;e3e| dy | 4*6TdMJ105/ 02/ 2003 Apparatus for reading an optical data carrier.
The invention relates to an apparatus as defined in the openi ng pays/02f2003
Caim1l1l. The invention further relates to a nethod as defined in Caim?9.
During reading of an optical data carrier the transducer generates a
radi ati on beam for scanning optically readable patterns on the data

carrier. As the density ~ with which data is recorded on ImmwmﬂmmmWata
carrier increases the tolerance for deviations (tilt) of
i nci denc“gpré)a;m ?J?eregcﬁﬁf‘iﬂg Gt Har30@di& . di m ni shes. The tilt ceasitave a

c 8 ar .

radi al onent and a”tangential conponent. The tangential conponent
(tangential tilt) is defined as the .conponent of the devi a4 { ane
oriented parallel to the track to be read and transversel W“Emwﬂwmﬂmm
carrier. The radial conponent (radial tilt) is the conponent 0] e 10
deviation in a plane oriented transversely to the track to be P& and
transversely to the data carrier. An apparatus of the type defined in the
openi ng paragraph is knowmn from1l ~ EP 569 Q@7 A 1. In the known apparat us
t he transducer conpri-ses. ran t. P rr ed.in.an optical path
froma radiation sour’@ge &nge[itho r%a aset(gaarn r%pgér%m?haé%gﬁf’%%na?’?@ﬁe pe P%é of

t r anspar@aim pl The iskepaod surtitr aglaRs Ok Béthothhs WTireB ih Tl@&mn®asure of the
radi al and/or tangentjal tilt of the data carrier. For this purpose, in a

first enmbodinent) a sHBUREEING of An epiisek dai, garpish the WRanseuces genefdtect ed from
t he dat Ak L cﬁﬂrgn'p S adr, ctor
via a s??@g{l\éd\/\ﬁ{%-{%ﬁoc S %L%gg&ndtu?aﬂleg%%%??égﬁkgf&{ g aEaaam hgsgﬁér ggﬁhgi gnal
i s de¥i wech whhn dits fserceorded ohanwpanalfdate caTignaiceeagsnbe adledndzyfordavistias t he
detector,.. I n.anot her enbadi ment the appar.atus i qui pped. Wi th auxiliary
means. Gtk B APAIR Y ERGCHE  BAm 4% BUPBRIHE ¢1el QRBHE: BPaty Ghaeve &

auxi | T armyqifeadspdneht ARt £ EMbehiRY cbMBoink Ehetah Shiiaf cdriSordAt @areddifal &1ry jsBot h
auxi liary means conprise a separate radiation source and a detector for
gener at idafnddoey theomipgnentf thidevirworembao glane nrienthd paratiedriogheyiragk tosbedrerd ved
fromthe € uf,. Sj A 2003 2 |t .S an, object of e

i nventi gﬁg }t{\%n%\r%%ll'\ggo g{r% Cgabap!éarq’gl? '{j:rhgf ra? %(1395@5%6&%Fﬁaﬂlghhﬁ%lsBﬂeec%ﬂ%%cﬂ[goélg? t)
whi cl0 r eiguiaties il &psan@ditichicdnednsogitalg ad treans dotie @edendtramGertsble 8 thiddata
signal for the purpose of tangential tilt correction. To this end,

accor di g% t he i nvention, the apparatus is characterized as 5 defined in
Caim1l and the nethod is characterized as defined in daim9. The

i nvention enables the error signal for the correction neans to be derived
fromthe read signal which is already generated for reproducing the data
fromthe data carrier, As a result of this) the apparatus in accordance
with the invention dded aﬂ%ﬁfa%agf‘}ce‘yaﬁyféﬁ%ﬁ 1 ‘EEQBE)’B’& P?:réyaﬂ%éfng'o“lntg?@ to
be npt ekt bt 567 am B tRSRndWiBappatards ARVIrARdLEr KEAPAsds Qr rAlRpLEAH pigte 10
distortions in a signal and correcting the distortions by nmeans of a

vari abl @riéagesl inzasy optiqeheatd frors 4 rgdigben seuree o dasr catderc rilgedriepation of the
relatio I t iJ: {; ) .8S to a data
carri er AEERS PORESch IS rrdr subnef il SARRURR of bk diBSRERE D, 7 1O
sai d docanyendial o Aithealatadcarsiegrifdr this guopdse. gea éiesatearbolitiend ar sudeicamns Rplns

for reducjng the ta,nﬁenti al tilt. 15 The apparatus in accordance with the
i nvent i Gt 18 bsamauhish 1§ FRElerGR TR Ao 31 icamiter- The s¥hebeaasis igreed pRiP 3Rtfi-cul ar

angl g Pfqﬁg{rahnd@e?gﬁmofiata%réeadbm %c'ia@areeﬂﬁmemﬁ@fometﬂgg%t TROSHYE @i:ginélh?

read sig accurately corresponds to the optically rea [e patter
r ecor dedieored fremddifferanaesy baweer-four sigralsgd epemiedi mcindemsca thi detbctdevinanetherf r om

t he perpendi,cul ar, orientation in t.angenti al direction the radiation beam
s i magEleHIRaR tiarapasi. g kpped il AR A IR 45 G B orfgietion of
asymet fiye @insph@nl bk afPRixilHry @fednk 61 EQernihRENRE BticRBNIHEthY dhf dabieer.
response of the read signal to the optically readable pattern. The response

of the Besiawiijeryl mSy coynprise @Heparptei radiatipasewes aeh A dosc@e forrgsacrRensiunr) =

S M) g b s B Bl O e

foll owi ng approxi mation applies: Soft) = T(f3.,.x(t-1) + (1-13.,-1i,).x(t)
+ li,.x(t+1)), For alimted tilt angle, for exanple of the order -of 0 tot
1 the difference between the coefficients 13., and fi, is substantially

proportional to the value of the tilt angle. Since in the 30 apparatus in
accordance with the invention the magnitude of the tangential tilt is
reduced it is



al so possible for the bit detection neans to derive fromthe read signal So
f t) a signal S2(t) which is areliable estimate (represented by {(4/2/0603t he
signal x(t) recorded on the data carrier.. Sz(t) _ [Sol -= x(t).

05/ 02/ 2003 3 Gven the fact that the signal recorded on the data carrier
can be estinmated in a reliable manner it is possible at instants at which a
step appears in the recorded signal topderive an error signal indicative of
the direction and magnitude of the tilt fromthe signal which is distorted

by tangential tilt. hbanGa e@pb{a@hgq&, tioh ¢ R{licfél‘ [%Bﬁlrg h% est
for those 5 instants t V\:hI'L conply &10{11 g ! rfé sty t}%?&ﬂﬁ%

(0, 0, 1in the opinmg QRrt, WbIChtme!SEﬁStlm asldumali mmx;altmeansrfst gertezmingube ealotes of

t he read n successive wi.th: So' =r. B, , and So" =r. B.,

10 The“%l‘?a?ff‘gr @‘ﬁcpé"%%mz géémcizn'gc%bemf’%rrrs a suitable error signal for
tangential tilt corrTgchis@nd, é‘d@&‘@l\ﬂﬁgso ihe 1b®nﬁb§Qh9Q§§dr&h§1§&1a€|§ftér§&‘éd%’§
estimate for the error si gnal fromthe read signal instants which conply

wi th (&fined in Claims! @ng yhe merhod isrchargctgrized (ag defingd in Gla(mf The)inverrign t hese

two si f e

conpi y HApieh P e sikBA B A AERIER &'od REES ORI FUREFPRLNE L,
bet weesiready ganetatBo fof mepnaduaingutht dbtaefram i dm gixaler. AR aasailthef théyyhlegdi nent  of
t he apparatus. in accordance with the invention 20 the error signal is

cal cul 2APaHYSr BrACSOTdaR KR t@r Iny %‘?‘l&’ésdoﬁf NPHECARiES AnY AddiHPNal QDU TREABK ity of
a step. This has thg jadysntsge dididtony Fd 543 %A'l@&déjf egg r%;wﬁ'fslnaé e?ﬁlﬁes .

result of fluctuations In the step response are re alm 2
pr 4@t i distorteomb dnliarsegnal afd cmmpgahadu@mmnsawcmcajwufa varizhletdyaalizerent i on. 25

h d fi ad hat th |
gener atHG Srosie coariaen: e peterie B rpRap ARk Fen ABteapgaFk X 17 o

read sirgHdddcer 3t RSpct tOh dahi Ghrid dnAPhel peePerRGIdfQRe Pladtsimat. a0aaR il tilt
is achieved. The channel decoding neans nentioned in Cdaim4 are for

exanp| apdesb fiopysaie daeumay haw ar errerodgnal into kexgansrasedefavicoReetinn mearscior on

means n..be for exanple, a Reed-Sol onon code, for exanple the
Cr oss- ’%raﬁmé?‘f g%\altéggeﬂg 1dggol onmon code. The use of error detection nmeans

engbl es errors in tike esfarared ﬁﬂa&aidAﬁceSw(m)mOfnvEMrﬁisgﬁ@dd dxife foRewinged on
the data carrier to tge corrected. This nmakes it possible to extend the
range 185180 dn dhiyFase @mqﬁpqnﬂlwéﬁﬁkﬂﬁg@ﬂé?wOtf.tlvet radighiop dews geaeraisd. by

the transducer the read signal accurately corresponds to the optically readable pattern

recorded on the data carrier. For an angle of incidence which deviates from the

perpendicular orientation in a tangential direction the radiation beam is imaged on the data
20 carrier as an asymmetrical light spot. The asymmetry of the light spot gives rise to a

temporal asymmetry in the response of the read signal to the optically readable pattern. The

response of the read signal Sy(t) to the optical pattern can be defined as

So(t) = 7.L{i=-M,i=M}8,.x(t-i),

where x() is the signal recorded on the data carrier, 7 is a gain factor and 8, are coefficients

and BO = 1.

o
W

The following approximation applies:

So(t) = 7(B.,.x(t-1) + (1-B.4-B)).x(1) + By.x(t+1)),

For a limited tilt angle, for example of the order of O tot 1° the difference between the

coefficients B., and B, is substantially proportional to the value of the tilt angie. Since in the
30 apparats in accordance with the invention the magnitude of the tangential tilt is reduced it is

also possible for the bit detection means to derive from the read signal Sy(t) a signal Sy(t)

which is a reliable estimate (represented by []) of the signal x(t) recorded on the daté

carrier..

S,(t) =[S} = x(1).



05/ 02/ 2003 4 On the one hand, the highest accuracy of the error signal is
achieved if the detected step forns pan of a regular pattern havigg®oos
length of a few periods. However) such patterns occur relatively
infrequently in the read signal. On the other hand, shorter patterns are
nore frequent. Consequently ) the detection of such patters allows a nore 5
frequent adaptation of the error signals. An attractive conpronmi se for RLL
coded data is provided by the enbodi nent defined in daimb5. The enbodi nent

define r L ed on the
dat a oy P ertalt G he sEFADNReN Bn TSR Ercr B ol BulipEE Ty B BERAHY

t angentrhainet itli§ posids ai insqamssn bihécht  step appaaseint tlhe relatrdeddsigml ty ddrive am t he
direction of t e tracks.to read., The .enbodi ment _defined i Laim?7
al | ows 105 SHERALIGIAUYS 9f{1’6 “g'&‘:ﬁ‘?fb?@a@é&m&!% e H‘tté{%&tieu waﬁ? i cul ar
ther et gt BTRA geﬂtﬁmmusﬁ@ cﬂ&ﬂﬂﬁox{ of u{efb@roe%iggaﬁs 9% @imﬁl&? féihbier error
signal which dare described in th A{) i cation

si mui t dnssanist whightaemple witheSelirtl ). Apf) i Rbith Oh = Sh@d)Ap}ﬁl Ddht F@mthese ™er ef ore

rof at o3t Ak A lhERF o CEE e el Pt Gl7 Somamo iy Ot cal 1y

readabls' dat g, carrier as defined in Caim8. The transducer for.reading and
the transducer for witing can utilize conmon neans, for exanple a common
radi at @@ source and/or common optical means. In the case of preformatted
dat a cesr.rl_e;sﬂ an apparatus in accordance with 20 the invention can utilize
i nformafi on'specified in headers of the data carrier for witing on an

opt 1c alTheatifferenger baaweexsskc fandu$,'a fqransat sstable emee gighahfoe tmdehtidlhide eorveetivn.on

can) for exanple, a er nat el inforpnation onto t e dat a carrl r and
r eazzl i nfor mattrrip on, WEST: d&ﬁﬁ&%l’?%ﬁf"& FPa?‘?rB’ﬁ)m‘fersBHaf% T HREETETsSIS T8 ATOm,

readi ngnhd had apmar ﬁhﬂ&aﬁt@ﬂvkﬁkﬂﬂ%n?ﬁl? with &,099, S/ @nsﬂ(utr) P= ”{@nﬂ?f or(1,1,0).
correspondi ng to that in an apparatus In accordance Wi'th the invention

i nt enddwr 2Esexed guationy theoinstapangony valugaohtheanead eignalTiuecsssiveiyl comipy witBpect s
of the invention will be described in nore detail with reference to the
drawings. In the drawings: 30 Figure 1 diagrammtically shows an apparatus
in pcgydange-pypth the invention, Figure 2 diagranmatically represents
tangentlal tilt, Figure 3 shows in nore detail the error signal generating
neans &Rdt he apparatus of Figure 1, 05/ 0212003 5 Figure 4 shows sone

si gnal %geng(lag Fd in the error si gnal generating , neans shown in Figure 3,
Fi gure 8 shows 'the error signal generating means in a second embodi ment of
t he appegaat, ube diifeacrcorvdowece Syi aid $fidformy erstitahig eFoFsigmale 6 shows sone

[ s in th t h t F . Fi 7
Showe. the errar s giARNGRE S GRREEN SHRF GPIRLE Kb SrcayeRt P B el e 1

Fi 02 e i Y 8@t cAchbRd TRm b QEqueate B dhiué&dofte Géz{d)ﬁ%&ﬂ%?de prekiminy 6F & 10
third enbodi nent of the apparatus in accordance with e invention, F| gure

9 showe S¢pe Thiv bas e gAwanagsibraariagontelaribe ierron sigoalraske eswodf Mupmations in
the step response are reduced.

Claim 2 defines a practical embodiment of the apparatus in accordance
with the invention. .-

25 The embodiment defined in Claim 3 has the advantage that the error
signal generating means calculate the error signal again for every step in the read signal, as
result of which a rapid correction of the tangential tiit is achieved.

The channel decoding means mentioned in Claim 4 are for example
decoding means for an RLL code, for example EFM. Error detection means can be based

30 on, for example, a Reed-Solomon code, for example the Cross-Interleaved Reed-Solomon
code. The use of error detection means enables errors in the estimated value S,(t) of the
signal (x)t recorded on the data carrier to be corrected. This makes it possible to exiend the

range of the angle within in which tangential tilt can be corrected.



of the apparatus in accordance with the invention. 15 Figure 1 shows a
first embodi ment of an apparatus for reading fromand/or witing 8022003
optical data carrier 1. The data carrier 1 in the present case is of a
(re)witable type. For this purpose, the data carrier has a

fadi ation-sensitive |layer 3 deposited on a transparent substrate 2. In or
on the radiation-sensitive layer) for exanple, a radiationsensitive dye

| ayer or a so-called phase change |ayer) an optically readable pattern can
be 20 forned. Conver eglie ohé BaiftiRe ﬁ@h&tt@ccﬂra@ﬁﬂf%&{'ort%af %%hfé%d’xftype
the optically readable pattern bei ng obtai ned,” for exanP pressing wth
the ai dtbgfdee:ctmesteprrh@napprahétauggldﬁr Fargqméxaamgmngtbsﬁ ewrm@d&cléowsvcﬂ'or

opt ol kg aEkDg. A0 ABVET e TN 5y e SRR REL

si gnal Sgferds)areftherd freguemdiCoasoquentyf, thdrdero@ioncedl dugh paagsliewpatmeen. 25 The
transducer 5 conprises a radiation source 6, in the formof, for exanpl e) a
sol i 8- sfrequsny ﬁ@@ﬁanﬁﬁd)fdb? PR SigRaln 4 BRIty fgmPromiss for RhLireded dpmiitter 9,

a focusj I i gui de
a radi a @gﬁgg%g%% reglrth eea?% mt@ﬁ%gﬂlﬁcgﬂg%ng%% J{segrelg’g%d ﬁgél\??ig%pfie dat a
carri er fatorableeinsbersane thatsthé signaloneachdaditos the datastamier) is wiidnteteawhth glenEFSt € a
sensor A preprocessor 12 generates a read signal Sof t) on the

basi s of aﬁh‘g 8fCf our sensor si gnals. The read signal Soft) in the present

case is the average gbrbfifon! SfanSRRE0TII TR ESposABR! b 1BEI@£§'ettH@d§t‘§%gn§ﬂggnal
Sof t) the preprocessor 12 derives a focus error signal fromthe f

sendBr i yagdirscriorhel theduasksetor by regil gihhe embodippent defined ia Claim 7 ailllows tigudata 13

Fur  nor S FEBe LefeashHRe b Breph PEP AT wER Y Drs SPESER, S5 TR%, Py

denodul ff efie geheratioddfQRé ?ilﬁﬂﬁ:r @nﬁh@xoaﬁparhﬁhtb‘ie dedckibed in Bel AgiaRaBAREN( NOt
shown) for rotating the data carrier 1 about an axis of rotation 4 and for
nmovi ng FHYE8tfHedhs! réflefslsatwuléafsetprﬁﬂ%twlmqw Spisk pepidsation &y hereferet he axi s
of rot | alizing a relative novenent of
t he trgﬁgﬁggégedgﬁw[ﬂ% ﬁ?fsgi‘p’ié@m?g&?ﬁz ré%%ea garrl er 1. Figure 2 shows

di agfammati cal | y a c@hairnveomorodlse asigrento an appdracus Tor Pélaemgrigine ahd/ot S/nsxhgvvn

here to a hi exa ted scale., Ln re Ie of t er of
e G an o Poaiyra bSO D FrrBet s Be ine i gt 0 0k e tibag e B
carrierpe Tﬁﬁsdu%@xgﬁﬁtwﬁﬂmoc@c{m&nﬁ@tcon}nbﬁm‘é@rﬁé r?slde;@ﬁnm@% &eﬂmrh%ataueﬂ the
deviation in a plane V oriented parall to the track to be read and

t r ansveyoyedeyandéort ¢oanrden aplécar fieans.1. 10 The appar at us includes correcti on
means 16, 17) 18 for The corr ctlon ans 1

the present case corr%ar?]ge&%i ?frélﬁg%g}qéﬁ?da c’[atm'?' i*CHPRMEG B ARE! pa}inrC Y4
opt 2oal thesaveatiod ben ofilignintdrimationkpddified fnaniiers eftthd dada&adrfer ¥aN whiting on an

controlled by neans of actuators 17) 18. The actuators 17) 18 are

control <|>Fét§alb%3técenrie{/e$milgm 3PPRESORSICCOIsIBEE With dhe mvgnaqm Sn¢ €97, EXaRFITer
enbodi NRAL LA Sy e lin RPRAEh @mBrzﬁé‘éﬁQrc%merp%n tr‘éadlﬁxf &Lﬂea@ Abpye and
has correcti on nmeans conprising actuators for contr the orientation
of the fdrmeon s fomdbe deaders. Therirgpradaigube hpparames camgpmaraesanelrrroomgsalgmaal

generating neans 20 for the .generation .of the error signal SE(t Qr the
Jor T eot POIMREaNESPoaoTE o 1 1 GHAPRITAES: I 25EUOR O ICED SR ETHOT GBI on | s
changct gichzpdly fbrtrggd‘.m% ReIafr dagfie;Si gnal generating neans 20 are adapted to
derive the error signal SE(t) froma tenporal asymetry of the 20 response
of the read signal Sof t) to the optically readable pattern. Figure 3 shows
in nore detail the error signal generating neans 20. The error signal
generating means 20 conprise auxiliary signal generating neans 21, 22) ?3
for generating a nul Thaslmatougedspcdd ¥f edAddntiDhi(Will b @kl mearesdegiial
So(t). Herein) multivalent is to be understood to nmean having nore than two
val ues. Withé&efgipere iy dRyings. HeledseWHgs25 neans include first delay neans

21. .4h d l f
thePnput oi gnal - Sot ¥y drrafRLtIR douBdn JYAEY I S RMY) [ 2

means 2iveleionye fromthe f| rst additi onal mul tival ent signal z'4So(t) a

second additional nultivalent signal E’ gé% which i s delayed by six clock
YHafePeseLt

periods with respect “t&44 hé“%gﬁ?ﬂ}{“agF tanggptial filt.| j ary si gnal
generating means fur ve 30
the nul tival ent auxi ﬁ%&?ggﬁgﬁg% ﬁio‘(?@ﬁlerairigir?np%a ﬁgp?lg ??fé%ﬁ%a? %@%g%gﬁ{h'e

addi t i oapplaratus of Fighenl, si gnal . The error signal generating neans further

i ncl ude sanpl e and hold nmeans 24 for sanpling a value of the nultival ent
auxiliary signal SH(t) and storing the sanpled value. The error signal
generatlng means further |nclude 5|gnaII|ng means 25 26. 1- 26. 10 and 27

o o e . N

the



5 can be set adaptively) for exanple by determ ning an average val ue of the
mul tivalent read signal S(t). The binary signal is applied to a delsap/dohne
26.1 - 26.10 having 10 del ay el enments which each produce a delay by 1 clock
cycle. The signal S, (t) applied to the delay |line and signals z''S2(t) -
z''S2(t) supplied by the delay el enents together forman el even-fold signal
S3(t). A conparator 27 conpares this eleven-fold signal S3(t) with the

bi nary pattern 10 01110001110. Wien this binary pattern is detected in the
el even-fol d signal SHipiretdshowsdnieddifial derdeN ff @ e?ro?@fghilogensﬂaaﬁkal S, (t)
for the sanple and hold neans 24. The signal S2 causes the sanple and hold
means t anesasrphawvmidFiggred3s he val ue of the auxiliary signal SH(t). In

owipase i1ter 28 SUUBRFcorky3RPEhEE itk Aol ol AfGad BGSALy 0°

cor r ect ioptho@paraniHinlétcoahemvith tpaiivehdidr, er i s not necessary in all cases.
The error signal can also be supplied directly by the sanple and hold neans
24. The correction wéaa%rer%st@e'saﬁoeer%sn%aht&rfén%sgrxak/\eecnﬁrétms Reens B898nd
only tolglwu&g gquency conponents in the error signal. The operation of the
enbodi nent “showh in Figures 1 and 3 is explained with reference to Figure
4. Figure 4A di agr amiagureal $howsttbevsrrar siggalal: (% (as g furamndddhomangerzial dat a
carrier. Figure 4B shows the read signal S(t) generated by the transducer
in a si®%fion in which the angl e of incidence has a deviation in a
direction opposite tq:l%lh’@ @tdb@ﬁ&xhr@&dprﬂg%t £dt éaftﬁlahﬁlv%%%r Tsfgﬂ@lkss@tg i he dat a
carrier is read. Therefore, the read signal S(t) = ( X(t (

1- B. 10 . i ymbwnnayot)ﬁleea?aarswé 1n aceaydancs gl natentm gain T in the

t : I 4C
Chove. the st gnal s~( tySaBcareSt B eme® st eclrbilf Bl P GRA iplieg,

Thi s si gnatte ai;q;amuseﬁttdcnaxtdencfeow:th(tma invAftidrhe i nstant .t=0 the sequence of
signal values S, (-10), .... SZ(0) corresponds to the binary pattern
01110001110 and the signalling means generate the control signal S, (t)
shown in Fig. 4G In the exanple shown the sequences of signal val ues

S (-16)) ...., SZ(-6) and S~(-22), ...., S,( 12) also correspond to the
sai didi nary pattern fs'gtaerleﬂld\kts ofirsaeimbodimenonf awkpmaramalfor$d{ding frem30 al so
gener at ed%/at t he inst tl -6_and, t.= ;12. Fi yr.es 4D and 4E.
successi®fEry "SHRg (t‘h%n P%téﬁ? SF@#&F%&)“&J%@@W‘S& B dhe BEFIH A% 1% OF R ock
cycl es. (El>onrae1e41l§ shpysthidhgurpo@natie &l tirrishihgda reRsRfeRhsSiivdRyel 3 Hegenar
bet ween the sig Fs shovvn in Figure 4D and Figure 4E. The signal shown in
Fi gure @na.réaragrrﬁmewbﬁtra}m Hn 9r @nfthe radationssegrtve eyet yfopgx Saf#iaEoRnd
hol d ne N

05/ 02/ Zg%lté%lgy-ggt}%zeré gﬂgdv\gélit%ﬁg’hg%? ‘?Fy“gf ggrt'g{ "% 6 er a 1 ?téﬁa%%%hg&ﬁ”rlt °%“ g%cond
enbozl nméormed, Cohveéley arpadazd cmrrenlaxandxectﬁnhermitdm\t heej the epticably. reiiables

t herei n which correspond to those in F:H%gre 3 bear the same reference

nuner al §’3i‘?t8rb§H’t¥n?t§H“B§r fop gxample oy Rregssouitheht 2181 afignal 1i ng means

i nclude first signal lfogpRaRs &Zﬂxg&refpeoabﬂrtel 'ﬂraﬁd@cene%t b;‘lt?caﬁ%?&dlrﬂ the
5 read signal Sof t) and second signalling means 127.2 for signalling a

posi ti venspsgeliynreatiable paiters iregeadedSuy supstamedlyf pardtel slagriedcks aptheslanscaner. 1

gener at i.rst contrao nal, S7(t The first trol. sidgnal,has. a val ue
Tt or Ladpd gl rerE ol 3 reBl FEen S0 g Brinst e iR OBl Hplaofg

seq UBNC e heittansdueer Biddaipyisedd taﬁm&léohe&oalmaﬁ@@cehﬁor Hoi Benthd, eciotid.sargnal
S~(t). In other situations the control signal (t). has the value "0". The
second $3sghand pngcarrarrfﬁgs sty wglolqnéﬁeraat%spé@ébﬂdaé@ﬁ%marclerie@héranezﬂ( t).

Thi s co i val i
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t he val ue of the secqond cgntrol g a# S, :éfté is "Q". ée auxi | i ary&vﬁ] gnal
gener at iSRBETA ASENSOT 1ERAl pAJIEROCESSek 17 SERGIENSS 4 rerd signal o(n9n the-basig ©

del a?@ ths ﬁHéotr'sY A& THeTRA sr%hﬂ@#t) §?thetﬁre@‘u EQurs Prle%léragh‘%t% foufr E@tsor
auxiliary signal generating neans Turther include a first "nultiplier 130.1
for mul tsignklgi Agattrfeoxdehtamd stgriat Bttathe prepsoagpssolr laydemwf:actfmus etror aigaddthd
mul tiplier mul ti a first. addition e

factor Ao it ot spiser Sigues: T 55 el ool sied atarnlgeact A ot Pt s i

SH, (1) Trhiafhiaeimk WU bridriihi £€Lseirgi | hanndf) THeep @??Gcéds@«’f]ﬁ ﬁlrﬂt@ﬁbcx&@zﬂ@dzﬁtl ng
means further include a third nult~piier |30. or nultiplying the delayed
read si gadiel mishpulladgnst AIRRanwhigh A aprliedrinani pyidemodatator 14f or nmultipl ~ing
a second additional signal S5,(t) by a factor c2. A second adder 132.2
calculates a further auxiliary signal SH (t) fromthe signals obtained by
nmeans of the th|rd and the fourth rrultrplrer 130 2 and |31 2. 2~ The error

. o o o, o o o 1 NN oA —— " 4



The error signal generating neans further include second sanple and hold 30
reans 122.2. These neans sanple a value of the further auxiliary $s5@22b03
SHi (t) and score the sanpl ed val ue when the second signalling neans 127.2
signal a positive step. The second sanple and hold nmeans 122.2 supply the
second additional signal S5z(t). Signal conbination neans 12.i cal cul ate
the error signal fromthe first and the &second additional signal Ss, (t))
05/ 02/ 2003 9 S32(t) . In the present case the signal conbination neans are
adapt ed to cal cul at e Tieappafatesr fumther netudes meatnse(nbi stxtwnafor toringabedata

ddi tional . signal S5, (t d .S5: (t). . The enbodi hown in Fi 5%
ol Uci dattidh © Ao PR atny ORURR 4UA7H 187 M G B SATEHStRS Ehleaf o bR (1)
recor degheidenliftQladigtd B hkis OF rotiiGh!a eSHB HAVSort Biehfofdr Peatiz 3 rePhfvet )

afflicted with tangential tilt. Level detection with a detection level T
yi el ds trpevepieahpf thei ganaiucep Ot Wit FRspertitd UF daiz earsier 1The del ay means 121

generate the del ayed ¢, Lanal 5.z-" Joarr S d.n Figure .6D). fromthe
read signal So(t). Fi %1 rgr%% éﬁddxﬁrﬁa'i%ﬂlysgggrgd&?rbgﬁ %ﬂ%ﬂ%ﬁ”ﬁ&ﬁﬂm and
t he secangledons sidwishgreab aSglly Jexadpbrdiéd scald. 1hseppaniningle OMhkidddras 1BD

and 6E that for a value "1" of the first control_ signal the value of the
del ayed a0 alrgady Unpais (hg processsp{ fepding andiasovrirang of a dea camienr The tangentgh

Fi gures 6F ;1 ra.a:yakue, " 1" :

control ‘@38% tt ﬁelé 9% uezloagfatH ?Egﬁg%r}%gggi{@edae la\s/l?glrrl&gﬁ pira,ne‘éf')g %@ﬁggﬁg&ggl&ﬁds to
t he facttor trddk (o bd hmdvaad usmsarseihe theathtascgriad 1.Sof t) thus sel ected
consgquent |y provide good indi cation of the degree of tangentjal tilt. In
at e& the tangenti alﬂﬁ FRPAAY @cm‘#ﬁ PIFSPPR JeARY @ew--lff%f geﬁié‘c‘f.go 1~

degr ees jarfgeftid1ilY, THRoMTrechtn Heafy 16 i iRl prédeht éas@%oﬁagfikﬁ‘@ttﬂaﬂd})aﬂs{nt gth‘?e tilt

angle IT. Fromthis Figure it is apparent that the error signa E(t) is a
nonot onivga¢h glseldermesaparngf tharmpticelrmednst Bbe prientatinngdfethe Trapsparena ptaande cad be 1. 0

(00,0, RRREEE ek o RSN Y TPk ReSR L0t iR 1

appar at s r&ﬁ&ﬁkeftarant dreort grial S0 Rirogitkr @nHsaiment 8g¢ et @mpRSyAtRhsparenf\plate
result of this) the error signal SE(t) 20 differs fromO for a tilt angle

"T. W 2t meagtienghakiveand h3F COMECtiABagEAns COMPEEES RIWARES (irtcanraling dlent i on i s
t hat the. : i t i ! : . I he
oaul { agf PREUS LY B TRAP Ra RG] TR koo idier dorhftid MAbH Sefl) YRLERoL

t angent imadans ROtformtigl genemtipe dfi tedertar signediSu) fanitidhcaroetrion sizdans 16-A8. The
asymetry of the o(pti cal Séﬁthgm lt. is &ot nece sar%El to cal cul at]e the.error
si gnal BYPABHAL" BFISHICE A EHIS VR IGRAT EMArdqierired AR Rt ShRTiEe nighal gRpeating
har dwar endagis RO Rk 681y 108d R iV RO bt o PEIRHAI VN GroB LR rAporAUsPRSRry of the

m croprocessor. An exanple of a programis elucidated with reférence to

Fi g gesponse @f5thg Zegtheignal Gofthtor te oprieally jspdableapatigam P 1 a nt unber of

vari abl es and arrays .S 1.0 Ld.ali. S in ternl =
{0,1,1,1,0,0,0, 1, 1} blf'g‘éﬂre;g %@%Se‘?"égf‘%] de%‘q}{ Jfg\%@%“ 3‘,&5‘?"{ gcfg%hg? ’%eauﬂ?]%%r )
_ {0, 0, @rOr GighaDgéhetdringmhexpe 20 S0RIP:{sb Jauxilig ), Ogidl @efbratiny! meds 23522729 for
integer S52 = 0 10 S3 corresponds to the signal S3(t) of Figure 5, in which
S3[ Q) i SeRGiRtinga ran i ver raxilianydeed 58 dran Bprepd signal (). Hereingymylgvalens

val ue of. z' n| Jo eshl : ; 3 t he
bt seationoss S ToRRId fiefh S ARG nRRE Wi, GHESTT: KBS MdRERANIR |
127.25 amutah hcideSOBELelne preesebi .sThdse nieass deriwead fiess additibied nmeddalentgignlal So)

where SO corresponds .to, the | ~ signal .Sof t) and SQDEL[ 4] .corresponds
o the ProtomebLEryARER gnal RE dsyRst By raf cigck daipas Hhoasd dey medibna
to the DeARE FNROWS MAk YeEoRal phAriSdIeMaigha oY ) a IBDnSRdbiftibnalmitkiOhles: S.
In the second program part P2 the instantaneous Vval ue of i.e. SO, is

read i nsignal z¥e(t) Rihich i5delgyedrbpai clpek periodsrwidyTespict 10 &cmagmtséénabm(ét dbe as
fol I ows 'au%%arliiosrigh]al:gegerta mg(v) mc%seﬁxrfh%r include signal combining means 23 which derive
30 the multivalent auxiliary signal S,(t) from the first and the second additional multivalent
signal. The error signal generating means further include sample and hold means 24 for
sampling a value of the multivalent auxiliary signal Sy(t) and storing the sampled value.
The error signal generating means further include signalling means 25,

26.1-26.10 and 27. The signalling means have a bit detector 25. The bit detector 25 in the



S3[J+1J = S3[JJ EndFor S3[QJ = threshold (SO Herein, the function
threshold() carries out a | evel detection, the function val ue bei pg092063
the 25 value SO is below a detection level and 1 if the value SO is above
the detection level. The,, detection |evel corresponds) for exanple, to a
runni ng average of the signal So(t). In the fourth programpart P4 the
array SODEL is cal cul ated again. The cabcul ati on proceeds as follows: For J
=3 to 0) step -1 30 SODEL[J + 1 J = SCDEL[J] EndFor SODEL[0] = SO In the

fifth pgﬁ@é[ﬁr@aﬁ@fsta BVeltdb‘?ecftdrr@lhcl@Gé‘MésCﬁ@h 5 S0Rlvalend rdad s%ﬁ Sﬂgl? 'tgmirye

contents of the array S3[] and the first binary pattern p
cor r espeigdal S,(thby companiag Uk resd Sighpal Sa(tbmth@rmfe[rq:nqenevclsmamtm Sﬁbﬁd{mh]m +

(1-CO) *S/l uent | i xt ogram part P6 the second

addi ti oﬁ’ﬁl Q? ﬁ%{&l L aimple gp(&éecqur ottfie ?&g’fhg’ {p ’at FRSPOfISF JAXEBER ang

t he secgmdmbaﬁbxyomktmtml,ngpé ol 2bdpofiemesiRndlikinens) . anetrbRfencd el at e at
whi ch the variables Sb1 and S52 are adapted depends on the choice of the

par affet 630 &5 ok adeptivabl. doy axample by drerpiingat average; walyeef b anlivalertt rcade
06T a0 B T, P9 gl 1558 A B
cal cul atseshich eadx:p:rodgm:e delay by 1lelogEcycleSEhe-sigifaP Si(r) dppedtqink hiepiydieadidpar t
P L SLidE B Ao PR Ef e BB, ST LI LT ORrpeesath . T
S4(). A comparator 27 compares this eleven-fold signal S,(t) with the binary pattern
10 01110001110. When this binary pattern is detected in the eleven-fold signal S,(t) the
comparator 27 generates a control signal S,(t) for the sample and hold means 24. The signal
S2 causes the sample and hold means to sample and hold the value of the auxiliary signal
Su(t). In response to the signal Sg’(t) supplied by the sample and hold means 24 the low-pass
filter 28 supplies an error signal Sg(t) to the driver 19 of the correction means 16-18. A low-
15 pass filter is not necessary in all cases. The error signal can also be supplied directly by the
sample and hold means 24. The correction means 16-18 are for example so slow that they
respond only to low-frequency components in the error signal.
The operation of the embodiment shown in Figures 1 and 3 is explained
with reference to Figure 4. Figure 4A diagrammatically shows a signal x(t) recorded on a
20 data carrier. Figure 4B shows the read signal Sy(t) generated by the transducer in a situation
in which the angle of incidence has a deviation in a direction opposite 1o the direction in
which the relevant track of the data carrier is read. Therefore, the read signal Sy(t) = 7(8.
- X(t-1) + (1-B,,).x(1)). By way of example it is assumed that the gain 7 in the present case is
1. The value of 8, is 0.25 in the present case. Figure 4C shows the signal S,(t) obtained by
25 level detecuon from the signal Sy(t). This signal is an estimate for x(t). At the instant t=0
the sequence of signal values S,(-10), .... S,(0) corresponds to the binary pattern
01110001110 and the signalling means generate the control signal S,(t) shown in Fig. 4G. In
the example shown the sequences of signal values S,(-16), ...., S,(-6) and S,(-22), ...., Sy(-
12) also correspond to the said binary pattern as a result of which a control signal S,(t) is
30 also generated at the instants t = -6 and t = -12. Figures 4D and 4E successively show the
read signal Sy(t) delayed by four and by six clock cycles. Figure 4F shows the signal S(t)
which represents the difference between the signals shown in Figure 4D and Figure 4E. The
signal shown in Figure 4H is derived from this difference signal Sy(t) by the sample and hold

means 24. This signal is a measure of the tangential tilt.



data on the data carrier is stopped. 20 Figure 9 shows the error signal
generating means 220 in a fourth enbodi ment of the apparatus in agggsegnce
with the invention. Parts therein which correspond to those of Figure 3
bear the sane reference nunerals incremented by 200. Parts which correspond
to those of Figure 5 bear the sane reference nunerals incrénmented by 100.
As in the enbodi nent shown in Figure 5 ghe signalling neans 225, 226.1 -
226.5 ) 227. | , 2~ 227.2 include first signalling neans 227.1 and second

signal11ng means 227rigufco shERPAE!dn! sfpril BBl mel AT REROGH dnfboRime®
anot her, a negative sfep and a positive stép 1 n tthe read signa “}’
parti cud>fah§t appezathis 1rs accordpned Mithgtherdmentid@ 7Pdrtssthgredal waidhe:@mtespwdsb goseAn t he
read si naI f t) when the bit sequence 111000 cyrs,. econ

G gnat | e i the HIGE sgtiieare buBals Poterienied on D00 dnitbis sEd e Bt ¢
when thg MIthﬂ%nﬁau@@%l%lgaswﬁsneaﬁa 1e¢ciefortsrg%§m% 2fadve siéf Bothe

determ nes t he sum of val ues of the read tg whi'ch correspond to
the bi tmsad signtleSotibaed sesondisignalkigpanceas 1V 2h mznailmvcafpcmto@rsmpoﬂnltabmd

oy e GBS 2B S o 3 g8 D5, Sl ALK, PhaRlR =
227. 2 i conirol Jighdhapesialiearly ot gnrbarBhd dup aotheaspdridaalt Q(if,Nee. Sitgnahe bigpp! i ed

by the adder tree, |f the signal S42 generated by the signalling neans
227.2 jquepes wuho@r@mazmsuqrz Q14 £0QQ),  3ppgary %.lg:réteosw(%x;nq@ @hdnioRger se of
t he si a 2 sanpl e
the audITHRE: LaldlenPSRRrRL: ERaleTtE  TRERkO0 Mullid BRI 22N
It 18 ofrwemtesa sdrand tcontlrcbiaéglai; Si-(1).€bhis rcohtnel fgnal mmny vahri ‘dritvehearapositive

conceivabl e 5 w t hout art fromthe scope defined.py the ains. In
anot hers! ?n‘l?dg? Feadsignal a rdﬁfeg ed; Lef 8@%&%&‘@6%9%8 ‘}F%Fm?@'a%“ﬁﬂ‘ and/ or
I nscri by pgo AN 0ARELG8h Halide&dd KioREl $.01) [ R€oth& fhQfiofk HhaRGIue UFGhd BégRd | On
further relates to any new characteristic feature and any new conbi nati on
of charcotrer $ignal S.f(ieds UPes. -13 CLAI MS: 1. An apparatus for reading an
optical data carrier 05102/ 2003 - a_transducer for
optically reading anTkg)ep%Lllxéla r% elr%tm‘gaxpf@,sr}n ,ﬂé BYedE Piv lgﬁlﬁg? érﬁitcféél |y
par ab | elnidetiawhichalkByothe Mmealdalea: ﬁ@nr kighal SI0¥ bY FourdabEr afdldid Bhd £a6liasy gnal
(So(t)) .which is an indication of the op tlcallg readabl e pattern, 5 - means

for caud§iiyeency¥ingmeansfBRTeneluds actist mubipliguddl. 1 (foy Hwhﬂmvméélp%e%la)tee t he
data C%gxl'n‘?ﬁle&t]s)lznﬂ b?%rfaF&ﬁ' lcPna TBRRT thi® nér7 :.Lﬁ%‘orfﬂﬁltf qugmszta%agr%ﬂanl al
R ( 01) or ger? ra

ilt (I'T), - error st gener ating nea an error
SI gnal $8R&{ 6))) bor faher cdrnéatfironaddearis?. lafod calohliatihg titeauxiléary hgnelr&,p(n)
si gnal SE% %g frcL)lﬂPg %0 tepporal asymmetry of the response of the read
si gnal Gpte™@&t | y readabl e

20 The auxiliary signal generating means further include a third

muluplier 130.2 for multiplying the delayed read signal by a factor ¢l and a fourth multiplier
131.2 for multiplying a second additional signal S (t) by a factor c2. A second adder 132.2
calculates a further auxiliary signal Sy,(t) from the signals obtained by means of the third and

the fourth multiplier 130.2 and 131.2,

t9
wn

The error signal generating means include first sampie and hold means
122.1 The first sample and hold means 122.1 sample a value of the multivalent auxiliary
signal Sy (1) and store the sampled value when the first signalling means 127.1 detect a
negative step. The sample and hold means 122.1 supply the first additional signal S;(t).

The error signal generating means further include second sample and hold
30 means 122.2. These means sample a value of the further auxiliary signal Sy,(t) and store the
sampled value when the second signalling means 127.2 signal a positive step. The second
sample and hold means 122.2 supply the second additional signal Ss,(t). Signal combination

means 124 calculate the error signal from the first and the second additional signal S(t),



pattern, characterized in that the error signal generating neans (20)
include - auxiliary signal generating neans (21, 22, 23) for genernstopngon
mul tival ent 15 auxiliary signal (SH(t)) fromthe read si gnhal (So(t)),
conprising delay nmeans (21, 22), - sanple and hold nmeans (24) for sanpling
a value of the auxiliary signal (SH(t)) and storing the sanpled val ue, -
signalling nmeans {25, 26.1 - 26.10) forggenerating a control signal (S4(t))
for the sanple and hold neans (24) when a step in the read signal (So(t))
is signaldye I Afnbs ¢ ized in

t hat tﬂ%zgl glﬁatﬂglp%eﬁc“e%aﬁés)ﬂfé ﬁ% aﬁbﬁlaﬁ?ﬁ?%éhgmglﬁ'aﬁk&m E%aﬁ&gttﬁ\cl ude
first sdiffeeehed beyweem e f('xrstlanzl the seeond asidisionel sg@maas.l(t)mgd &aahs (127 2)

respectively for si II| e i v.e a tlve n.t he read
signal (So(t)) i ndep F‘%ﬁ}mS& ’%ﬁg"“dﬂf RS 575 ‘%“?"‘X‘?ﬁ ‘éf&‘bé? geg TR e
in any @Egee GAhEhds?{/ﬁthlEﬁn ignel 2) feusideerin ﬁf&dﬁ@bﬁieieﬂﬁﬁ& 6Eavel thelegadi ng
means and/ or errQr correction_ neans. -14 05/021 2003 An a paratus as

cl ai frecsigns] 8y afflictesk with sangentiakdilty Leyelxletectian avithes Hoteeriondeyah t Yields the
si gnal lBLHzg @%@?SQ%%@OW&%?F ure %%6 'I%e dc%} xjneax'J5217’f1 %ngﬂa@r}ﬁé d@la@&gﬂ: ve step

in the rea Si gn on the occurrence 0 sequence ich
successsigml y “S;,(Imhlomnd:lgm’e 67, frére thakead signah Si(i)t Figre tEend Higerel6F n bits

f th I bi t f th I t t
R e R ey

SUCCES SEi¥fleY 6DOLHRN 615 Ueat I6Ea Rathe OF bhqlevﬂsveoﬁuon Ri gﬂat fhe Yaluk tH@Bél?yeQ n
bits of fhe value 1 and one bit of the val ue An apparatus as cl ai ned

in @ ai nqach,sxgnﬁdr aet)eqorresppridp 1@ Mgt fagtor &, 3Fr01r0F&Ura&rﬁ&pp@ﬁﬁtxugsmgpml thetdd in
any ong,p vtanl% ’(fl” aofr{'ﬁ? }Whgd Eom['&irsﬁ#glf hek\%rl Céfetgaldgﬁely?a/ }'et”gasaignalfa\%sa enerating

a furthék2efior signa ure par at us

as cl aigsedspondany trenfacit Bt hEhEvaluesotliteGedd sikadl S,@AHiubgeladiel Odns e»my ting
an optically readable data carrier, conprising a transducer (5)
opt i calHT9V1F1%écﬁ°6ijﬁ@d‘ﬁﬁ‘%mflth%lm’%ﬁ? ShéAMERIQaMt ern in substanti al | y paral | el

data tracks of the t?legta{hgllﬁrgcgtpalrtﬁ§9r§m§e Esa)na"i‘x ﬁ”ﬂek ef-9Nalnd Bg A Method

of reading an optical data car od at ransducer 20
(5) 17 eattgreas Bigtxiecalshcpm theremror esggmabl 8¢(V)i a3 = fumstiamof dilel tilt ateal |l Erordalia tracks
of the 19'26#2‘ iU 18 appareht that the error signal Sg(t) is a monotonically decreasing function of the

tilt angle ", over a range of -1.0 tot 0.7 degrees and is consequently suitable as a control

signal for correction means. It is to be noted that the optical system of the apparatus used for

the test exhibited a small degree of asymmetry. As a result of this, the error signal Sg(t)

20 differs from O for a tilt angle ";. An attractive effect of the measure in accordance with the
invenuon is that the correction means reduce the nlt angle "; to a value at which the resultant
asymmetry in the read signal is eliminated. This means that the tangential tilt angle 1s
reduced to a value which compensates for the asymmetry of the opiical system.

It is not necessary to calculate the error signal by means of dedicated

hardware. In a third embodiment this hardware is replaced by a suitably programmed géneral

r
h

purpose microprocessor. An example of a program is elucidated with reference to Figure 8.



and in which a read signal (So(t)) is generated which is an indication of
the optically readable pattern, in which the transducer (5) is noyseh/2003
relative to the data carrier ( 1), in which correction neans (16, 17, 18)
reduce tangential tilt (IT) , and in which error signal generating neans
(20) generate an error signal (SE(t)) for the correction nmeans, and derive
the error 25 signal (SE(t)) froma tggporal asymmetry of the response of
the read signal (So(t)) to the optically readable pattern, characterized in

that the error si giahe RS rafiaROpFERIS Autiber $2VaMebI&s &4l drtdlie gliary
signal (SH(t)) fromthe rgfadgmgnal (So(t) )e,r and goaﬁsple aa\\l‘/(’glugﬁu?aé

auxi |asafol}oxss gnal (SH(t)) and store the sanpled 30 val ue when a step in the
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11 ca al cal ca'] \] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
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|1 cabeancnbealaslielach sahesbeakoaleainnl sabagloahoel prkoslgeheakant o2l cal

ca]ca caJ ca] ca] ca] ca: ; <eCl n3&10%& ()

1094 &ighpl 51020 SODEN 4] oo &PQI)dS&@.tbe/oﬁr&'tz(n)anGS(s} vaPe of the signal z*Sy(t). S51

oer Eobat RS B Sabla o R R - vs

y*?bC&&10% & () - ! §&108B&%NnE )prockiber{ P2 ifeZHiQNERA&UE valne of Sy(1), i.e. SO, is
109%6& () -, G 109%& () - (+LxWbC 0@&10% & ()- 0@10% ()- ! WO%B5& 0O-"

94099 RI(I. " 1 9409558 ()- ! YA0%B5& ()-  @)sT5yss10%& () - S&y10%& ()- 101010

0@10% () - In the third program part P3 the array S3[] is again calculated as follows.

20 ForJ = 7100, step -1
S3[J+1) = S3[J]
EndFor
S3[0] = threshold (S0)
Herein. the function threshold() carries out a level detection. the function value being O if the
25 value SO is below a detection level and 1 if the value SO is above the detection level. The,‘
detection level corresponds, for example, 10 a running average of the signal Sy(t).
In the fourth program part P4 the array SODEL is calculated again. The
calculation proceeds as follows:
ForJ = 3to O, step -1
30 SODEL[J+1} = SODEL[J]
EndFor
SODEL[0}] = SO
In the fifth program part P35 the first additional signal S51 is adapted if the -

contents of the array S3[] and the first binary pattern pauernl{] correspond.
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10<<$ S52 is adapted if the contents of the array S3() and the second binary pattern pattern2(}
correspond to one another.
The rate at which the variables S51 and S52 are adapted depends on the
choice of the parameter C. A suitable value of the parameter C is for example of the order
of 0.001 to 0.02.
10 If S3[] = pattern2[] then
S52 = C*SODEL[4] + (1-C)*S52
EndIf
In the seventh program part P7 the error signal SE is calculated in
accordance with:

15 SE = S51 - 852

In the eighth program part P8 the error signal is applied to an output of
the microprocessor.

The series of program pans P2 to P8 is repeated until reproduction of the
data on the data carrier is stopped.

20 Figure 9 shows the error signal generating means 220 in a fourth
embodiment of the appararus in accordance with the invention. Parts therein which
correspond to those of Figure 3 bear the same reference numerals incremented by 200. Parts
which correspond to those of Figure 5 bear the same reference numerals incremented by 100.
As in the embodiment shown in Figure 5 the signalling means 225, 226.1 - 226.5, 227.1,

227.2 include first signalling means 227.1 and second signalling means 227.2 for respectively

~
n

signalling, independently of one another, a negative siep and a positive step in the read signal
Se(t). In particular, the first signalling means 227.1 signal a negative step in the read signal
Se(t) when the bit sequence 111000 occurs. The second signalling means 227.1 signal a
positive step in the read signal Sy(t) when the bit sequence 000111 occurs. An adder tree

30 240.1 - 240.5 determines the sum of values of the read signal Sy(t) which correspond to the
bits in the detected bit sequence. With the aid of a controllable inverter 241 an auxiliary
signal S(t) is generated from the sum calculated by the adder tree. If the signal S, generated
by the signalling means 227.2 is "0", the auxiliary signal Sy(t) corresponds to the signal

supplied by the adder tree. If the signal S,, generated by the signalling means 227.2 is "1,
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- a transducer (5) for optically reading an optically readable pattern recorded in
substantially parallel data tracks of the data carrier, and for generating a read signal (So(t))
which is an indication of the optically readable pattern,
5 - means for causing a relative movement of the transducer (5) with respect to

the data carrier (1),
- correction means (16, 17, 18) for reducing tangential tilt (I7),
- error signal generating means (20) for generating an error
signal (Sg(t)) for the correction means, and able to derive the error signal (Sg(t)) from a

10 temporal asymmetry of the response of the read signal (So(t)) to the optically readable
pattern,
characterized in that
the error signal generating means (20) include
- auxiliary signal generating means (21, 22, 23) for generating a multivalent

15  auxiliary signal (Sy(t)) from the read signal (Sy(t)), comprising delay means (21, 22),
- sample and hold means (24) for sampling a value of the auxiliary signal (Su(t))
and storing the sampled value,
- signalling means (25, 26.1 - 26.10) for generating a control signal (S4(t)) for
the sample and hold means (24) when a step in the read signal (Sq(t)) is signalled.

20
2. An apparatus as claimed in Claim 1, characterized in that the signalling means
(125, 126.1 - 126.8, 127.1, 127.2) include first signalling means (127.1) and second
signalling means (127.2) respectively for signalling a negative step and a positive step in the
read signal (So(t)) independently of one another.

25

3. An apparatus as claimed in any one of the Claims 1 to 2, further characterized

by channel decoding means and/or error correction means.
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by means for generating a further error signal which is a measure of radial tilt.

7. An apparatus as claimed in any one of the Claims 1 to 6, for reading and/or
15  writing an optically readable data carrier, comprising a transducer (5) for optically recording
an optically readable pattern in substantially parallel data tracks of the data carrier in

response to a write signal.

8. A method of reading an optical data carrier (1), in which method a transducer
20  (5)reads an optical pattern recorded in substantially parallel data tracks of the data carrier,
and in which a read signal (So(t)) is generated which is an indication of the optically readable
pattern, in which the transducer (5) is moved relative to the data carrier (1), in which
correction means (16, 17, 18) reduce tangential tilt (It) , and in which error signal generating
means (20) generate an error signal (Sg(t)) for the correction means, and derive the error
25  signal (Sg(t)) from a temporal asymmetry of the response of the read signal (Sy(t)) to the -
optically readable pattern, |
characterized in that
the error signal generating means (20) derive a multivalent auxiliary signal (Sy(t)) from the
read signal (Sy(t)), and sample a value of the auxiliary signal (Sy(t)) and store the sampled

30 value when a step in the read signal (So(t)) is signalled.



