive, as one of
two i npEEPRYGnERE, PPhel+ABET SPHRRREN D t NERBES B9 FreaiRe 1905CF PABERThnd
t he outgﬁt signa{ f%og1the deia% neaqf 20f, respectively; 140a denotes an
adder fbPeadiFRYCt A BhE pREURtHAaF 239 ohe IR k335 4ot Fargst #LUB0b: and
140b to_140f deﬁgte adgfrs for ﬁdqinq}the DUtiﬁF signals fromthe adders
140a t 0V3%beS a9t hel DUt PTECei Ghatie M d e THaHAHE IBF3C Io WHSFSPY
respect'veI%. Efrther, 15 genotes an output termpal for outputting the
out put SPGnETURLHAR EHRD  PERSTEPRGY ¥F 1%ueedys 3 diiep e vaidgdan &t ttives
adaptive equalization circuit; 4 denotes a provisional decision circuit
whi ch r'EEs LREM FEOB U tRE S Teghiea F Qi Y Hd i UR i dAGTRASSh cidtdine
and estimates an eqgualjzation target value for perfaorm ng equalization
wi t hout T8 hly at f et et B EPEt | P RTW GRS T/ i HPnadn Haviedarmite: &1 ons; 5
denotes an error, detection ciycuit for detecting an error between the
out put SFYH=HZ3FHAR t FREPF VTR Whal decision circuit 4 and the
abovedescri bed input signal; 7 denotes an input distortion detection
circuit for JEFEDETMgYREF e S © &RTt RETHPEWPsPBREIRY HREPORE® 18 val ue
obtained fromthe provisional decision circuit 4 and_the output signal from
fhe A FEHVEFIEION ;O YeHRERIUGPDRIINATI AT 13 S WeOSBSLEY ErrOFOLNgor
nDnitcwiéﬁhthe error gutputted fromthe error detection circuit 5; 8
denot eSS W aF 1928 i HE 1R IRR T AR Sre P angn tso fr Gihej kgprpduced

equal i zation target value so as to mnimze the error (equalization error),

on the PR 39 HIRY YA e o dihe e 38y athdher hdahddreauesrycbpadi t S,

characteristics having low amplitude, which is included in the
"reproduced signal, is amplified, whereby the signal after the
equalization is deteriorated. As the result, there is the
possibility that the output signal from the equalizer may include
an error signal.

Further, the conventional equalizer performs equalization on



the i.nput® distortion detection circuit 7, and the output distortion
detection circuit 6~ 9 denotes a correlator for correlating the error
signal fromthe error detection circuityand the input signal to each of the
del ay nmeans 120a to 120f with the out put signal from each delay neans; and
10 denotes a tap coefficient control neans for outputting tap coefficients
to the other input termnals of the multipliers 120a to 120g so as to
control the tap coefficients according to the output signal fromthe
correl aige PephBuucelin®igRanahia9inyi hbnhe jdeac H?Egorfﬂoﬁﬁeiﬁ‘dﬁi) hye _
equal i zation circuit according to the first enbodi nent, the Input signal is
convert gdnisAit9 2e@b@dtialy, Shynakily 1B&- 0 : he digita
si gnal isninpgt ?o thé FrangVe?éa? ?iﬁté%g§? $ﬁ§%§g%h%e§§§ﬂ% i s subjected
to equalj I ed I,.ghor.der ial .re n t hod l.ed PR
(3. 44 SRy PREIPRET SRRl SRR, o TTER TT 2T pEEheE rRRee o
t he proyLsi,qQnak .decinshan Gizmwcult 4. The_decjisiqn_ci i{.4 detects_a

V&%hgg hlﬂ% h f o ?ﬁd +I 89§ h§e8 a$ ﬁHéflzag 5nt argib cope

portion ere points to’be di'stinguishe s fIrve valaes exi st,

ith th I . . ' ' .defined i d ._ Then,
the err oPLi8ectlon o Pt Ette e e C a8k  BR BhgT Rk OF e Buf B L= Fe t e
t iLLter. I b d by,the_filt 3.
Thor eaf £5r Copre Shilelate uhPeatrhce a8 PaAaE Py (9o PELSec Erts

i i.Qn t t I tputted f h i Sj | deci si [ it 4

and thedttpneelEgRe: B tBrl bRk Sk SRR HERPLSH' GhTRe | SSREPIGRRA by e
del ay neans_120a t h1§0c and detects input distortion by using the data
béiore 8888FP£§rW6ﬁ. ﬁgpﬁﬁr?r?ﬁésbBPput distortion detection circuit 6

‘ i th |ization,t i | t putt f th i Si I
oot si on ci r LY BFSRRPT HEBHHCtom bRl 4 oif e e GPodEr Sesean Ber cui t
5, and detects output digtortion B% using the data after egualization. The
equallzngﬁ eFﬁr@EE 8ﬁt%8F An8P8eFECEPVREOTHEE ot RRARY O t he error
detection circuit 5, the output. fromthe output distortion detection
i rcui t SBUSLAASEREROGLFRELFr SH-ERG FRpBt NBRSLORERbre HEIBor IR (R t 7,

d,,. tj trols th lization target value of th
or ovi &1 BAAFOHBChLOBY cPPEGH bC 4 0RSE KRS bSSRELLPATHEh Rt G UANE On t he

ot her hand, the_correlator nultiplies the output fromthe error detection
circui t °5T8% FRESout put of each tap of the transversal filter 3 (i.e., it
multiplies the input signal to the transversal filter 3 by the output
signal fromeach of the delay nmeans 120a to 120f), and obtains a

correlab%gnggé%EegFtP§E1IgbﬁﬁTIége tap coefficient control neans 10

out put s

In order to solve the above-described problems, an adaptive
(\, equalization circuit according to the invention of Claim 1
equalizes an input signal having non-linear distortions, and
comprises a linear equalization means for subjecting the input
signal having non-linear distortions to high-order partial
response equalization adapted to the input signal; a provisional
decision circuit for receiving, as an input signal, the output
signal from the linear equalization means, and estimating an
equalization target value for performing equalization without

being affected by the non-linear distortions of the input signal;



coefficients to the other input terninals of the nultipliers 130a to 130g
of the transversal filter 3, on the basis of the output signal fromthe
correlator 9. Thereby, the control nea 10 controls the tap coefficients
So as to mnimze the equalization error, on the basis of the al gorithm of
| east square error. In this way, the equalization error can be al ways
mnimzed by perform ng adaptive equalization control on the basis of the
asynmetry possessed by the input signal, which is detected when performng

O oL aE ehabl BebERRBASEL LNEL Y- 2UBPLLY ERg UE LA Helfeddtne

repr oduced wavef orm can be perforne preci si on.

iy o nBEogaaiCrakavadbesaby; Bithulerty 88 FERILE Fitas Y Findh SRR (ne
anil og Sravaeipheh ARGEBEPR EHrdistiSnd . Phe "B RAT AT bt i O ener at od
Fitor JiARRe ERALGEPEEPh PR dBE” Sa afiRectLitir Fhon \4ar o Wt W s dven
ul 1 ot £6Fs S8 58REE091900° T PR e P58 Pral D ds Sl Aihg, o

tap coefficients of the transyersal _filter 3, the initial values of

coef fi cPBREINEHapEeR tBepBFPYLFLPREpoACEL BHRAI FLEF N 20 vidiferinput

signal; an output distortion detection circuit for monitoring the

(mﬁ error outputted from the error detection circuit; an equalization
target control means for controlling the equalization target
value from the provisional decision circuit so that the
eqﬁalization error is minimized, on the basis of the signals
detected by the error detection circuit, the input distortion
detection circuit, and the output distortion detection circuit;
and a tap coefficient control circuit for controlling tap
coefficients of the linear equalization means on the basis of the
error detected by the error detection circuit.

(;‘ Thereby, in the high-order partial response equalization,
the non-linear distortions possessed by the signal before the
equalization and those possessed by the Signal after the
equalization are observed quantitatively, and an equalization
target value at which the equalization error is minimized is
automatically set on the basis of the values, whereby the partial
response equalization adapted to the input signal having non-
linear distortions is realized. Therefore, even a reproduced

signal having non-linear distortions can be equalized with high



21 when t'he equalization using the initial values has been perforned on the
entire adaptive circuit and there are no undefined values in the outputs
fromall the circuits, the tap coefficigpts, i.e., the initial values, are
updated to perforntadaptlve equal i zation control. The provisional decision
circuit 4 for detecting an equalization target value fromthe output signal
of the transversal filter 3, calculates a binary signal using the PR nethod
to obtain a signal for selecting a fixed equalization target val ue, and

sel ect S Rl AGA £l WdrlAE0trakableshy Be1uRIatadeDY Sadapthug, equal i zati on

control, fromthe ve pireces of asynnetrlca anp 't ide"l ever “val ues whi ch

e PL P Uit S sl A ekfiERg 3 tﬁgtaee&pettgrStges' obt ai ned by

t he calc rovisi onaldecrsion circuit 4
is conposed o ar Si it 30 Aan ad ion rCU|t 31
dependi ng on %%gt{?%/%e %?g(?’gafﬁ t‘{tod 1%1‘7:) O%q%gé 1 154t get val ue
sel ecti Iy T t put. _si. naI frontt e trav sal er 31is
app|led%E8%én |n6 éF%%%§ﬁ géro 1FnhaspHleerst ﬁgllﬂe §f%n CI%E%It 4, and
t he out put. f.rom the equal.i zation co ans 8.is ore
registe §9Xl€§2Pa? dE%&§éfnoF thé* gqg8WPféFF8n tgeﬁﬁfyvg?ﬁ%s%%?eEtttﬁﬁt
circuit 32 dFurther g #g zgt gn tar t value decided b f
provi si 6F&l 9§&3EPYn aFc B u?bHF r SRPENtBGt pLECSREr 13319 the
bi nary deci siqn ci, w3 12} _denote el ay neans 22 for del ayi ng the
Pnput s FEARS ﬂﬁoﬁﬁtﬁsr.nﬁutOFer an5803) Eon8” GAFEALE nEST 199D HRF BN an
adder fo& addi n ﬁ]o put sigpal, fromthe delay neans, 121 and the |nput
e™ynal $BFprtad Fepaednpyt ther ii-parysdechnionssl pewbE eko ara } GHAER IR f or
|nvert| % only an NMSB of the outg t signal fromthe adder 141, and -
out put t P aeéhpg td9PRETL8di PREAT rEﬁFPogie F¥PE haddiEl @R ont @i PREAD F1O0W 120
to 124 denote del ay neans which are connected in series in this order, and
each deW&?Ynﬁaﬁél&éP§§Qn|FngﬁEuYaéP@ﬁanb§ton%nﬁn?@ edhalizael ol B IRtans
122 receiyes the output gnal fromthe binary decision circuit 30.
Furt her Y2448 §& SF§§°BnCéH Bitf EPT aBBLRGELRE ARPAPPEPRREAL® L IYRL b Hyen
means 122 and the outgut s gnal fromthe delay nmeans 122; 143 denotes an
adder f&5RT98& N§lERe TrABUEDE] BRaPaFedt REuAL] a9t heRnEa a2t YRl KR fite
signal fromthe del ay neans 124 and 144 denotes an adder for adding the
out put QPﬁﬁélOﬁrGHFtﬁéggaaePbEﬂ?n%ﬂdehEh%u%%@%tb?ﬁn%&r¢¢h%athe adder 143,
and outputti ﬁbthe result to the equalization target val ue sel ection
circuit 32. R UET | Fhitdeie dtadydin \Bdviancse thatt dheser aget £3¥e 34 to 38
denote registers Ato E respectively; and 39 denotes a selector for
sel ect i RgUBR&ZBEIPRetBBEREL Vai yRa w%n@@mthm&%a%@%mrt B and the
out put signals_fromthe registers A (34) to E % In the binary decision
ci rcui t c9BtradlefodRCPRAENGUER Bhespevalinedf t FBXFRPEL 3R gRRPTeRBIAtRd from

the input termnal 3a and the_ output signal fromthe delay neans (one del ay
Qperato?ﬂuallzathH target value can be "selected from the "updated

equalization target values, whereby an equalization target value
for equalization can be estimated withéut being affected by the
input signal having non-linear distortions.

Further, according to the invention of Claim 3, in an
édaptive equalization éircuit as described in Claim 1, the
equalization target control means updates the plural equalization
target values at the same time or updates every other

equalization target values when controlling the equalization



23 121 is obtained by the adder 141 ((1+T) operation), and it is decided
that the polarity of the MSB (Mbst Significant Bit) of the obtained signal
is positive or negative. At this time, the polarity decision signal is
inverted by the inverter 331 so that it beconmes "1" when the polarity is
positive and "0" when the polarity is negative, whereby the binary decision
result of the input signal is obtained. The binary decision signal so
obtained is calculated using I ~! ,. the high-order PR (3,4,4,3) nethod
adapt ed targein-dalnmarsadisst drd mindmiize the addalieatdbhcdirkodl whi ch depends
on the type of the PR nmethod. The PR (3,4,4,3) indicates that weights of
"3", "4", "A"ThédebglethevequaitACioN i BaPGét STENEds &l BdhecEi el led so
obt ai ned by del aying the original signal by one unit time, two unit tine,
and threg Wi milnie.ze a3RE@dudgliva tWoan eRebior Wiklohhenpahyi aErees8QNE¢
process. In the conventional PR (1,1) equalizer, since the equalization
target vRjas i ‘¢iktPrtiont’ inc@hdedtin thélifputnsiggaopeni ng of the eye
pattern of the output signal, a difference in I evels bétween the maxi num
anplitude of the eye pattern and an anplitude which is adjacent to the

maxi mum anplitude with respect to the level is narrower than the

di fferengasd DEREIPT gt WeeAyet bahwdticacent anplitudes. So, the |evels of
adj acent anplitudes are nore uniformin the adaptive equalization circuit

perform ng thg;hi,gb- or der Ll S i Z:at 4 i
provi si onal dg(lzlaislggn%??c%??l[élégc%%?%?%g %Pf%?%%ﬁﬁr@;nﬂggéd{%e%&urﬂ otfhan
in the n i l;i,z&r ~angd: e t e LZens i to
nU e SenueRhanal ualiset ond sHISkehaleng! Aeneaiabhzon aeceehag,
convent |, AL 8 -« AU chbodl RENTUBOEnENELLOBKE ShOBALILA, the

gnal fro e

addition circuirtt 31 and the output sign el ay neans {one del ay

t 122} t i hed 4 ). 4 j furt
the sum of - arERL DS aoNsct EEi ety R o et Rl
f th I del d
oper at orf 158 AR e Ly AR s R A b e B BH bR T U rer el aying the
[ | 2T b | qy. 124 ] tal
adder 143 (L2 Eonetare oy Ot (RE Riiasihd TP ARG B
the add : 43 i LG A4_( (1#T) +( 2T+3T)
oper at | nproTRs e atanec  AharRERerY BERHPES T4 eI HTAEt i dinept,
the t h tial thod i th | ti t t
val e SHeePEoA YRR 53, wher eby. I T becomes cl ear in advance that the.
lizati ' I o j t i I
o obtarned, TROTEL, LCH4TE (Hl fpnd Frof MRty B MBS, B AR T The
£ Ui . _ . S oL SO . A
(34 10 Ephay e e REl EL R A BLBE ARG b L 2 AL MUl 'SR e
an equal;izatiqn,target value is selected in simlar manner fromthe val ues
bpalne& by ‘updating the equalization target val ues. 25 As shown in
figure 4, theFd:g{;&Pé ﬁeﬁgé'daj{hpqﬁééf%r 5e:§Arlga"n¥{I}l'ﬁlg; fpQUSE b G o dng del ay

means 40 for ayl ng 0 si‘gnal transversal 11 lter 3 which

he out BUEBECGRAFCaFCCRY deFaythanncLastPofrshbobly &0 oferde the ' ™
out Bt *SgnaP "o “the deldy mednS® 45 T oRf Yhe ol put e -
"n the SRPBAtHERE B fhE; PhbefelOht o S b Tact or 17 perfornb subtraction Lo

detect an errQr_between the,.output signal .fr.omth rovi si onal _deci sion
cirouit 4 and IREDLE U 3R o SR RERIANING L FAISS, OF nPRolaBgar

obt ai ni n_erraor gual ization error) fromthe equalization target val ue.
o thisa2sRarEipRE MELER pRELE e BLAG hagheLE e drEind R e t he
transversal filter and the output_signal, f,rgmthe provisional decision
et o ¢ Gt T hd AR (e aonda hel CaRSS PL DeRayLaesy
time equivalent to this la The ig&ut distortion detection circuit 7 has

the sanBlSFPLELQRE HElFHan‘S‘Frt‘I‘I‘ér 9 oPPBEFREtF PRI AnS RRAGkn

Figure 8 is a flow chart for explaining the operation of an



figute 4. In the circuit 7, the subtracter 17 perforns subtraction to
detect an error between the output signal fromthe provisional decision
circuit 4 and the output signal fromtheggA/ D converter 1. That is, the
out put signal fromthe A/D converter is supplied to an input term nal
corresponding to the input termnal 41 through the delay neans 120a to
120c, and the output signal fromthe provisional decision circuit 4 is
supplied to an 26 input term nal corresponding to the input term nal 42.

AS Show@ddlﬂfﬂ%ﬂf%nSta&@%to%bB%EOQ'&EQEE'?ECQ?&?&&'Q& fﬁécfiﬁ?@ conpri ses

an integrator 50 for integrating the equalization®error signal inputted

t hrough 4 ﬂ%ddﬁﬂ%htt%EnkﬂﬁlP@%seﬁt”ﬂk&%ﬂk? gr 51 to which a signal for
or

selecting a target val ue each ron1the five equalization target

S ot put FYSRTE Lo T etk het nlin the BTt An et iR e

i ah ¢ %geoutl%ﬁ%ﬁ’#ﬁ sehite eﬁrﬁ‘te%é%%%%gém?”gﬂpﬁ?' “HEfh Skt oh

t ar get %Iue sel cthon circuit 32, a signal for selecting a target val ue
for each va Pr&ﬁlthe five equallzatlon target values, is supplied to the
mul tiplexer 51 through the input term nal 5b of the output distortion
detection circuit 6. According to this signal, it is decided which |eve

the deched MoV 1B EERekie. fuln MPERREBNC L o7 ‘2 T caches a count which i s

preV|ou§m%8%|ven g the counter 52. At the sane tine, the integrator 50 is
set t & the equalization errors outputted fromthe error

etection cir U|t 5 are su§$ i ed. through the input term nal 5a tq the
integrator 5 IRty gt SAAREIVEMRAY LD 2RI RPN CARE Ve
set in the counter en the, coupnter 52 reaches the set count, the |evel
deci der SB3t&g &gt @ PHB EREAFeFLENR onWPﬁ%hfP%%fQEN%ﬂﬁﬁgQﬁﬁiR?ﬁ?ls?7 tota
error is stored in any of .the register A (54) to E (58), followed by
repetutPG&PGFVFhsqgaﬁxzéﬁéPatPBﬁ JEPRAKES oHRY eHiRR. Tafife dourkRleentssht s
t he freguency . of tge | evel to, be suymmed anong the five |evels, and the

| evel d&¥i @eFig3th C%ﬁ@“fEnCPVoHSngcBhg?o?¥¢%@ RAT Y SRAPATSG 0 be

count ed durln% countlng ) ) ) )
equalization suited to a signal having non-linear distortions at

high recording density.
Figure 1 shows an adaptive equalization circuit suited to a

non-linear signal, according to the first embodiment of the

<¥; present invention. In figure 1, 11 denotes an input terminal for
receiving an analog signal to be subjected to waveform
equalization; 1 denotes an A/D converter for converting the
analog signal from the input terminal 1 to a digital signal; 2
denotes a phase synchronization means for generating a
reproduction clock according to the output signal from the A/D
converter 1 and supplying it to the A/D cpnverter 1l; and 3
denotes a transversal filter as a linear equalization means which

receives, as an input signal, the output signal from the A/D



The above-described operation will be explained taking an f--,. exanple.
When level A is selected according to the signal for selecting an
equal i zation target value of the equaliyzation target val ue sel ection
circuit 32, the equalization errors in the level A are integrated, and when
t he counter 52 reaches the set count, the addition is ended and the
integrator 50 is reset, and then the total anmount of errors is stored in
the register 54. Wen level B is selected next, the counter 52 starts count

from O, caR¢etber aPURA Ofn £§ T Of SndPe i bif) : £veleB 3 %Agﬁt;&f@ah]q%d Igrg hi s way,

the total ampunt of errors is successive y Integrated fromlevel to |evel,
Tovel AR Toare AR L R R e IR R T R el A (o
wth respa PPEsehor B0 50 B 10t AR i e e
errors SobSrebiR TR REFRT o B SBrASE” G S A Al e s TR Lt
nunber br 55 1R R Tk T ror S TRk ians (A “amount of
o) ORARARS Al AT SO D A
el ect 03 e bt T PR e Tond T dp R e e <Bdvgal 4r B oF

conpl eted gh efficiency. In the equalization target

rapidly,, resulti in hi
@t r ol t‘ﬁ%a’rfgp‘%t V\?ﬁW]r%'ce'?qg%s”i%goﬂt%ﬂl%i%éﬁhef dshavh&<ansut 288st6r ti on
detecticibgirc it 7, the output signal fromthe output distortion detection
circui t140 a‘?’fbéttﬂée SYRHS BB T5P0 s dfilavermeans 34P%vo E (58) of the
output distortjo dpteq%%o circuit 6 shown in figure 5, correction is
per f or MeRPRAFF thEe by L4 POtEY R L8k dPL B 9 dhesCHEPUL pignals E
(58) of _the qutput distortion detection circuit 6. At this tinme, the out put
si gnal Frdin tHe TP St Drid%h adt dtRin 3 ddi0R £oaddOfhdesgtsut si gnal
fromthe c?ut uéﬂdi S c@:{ﬁi or}'detecti on circuit 6 are referred_to, and_the
equal i 24 t&Ht et LS WRYoI3 @Rl £ram ther rEEeTSt 18PacbRpafPRy it
W th th%§§ two out put sjignals, mher?g% t he | atest equalizatign target val ue
whi ch #FHYi s WERYS Hrifar Jife Muldipddersr 1006 tegitsPer A (34) to
register E (38) of the provisional decision circuit 4 shown in figure 3.
Fi gur e B2IREEFTMWehart showi ng the operation of the

Further, 15 denotes an output terminal for outputting the

output signal from the transversal filter 3 as an output signal
(; of this adaptive equalization circuit; 4 denotes a provisional

decision circuit which receives the output signal from the
adaptive equélization circuit, and estimates an equaliiation
target value for performing equalization without being affected
by the input signal having non-linear distortions; 5 denotes an
error detection circuit for detécting an error between the output
signal from the provisional decision circuit 4 and the above-
described input signal; 7 denotes an input distortion detection

circuit for detecting an error between the provisionally decided



equal.i zation target control neans which corrects the equalization target
value. In step S81, the value of the input distortion ~9 detected by the
i nput distortion detection circuit 7 isjgead. Next, in step S82, this input
distortion is balanced at a short cycle fromlevel a to level a to estinate
the | evel of the equalization target value. The levels a to a are five

val ues to be the equalization target values which are set at intervals of
"3", "4", "4", "3", and level a to level a are assigned to these target

val ues balhéeogﬁéﬁﬁég'ﬂﬁoﬁréﬁé pI36951bHa§t&5bf$g%nté%&éﬁﬂﬁ'@Jaﬂ vgle of
the level a to level a are obtalned, and these [evels are stored as |n|t|al

val ues bachlie seghalorsod tReFagh EBfvestaLi £A1s lkddtgelayaliipel ect i on

circuit 32 shown™in figure 3 In ste fromthe

output gistoEtion detection eiteit kSelf ltJﬁquat} 4B PSR LT the

|l evel a to level ai1s fine- juste e 1nl

refer engeoyal e Levst. alpesteBn S, chhe outpul '?eQ; ari[egqﬁ?ga‘iégzsﬁ{%é’%m are

difference detection circurt 18 Fead

repeat e I nal omthe error detection
C|rCU|tg?§8%#n?§?§§g m?%ﬁrggpgc?g?grggiib éhéi Za4lqn, EArget opt ai ned
in step rough these step an_e i zat on target value for

corr ect‘t’%gz% h;é-gp‘%v?%l%Jr'lmrlﬁlz%le@i‘%le%lr{/% Le%tb‘? CPR? %Wé’?r’oﬁ%itﬁﬁal

deci si c d, U n of. the tap coefficients is carried
by t he PaglEctr vhe SRORLTS TathEELA ﬂbev.%r%‘go%ntﬁcatpl%é%lfwletﬁs,
¢hvent L3l TONE. AiGE %2*52%%& Freect B TLE S Anehii BP0 cal cul at ed
by u5|n F gorrqé i on. between the_er fromthe equ Ilzatlon t ar get

val ue a W TPE Jr%rl’e Cétlo?R T Sihhad’ écfiﬁrlcﬁesc raarf’sq/‘g’regaﬁ £q5 %% 3, which
correlatlon is obt ai.ned Phe cd? ator, 9, and then the tap coefficients
are updd agh e %Bwﬁ%??ﬁ# i€ |§rn9% defachignpcigeuit and

mul tipl | ers 91 91g receive the error signal and the input signals from
the t ap&'¢ HAPY QR‘%ES%‘?\/%? P ot R IRl aeimganfedd0de 1130yl tanghe

mul tiply these si QP to obtaln the correlation values. In the tap

coef fi %é?ﬁ’ rcosrftqrg? 9RFN R Fa¥ Megnsy 13hdl ddly deRREeEn @i pl y t he

correlatiop_val ues accor to the galns and adders 10la to 1019
i nt egr at®° ?@% CIput© ?RF?@&Kﬁ%ﬁP?t OB R Q£%§9tR?HIGQQﬁﬁﬁﬂﬁenéﬁdt@aF§ﬁ0|ng

circuits_/102a to 102g bal ance out put.s fronlthe adders 10l1a to 101g by
di vi di n%W‘?férﬁW‘i% ttqa:é“’rﬂ??ﬂb% %f %é‘“arﬁif P ligrs g0%8n&iond 209 sér sr Fed

roughly b creasing the i ns
9 y gkrg& é% tap coefficients according to the output signal from

the correlator 9.

(w Next, the operation will be described. In the adaptive
equalization circuit according to the first embodiment, the input
signal is converted into a digital siQnal by the A/D converter 1,
and the digital signal is input to the transversal filter 3.
Then, the signal is subjected to equalization based on a high-
order partial response method called PR (3,4, 4,3) by the
transversal filter 3, and the equalized output is input to the
provisional decision circuit 4. The decision circuit 4 detects a

portion where points to be distinguished as five values exist, to



of the buffers 100a to 100g while it is performed smoothly by decreasing
the gains, and the bal anced values are input to the respective multipliers
of the transversal filter. Then, each ofgthe nultipliers 130 in the
transversal filter 3 nultiplies the tap coefficient and the output signal
fromthe A/D converter 1, thereby perform ng adaptive equalization to
mnimze the equalization error. Under the feedback control in the adaptive
equalization circuit as a whole, the coefficient control nmeans 10 for

control E'opg fhent %ﬁa@%@ §LGRES, @pﬂﬁge@!ﬂ? égzgndffeéé &6@“6&05’#?:2%/% tnjtrv&

and whe he equal i zation error is eac tap c

b t nt f
DOCOMES alGaHEKE 605! Ao S, dehBEr Eﬁr%ﬂﬂ?. 328%1:8&? b S%ggg
That d t

embodi %ﬁ%“?sﬁcﬁﬁ%géﬁgﬁﬁﬁiékéﬁ RS, Ek%ﬁ%*é% S hes hy R éﬁfp%r ¥ % ponse
equallz Sggs% skhiv%ig o€ ative asymetric anplltude IeveI val ues
having equa 'za &on ?arge% ?ues for equal i zing a reproduced signa
havi ng non | ipear d stortji.ons, qg corded data can .be rgproduced with
i nproved error Tate %@rcdﬁﬁidvﬁnb RIS RS RS0 FidE S Eer to t he

f_th d . t Furth t hi dapt
caual | 25PFBHCERT EOFL SATaFa. g'aﬁEﬁg'ré%‘é'saw%i%f?égtt%% R

ffi t t I t t hat, hi gh-ord tial
caual | sBEPHLSEeRatnABGAA Ph, CERGREE Ll PR AR R WAL TR i bove

?gfcrlp%kggsggggglv%iiger ,aaﬁigﬁ is delayed by the delay means 120a to
120c, and detects input distortion by using the data before
equalization. Further, the output distortion detection circuit 6
receives the equalization target value outputted from the
provisional decision circuit 4 and the error outputted from the
error detection circuit 5, and detects output distortion by using
the data after equalization. The equalization target control
means 8 receives the output from the error detection circuit 5,
the output from the output distortion detection circuit 6, and

(¥; the output from the input distortion detection circuit 7, and
automatically controls the equalization target value of the
provisional decision circuit 4 on the basis of the distortion
data. On the other hand, the correlator multiplies the output
from the error detection circuit 5 by the output of.each tap of
the transversal filter 3 (i.e., it multiplies the input signal to
the transversal filter 3 by the output signal from each of the

delay means 120a to 120f), and obtains a correlation between them.

Then, the tap coefficient control means 10 outputs tap



restrictively described, various nodifications may be adaptively given to
themas long as nen of skill in the art can design them As descri bed
above, according to the adaptive equaligg@tion circuit of the first

enbodi nent, the transversal filter subjects an input signal having
non-linear distortions to high-order partial response equalization; the
provi sional decision circuit estimates an equalization target value; the
error detection circuit detects an error between the target value decided
by the ppayirsi-enatsdesi Eh@”o%hEEUH.hPﬁEdtéPﬂiRHiQ%fStlgé‘%uif 1des Jhi%ea
transversal filter; the input distortion detection circuit ects the

i nput di-gt 9RhLOBebYLdet echLDE ekt etwe i I | n

del aying the Pngut s?g%aﬁ Fn fﬁglp?%ggsgrgé!Sgi#%%rgéﬁggf%gb%ﬁ%ﬁﬁgﬁgﬁélIy
deci dedsiﬁhgi; £:Bf OHEPUL 8LLObLI 90 d%h%%hgt‘ Ehé%éhg?gifergé%néh g Oout put
distortion by nonitoring an error between't error detected by the error
detecti i i n h 1.S] I cided. value:, .the e |1zation
t ar get ggflg(%{#%n{:rﬁgaggﬁcgﬁgr%g}(gﬁ%ﬁggeééa%?zggiIg]r‘lg%%lrﬁeettr\l/%l%u - Z%Jtorf he
equal i zat i error, s, nLn.mnmze on,the.basis.of the outputs fromthe error
detectig%kggfcﬁPt?h?h%g%ﬁ?gh% g?%t%%??ﬁhgﬁﬁt%gti% sEi?%ﬁéﬁ? 4Pt he i nput
distortion detecti.on circuit: the correlator nmultiplies_the tap.output of
t he transvergfa Ctrrﬁst e‘”raydng:l}%ee%lﬁltﬁz%éto&te&f%y e O&r Fg?"agét B‘H’ilﬂﬁzed

i ittt btain.th | ati t th d the t oeffjicient
Cont ol P¥; PROFOEBENY 30ePFREE aflador el EPRrtShbror 1R (Y T aIof (s on
t he basi f th | ati d ted th lator. T f
out <Pa¥Are haYi REPHERPH nBKr COFSt BPYF SReTai CHLI s dRKRAGE] riirh
hlgh-den3|§ recordlnﬁ_nealun1such gs_ @ DVD, is %%géeCted t o, hi gh-order

PR EIBEMLEY AN T SERPBPRbthal | 5o PRS2 Ovh

parti al HiRI R R AflaRE YN error. As
the result, egualizatto can be gerforned So as to_mnimze the
equal i zSEPBALERFLPN QENtHRhEPRRINGRAt WRATHHRE™ | Gath ReRALE QEmetbpid thag| LI TY
I N I NDUSTORY As descri bed above, an adaptive equalization circuit 33
accor di RgIP8TtRESFHYEM R on of A aim1 is suitable for equalizing a

r epr oduced si gnal, with hi preci si.on when reproducing a signal having
non- | inear difYGHAGHESr dh% PTG HiWg e 8RG GﬁnﬁﬁF%HeaétHlié Pecorded at

a high densit such as an optical disk, especially a DVD. Further, an
adapti v e@ﬁﬁhg?Qation circuit according to the invention of daim2 is
suitable for Ie1'1sz.tf:iia Tliyr:g aansi% uafil iw E3'.tc:ihortl1as been recorded at high density
and reproduced is input through the input terminal 11, and
sampled by the A/D converter 1 which converts an analog signal to
(;; a digital signal, by using a reproduction clock generated by the
phase synchronization means 2, and outputted to the transversal
filter 3.
The transversal filter 3 executes equalization by setting
seven pieces of filter coefficients as initial values of tap
 coefficients in the multipliers 130a to 130g.
Initially, equalization is carried out using, as tap

coefficients of the transversal filter 3, the initial values of

coefficients adapted to partial response equalization. However,



Ir-,, target value for perform ng equalization, wthout being affected by a
signal having non-linear distortions. Mreover, an adaptive equalization
circuit according to the invention of Claim3 is suitable for estimating an
equal i zation target value for perform ng equalization, wthout being
affected by a signal having non-linear distortions. w: 34 CLAIM5S 1. An
adaptive equalization circuit for equalizing an input signal having
non-linear distortions, conprising: a |linear equalization nmeans for

subj ecting the input signal having non-linear distortions to high-order
partial response equalization adapted to the input signal; a provisional
decision circuit for receiving, as an input signal, the output signal from
the linear equalization neans, and estinmating an equalization target val ue
for perform ng equalization w thout being affected by the non-Iinear
distortions of the input signal an error detection circuit for detecting an
error between the provisionally decided equalization target val ue obtai ned
fromthe provisional decision circuit and the output signal fromthe |inear
equal i zati on neans;



~"1 an |nput di stortion detection circuit for detecting an error between
the provisionally decided val ue obtained fromthe provisional deci si on
circuit and the input signal; an output dilstortion detection circuit for
nonitoring the error outputted fromthe error detection circuit; an
equalization target control means for controlling the equalization target
value fromthe provisional decision circuit so that the equalization error
is mnimzed, on the basis of the signals detected by the error detection

circuit, whﬂn|Unnnequémizhtman1usmmgdQm&chmg&r@lr%ﬁuhesaﬂgstESeHUEQE% rmed
dlstortlon detection circuit; and a tap coefficient control circ

control | iorg ttheep exoteiffe cAdaptsivef diffediithead edledlel 23kl AR Hﬁ&@fhﬁgdt93193§'s
of the error detected by the error detection circuit. 2.

equal i zatiirorthel raatigutas fescE1hed hen c@r@'u'f[‘t% the JtaiShEBQEPLéfég%s i.e.,
provi si onal decision circuit conprises: a |nary decrision circu

deci di ng ttheati nfihg MautyRiltues, gRdlk hb@ﬁtbﬁetb'5%%&0?&“3&55@&08ne&@@ffzé?ion

either "0" or "1";
control.

The provisional decision circuit 4 for detecting an
equalization target value from the output signal of the
C.H transversal filter 3, calculates a binary signal using the PR
method to obtain a signal for selecting a fixed equalization
target wvalue, and selects an equalization target value to be
updated by adaptive equalization control, from the five pieces of
asymmetrical amplitude level values which are previously set as
initial values, according to the signal obtained by the
calculation.
As shown in figure 3, the provisional decision circuit 4 is
composed of a binary decision circuit 30, an addition circuit 31
Cj} depending on the type of the PR method, and an equalization

target value selection circuit 32. The output signal from the
traversal filter 3 is applied to an input terminal 3a of the
provisional decision circuit 4, and the output from the
equalization target control means 8 is stored in registers A (34)
to E (38) of the equalization target value selection circuit 32.
Furthef, an equalization target value decided by the provisional

decision circuit 4 is output from an output terminal 3b.

In the binary decision circuit 30, 121 denotes a delay means



an addition circuit for subjecting the signal obtained by the binary
decision circuit to calculation based on high-order partial response type
addition, to obtain how many equalizatioR2target val ues exist; and an
equal i zation target value selection circuit for selecting an appropriate
equali zation target value fromthe prepared equalization target val ues, on
the basis of the signal obtained by the addition circuit. 3. An adaptive
equalization circuit as described in Claim1l wherein said equalization

target cditf delayiag Wheatieputheighalalfrequahezahpan E@flﬁfﬁayaﬁé{'eﬁy%né he
same time or updates every other equalization target values

control | iuRg tt hd mequdlilz aenotetsangetddakUEo$02a81 09 FhAI Fuéfut h§1gnal from
equal i zation error.
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38 denote registers A to E, respectively; and 39 denotes a
selector for selecting one of the output signal from the addition
circuit 31 and the output signals from the registers A (34) to E
(38).
In the binary decision circuit 30, as shown in figure 3,
the sum of the input signal supplied from the input terminal 3a

and the output signal from the delay means (one delay operator)
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121 is obtained by the adder 141 ((1+T) operation), and it is
decided that the polarity of the MSB (Most Significant Bit) of
the obtained signal is positive or negative. At this time, the
polarity decision signal is inverted by the inverter 331 so that
it becomes "1" when the polarity is positive and "0" when the
polarity is negative, whereby the binary decision result of the
input signal is obtained.

The binary decision signal so obtained is calculated using
the high-order PR (3,4,4,3) method adapted to non-linear
distortions, in the addition Circuit 31 which depends on the type
of the PR method. The PR (3,4,4,3) indicates that weights of "3",
"4", "4", "3" are given to the original signal, and the signals
obtained by delaying the original signal by one unit time, two
unit time, and three unit time, respectively, when performing the
partial response process.

In the conventional PR (1,1) equalizer, since the
(;; equalization target values are "-1.5", "-1", "Q", "41v, wi] 5% ip

the opening of the eye pattern of the output signal, a difference
in levels between the maximum amplitude of the eye pattern and an
amplitude which is adjacent to the maximum amplitude with respect
to the level is narrower than the differences in levels between -
other adjacent amplitudes. So, the levels of'adjacent amplitudes
are more uniform in the adaptive equalization circuit performing
the high-order partial response equalization using the

provisional decision circuit 4 according to the first embodiment
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10B% v0kRe&BEBiING to the first embodiment is more resistant to noise as
compared with the conventional equalizer.
That is, the sum of the input signal to the addition circuit
31 and the output signal from the delay means (one delay
operator) 122 is obtained by the adder 142 ((1+T) operation) and,
further, the sum of the signal 2T which is obtained by delaying
C! the output signal from the delay means (one delay operator) 122
| by the delay means (one delay operator) 123, and the signal 3T
which is obtained by further delaying the signal 2T by the delay
means (one delay operator) 124 is obtained by the adder 143
((2T+3T) operation), and then the sum of the output signals from
the adders 142 and 143 is obtained by the adder 144
((1+T)+(2T+3T) operation).
The signal so obtained is subjected to addition depending on
the type of the ternary partial response method in the
(:; equalization target value selection circuit 32, whereby it
becomes clear in advance that the equalization target values are
five values. Then, according to the signal so obtained, the
selector 39 selects an equalization target value from the five
equalization target values stored as initial values in the
registers A (34) to E (38), thereby performing adaptive
equalization control. Likewise, an equaliiation target value is

selected in similar manner from the values obtained by updating

the equélization target wvalues.
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As shown in figure 4, the error detection circuit 5 shown in
figure 1 comprises a delay means 40 for delaying the output
signal from the transversal filter 3 which is input through an
input terminal 41, and a subtracter 17 for subtracting the output
signal of the delay means 40 from the output signal of the
provisional decision circuit 4 which is input through an input
terminal 42.

6!5 In the error detection circuit 5, the subtracter 17 performs
subtraction to detect an error between the output signal from the
provisional decision circuit 4 and the output signal from the
transversal filtef 3, thereby obtaining an error (equalization
error) from the equalization target value. At this time, since a
timing lag occurs between the output signal from the transversal
filter 3 and the output signal from the provisional decision
circuit 4, the output signal from the transversal filter 3 is
delayed by a time equivalent to this lag.

(:x The input distortion detection circuit 7 has the same
structure as that of the error detection circuit 5 shown in
figure 4. 1In the circuit 7, the subtracter 17 performs
subtraction to detect an error between the output signal from the
provisional decision circuit 4 and the output signal from the A/D
converter l; That is, the output signal from the A/D converter
is supplied to an input terminal corresponding to the input

terminal 41 through the delay means 120a to 120c, and the output

 signal from the provisional decision circuit 4 is supplied to an
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input terminal corresponding to the input terminal 42.

As shown in figure 5, the output distortion detection
circuit 6 comprises an integrator 50 for integrating the
equalization error signal inputted through an input terminal 5a;
a multiplexer 51 to which a signal for selecting a target value
for each level from the five equalization target values is input
through an input terminal 5b; a countef 52 for counting the

(‘i output from the multiplexer 51; a level decider 53 for deciding
| the level of the output from the counter 52; and registers A (54)
to E (58) to which the output from the integrator 50 is input.

In the equalization target value selection circuit 32, a
signal for selecting a target value for each level from the five
equalization target values, is supplied to the multiplexer 51
through the input terminal 5b of the output distortion detection

circuit 6.

According to this signal, it is decided which level amongst
(a; the five values is to be integrated, and the sum of the errors in
the decided level is obtained until the counter 52 reaches a
couﬁt which is previously given to the counter 52. At.the same
time, the integrator 50 is reset to "0", and the equalization
errors outputted from the error detection circuit 5 are supplied
through the input terminal 5a to the integratdr 50, and the
equalization errors are summed up within the time set in the
counter 52. When the counter 52 reaches the set count, the level

decider 53 selects the next level from the five levels, and the
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followed by repetition of the same operation as mentioned above.

The counter 52 counts the frequency of the level to be
summed among the five levels, and the level decider 53 has the
function of controlling which level is to be counted during
counting.

The above-described operation will be explained taking an
example. When level A is selected according to the signal for
selecting an equalization target value of the equalization target
value selection circuit 32, the equalization errors in the level
A are integrated, and when the counter 52 réaches the set count,
the addition is ended and the integrator 50 is reset, and then

the total amount of errors is stored in the register 54. When

- level B is selected next, the counter 52 starts count from 0, and

the amount of errors in the level B is integrated. 1In this way,
the total amount of errors is successively integrated from level
to level, and when addition of quantization errors is completed
with respect to the level A to the level E, the same process is
performéd from the level A to the level E and the result is
stored in the corresponding register. Thus, with respect to the
level of each of the registers A (54) to E (58), the value stored
in each register is replaced with the latest total amount of
errors obtained in the integrator 50.

As described above, in the output distortion detection

circuit 6, since the counter controls integration, the number of
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Further, since the number of the levels inputted is larger than
the number of the level selected, the count increments rapidly,
and thereby the calculation is completed rapidly, resulting in
high efficiency. 1In the equalization target control means 8

eg% which receives the output signal from the input distortion
detection circuit 7, the output signal from the output distortion
detection circuit 6, and the signals stored in the registers A
(54) to E (58) of the output distortion detection circuit 6 shown
in figure 5, correction is performed on the basis of the signals
stored in the registers A (54) to E (58) of the output distortion
detection circuit 6.

At this time, the output signal from the input distortion

detection circuit 7 and the output signal from the output

{f} distortion detection circuit 6 are referred to, and the
equalization target value is controlled so as to correct it by
comparing it Qith these two output signals, whereby the latest
equalization target value which provides a minimum error is given
to each of the register A (34) to register E (38) of the
provisional decision circuit 4 shown in figure 3.

Figure 8 is a flowchart showing the operation of the

equalization target control means which corrects.the equalization

target value. In step 581, the value of the input distortion
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10%& () -ed@PBization target value. The levels a to e are five values to
be the equalization target values which are set at intervals of
"3", "4", "4", "3", and level a to level e are assigned to these
target values in the descending order. Then, in step S83, the

(‘ﬁ initial levels of the level a to level e are obtained, and these
levels are stored as initial values in the registers A to E of
the equalization target value selection circuit 32 shown in
figure 3. Next, in step S84, the output signal from the output
distortion detection circuit is read. Then, in step S85, each of
the level a to level e is fine-adjusted with the initial value
level as a reference value level. 1In step S86, the output signal
from the error difference detection circuit is read and,
thereafter, steps S85 to S87 are repeated until a level, at which

(;; the output signal from the error detection circuit is minimized
with respect to each of the levels a to e, is obtained in step
S87. Through these steps, an.equalization target value for
correcting the provisionally decided value obtained by the
provisional decision circuit is obtainea.

Updation of the'tap coefficients is carried by the tap

coefficient control means 10 having seven tap coefficients, which
is composed of correlators, integrators, and delay means as in

the conventional one. To be specific, the tap coefficients are
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Hod calculated by using the correlation between the error from the

equalization target value and the reference output signal from

the transversal filter 3, which correlation is obtained by the

correlator 9, and then the tap coefficients are updated.

That is, as shown in figure 9, in the correlator 9,
multipliers 9la to 91g receive the error signal and the input
signals from the taps that are successively delayed by delay

(-E means 90a to 90g, and multiply these signals to obtain the

| correlation values. In the tap coefficient control means 10,
buffers 100a to 100g constant-multiply the correlation values
according to thelgains, and adders 10la to 10lg integrate its
input by feeding its output back to the input, and balancing
circuits 102a to 102g balance the outputs from the adders 10la to
101g by dividing them with the number of samples.

This balancing is performed roughly by increasing the gains
of the buffers 100a to 100g while it is performed smoothly by

<v  decreasing the gains, and the balanced values are input to the
respective multipliers of the transversal filter.

Then, each of the multipliers 130 in the transversal filter
3 multiplies the tap coefficient and the output signal from the
A/D converter 1, thereby performing adaptive equalization to
minimize the equalization error. Under the feedback control in
the adaptive equalization circuit as a whole, the coefficient

control means 10 for controlling the tap coefficients updates the

tap coefficients at any time, and when the equalization error is
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minimized, each tap coefficient becomes to have a constant value,
whereby the equalized output signal from the transversal filter 3
is finally divided into five amplitude levels.

That is, the adaptive equalization circuit according to the
first embodiment is characterized by that it performs high-order
partial response equalization on the positive or negative
asymmetric amplitude level values having five equalization target
values for equalizing a reproduced signal having non-linear
distortions, and the recorded data can be reproduced with
improved error rate by connecting the maximum likelihood decoder
to the rear of the adaptive equalization circuit. Further, this
adaptive equalization circuit employs seven tap coefficients, and
the tap coefficients are adaptively controlled so that high-order
partial response equalization is achieved for the equalized

output.

While in the above description those various means are
restrictively described, various modifications may be adaptively
given to them as long as men of skill in the art can design them.

As described above, according to the adaptive equaiization
circuit of the first embodiment, the transversal filter subjects
an input signal having non-linear distortions to high-order
partial response equalization; the provisional decision circuit
estimates an equalization target value; the error detection
circuit detects an error between the target value decided by the

provisional decision circuit and the output signal from the
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transversal filter; the input distortion detection circuit
detects the input distortion by detecting an error between the
signal obtained by delaying the input signal in the transversal
filter and the provisionally decided value; the output distortion
detection circuit detects the output distortion by monitoring an
error between the error detected by the error detection circuit
and the provisionally decided value;, the equalization target
detection means controls the equalization target value so that
the equalization error is minimized, on the basis of the outputs
from the error detection circuit, the output distortion detection
circuit, and the input distortion detection circuit; the
correlator multiplies the tap output of the transversal filter
and the error detected by the error detection circuit to obtain
the correlation between them; and the tap coefficient control
circuit controls the tap coefficients of the transversal filter
on the basis of the correlation detected by the correlator.
Therefore, an input signal having non-linear distortions, which
is reproduced from a high-density recording medium such as a DVD,
is sﬁbjected to high-order partial response equalization so as to
minimize the equalization error. As the result, equalization can
be performed so as to minimize the equalization error even when

the input signal is asymmetric.

APPLICABILITY IN INDUSTORY

As described above, an adaptive equalization circuit
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a reproduced signal with high precision when reproducing a signal
having non-linear distortions from a recording medium on which
data is recorded at a high density, such as an optical disk,
especially a DVD.

Further, an adaptive equalization circuit according to the
invention of Claim 2 is suitable for estimating an equalization

- target value for performing equalization, without being affected

by a signal having non-linear distortions.

Moreover, an adaptive equalization circuit according to the
invention of Claim 3 is suitable for estimating an equalization
target value for performing equalization, without being affected

by a signal having non-linear distortions.
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CLAIMS

1. An adaptive equalization circuit for equalizing an input
signal having non-linear distortions, comprising:

a linear equalization means for subjecting the input signal
having non-linear distortions to high-order partial response
equalization adapted to the input signal;

e a provisional decision circuit for receiving, as an input
signal, the output signal from the linear equalization means, and
estimating an equalization target value for performing
equalization without being affected by the non-linear distortioﬁs
of the input signal;

an error detection circuit for detecting an error between the
provisionally decided equalization target value obtained from the
provisional decision circuit and the output signal from the
linear equalization means;

Cj} an input distortion detection circuit for detecting an error
between the provisionally decided value obtained from the
provisional decision circuif and the input signal;

an output distortion detection circuit for monitoring the
error outputted from the error detection circuit;

an equalizatidn target control means for controlling the
equalization target value from the pro&isional decision circuit
so that the equalization error is minimized, on the basis of the

signals detected by the error detection circuit, the input
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2. An adaptive equalization circuit as described in Claim 1
Cm: wherein said provisional decision circuit comprises:
| a binary decision circuit for deciding that the output signal
from the linear equalization means is either "0" or "1";
an additién circuit for subjecting the signal obtained by the
binary decision circuit to calculation based on high-order
partial response type addition, to obtain how many equalization
target values exist; and
an equalization target value selection circuit for selecting
an appropriate equalization target value from the prepared
Q;; equalization target values, on the basis of the signal obtained

by the addition circuit.

3. An adaptive equalization circuit as described in Claim 1
wherein said equalization target control means updates the plural
equalization target values at the same time or updates every
other equalization target values when controlling the
equalization target value so as to minimize the equalization

error.



