;e3e|"y |4% 6 TAMJ05/ 02/ 2003 Apparatus for reading an optical data
carrier. The invention relates to an apparatus as defined in theogpenodg
pan of Claim1l. The invention further relates to a nethod as defined in
Claim9. During reading of an optical data carrier the transducer generates
a radi ation beam for scanning optically readable patterns on

carrier. As the density 5 with which data is recorded on an ommmmmmu m”m
carrier increases the tolerance for deviations (tilt) of the anglg

i nci denc t endj le _dimnishes. The tilt can have “a
radi al E‘RB%’ﬁmﬁ thﬁ%(a{r%t%' éfﬁ#?ﬁéﬁtgrc& dnhent . The tangenti al mmm
(tangential tilt) is defined as the conponent of the deviatio IWWMJW
oriented parallel to the track to be read and transversely to thegggha
carrier. The radial conponent (radial tilt) is the conponent of the 10
deviation in a plane oriented transversely to the track to be read and
transversely to the data carrier. An apparatus of the type defined in the

openi ng paragraph is known from 15 EP 569 @7 A 1. In the known apparatus

t he transducer conpri ¥ a transparent plate arra d an opti cal th
froma radiation ggur € veeHan 8%?[55 éan‘E PRparatyg, as ggfr%&ﬂtlatﬂ?%ﬂ’e g A7t 5

transpar efimpl.ang HeRNASfupBetfRIRES @ a FHeabAl asVhrkiahd iSChifiwasure of the
radi al and/or tangential tilt of the data carrier. For this purpose. in a

first embodi nent, a s iBUpgaaeding prn opyeg! dtanecabreqnnhmaomup@ geptiagstaed from
t he data e uad a et.ect or
via a scfatcadzdr’[]lobﬁ ¢ FS& u}?: %m % ﬁy }-&gg@g IpQH&%F %P h 8@5 ’fﬁe %o‘%‘nmgi gnal

on o
i s desi vesthfwidoch darfaﬁermm dremweﬁuital deta catpraiheregen eiedfoRsandy foe@dvsatiohs t he
detector, In ggot hei the apparatus is equipped with auxiliary

means f oftlB& dpiRg ﬁ@? e %meowmndméarﬁnaﬁsdﬁwemes pHigcilt gapyhave a
auxi | ar y, 4R aBmpbfin 484 4 FhdHnhsl ed@@gg@%@txamn@& ctot@ ga& %éﬁ%hmeﬁm igot h

auxi | i ary means conpr|se a separ at i ation source tTector for
gener at i agfirfedas 126 Cemgomﬂlns of the defvizsioerh adplamendridniel waraltel (s ilgnadckits bdeeddved

fromthe two sets nal s 05/.02/ 2003 2 | n_obj ect of e
i nvent i of"% B3y SVFléf a[ﬁe %‘65%‘33"155 The s ‘ﬁ@l W“&%‘r“ﬁéﬂ ‘ﬁH 1§ e JBB@HP% nget ,
whi chor egaiiidies inesslanédtibhed dandietdeBato iHRaANSK 16 be JOMCLRAL kHGvdr 8y &F fHeldata
signal for the purpose of tangential tilt correction. To this end,

accordi n@aﬁlérthe i nvention, the apparatus is characterized as 5 defi ned in
Caim1l and the nethod is characterized as defined in Caim9. 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 resu of this thea aratus in ac rda
with the invention doéﬁ‘?ﬂﬁ’?arnésq‘lg \S’E d%m'épt‘i‘ eé‘ﬁ’(&ﬁ?é‘?‘"??é‘a‘ﬁ oy T‘Ento
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distortions in a signal and correcting the distortions by neans of
vari abl earsenggtliiz @n . opHEHEpAET frogal dadmmmmtrced@etse data cdersrr Theotiersation of the

rel ation e | I ransducer t to a data
carrier ﬁ'gchf“%ﬁ{ §F§" %gr ggssg%%ﬁte to l@& \svlﬁlé"h nf{?és“is?rﬁeow % ”id{a?gih?cf% ent from
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for reducing the tangential tilt.

off the beam which is reflected from the data carrier. The sub-beam is imaged onto a four-

20 quadrant detector via a screen which blocks a central portion of the beam. The error’signal is
derived from differences between four signals generated by means of the detector. In another
embodiment the apparatus 1s equipped with auxiliary means for determining the orientation of
the transparent plate and auxiliary means for determining the orientation of the data carrier.

Both auxiliary means comprise a separate radiation source and a detector for generating four

25 signals. In this embodiment the error signal is derived from the two sets of four signals.



15 The apparatus in accordance with the invention is based on the foll ow ng
insight. In the case of a perpendicular angle of incidence of the pagsabizon
beam generated 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 fromthe perpendicular orientation in a
tangential direction the radiation beamyis inmaged on the data 20 carrier as
an asymretrical light spot. The asymmetry of the light spot gives rise to a

tenporal asymetry i : Sl i
r eggabl e pa%/t ern. yThgt frsgglp%bﬁggeg?@t ﬁgeﬁr[@glds??%r% Qrgg%pa%%us{ gleﬁgig&%%?%éz%ﬁ 2
pat t er nirctiie dpeniggfparne avhach 8qfiirys lesy additiionalMbptide} (rieanskior -generatidpethe exfor i s t he

si gnal recq a carrier, z js a gain factor and [err] are
coef fi créht

t h t
;fggglegﬂﬂp‘i‘%oo éa’ig.eml*ﬂe‘hf BYTFMOAy approxi mation applies: Soft) =
r(fi,,.x(t-1) + (1-BTo this éndgﬁécbrd"mé ko the(faventibn, ﬁﬁrapgaﬂaiu@”iﬁ Bshrhdibrizeang! e,

for exanple of the order of tot 1° the difference between the

coef i ciefined inElaimyARofithe methpdhs charactatized 35 dnfimed imAddimtD Theeinvedtica of t he
tilt an { [ n; i c with the i ion_the
g ool ok SshafronhRRALAb Tdsl AEECHARREG I W Hedf Sl UP RN o7
det ect i alifediygeaetacddier ireprofuciny theeiatefrdmsthg@ala c3eridr. 1) aaresulgbathi§até) which
is areliable ,estim%%e (represented b []r? of the si%n,a_l x(t), recorded on
the dat 8PRAEHY HY accOoxianeg Withithe, Invenyqn ¥<.>es OH BIIYHE Aoy HAditiens) ORUEHSIEUEL t hat

the signal recorded enistiheedRta ha frbREE383 Bes OStd BR6is iBo@n Bt id@t‘é&?n&
at which ed

manner it is possible at instants ' a step appears 1 n the recor
si griél ttodeoensvie aasigeal rapd coitgeimig thadistertionebymeaheoiia vadtbloequahidenmagni t ude

f th ilt f 1Lt i | which i. i stort .by t tial tilt. Th
oai cur aftostven SPRCEPREH Qg ARl SRy st BhinprhinbenGrt dgslias i ant o ¢
whi ch ceaapdicet with ¢3gede-1d)a dab2€dntier Ehblﬁfrb;t)cniésoopt’hé)rcé?irsi&rgad.ON@?Lher_FiQ'it these
0

two situations the jnstantaneous val ues of the read signal successively
conpl y @pRakent $epm sart qycumgpichospan errpr gignal is 0o Ph@ertirated fernearastoneEeansHor and

So" for . -SUj I rror signal for tangential tilt correction. However,
it is a@gaﬁ}ﬁgg% Eﬁlﬁggrftgilé@r'i ve an estimate for the error signal fromthe

readssi gnal at instafmhs appiratus gmnpdoydaﬂct hvi(lﬁﬁétin\&n)iﬂm is4s¢d on Lt&'ZfdlloMﬂgl ) )
0,1,1 or ,1, 0).. For these t jtuations the instantaneous val ues

ot Uhe. Melad o cose it BEPEA TR GHiSS O e HEnESOTae Taiater. (Bam Borgiiecly -

T(1- B~) theAgdsucet ife fHiaki fsRin@NERuREd) 8ﬂ'e§9>'nd§iWlh?%bti&ﬁ%ﬁad’ab?éje\%&% e error

signal. In another enbodiment of t ec(sﬂp_parat us in‘accordance Wwth the
i nvent i oesoxi@dtdnethe rdatsy castigi dior iag apglecef| iatidencervorickadedeiaefrom @t val ues of

L0, LBl OIS AR ] el e PGS SR RBR O
r eSPONs araef a$ eflueafimeical Ny sgef iMesgmpreaotdrerd lightpedi gead ried 1d he
apparat ltjein;;orrlalaaggr%;g?rgclﬁ t\lllvcle trgpgnsg olf n[;l/ee ?éaldosri]g'nal to the optically readable pattern. The
response of the read signal Sy(t) to the optical pattern can be defined as
So(t) = 7.Z{i=-M,i=M}B,.x(t-i),
where x() is the signal recorded on the data carrier, 7 is a gain factor and B, are coefficients
25 and B, = 1.
The following approximation applies:
So(t) = 7(B...x(t-1) + (1-8,4-8)).x(t) + B,.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 angle. Since in the
30 appararus 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 S,(t)
which is a reliable estimate (represented by []) of the signal x(t) recorded on the data

carrier..
St = [Se] = x(v).



25 The enbodi ment defined in Caim3 has the advantage that the error
signal generating means cal culate the error signal again for everygstemosn
the read signal, as result of which a rapid correction of the tangenti al
tilt is achieved. The channel decoding neans nentioned in Claim4 are for
exanpl e decodi ng neans for an RLL code, for exanple EFM Error detection
means can be based 30 on, for exanple, a Reed-Sol onon code) for exanple the
Cross-Interl eaved Reed- Sol onon code. The use of error detection means

enabl es I I ) caPiart i & ded on
t he dat aéglg{r?rﬂ?e e{;aet ‘tbhlage co%%?:‘?glg\éa ?tgg%g{?ecﬁl%r %gsb?i%'q@&teg%%t%ﬁ?é ’
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| engt h ofjsiBrié €y RAgensH - uld"qttd@\t@rchlaﬁdﬁ tafmt érecsrnssgmgg(&) {s8iAplest by those
infrequently in the read sig On the other hand) shorter patterns are

nor e 5re1qe:emfﬁtv¢@¢ttwa@1mw@ (Szﬁel)d&(ac&(bhl)@f— $&On) pat(d Q). For shese BWorore 5
frequent t m se for RLL
codgd daﬁ’@gﬁl@] g&%{%ﬁ&‘% ﬁagﬁ Frf%htm@q ?‘%Cé%fg%%iydeorgp% he enbodi nent

defi ned $n=C|1£B,m6 is favorabl e |n the case that the signal recorded on the
dat a carrl er is nodulated with the EFM channel code. Correction of
tangentl%ﬁ t||t makes it possible to increase the data density 10 in the
directi e tracks to be read. The enbodi nent defined in daim7

all ows the data ‘density to be increased also in a direction perpendicul ar

t her é0 0. Tiendifferenoe batween ds'eandn®ifernioa stiteblayemer signad niomtangfhmalf ult chmrectionr or

si gnal which are descyibed |gthfe Ilcatlon PHN 17048f4_A £

si nul taneously with tH&8"prEsEdt a/-s\Bao OPSARIF 1 T e,y eSKimAte L34 e ATTPE SigRd 1298, e
I ncor por @t eghdl fighdnar nrsaﬁtgnwme@@bmggtwnm (oyi- QGEQE)GISQ(@+1)1§ =Th@1imeention al so
relates to an apparatus for reading froman / of writing on an optlcally

r eadabl eFaathesedaior simatiens We AnspaaerneausCYalinan of therrrad tsignab sliscessivelyr camepdyivid and
t he transducer for witing can utilize common nmeans, for exanple a conmon
radi ati on source and/or common optical neans. In the case of preformatted
dat a1sar§, ex s(lah,)apparatus i n accordance with 20 the invention can utilize
information specified in headers of the data carrier for witing on an

opti cal ¥t a carrier. Such an apparatus in accordance with the invention
can, forgexampjg, alternately wite information onto the data carrier and

r ead i nformation, such as address information, fromthe headers. During

r eadi ng A@@na@p@ﬁcr@scmbﬁwg@h& ané San famsor Slsﬁaglﬁeclﬂqrrslgilahanner

correspondi ng to that ra accor dance w t.h th vV

i ntended 25 excl usi ve rﬂ/art(’%:r?eg{égd gano('gg%eaapcngaSu er. ac‘f?fgglécc lahgthe%énglggects
of the il eignl islcabflaeistombeskquencgtyfevallet af khe read signal in the proximity of

a step. This has the advantage that variations in the error signal as a result of fluctuations 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 tilt 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 extend the

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



with reference to the drawings. In the drawings: 30 Figure 1

di agrammatically shows an apparatus in accordance with the inventi 05/02/2003
Figure 2 diagrammatically represents tangential tilt, Figure 3 shows in
nore detail the error signal generating means of the apparatus of Figure 1,
05/ 02/ 2003 5 Figure 4 shows sone signals generated in the error signal
generating means shown in Figure 3) Figude 5 shows the error signal
generating means in a second enbodi nent of the apparatus in accordance with

the invention, FigureOn thbons hasiehs hiphadiacturatihef Bierédforssighanls 4aReealf ng
means shown in Figure 5) Figure 7 shows the error signal SE(t) as a

functi onlhéfdeiqéi@dt%ﬁg@ﬁmﬁ PArtof |3 regwlar pamern hayigg dclepsth i racfswnpesiods pHeywevem f or
cal cul at Lg ARl (Rbursiefitbly S Onauebﬁ%?n Bt fell s bl PR e Hand o AT AL US

in accor e |1 nve ure 9°s the error signa
gener at i pgtermgsears rhasreefra‘qmamt ansﬂquelmtrye nhe détettion afpyuah phuasiatio@saanstance wit h

the invention. 1~ e, 1 shows i rst enbodi ment, of. a t.us for
i By RO AP e 6B EREL o o SR A R ise fon RLERDAEE 8B i5r 1 | or

1 in the;RLeREMy ®aSMbodintht defided) WalhaR15€ ThY RebolRker: Ak finddUin OB 6tie data
carrier has a radiation-sensitive layer 3 deposited on a transparent

subst r at favprableningthe gaset that the gieanl waorsied Hintthg datazgaaigr is gnodwkasgdowish tke EFM
radi ati onsensi ti e dye layer or a so-called phase change | ayer, an
opticallgl1 5d§g e pattern can be 20 fornmed. Conversely, the data carrier 1

can be of the read- onCyrieyd of faggepial dalrhakes eml:abnb& toaintresse thednd density
obt ai ned, for exanple by pressing with the ajd of a die. The_apparatus of

Fi gurl® 11%@ﬁﬂﬁre§‘é@ af thedrskukebe EFafiofrhéﬁfqb@éWe)m F‘é@’éﬁdn’@ glﬁ%ﬁtﬁ“@&’lslﬁv data
readabl ei&@(ﬁ%ﬁé pe h 60488 91sh I %%&Eﬁgﬁ E?{jpna t{c?é o O :ﬁxﬁ?ﬂéﬁ? Dfisel B2

carrier or generating a rea BN Ee
t he opti éalthy gereaatadnl & ghatforehon.en2b signel twhia:rhsaiucdescribedmmdta Apdlicatiom®HA | on

source 6,_i he form of, for, exa ser an o tical
neans i n(’:mﬁgi @Ggélm‘éﬁé‘e‘?‘myawﬁgéﬁﬁ E%F?r% tpél?p?@a“%“ g&@gﬂ’ﬁg calop Apereotsing an
asti gnat a&oﬁﬂownn thé- pr'&l%ﬁt RBbl’x@a@&bn'ﬂS@%@ﬁeréﬂé’ede a radiation beamfromthe
radi ati on source 6 to the sensor 10 via the data carrier 1. The sensor has

f our l§uadrants (not sH@mvvmp@hlseaelhtegé@n@napéaratu§efnrsmadmggfm ang(or writing

Cenor - shbanebicfRtELTF oty RERRL3 APAhe Ry Ciah S0 EarbEReel el o

the four tsarseducet gorawsitind\pat ttifizeotontrien hexads, Sfog BRdmSie{at Jorirhen pideRibaCesSsOr
12 derives a focus error signal FE fromthe four sensor signals. The focus
error si gitase A/ AppAMBAN BLAl dBFF 0l circuit 13 which ninimizes the focus

error in a customary FRAMELse Ehﬁré?&%l?e&%%%aoéarﬂxgrsfdﬁ m@% ar&eﬂea é’&é%nc% wigfl al
push-pul |l signal ATRP) which is applied to an a or )

05/ 02102008 1ﬁve1fh1@necppam1énzumfmmttimerspcmﬁbmdeheaﬂeesn@f tha cliatasdaomer) fof GvTitn@tQt g
the data cart i.er g an axis of .rota 4@:1% f.or rmvi&gfthe,
transduc@?“%i S?Ialcégé"tr H%?%H?Raé?tflyrbé?cﬁé féu‘i1 § WYFDHRR 4l 18T §¥2 PRt at i on
4. Sai d gRafsefyok M Redteation oh@a{healafagcaanéreér@i fed@ infyaamdH, sedh Ah&idress
transducer 5 with respect to the data carrier 1. Figure 2 shows

di agr amminfpaedtiop. &osoHg headars oPuring geadingihe tapparauy canigenerate an error signal in 2

manner corresponding to that in an apparatus in accordance with the invention intended

25 exclusively for reading a data carrier.

These and other aspects of the invention will be described in more detail
with reference to the drawings. In the drawings:
30 Figure 1 diagrammatically shows an apparatus in accordance with the
invention,
Figure 2 diagrammatically represents tangential tilt,
Figure 3 shows in more detail the error signal generating means of the

apparatus of Figure 1,



angle Ir is shown here to a highly exaggerated scale. In reality a tilt
angle of the order of 1 can already inpair the process of reading 103
witing of a data carrier. The tangential conponent "T is defined as e
conponent of the deviation in a plane V oriented parallel to the track to
be read and transversely to the data carrier 1. 10 The apparatus incl udes
correction nmeans 16, 17) 18 for reducing g§angential tilt. The correction
means 16 in the present case conprise a transparent plate which also forns
part of the opti cal rd i : NSRAT 46 can
be controll ed by neaggqggeég?§§?5$§mi$?h§gge%ﬁgggg%HgtorsS%#%lggﬁg®g° ’
cont r ol | ededny skowm ity Eigut®3i n response to an error signal SE(t). Another

enbodi nent does not engl tr arent.plate 15 as nentioned above . .and
has correction means cr?(;lﬁ%}réi éfthod"gar@? Lfﬁoérségonﬁggencc&arﬂnlgdp?%nﬁé“ ?ﬁf'ecc’BaieH‘;{?Pg‘ﬂeBh
of the enjfitheappacdiaslucicofandd &itBRAS idedtiod,ur t her conprises error signal
generating neans 20 for the generation of the error signal SE(t) for the
correction means 16- 18Figyged r%@tr%mghala@tsmmwma?geqemng MRAAT POV s
charactenh§ggugg that the error signal generating nmeans 20 are adapted to
derive the éerror 'signal SE(t) froma tenporal asymetry of the 20 response
of the read signal SofFiguted’ sievsorhtieradr|sygnab8gghdsen fuatdiar of thEtagigemiaBtirhows
in nore detai] the error signal generating nmeans 20. The error signal
gener at i ’§8eans 20 conprise auxiliary signal generating neans 21) 22, 23
for generating a nultimgh@ng réhesehisal Yrodtan 3br Aidink! ArertdiQidngRs.(5iigaal
So(t). Herein) nmultivalent is to be understood to mean having nore than two
val ue$0 Thied gupkpdimany of thgrappaednACrergan® wishtle invedtiode first del ay neans

21. These neans derivey; i Lt | |tival ent signal. z' So fraom
t he i nput signal So(t)eFl lf/lfed%?tgoﬁs g%eictn%g?f l%ndqpugc%f%@ﬁ %W?%bg.fo%ﬂﬁ%gdggfrgy
means 22 giend ¥gpatarodnd feofdansd wadtldhe imveationrul tival ent signal z-4So(t) a
second additional multivalent signal z6So(t) which is delayed by six clock
periods with respect to the input signal So(t). The auxiliary signal
generating neans further include signal conbining nmeans 23 whi ch derive 30
the multivalent auxiliary signal SH(t) fromthe first and the second

addi t idnal rmul ti val entFigignhkhowshe fiestramboglimgeralof gerppatius gomeadiag front her

i nclude sanpl e and hold nea $ 24 for za.ggl [ ng a_val ue % the nmulti vzl ent
auxi | i ar R8I0 EIEER 70 QRUCH 3R REthe SAnHRE FATIF dein R BTSSRI ghal
gener at i nge)akigdbie fypel FeF thiNphipde:, $hd Badal daftr R ASTadiBtior enditid8 1aber _QQ!@?c?sﬁed
The signal ling nmeans have a bit detector 25. The bit detector 25 in the
05/ 02/ 2003 FUpRsp3EAE seggatei & 1a qreqfethe Jadigdempengiiive hayser foy examplent radéation-
mul ti val - ' I [ o S . ri read
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| i kel i hood) or of the, FRI\/é)étg(gIg (full response maxjnmum |ikelihood). The

r ef er encPHEPEIES LYAINGE. S8t Blﬁtt?X/BW??m% Srthetg A @f Zle‘fplet ernining an
average val ue of the mhd hALRIN of F%@réﬂ&@ﬁﬂpri@ést rarl$ag J?'ﬁ%ﬁ%pﬁéa,@l?m‘:adi
applied to a delay line 26.1 - 26.10 having 10 defay efenents whi Ch eac
produce andetigglipyeadatd pakeroyretaded ive sehistantiallySpgralelajam iranks 106 thehdataledrrigr

| i d si | ' -z ppl.i ed. by the. . del | i
toget hor it e ST 4 g lersh SO IR RRichive PRt BRI P aem,
el evensf ofit wirgdader SHdmprives B rhdiglidd Balrye paid B Torkd o8] b2 @RAAMIA 0a sdiiestatt hi s

bi nary pattern is detected in the eleven-fold signal S3(t) the conparator
27 gener 3#¥5 agd EpHEH gneags drrApding pilgnst'bra bepan spUST & Arfacdlseleraeid M anThe

signal S2 .6 I : . V, f
the aux I Aey R eRARRCPITYR GARLRICETRANE . RuaR L AP Rim e adiclfon GhisE )
sanpl e and thokahsoe i sia2dhe tdae dadsierphsThé sdrser haSfoarinpddrass aiot ehigvat) wehignedch
SE(t) to the driver 19 of the correctign nmeans 16-18. Aoéow 15 pass fi}]ter
i's not nefC8SEr 3 STITORPFIBNRlaSeRIEPHATESSAF rlorBeBFIAHAI2 1Eath SIEPRIpP L 08 isphasis Pf the
directhy fayr EJ&?oxSﬁg/Pil . ﬂ&drela@lsfgnaﬁggag ig4he JRSerf QadeSRIhOBVTRANT (RO fB séfsBr
for exanple so slow that they respond only to |ow frequency conponents in

t he er r orsigriatpatipartTiremape read HanadiS,tththecproprdcessor 12 terves iarfoflisqurarsignabhl 3

i | ai nped with ref t q. Fi 4. Fiqure 4A di tically sh

& ol (St btk SIS, due soblertar, e fani s SR AR e 1 Biha, °
S(t) genenafi@Bedyhe fHRud EROSHUE ClistoMasy Mahntd! TRO pteprodeteh 10 Fermd Peferles a

i nci dence has a deviation in a direction opposite to the direction in which

t he rel eviadial pushicrulbsigeal A HRP a Waieh is @pplied tocapdFMdfanedudiier 14-he read si gnal
S(t) =t(B. . x( t-1) -~ ( 1-B., ). x(t)). By way of exanple it is assuned
that the gainr in the present case is 1. The value of B., is 0.25 in the
present case. Figure 4C shows the signal S2(t) obtained by



25 |l evel detection fromthe signal S(t). This signal is an estimte for
x(t). At the instant .t=0 the sequence of signal values S, (-10)) . g5/p2/5330)
corresponds to the binary pattern 01110001110 and the signalling neans
generate the control signal S4(t) shown in Fig. 4G In the exanple shown

t he sequences of signal values S2(-16)) .... ) S2(-6) and S2(-22), ....,

S, (12) also correspond to the said binarg pattern as a result of which a
control signal S4(t) is 30 also generated at the instantst = -6 and t =
-12. Figures 4D and 4H‘tmappmmls\feﬂ'tyeraholmdéshﬁeznsadotssmwa} fop(rblatielg iy @ala by

four and by six clock cycles 4F shows the signal SH(t) which '
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nmeans a second enbedi ment, of the a Hca?lt us cB’ggacco dance Wit
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So(t)) i.e. when the t sequence th the, bina 011100011 appears
in tHd detected si gnaPIleZ"PPﬁ arp ingluggs cogrepting F’Gﬁé fé:el Et?roie duciggal sS4, (t)

has the Vaﬁbé’rﬁral @ir. ThERoHBERHmEABNR Inl MO prREMScal forprid Qﬁ’ﬂi%&)ﬁ’rteﬁt Ela&econd
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| 31.2? for multipl gr ng a second additi onal qgna Sh2,(t) by a factor c2. A
secord asspense3y . e seadcsignal Ss(aofthe ppdeallyuradablergetierynal  SH2(t) from t he

s gnal s _obt ai ned by IT%Q. Q.)f shob«? [‘rr}ncgrg C@&gl ttnp%rr P 1&11?1 égﬂfrla érp ana§8 h nd

| 31.2. 2~ The error srgna genera I'ng neans 1T nc
means | ' efrot sr&nalTsttfhefaltmstm&amD eomdshehﬂrlmmang&&atﬁ@méasa1va12ue3 @dr t he

mul tival ent auxiliary signal and store the sampl ed val ue when the
first si §PRATAINGG FEdmQle ?U&Illaet%&raléﬂﬁéér&m the rgrcbyanarrﬁeﬂbarhﬁrre SHELYRETY
means 12 f I
e A B e -t e L
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the first and the second additional signal S51 %“{ 05/ 02/ 2003 SSZ%t) .
In the pfigsalnt Se@swhichds §elghed bﬁcévrbfrlmh p@wdmﬂsreap@térdﬁrstlemtsegr@hﬁdm he

the diff on i.0 )
and SS: (S g‘ﬁn%ﬁ/egg’ﬁ%@gﬁ%éﬂf Hr? ’izr gﬁlrd?é%% ngq f“ﬁa’ﬁ%&? v‘mt re? g‘r“(gaerrce
to Fixgur &&rnuﬁivglthf:a@mrsdycs\i@rat B@(t) fromi @léﬂrsw(ri“d)thdf e€ondadditiondl iguldadlant
carrier. ure 6B shows the read 5 signal Sof t) afflicted with tangenti al

tilt. Le\§’éﬂa s i Fighal Bensrafingameansfurbereincindg sampls and dolt maans 24 fhal

o gt 2 9Tl 2 VEHE U, mlAG R B T e 3 PEARH Ehind 1R AP ?P”gurag 6F

and Fi gur e 6F successiTiel qrrczrrmmaﬂ lgendravirgt mamd fultbersimclndel sigoaliing Imeang A4

S'(t t Fi 6D, and f "1
of the 2psk 26 enti e GnalERE e JaF RS TAC £ G SRRy Te R ashoy i Ih e
z' ~So(t) corresponds to the factor Q . FromFigures 6D and 6F it al so

appears that for a value " 1 " of the second control signal the val ue of
the del ayed read srgnal z "So(t) corresponds to the factor 13., . The
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It is not necessary to calculate the error signal by means of dedicated 25
hardware. In a third enbodiment this hardware is replaced by a suig§si03
programed general purpose mcroprocessor. An exanple of a programis
elucidated with reference to Figure 8. 05/02/ 2003 10 In the first program
part P 1 a nunber of variables and arrays is initialized as follows. binary
patternl (9] {0,1,1,1,0,0,0,1, 1} binary pattern2[9] _ {1,1,0,0,0,1,1,1, 0}
5b|nary S3[ 9] {0,0,0,0,0,0,0,0,0} integer SODEL|[ 5] {0,0,0,0,0} inteser

SH51 0 t

oL BT 5 AR S0 o BT ISR S FulF
i's the vegnsd Sof) oy’ 8rparingRae readrnsignah Selt)pwith erefefense toek dnehythepembsdiment t 0
e et K

si gnal  Sguelith&d)eor IPoR- FRIME @yea®P Rédporise rhdx@mim 1§¢emaa$d S@Be Ire)fex@ﬂa: RGIEL[ 4]

corresponds to the instantaneous value of the signal z"So(t). S51 and Sb2
cor re§posad ecset Adaptinelya forasranipls Bapeiesnigngtaneavsragaaaliess tie Jnuliivalegbraad) in

F| gure -~ e t

o S, sl s TS RIAH! RER % bl LRELET CAEN RaEl 46 ey b |
cal[ cul at@ﬁh}ﬁ&ﬁ&hl;ﬁ(}g&ceﬁdﬁw by 1=el<7c:kt¢yc& Tsltehgnalli,?ﬁ?[azlyﬂleh © theldhy lﬁlnd:iﬁcﬂ I
S3[§ = thres rei ctlon t hr esho carves out a |leve
det ect i osagnaé%psrzﬁhcr %p{%%lr)a ﬁg & %yfelrrﬁemwg\?gragow eleyrn-fold aignal
detectiog exedo thidr 27 ¢ d;hﬁarxsa h‘x‘@el@@%d mcﬁggm St@)ewﬂﬁttﬁ%ﬂn%g/ g,!,a%\éﬁl- The, .
det ectlorf eveI orresponds exanpl e, Punni ng average of the

si gnab Syi(1apo011A 0t Meaehabisttingyy @grtermlpdmemd uméleenlmy -fSI0BkEnal §;(Yaheul at ed

again. The calculatio [oceeds as For = 3.t0 0, step.-1.30

SpeL [ o Propapad'gFeeilialt BIRRES Qe 0T wgBimpts fndnoif emens oy T R -
the firsgs agded inenainpsd amamor&aeahmcagh@mr@dnd floltihﬁe ORI0E entie Akillahe sighslay S3
[] and the first bi nary pattern pattern 1 [] correspond. 05/ 02/ 2003 11 If

S3[] = pAVelmrgsponshén tBs3izaal G: SUDEPPUR by (e sapplssndeinid fneemo%deqxgéﬁwrws in
t he si xt r t | f
t he conthr[r %% Ee)@%ﬁr fr:lggr ég%l;s?ﬁ?&ﬂg@ggigg}n %rk n%lr Q&?elc ?%?%gﬁga er n‘g 1?\9

corr @spopus 1fmeo mencanmtdfseary inhd aasdse Tat ewlor signalhran\easror taadoi@ph&‘éanramlgl H$5@Be ar e

adapt ed darrP ? and gc?ld méans 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 Si(t) generated by the transducer in a situation
in which the angle of incidence has a deviation in a direction opposite to the direction in
which the relevant track of the data carrier is read. Therefore, the read signal Sy(t) = 7(8.
LX(t-1) + (1-B,).x(D). By way of example it is assumed that the gain 7 in the present case is
1. The value of B, is 0.25 in the present case. Figure 4C shows the signal Sy(t) obtained by

25 level detection from the signal Sq(t). This signal is an estimate for x(t). At the instant t=0
the sequence of signal values S,(-10), .... Sy(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 Sy(-16), ...., Sy(-6) and Sx(-22), ...., Sy(-
12) also correspond 1o 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(1) delayed by four and by six clock cycles. Figure 4F shows the signal Sy(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.



choi ce of the paraneter C. A suitable value of the pararret er Cis for
exanpl e of the order of 0.001 to 0.0~. 10 If S3[] = pactern2[] thegks;gh203
C*SODEL[ 4] + (1-OC)*S~2 Endlf In the seventh program pan P7 the error signal
SE is calculated in accordance with: 1~ SE = S51 - S52 In the eighth
program part P8 the error signal is applied to an output of the

m croprocessor. The series of programpagts P2 to P8 is repeated until
reproduction of the data on the data carrier is stopped. 20 Figure 9 shows
the error signal ge”@fig&ﬂcnﬁsmn&e%r sierdl E@d&rr&tthzerﬂpzﬂx@lﬁnﬁ%ccﬁlfd énlft‘f'oduncm
apparatus in accordancé with the invention. Pans therelrn which correspond

t o t hoseofahe fpgates B asardaneeewiththe investiem cRartsubencin whlch@panmmnédo hyos@0o.

Parts rrespopnd to.those of Fjgure 5 e .S nc
arrer al SN o b I e ityengemera e mar i, [ R A sREPGRRET e, e

si gnal | i ighaliR@nfieade Snciaddbfifkt sigdAfnp meda? 137, 126r 2&ﬁamnp7racdeu@kwef dtéSin the

signal Iing means 227.1 and second signal Li ng means 22 respt=.ctively
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step in the read.s Sof t bit se e 000111 qccurs. An adder
Sren 50 seinie e Biharophidre J1T Fodddd Apphart S Hindeiiotedh gena Suh IR AT saf 1)
whi ch caoiarRenee EshridlQiddkt §,, tNhdsh@e dalrctoed Th %e&%@%@ﬁﬁmz%ééﬂs tiheoai d of

a controllable inverter 241 an auxiliary signal SH(t) Ts génerated fromthe
sum ¢@l casheregr womhéomesnertat &a(n) | This lsenigplgrignal Sas-a yaher'df ethebye pdssive

The o ori Qafprac e e Hemebtf, TR bR B MRt b SECRRERRRAED 1 1

si gnal | i NQOIME30 &S . 12 theSdé'tk ad sigh@/ D2h 200thdrZsitudBorUike [via e Yof Shed§eabndSH( t )
is the inverse of the signal supplled by the adder tree. The sanple . and
hol d medi98lrolzerah pwi(d 1§ @ -auxi liary signal SH(t) if one of the control
signals $4,, S,=is &k S t r nv
variants are conceiva k?ée&gll\?\nar? E}(;d&tg Pﬂ%&eg%%qgnﬂe%drgg%%ié‘leéézxgqééeglgelﬂg%ggha?ae
C ai 5. Unw Eriotvhieh delzyodhemmntiivakeet HmpaslanalsSott$ by doureodatrmt\elﬂsnt’étmdmixlfamy
readi ng and/or inscribin 0. al ata arri thef r.m of .
The | noeteb R Raped B by ey et Rufiiier Fie:dor SRty b SRRy new
combi natmﬁm\gémcsh@faa@t &l fadiok €1 f @@éwnasmumpné{?nﬁLAIfd}ﬁanmﬁaé £9R alldmﬁﬂal
appar at us for readi ng” an op tical data carrier (1), conprising -

t r ansducegnal 53 (1f by adgpetoe 42 |a9d rdHdi adfican 38t i%&alcylanea@%wﬂmy tsx:gunhl Fel®or ded
i n subst l;dala tracks of the data carrier, and for

gener at |ﬁ§haﬁér L%Od@?‘g‘hle Et)) whi ch is an indication of the optically
readabl e pattern, 5 TmmmlxérprsxgmuaemaszmEatslMﬁhaﬂ)i\nemema third t he
transducer (5) with resgmps .to the data carrier

1
mulupiiér 130.2 for m ying the delayed read signal by(a)factor cl 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 S,.(t) from the signals obtained by means of the third and

the fourth multiplier 130.2 and 131.2.

[ £
(9]

The error signal generating means include first sample 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),



- correction neans (16, 17, 18) for reducing tangential tilt (IT), - error
signal generating neans (20) for generating an error signal (SE(t)Qs/dxroo8he
correction nmeans, and able to derive the error signal (SE(t)) froma 10
tenporal asymetry of the response of the read signal (So(t)) to the
optically readable pattern, characterized in that the error signal
generating neans (20) include - auxiliapgy signal generating neans (21, 22,
23) for generating a multivalent 15 auxiliary signal (SH(t)) fromthe read
signal gS@(t eCOYERYh 2 dRE %@éap( d nmeans
(24) forg’zggainl:)lli ithng a \%?ﬁ%ﬁtg?ﬂtgﬁzl auxi ;ﬁ?tgof%;llm es‘?%g)r?é? a% H(t)b;ncalgﬁlg[eg?éri ng the
sanpl eddiffdrense betwsdegrihe Firvi gnéglmsecond addidonal signal 3H0) 4ndrSsgBnerating a

trol signal (S4(t)y for th | e. and hold 24 '
Che read signal (so( P PooBRERE ARSYT rEBur x A GRat b SReRe? s il "
d aim 1g, ghharaehehowedhd th difed x(th eecor@dtioqn! the daxeanser( ¥fre 68 8hdws thk28adB,

127.1, 127. %))O i nclude first signalling neans (127. \% and second signalling
neans ( sigralBo(y affeted Wiy ingegiiaktilinbe el derectioeyith jadetestion leaplT yigdsingi ve

step in e ; Soft, i n An
appar at Bisng sgl'%ﬁgisﬁggg?dry rgﬁ;./le 16%195 % d?ﬁia%ﬁé?ﬁr%n %i%%@%e@ﬁ?{lﬁ%}ayﬁé&gﬂ erized
by chansghalde'Sgo)i, sgowe amEigand 6Dy fromr tre read sigosli $1) .nEigure. 6E and1Big0fe/ 62/ 2003

4. An apparatu s claiped in.any one of the ims. 1 tq 3, characterized
"o that St bl HE BEtsd' o Hecipstivol signt s spcch d Barbspnlima “
negat i ve;st&nsIh Ank IBE ihgafbr 3 whd) " (SO thd JirstRAArbN Qg RAGRE TARCES BF RliaPkd
sequence Wwhi ch successively conprises a bit of thé value 0, n bits of the
val ul 1read signas z63.(% iserrosponds © tandacieredbifromfFigires ¢R) and 6F 1talse appeprathag 5
positive st i ht e i S0t he rr f 4 it
sequenc or\/\%?@# sbcggtsl{sei %g?n;sg %’gﬁnjﬁ} %'lggél [)8%1@%@?{&%?6 gﬂé&eééfgd;&%ﬁr% gq({}s of the
val ue Ocomedpbhds wf the Heciyas LeTHE aheks @fahdrdad afigiah 8y (v ahueselecied. coAseqagmnir at us
as claimed.in Clajm4, characterized in that nis 3. 10 6. An apparatus as
cl ai rred_PFQYI%Fn%/gB‘be“‘tSlﬁcaf‘H%O@% GREreE ‘Pf_o‘aB;!"j“I“G'r ther characteri zed by neans for
generating a further jenred (fd GRginMiGhbR 4 FRIN GerRbed adi aha idt- 7. An
apparatus as clained 1n any one of the Cains 1 to 6, fox reading and/or 15
wr i t Iing degreespthigurk |yshossdab erod aignalcsfy iaer, fusaimprafshagliangle daskheoethiy 5) f or

optical Ly recording an optically. re l.e pattern in substantiall ral |l el
ot tr R G Erasedr e Bt FRor YRS e Bt Rica D, BHRRE o aP T o
of readiiftthnalk ‘QPdveeal raflgd @f 020 (1.7 d&3reed Bndi dBhsdiREMBAsuRable aBacsaasl 20 (5)
reads an optical pattern recorded in substantially parallel data tracks of

t he dat 4128l for 6PITeGing Mpanghilch (% bf BdSnyihe opwesl systemn of grenRPatasss Wiid &oF i s
an i ndi ¢cat) : i , Iy, hi : ucer
(5) is (r%rlgevggncr@bé{e?\%egg%]? éée\é%{ %%gg{?%tﬁéfﬁg(gi&)nft 4f2h%§hg%régg§@grf§lﬁgﬂ nmeans
(16,27 diff83 froedQder & amgengld &l. An htra¢dve) effecand themmedsuchinexccardarse gnidl the
enerating neans, (2 enerate an error _ signal  (SE(t for the correction
oane atnties Itk DRI SedR R wle ) o Srbed bt nen S Syt

the responsRe®y id bR fe8@dighhioR@limimAéd. ) Thié thehRethaPineGatdetidl @RdaRIeispat t ern,
characterized in that the error S|§Jnal generat i ng means {20) derive a

mul t i valreduceditk IValueyw FlyAeINPETSMES JOr the GRYTmelTy ohdhespryisal SYSBB(t)), and
sanpl e a value of thg auxi | ALy, §1908cufarHhbeb o Ubnst & ekl rSATRLEE

25 hardware. In a third embodiment this hardware is replaced by a suitably programmed: glencral

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



30 value when a step in the read signal (So(t)) is signalled.
. AFaf . Afr. A3f. AFuS. A(. AFy. A S.AS, . A@AS. AS. ASS, . A y. ANf:; <n, GR  5/02/2003
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p<(<* &&’591@%’?’?} xsni d_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] caJc cal] ca] cal licalrc ] ca] ca! ?3AAA, Br BB- CCDECEE| F6GG, H7
HOHHI ?@W@@%@&%Tm XSI’II@ ?]ldg]oc‘g] ta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cg%ngg]] pa]arail][%]jﬁg]jgg] cakcd] Lajkalicallda] cal ca] cal ca] ca! XE[ [ N S\ *Ti] _

c cc >eaee
x?l‘ﬁaﬂy %ﬁggg] cal ca] ca] caTc@]Q:g]ocoa]OchPcoa] caj] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca

] ca] car]tg&].%bm] 6n] ca] ca] cak @]g:g]ocg] [ f g4h~kkkd | | *mmmmmmoooppprrrtt[ttttvi
vvvaw} xshi d_Z] | ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca]m@ecaQSda] cal] ca] ca] ca]®d] ca] ca] ca! &w) wwxxxxy#{{o| | oooppprrrtt[ttttvivv
véw} xsni d @] ca] ca] ca] ca] ca]_c(a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] c t%ga g}zca] ca]ca] ca] caJca]ca]ca:;<i K- 109%&' ()- LnLO%&' () -
109%& () - &$10%& ()-9%@0%&' ()-L10%& ()- f109& ()-n, GgH) 9

10%& %()5 YL 0%&' ()-Lf$10%& (%B)DL Z#109& () - LA10Y& () $109%& ()-L "10%k' ()-R
de2Y CQUFW@%%I sigrpl $1(00gf [igure RaBorich SO0k 10%e inyanvgieony@aing of

YOZ10%: Y7{ 10! 09T& ()-3"109& ()-3 S100T&
$109 E’ 1[ %&i() %ﬂf&%?{%é%f@&g O/awim)h&() zf °/<(12)0/d'u&() nhg)

%4 0% P&ftc(r)x Ingad0pat& T 2- BT AL, C(J)Tcgocﬁﬂiﬁ%ﬁﬁé bix s¢qlidficés Abith which the signal
SOGRIBTHY TP OREUITIE TR 100 SORIARS() - 294 bC
10! #106BE() refesdi¥@nd Jast 5 10UES 69 théfrb¥&iphadI-S,, where SODEL[0] corresponds to the
15 signal Sy(t) and SODEL[4] corresponds to the instantaneous value of the signal z*S,(t). S51
and S52 correspond to the instantaneous values of the signals S;,(t) and S (t) in Figure 5.
In the second program part P2 the instantaneous value of Sy(t), i.e. SO, is
read 1in.
In the third program part P3 the array S3[] is again calculated as follows.
20 ForlJ = 7100, step -1
S3[J+1] = S3(J]
EndFor
S3[0] = threshold (S0)
Herein, the funcuon threshold() carries out a level detection. the function value being 0 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 = 3t0 0, step -1
30 SODEL[J+1} = SODEL[J]
EndFor
SODEL[0] = SO
In the fifth program part P5 the first additional signal S51 is adapted if the

contents of the array S3[] and the first binary pattern patterni{] correspond.
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5 S52is adapted xf 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 = S§51 - 8§52

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

The series of program parts 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 apparatus 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,

[ 28]
n

227.2 include first signalling means 227.1 and second signalling means 227.2 for respectively
signalling, independently of one another, a negative step and a positive step in the read signal
So(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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It is obvious that to those skilled in the art many variants are conceivable

without departing from the scope defined by the Claims. In another embodiment the

h

apparatus is for example intended for reading and/or inscribing an optical data carrier in the
form of a tape.
The invention further relates to any new characteristic feature and any

new combination of characteristic features.
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5 - means for causing a relatlve movement of the transducer (5) with respect to
the data carrier (1),
- correction means (16, 17, 18) for reducing tangential tilt (It),
- 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 (Sy(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 (Su(t)) from the read signal (So(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 (Sg(t)) is signalled.

20
2. An apparatus as claimed in Claim 1, characterized in that the signalling m;aans
(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 (Sy(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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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 (Sq(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 (So(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.



