; e3¢FBBCAD@E$F6ZFTFg{ &., METHOD FOR DETECTI NG SERVO ERmm mwmmml SK
FI ELD OF THE | NVENTI ON The present invention relates to a w

detecting servo error froma disk and refers particularly, thoughssot
exclusively, to such a nethod whereby the | evels of synchronous signals
recorded on the header area of a disk are conpared. The iny

relates to a nethod for detecting a tilt error. DESCRI PTI TED
ART The quality of a signal renarkably deteriorates due to a SgrLyvo error
such as the tilt and detrack of a disklas recording density becomes hi gher
not only in a disk only for reproduction such as a DVD-ROM but also in a
recordabl e di sk sucMETHOB FORPEYEGTING SERVO ERRORS FROM AIDSK ecor dabl e di sk,
recording quality deteriorates due to the influence of the servo error when
the servo error exists during recording and the deterioration of the

qual ity of FIEldD QF THEINVENTION:S severe due to the servo error during the
reproduction of a concerned part In a DVD- RAM disk information is
recorded on a track oppri sed of an tra and groove

[ F k. The Tha RiFegT SHRTa P HF1 gt Befiel BF SRR pesk e Mo B ARTERIS ot at s
once. The I|pattickitdrly athbugh bt b}km:sgemdueucﬂr aoiethad evhaleby thedévett of rsybdheonbdD- RAM
disk in or ig (P 0 reduce
crosstal k q@%\’%%ﬁ&g@%&gﬁ ﬁegfd%'gag Salgn&gg ﬂeeCdn{bg%EsT'%/'Nﬁ gtlirorn 0%3/361? ?%@ig él'he track
is conprlséﬁmﬁP“§é€?ﬁwgaﬁaﬁmﬁg a uniformlength. A pre-enbossed header area
is provided during the nanufacturlng of the disk as a neans of physically
dividing t gﬁﬁ; raddresses of the sectors are recorded in
t he pre-enggggé eager ar ea. Egch sector is conprised of a header area in
whi ch physical identification data (PID) is recorded and a data area. FIG
1A shows t the nbau@i &tal sigriah pnapiabll [ietelicrBtds dud @Ka iservél efsud\k dhestit add G 1 B

shovie the Bl 8 0 es il Bhld neLIEhiohd b5y k0ol b sl eader

area is rep yarrane (Pt D1
t hr ough Pl Bugh asabVIYROMDUtasan @ secgeslable disk such g e PVID-RAMelntpedigder. inthea. The

PI D1 and t hgoRbbi dik &e@id‘.ﬁgrkgﬁn{y téteribRMéAdR th mnhftueﬁbeccﬂmeegen@fenbhahéﬁ ack by a
certain amgunt and t he. atef,’omthe

e
cont or of  difospyiLeor i dirnd FREpAS oot e BaicfHbh 3P g A S8 arkl, Tl 1 s 0
that the Plbwmaﬁewsee dugita e s¢ryo ereon during the rerroducionpéa cesemedparidevi at es from
the center of the track. Also the arrangements of the PIDl and PID2 and

the PID3 and iWo.the i etothose oove
track. Theq %Wd@fdﬁ% "o'\givflle cf)rr(l’g?:??igq’%a% c’éen"aﬁé dd° fQ’e'a e land
track. FI G"mamg@om@athymedwd tsaely pnd dfe srn@/egtragb\aéematamem H‘ead'ib\/[} RAM
di s ki< F::GGr&&e§bﬂﬁé’5 mﬁﬁnw&;éaa‘ ard(rjmagrobmrawahrawlnbtea !irgma:DvbmAlmAensz irDOUﬁ A
trac t ws, t he enl arged header are in trug :
| the st r QEELPERRe il efRiaied Ford Baad iy RO bl e R 2Rl S
PID4 are artmdﬁgfedh's'bd%evmtf@"ffaqlsmthe center of the track in opposite
directions by a uniformanount. A vfo Si gnal havi ng a specified frequency

for synchr and o n t D si W, N hysi ca
addr exoes. e Fras Eteael G 3t E pameiinim R AR eriRosBeder SeB R £ o

si gnal has pepvidedduring the mamutactoringef tM'F"S(('PS iagnegany ek physically dividing thegertorsi gnal ).

As shown i MThEpkysical addrégses 6RKESecRfseRe leBor8ét 1R the pRAerMos¥ddhbade? add | D1 ( Pl D1)
34, vfo2 35 and ID2 (PiD2) 36, vfo3 37 and I1D3 (PID3) 38, and vfo4 39 and
ID4 (PID4) 40. In FIG 3, when the | aser spot passes through the header
area of t hdagr sestas is coragkisedhofpd Seasiet Bregiim which RRysisakidentification Fata (PN isand a sum
signal RF sistdalondls édta b4 4B are obtained. In FIG 4A, a vfol signal 42
corresponds to the vfol signal area 33 of FIG 3. A

FIG. 1A shows the physical shape of the land track in a DVD-RAM disk. FIG. 1B shows the
waveform of a push-pull signal in the land track.



vfo3 signal 43 corresponds to the vio3 signal area 37. FIG 5 shows the
structure of an apparatus for obtaining the push-pull signal shown in FIG
4A ancf the sumsignal shown in FIG 4B. In FIG 5, reference nuneral 50
denotes a phatodetector divided into four sections. Reference nunerals 52
and 54 denote adders. Reference nuneral 56 denotes a calculator. The
apparatus shown in FIG 5 outputs the sum signal RF-sum of signals detected
by light receiving elenments A through D of the phot odet ect or di vi ded into
four, sumsignals V1 and V2 of radial Pairs B and anct A a

respecti ve Thedieedar ea irARpaledl ABRged i suery ﬁ%"t?fu%frfﬁ% frpcks %I”%ﬂpﬁowl chis
a subtract i tmough RID&Y ha\riﬁg We saine Valuaard rd€orded indorfel KeadekGreah aive PED CariMBeat | onal

technol 09y 35 oS ABGAR hdfhd fim bk oud 29 IBE BP0 B ABLASHL B e arrount

of tilt by a speci ern recorde he specific

pattern coi améumfe@%mermamdﬁ? deviateifrorp thei ceater of dhe tHAck te direclienorgpgitetthe cent er

of the trackatdnetheiMDT aid Pm%ltﬁbt&ﬂleprbercﬂﬁ Bé correctf RBEBEM Dk laséy gsadbpr a
ref erence pdr alntllt

i bI eto r aring
signal s rep%'a‘ﬁ%g?f"mgcﬁ& Z elgs eph'g heaa[rrta%q r'{'se"lsshomﬁ ﬂgé?[yzl ?h each
ot her and tRID3 aukPiDddn thedand ttack arecqmﬁe!ﬁ;*rathpqrﬂgméhﬂmrpmmac&cam pishgpul 0 t he
obt ai ned t idignal sRbwH iRIG. B @h bk BbtGIREINR theddnd trbe. t he signal s by changing the
equal i zer coefficient of the reproducing signal. The reference patterns
shown in FIG 10 are located in an arbitrary position in the disk and are
useful for FKi@i2Acshows)thegphypinat shape ofithe grodvieltiack in 2eDVYD-RAM dikkr &tG.i2BrshowdHowever ,
in the Cothﬁé‘M\léf?aﬂJwoﬁﬁ&ﬁﬂlﬂ%ﬁﬂéﬁgrﬁhﬁ%gk&vﬁr&k 10, the length of the
reference pattern for detecting the tilt is too short. Another pattern is
necessary in order to detect the correct position of the tilt pattern.

Al so, radi &ilGt3 $towé thel enlargeddheaded iaseh stiowreintFil@$ }1Acthrongit 24 dn thetstradtwe of Si nce
the radial gdhdoadrorda2hd BinitdhaPioztha RHIOIACIDS blolaribel IAbE Groml tHE.

ref erence patterns are not IS necessar reci sely

manage t he €BFLS' g lragh ?@Bﬂﬁeo‘?"ﬁﬁlq"%ﬁr‘ (?d‘tﬂ‘fP'Hb ampwr & ¥ ﬁ'%‘ahﬁ‘i‘ @#n an
opti mal r ecspeciieddrequepcyddusynehpnizingtaed détéctingsiDrand s $signal showing dgephydial ser vo
error si gnglyyje Q'o@ghef Q&%ré‘t%heofbg rli%%VfﬁE reép@&w@r BSSI i R sigha RRry0 error

signal varies pen he repro uci ng apparat us.
Accor di ngl W‘f‘"ﬁ’?nﬂpf’ ATdig 2 pesiofhpldes dedkgishithage the servo. It is a first

obj ective of the present invention to provide an inproved nethod for

detecting oSN REIQk, b hoddr G asggefn&.se@bﬁr&va&%n@ D1 (BR1PELIRATs LY Nt i ON

to provide anwrov tect atrac |ng error. It 1s athird
obj ective dP2{ B?é@‘@ﬁ?@ﬁ@r‘?’ioah%e 8o Yed met hod for
detecting a tilt error. SUMVARY OF THE INVENTIO\I 4 There is provided a

met hod for \defeqty tﬁe?l'éé’é? sEétrpgéseﬁ hrﬁ:@h tHeRRhdHr 'é?ea o‘P{he g?db %Qédﬂga gédha on and

reproduci ng data froma area erence pat terns
havi ng a urf“f Sions! fiF=-8p éP@”"r BcdPdéd, a"me?%'? ﬁ'gf“ﬂé‘ sé‘r’%‘r %‘Y"r BrFiGs 4B
recor di ng/ robpinedun FiG. 4% @adelt sighal 42 cetspohdstio lthe oresigrat area 83 ot FIG. Bratgni t ude

of the ref %@ﬁﬁﬁw%%ﬂsﬁ & Rt é@ﬁg]s,%lgéag-,east two positions separated from
e

each other to tthe nagni r eproduci ng signal corresponding to the
reference patterns.
FIG. 5 shows the structure of an apparatus for obtaining the push-pull signal shown in FiG.

4A and the sum signal shown in FIG. 4B. In FIG. 5, reference numeral 50 denotes a
photodetector divided into four sections. Reference numerals 52 and 54 denote adders.
Reference numeral 56 denotes a calculator.

The apparatus shown in FIG. 5 outputs the sum signal RF-sum of signals detected by light
receiving elements A through D of the photodetector divided into four, sum signals V1 and
V2 of radial pairs B and C, and A and D of respective light receiving elements, and the push-
pull signal RF_pp which is a subtraction signal V2-V1 of V1 and V2.



In-the nmethod, the disk is preferably divided into sector and each
reference pattern is a synchronous signal included in a header area in
whi ch the addresses of the sectors are recorded. Preferably, the disk
conprises a |land track and a groove track and each reference pattern is a
wobbl e signal for separating the Land track fromthe groove track in a
radial direction of the disk. According to a second formof the present
invention, there is provided a nethod of detecting a servo error of an
apparatus for reproducing data froman3optical disk in which a recording
area is di i'@edl shaws asopisplionaloigehpology: fo5 compensatingefopdit andra imethod P5 ng an
addr eg Sa e aletectingateamdontsof dit byesdpetiftasiiern asudrded e the frdck i adiek. Tihe spacify e .
recorded t ' r . rack | ' i tions, an
tho first Hasespiids bihd siEhlip it biRcteck SnORRBSIEL AL HSELA", (70
si gnal s of redlizeddethe frmy oha reference pié @ndier@ refprener Rtfbus si gnal areas in which
synchronous signals for detecting the address signals recorded in the

dd ded, .t he. net hod i Sing: t 1 i I I
VoL of - T PRSI CRPB oA Bred Mo e oy (aPel FeRRE 1 1 st
header and pattéresshown infRi3 18iwith eachothedansito thus opriate a ¢t comaiensating emiipyesond

header, anGegpbiRfiol thidoiaifed titGnfSriiafidn drio B6RRINEIAS fof 1Y dighald bk%ﬁér@in@fthea _
the magnitude ratio

magni tude of Ivfol to a nitude of |vfo3. Preferably,

is (Nfol - eﬂ%"ﬁf?i’#“\'ﬂ"b‘f%%‘?’i}%’fm%r""g'ﬁ"vf01 - Ivfo3)I10, whereintois a
| evel of a mrror signal. Preferably, the reproducing signal is a sum

si gnal of radidbreRigallerhd sHawR HHIBIRS 56 iotbted!in‘dndRlrdr b&bithR HY the sk b and
that the re rg%%giq§E§Z%$gﬁwis a Push-gulf gjnnalrﬁgkp|%ng{tﬁe det ect ed
servo err or?' usetyl fpr gefectipg tgngeatial Bit{jitin atraek digetiolls v t he reproduci ng si gnal
is a sumsignal RF-sum and the detected servo error is tracking error

si gnal . 51385%,%54%¥mv&%n§%&ﬁ&5 Qshwlg in® Pl%VﬁO?(hEQ%ngﬁPHP{hifn $EiSreRi&d €1 m ni ng

the magnitude ratio by averagi ng magnitude ratios obtained froma plurality
of sect or s PARfrAfoE Avteqtips the dit isgpp ghort; Anatherpafters isneqessaly iinprdgjito detast e

di recti on. cbirext pasiibh yf the titpatterh.i Alad, ratiiad tit (tinis aaadil diredkiont) arobt beadetbcgdoove
tracks, andg; . of ﬁgﬁﬂq' 1 L i tioin
each | andl g’r'"tég@‘é* %‘ﬂgg ' 'ﬂéétrﬁﬁné for eht?)‘?ﬁ'% h Ya%ﬁég's@%tréflaﬁr\]/e t F%)rhy%rgg\%?des a

nmet hod of @& ng data on and reproducing data froma disk in which a
recording area is divided into sectors, each sector has a header conprising
an addr ess,g; % deead ; i rded to
deviate fr osr'rr?gﬁ%ent er %ft&?ﬁce'%ly];%% ?&g%%gé_)?ﬁ}% rgﬁof@@??%ﬁiﬁmg%épagﬁﬁe\sof irst
header and '¢ WanaBapRptinRl racerding/iapEoducing ate, itis pecessafy tRRpage NAREDOEMSN gnal s of
sect or s ar asighalroighadsautidn.synchr onous si gnal areas in which synchronous
signals for detecting the address signals recorded in the address areas are
recorded, the nmethod conprising: determining a first nagnitude |Ivfol of the
synchr onoudiowesskthe i Rigeisfon; ¢f the, sevp egor gigna) dpriesndepgnding. om dherdighiof #fe Nf 03 of
t he synchr cemotticiog appleratisg Aedordingly! ihie difficaibtoghreeizalg managedhecsznior ol | i ng a servo
so that the ratio of the First nmagnitude Nfol to the second magnitude |vfo3
satisfies a predetermned restricted value, It is preferable that the
restrict ed Wapist priecve of the present invsatin 1o pinxide 26 fyproved nethod fordeterting

provi des asewblea. of detecting a servo error of an apparatus for
reproduci ng data froman optical disk having a first reference signal and a
second reference signal which are recorded to deviate froma center of a
track in opiidapecandiphiestive of the Piesentipyestion ipRrevidemd impipuedynethedt far detectingret hod
conpri si ng:a tehekimyenoni ng a first level Ivfol of the first reference signal
and a second |l evel 1vfo3 of the second reference signal froma reproducing
signal reproduced fromthe optical disk; and determ ning a bal ance val ue K
accor di ng titds & third pbiestyeptihe pigernt inyentiondto provide\an dmprovedymedimyd for defeglingta +

| vf03); andjgdgérecti ng the servo error based upon the bal ance val ue K~.
Preferably, the disk is divided into sectors having a predeterm ned | ength
on the track, each sector conprises the first and second reference signals,
and the nethod further conprising determ ning balance val ues obtai ned from
adj acent ones of the sectors and averaging the bal ance values to detect the
servo error. Another form of the present invention provides a nethod of
detecting a tracking error of an apparatus for reproducing data from an
optical disk having a first reference signal and a second reference signal
whi ch are recorded to deviate froma center of a track in opposite
directiorts and which have the sane pattern, the nmethod conpri sing:
determning a first |evel 6 Ivfol of the first reference signal and a
second | evel Ivfo3 of the second reference signal froma reproducing signal
reproduced fromthe optical disk; and determ ning a bal ance val ue K~

M r 1 o - Y Y . Y



There is also provided a nmethod of detecting a servo error of a disk,
conprising: determning a first magnitude 1? of uniformy sized reference
patterns recorded on at |east two positions of an area of the disk, and
determ ning a second magnitude 12 of a reproduci ng signal corresponding to
the reference patterns; and detecting a servo error based on a nagnitude
ratio of 11 to 12. Preferably, the disk is divided into sectors and each
reference pattern is a synchronous signal included in a header area in

whi ch addresses. of (Ehe swe*ﬁéor are reclrded. Advant ageously, the disk
conpri ses SYMMARY PEIKES ve track and each reference pattern is a
wobbl e signal separating the Iand track from groove track. Pref erably,
the magnit I eveI
e mear ro?’ﬁ‘%’% %g*ogrd%is &lﬂm«%@r hét%% &%ém% déjr(j??-?l& spl:?‘a‘?us f)é‘ﬂ%éo%uﬁ dAtEPf'f‘
sections ofang reedusing datatfeem élrd\ﬂ‘dreﬂ‘er aoarseet Y"E‘JPFS’ #'P"Ciesi’aﬁ?'é"f é?\f"lsdathat
detecti gg Qfnit6ry s afd reCdrddanwiislein thedeNB giorionthe réoatdrr@/reﬁisc#uuﬂ%swpp%mrsag :j ng
magni t ude r oht a ors of 't | adj acent
to each ot h‘%&ecpe?r?y% Japoalg’ tL %'%{uﬁéwﬁésréef% ceerggrE'féer?ordF%\cl’th %“3 t hod for
recordi ng chesitionsnsepatitesr ﬂP'@pﬁ@Rﬂu@thn'g t@ia*be hoeaniiudgi ok then ramp@mlna signebr di ng
area i s di Vdofleghohdiigdo FRTéEeSce pRféThs Sect or has a header for indicating an
address, each header has a first header and a second header which are
recorded to deviate froma center of a track in opposite directions) and

t he 5rst hdadher methet, ttirecdiskeis pmeferaly dividedh intcesegtdd apd; saciy refegence palercis @ddr ess
signal's of RGB! Grkl AbiBadiSh o HalercHhth RUHRIN RO Aokl Bl 285 drdt Whi C
synchronous “si gna or detecting the address signals recorded in the

addr ess ar 8°°K recorded t he nethod conprising: generating a reproducing
signal including sum si gnal s V1 and V2 fo radial pairs of detecting

el enents, &prgnith 'tﬁlﬂﬁik cﬁﬁpﬁéég‘a(ﬂndttrla& é’rﬁ%%?édv@%&' #:H%Qérﬁ)afe%(é’e ﬁattQHﬁé" pul |
signal RF~p of t det ect |n% @' mﬁ %ﬂff tgm an O%I cal 3| gnal { ect ed
fromthe dr%‘ﬁ"bbljéﬁe?'é‘{'ﬁ?@@ hig (RO tragkdiomutng ArapverEasK 1 13 'ﬂ'é‘58°é'P"8 e from
t he reproduliskng signal received fromthe reproduci ng signal generator,
detecting a first synchronous signal |evel by detecting a first nagnitude
Ivfol of a first synchronous signal in the first header; detecting a second
synchr onoud\EPEIRg 10 4 se6oNd TNt of e dreseptdnvantion thsa IsRERyidef geethaprobdeterting, second
synchronousa sn@rm’or ofrantahmrates:fonr&pioemﬂmrdataamh aradptical atsk ngumchtaadeemc;sg val ue
K-, of the %UQﬁmb%s ézahmrs%thesaré?rd?rrﬁ%%a gél & nbdler

03 0 nc

magni t ude e secon ronous si Prefera t he net hod

further corli§f@ded hewiepand ?@e"l" hff‘ﬁ?'éﬂ"d‘@‘ 8 IreRorded tq,\pwﬁt%fr?rg@eqegﬁ&gf %al ue Ko)
and det er mtrackig oapq;kké direciinns,cant thelfigdt Wweagler aridghdsdcamicteader|haee ddbireas drebdie
reference Valhen Krest Bnd SHHARERGH HeorbdPar Sl lircAo RAGECFellTh WhigEaS Ur ed

in aregularized reference state, Prefera sk conprises a | and
track, a greRAEPnpus Ygnalsder detegingihe aldﬁﬁes%ﬂ?f%a'ﬁﬂﬁe"t Rehg SEARAR ¢ om t he
gr oove t r ackcordeddthemethed conpnsingreleteoainifgia tele iivfa 1rof la dicke syndebrusisighat gf @an  anount
of a defro by the
oobbl e in g@;;r% i g«wmﬁe ke h\éQJelr Qr‘id QQvé? v[)o% oY\QQ%Ioﬁd é}n&ﬂ?ﬁou?%ﬁﬁ’él‘@qg%

rection. Prefera calculatio
bal ance valS§ePnRb rbaa'gé’&teswgt%ee%eraqr |"bﬁ°°("ld9'i‘°61"r"§?f%@? of areppninde®f . BR-F
DESCRt PThON#&FRo Birtaghieas\bN@s3. The above obj ectives and advant ages of the
present invention will becone nore apparent by describing in detail a
preferred enbodi nent thereof with reference to the attached drawi ngs in
whi ch:  FI GPrafareehdiemegniudsipta is ot niifsa)éyfota Moghar QVF°écl<'Vf°?-‘)f"GWhi'B'"§‘l’10\/vs t he
wavef or m ofis alegel 8ha pinbt signagnal in the land track; FIG 2A shows the
physi cal shape of a groove track; FIG 2B shows the wavef orm of a push-pul |
signal in the groove track; FIG 3 shows an enl arged header area shown in
FI GS. 1A arfiefermbly, Rhezsprogycingriipnalis 3156t signa) pf FRdial pairsdn g phetoggiretos divigad si gnal
which are Qﬁtbabuaesdcnoheematﬂaaserresrpercu@a@@es.sténb@smutsryaarhm_darananaa of the

groove tr aCJ< tecped sernvo er:rgdr is a tilt error signal. Alternatively, the reproducing signal is a sum signal
RF_sum and the detected servo ervor is tracking error signal.



FIG 5 shows the structure of an apparatus for obtaining the reproducing
signal shown in FIG 4; FIG 6 is a block diagram show ng the structure of
an enbodi rent of an apparatus for detecting a servo error according to the
present invention; FIGs. 7A through 7E show waveforns during the operation
of the apparatus shown in FIG 6; FIG 8 is a block diagram show ng the
structure of another enbodi nent of the apparatus for detecting the servo
error according to the present invention; FIGs. 9A through SB show

wavef orns during the operation of the épparatus shown in FIG 8; FIG 10
shows a conkretetabyntie de e $erve FITOE 6PIPRIISES Aeferntining the| napgnitude; @f'%tblgr aph

showi ng t heaverging lrr&@ﬁﬂué) ralied WBEiRed féh al pidrailty ofodettors dulcamae el stRerkini N t he
met hod and gara o %‘{lﬁj to the present invention; and FIG 12 is a
gr aph shovvl'?aﬂ'g tar%"gre@l H'f%mﬁ'et ween detrack and the bal ance value K in
t he net hod anct apparatus according to the present invention. DESCRI PTt1ON

OF THE PREREEGfRbY, %mﬂ_ﬁhﬂeé %Iu%fytcﬁrlandfg%véiréék@tM&hé%ﬂ%%%on of
the present invention escri q} eta th reference to the

attached dr&WIPH '"Vem@%ww%dﬁwmﬂc a{a']é‘(?é?‘?"f)tj?qk signal) the ratio of the
magni tude of the signal PIDL and PID2 to the magnitude of the signal PID3

and Pl D4 Vaﬂ?ﬁ‘&foﬁx oftfe ﬁr@se%ﬂr@en@&ﬂﬁ&ﬁﬂe ritholi Bfrelrdify datd il nglﬂédf? d%cnﬁ? gnal is

used as a reference S|gna for contro a servo, I cu
preci sel y rAaniRm ¢ digk bR aJeeerding aieais H“’Ug‘f I"F?eﬁe"tf’@c%?cﬂ ISP e8P A beRrer ng
states. | n dohgrisief dnostidfess, chel Beadengastdwﬂrstsmada adt radecartiG@ader necotded ttd e

present | nvc%%fe%m Seenfel &Qhee&{cf? in clg?% ! E‘&gagﬁ tﬁ{fﬁfirh%%%g aﬁ)J thE Q 0 E@g ni tude

of reference {)atterns regul magni of a
r epr oduci ngheateghave @6%"?@5&@3&'%9‘”’1‘@ ?%e-‘rseﬁ'éﬁ‘aé%@é SB%{?'Fe?’ﬁs’ec%cblaéﬁce
patterns codyhchronbed sighal areas MOMIEN YdEhrariogs Signaicop detedting thedaddrag eigndls ea and a

WObDI e o1 9Mglork AR °lhe LB dnd DA A riohBo cbABKIR aBerlihly o i St

met hod for VO error hous ignal f ecor ded
in the headé?gn&fdéé"’% qf I‘"elfé"‘i’!fé%‘@l'ﬁ YReY S'QWi é!hth? frst '@aﬁqr@aﬂ agegond gRogtueiser spot
i s verti calvbDof thesyreous dbeesigrabinithey secofiieatiérRindicontvlling disaivo @b i€t i on

does not o

appr oxi mat Ctﬁ(waho &*b?e Qﬁq&ﬁiﬂg wfoﬁz% @g)sﬁ%? ﬁ?gﬁ&.&?mg ];Xt%ﬁ’éa a g& &'L?ér%v\ev or
the case tH&%t"@?q‘P'”Gr"'ﬂE"Ffe@l@ therestidigdepiueispldr the Ivfol or the |vf 03
becones | arge, the other becones small This is because the |nten5|ty of

light refl tedfro . 4 h are
arranged to G PR %ﬁ Fﬁe?énchg}n@ P?%d?gg rrieﬂwg:gi? {’%‘:“’%pﬁgom {'e° r)('1‘”r ec i ons,
varies in rmﬂﬁuﬁ)ff’ft@"?qﬂé’"g date frgm @rhepﬂs?'g@kaawm)ag’ﬁtﬂ?ferenqegmnaisma tracks

the center se&on‘dherefeﬁ@cdfgnamm 4r8 eeclided to deviatel fiohfla teéntdrvP aitABIEIR oppsite t he
intensity oJl

I s | arger
t han t hat re'F{:d eg{gﬂg r%ﬁ‘]g%e‘ﬁ ﬁg’ %RQ ethggwns' dgéﬂtﬁmnéggﬁg%\ﬁ‘l n Fl GS.
1A t hr ough 'gal ofnbe fistrefpgenge Stgn@ anata sfeeO'Hf'e\tehhffom Hietsgeend| refeeenceysighahe vf ol
snh gnal to tfien mmﬁw@&ighmfréﬁodmﬁedfﬁ?\ méaﬁﬁ:snc@lkﬁénd\datghﬁﬁmg Absigncetvlige r at i o of
t he magnit gnal _ u 04
signal var ﬁg%%"gg‘o rfalf%{"g%?'?ahg{]? heh%egr @é@gﬂhvé; Y ﬁf ?{18&1 det Ct"?%%ée ratio
varies) a sieprarorkeeesuperthabalancealeKm | evel shoul d be used. S| nce a vfo
signals have uniform|evels and frequencies, the vfo signals are suitable

for this i of the viol
and vfo3 g :%ﬁg kﬁ% q"ﬁ d{v'de(?mﬁ’%édg%oh%s)a%gh%? étﬁrm%d%gm ot"LI!E acf< eﬁ t he
magni t udes seftor mpg%ﬁdm%#@aé seqopt efefense signaly @ngd FheWQi‘PddW@eWQb‘Bm&ﬂ@as are
tvfol and tdéié?eﬁmmgl bAiahcRVaRey abtalfed¥rdn® adldeh\@ds 3 the GbéterdSind Kvdrdgifglthe -
Ivio~l (Tvl %a-f Lo va?uestode‘ectt?reservoerror

Another form of the present invention provides a method of detecting a tracking error of an
apparatus for reproducing data from an optical disk having a first reference signal and a
second reference signal which are recorded to deviate from a center of a track in opposite
directions and which have the same pattern, the method comprising: determining a first level



ioor K =(lvfo~ - Ivfo3)Il o ... (2) wherein, to is the magnitude of the
sumsignal RF sumin the mrror area. In Equations 1 and 2, the bal ance

val ue is cal cul ated using the nagnitude of the synchronous signals detected
fromthe areas vfol and vfo3. Wile it is possible to cal cul ate the bal ance
val ue using the magnitude of the synchronous signals detected fromthe
areas vfo2 and vfo4, it is easier to detect the synchronous signals from
the areas vfol and vfo3 than fromthe areas vfo2 and vfod4. Also, it is
possible to use the val ue obtained by he conbination of the synchronous

si gnal s det el etithe first Fréerefice slandlrape aa??&‘"\f‘f Igve! lyfod of the sespnderetskangg mgwel by t he
conbi nat i onfrod a teéprodagiysignaineptodusediramh the dpticelaiskarnidiietentainiag 8 datanceeduénd vf o4.

When the b [ t VO error
is Ko, anda'lt( %g@%.{(@ncl&ge f\t’ja%é%k‘%g? é‘:} nLQg? nﬁ'?qr%g@@bse t 5 agédege;%g&etérror

exi sts i s Krackipgwesrar baged ppanctee balangevaletie two val ues i s defrned as foll ows.
K~=Ko-Kf ... (3) Nanely, it is possi ble to know the direction and magni tude

of the sery or.accor t he val ue an sign . of Ks. Here 1to may be
Che val ve. raeEPEhe 90 Sipe nfa epErsRubEe PESeigBian oolion et arh

val ue det ersectaeconipyisestiee frjtsind seaod tefeserice sigodls, @nd theanetiaddirthepeafuisingng

appar atus, . Qlerfliniig |bHIt§nd$%ﬁU§ eaa.héa ffork géjﬁ'd'etﬁtn&'@s of @Iﬁ Redbik %ﬁmta Q“r &hé hﬁ .
system a roove track e polarity of "K~ shou
vary in orobéra a@ﬁ??ﬁ&f‘e‘%ﬁ%‘a??@?& Ey since the position of PIDL and Pl D2
and the position of PID3 and PID4 are inversed. A nethod for detecti ng t he

Servo errorpffnet Rem e pg%mm&no%laeﬁ' HERdd ¥ detech aqﬁ %%ﬁg(/%?

Wobbl e is forned in the track roovetrac
di sk. The \RPPa/Plus fas reprpducing data fromen ap@ﬁ'rﬂﬂ‘d BCpOrdARRPVIN Y ?H?Ha“aﬂ" signal s de
wal | of theRR_ppbaving\dhfirst referench signal andta secord! reference sighahivhidn ereaédoeded td he

wobbl e si g%tuafe%ro]:n'aléeﬂgr bfrh tHaﬁmr ?65‘% d%[l&ﬁtahﬁ)ahlcmltﬂe sa‘irl@ H%Q éude of

t he wobbl e S|§1nal vari es between |trar¥ {)0| nts separ 11 from
each ot her Meihadromprsing: detefminingq st levehideL e firs ’Ffefeé"c?)é'ﬁ%"’l' B'I"ba OBkt ect
tilt by detieet Mog ot the seuondireferavice sigaal GremGif subtreztionodignabR I ipg iédroduted froen 1 adi al

di recti on. tﬁ% Qi%tﬁé disk: t?et&nln frls adbaﬁ’aguf:él%éé‘i?’(“a&%rd‘ir@elo e HWP%qﬂgtwﬂ' Rreferred

enbodi nment ap| ara us for detect ervo error signal according
to the predfel —iNRA AW MePleand dstepting the tegRliPases yppithedalopge valye K. g

r epr oduci ng si gnal gener ator 62, a header area detector 64, a first

synchr onouse: sl nd ek dpag%cf%%c@g nafngd € Bl YRS BB A €V

det ect or ance ca at or
det ect or @ectar qampises dh firef ang secpnd refrene sionglsy an%themeénoc*mheawpasmat r ack
conpensat ordelomining balance values obtained from adjacent ones of the sectors and averaging the

balance values to detect the tiit error.

There is also provided a method of detecting a servo error of a disk, comprising: determining
a first magnitude 11 of uniformly sized reference patterns recorded on at least two positions
of an area of the disk, and determining a second magnitude 12 of a reproducing signal
corresponding to the reference patterns; and detecting a servo error based on a magnitude
ratio of 11 to 12.

Preferably, the disk is divided into sectors and each reference pattern is a synchronous
signal included in a header area in which addresses of the sectors are recorded.

Advantageously, the disk comprises a land track and groove track and each reference
pattern is a wobble signal separating the land track from groove track.



The reproduci ng signal generator 62 generates a sumsignal RF sum sum
signals V1 and V2 of radial pairs, and a push-pull signal RF~p obtained by
subtracting V1 from V2. The reproduci ng signal generator 62 includes the
phot odet ector divided into four and a cal culator as shown in FIG 5. The
header area detector 64 generates header area signals (a header area signal
1 and a header area signal 2) show ng the header area fromthe reproducing
signal. Here, the header area si gnal t not|f| es the PIDL and PID2 areas.
The header area sign 2 notifies and PI D4 areas. Since the header
area has arf '@ﬁﬂ?@'ﬁ'vdﬁ%"?ﬁ’f"ﬁ%‘t rat%d't'??étt“'at °’t(Hé2)ﬂ%tt"ﬁ‘eéFr lgds ajlqvel of aypiEet i e t o
obtain a hesgar area signal show ng the header area using both an envel ope
detector for detecting the envel ope of the reproducing signal and the
conparator. The first synchronous signal Ievel detector 66 synchronized

Wi th t he heuefesablyrtherepiogvring S]Q"Q'e'ﬁérséa"é'dwﬂysqcmsWééd’éPtO@ﬁ*@épféé'tdé%t'%ﬂ 64
detects thesepipgsi tude Ivfol of the vfol signal shown in FIG 4. To be
specific, a first enable signal (enable 1 ) having a predeterm ned wi dth
and separated fromthe starting point of the header area signal 1 by a
predet er mi ritid prifested tat détectipe nbsentoeatror bised on gamagniudetretio inguded @eéragingsi gnal by
the first enahhfesiieoataikanehl Spidity 5rREctoRaBMhE dgkeadMoaht ¥ach biervf 01 si gnal
is detected by detecting the peak-to-peak value of the reproducing signal.
The second synchronous signal |evel detector 68 synchronized with the
header ar edn s finabforf, thermresehieibvéniion pevidesadeonetixdetar decpslingodatssdn cet/ect s t he
magni tude QfpbdiRing HAS rom ddk i WA al r&oﬁﬁr@aré ls-ﬁﬂldg@ infP&felofs, achlddBofmBONI tude

(enabte t“%a%?éeéf‘o%?@é@%i#«h&éﬁ P Rt Ao st ke o BRESCTLNESF | | g
(enabte 2) rling
poi nt of t lwhicherdecordedta devigta dlom2; ceptelr iohg track' nerbpmilw dirggticns garall thédfirst he
second enaljegyep! Lséc%ﬂ&héﬁ%eﬁﬁave Q&“&iﬁﬁs@%{; & il Wil ?@l?nélsoofﬁ%dé?% ue of

t he gated reproduc) al ance ca ates the
ratio of tIR% FaYAsd ﬂ%e‘yn"gf%i“so?‘g“?h%’eﬁﬁr'fﬂf high @H‘&F'%‘?é‘?é@f‘@ﬂ fgs detertingthe, st
s_ynchr 0NOUSaddreg aignalse vexbrdele tire dlieo eddi€sst ared heze mexgrdet,uthe hethaB corhprising: v 03
Sional det cehding s biGERg A0 YOG QRPY a@\ﬂ%hvbw%h.aﬂﬁatrsst&t as shown

in Equatio ance ca or can out val ue of
the bal anc&emnenticasymsignahRE spmstihedeterting e?ﬂl?&'és%’t"@e"%'é&‘t"oﬁ'gé‘a'i Fﬁ’—?ﬁ@ r adi al
or tangent itied dedéctigrélernents, he anapiiaal sigreat refiectaiofimpathe slisk)genbatiy e Beadal ue K~

cal cul at ed nagéé s{»ﬂﬂ fﬂﬁ&gﬁﬁr&é’&ﬁﬁ the rZ&o&%tBé‘s@naWe@&l@éu@fom Hé ﬂeeFo%L&rF nce

val ue Ko a erence be hown in

Equation 3. s'@@r@"e'a'% delecting @ first sypcheonpus, sighablgve! by Letectingea \fAﬁbF‘égrt“H@r e is no

tiff, a defhdod df aviedt syncliieions mgmdm tbg/ﬁrth&adaajsdem&m@caﬁebdﬂdl syrichednoddsignal

recordl ng/ r f ce state
f t‘egﬂgt A d‘;ré i og vi6s ¥ éég r{H%gﬁ $hdud Qgechﬁ tﬁéa;eﬁzhﬁdq

determ ned oove el ves

r epr oduci nd" tng p balance yale t"}?é“%ﬂl?tt‘fd@r\‘ff°1t?é'a‘§<ﬁ'?‘§y?‘}'i'é""P‘ésnd track
or the gr omgaaltanmmhmabmnuuélbfopuahewbmdsyhglrmbusnsﬁgrtahe | and track, the

magni tude of the PIDL and PID2 is snaller than that of PID3 and Pl D4 as
shown in FIG 1B In t he push-pull signal of the groove track, the

magni t ude GTEIPEY i etbedirhes cBRRIIER FOTTRRERS 1 SaRpGeEde Wil aHereptans and
Pl D4. The Ivandkgraamuaerdmm differéfced(, Setween thebalance valub Kmdnd theakfefenam t he

t j AT | t
of the subrpit R i bisEndRE . Bty BBoice i MEEin 2Tl BHE B PY 0 e

result det &8®®d by the |andl groove detector 76. The bal ance val ue can be
used in order to conpensate for t||t The tilt controller 74 controls t he

tilt of the t KV, t ri

which is mver%gtxi nﬁiﬁ]ﬂ%h |s out P%$8Neq%e ﬂd%:vc}ﬁglef{;}ﬁs\?gg%ﬂ' "5/% Si nce
the sign arend n‘@@'hf'?’ﬂd@ gpove Hiacks gpe i’”ﬂ%’?‘ﬂd’r’? pathed U"(‘ef '%thS'ﬁﬁ fieferminingean i on and
magni t ude GimouRaf b détiack byigh drhdunt eTfvardien 6fiaSkobble sigpd ipFoalideachy e WobBiking back
the sign and’PéFt;i(:Si ﬁrr:g&nl tude of the subtraction value | C,. The bal ance Yal ue
can be used to correct defrock. The defrock conpensator 80
controls the defrock of the disk according to the subtraction value 1(s the
polarity of which is inverted and which is output fromthe polarity
inverter 78. Since the sign and magnitude of the subtraction value K, shows
the direction and magnitude of the defrock, the defrock of the disk is
controlled by feeding back the subtraction val ue K, . 13 FIG 7 shows the
wavefornms of the operation of the apparatus shown in FIG 6. FIG 7A shows
t he wavef orm of the push-pull signal generated by the reproduci ng signal
generator 62. FIGS. 7B and 7C show the wavefornms of the header area signal
1 and the header area signal 2, respectively, generated by the header area
si gnal gener at or. FI GS 7D and 7E show the wavef or s of the f| rst enabl e

" o o o ~\



The mrror signal |evel detector 88 detects the level of the mrror signal
fromthe sumsignal RF_sumby the mrror area signal generated by the
mrror area signal generator 86. The minor signal |evel detector 88
generates a third enable signal (enable 3) having a predeterm ned period by
the mrror area signal generated by the m nor area signal generator, gees
the sumsignal RF sumby the third enable signal (enable 3), and detects

t he peak-to- peak val ue of the gated suntslgnal RF_sum The balance

cal cul at or own, in uat 2 by the
oLl o8 O el e CieeSiehi o R et By s et Ak e O 2o

| evel det edvfed)/(ie61+Mdde | evel Nf a3 of the vfo3 signal, detected by the
second synchronous signal |evel detector 68, and the mirror signal level to
detected by the mrror signal |evel detector 88. Here, the bal ance

cal cul at or WEHEW&W&E@%MW%e of the bal ance val ues obtained from
sever al succeSS|ve sectors in the radial or tangentlal di rection. 14

FIGS. 9A a Ig» Qw Wavef(ﬁ (;TB duri ?ﬁ‘the oper a |on“§1 t he a?ggaratkjs shown
in FIG 8. PFPE6R ?ﬁ‘b\ﬁéat' VRS e PR AT EFRECINYn AP put from
the mirror kyrdescribingrinldetpd ree prgfered @ambodgiment lgﬁee‘hmtbsretet@cwavémuamed t he
third enabl fawidgdiabhidienabl e 3). According to the present invention, Ris
possi bl e to use the push-pul | signal RF~p, the sumsignals V1 and V2 of the

radi al pairs) and the sumsignal RF_sumfor detecting the servo error since
the servo di6oiA shewsibe physical shapetohalapdiragkce val ue of the synchronous

si gnf'i|b|3 quie.eﬁbadﬁm@mewfﬂﬂbnin*&lﬁ? lbui)étéﬂahﬁ'ﬂﬂpﬁrlgtﬁ&lto i's U\S/ﬁd Ith i's

possi bl e 0 nsate for dial direction. en the sum

si gnal RF_}G%%%%G% € physical s b%éﬁp@mfec}' npensate for tilt in the
tangenti al RiGradchowsithe Whveforr bf a push-pgl sigrial is trevgrovge trénk; r el at i onshi p bet ween
the radial déldsalilar éHorfidleaff oldLitfinth st fieaditiaiod and apparat us

according to esent” I nvent| gn. FI G the horizontal axis denotes

radial til t”%l‘ﬁégd 48 showrpushiptl] fane! w.%sumkﬁh'waﬂr%m@"wmg Igger | n FI G
11, the gr apbt passek daough the headeoarsa of toagreovelimclein i 3sum si gnal RF sum and t he
bal ance valgyg Vﬁ&%%&amter@%tap%mts for Sbldi ﬁ.g theTttsmewgm.mr Lo th 1
shows a case ere the sum signal RF_sum and bal ance val ue according to
Equation 2 HE& used. The graph marked with shovvs a case where the

push-pul | Sl@n@is Kbloskiniagan shheing deastvetureadfilan eimdineinhgl droafmeeanisi fon 2 are
used. The g.pRE g%%gg"wak&m,ﬁﬂg% s@ﬁtﬁrﬁe%ﬁfe the pushpul I signal RF_pp

and t he bal ance vaI ue accord g’ Equation 1 are used. As shown in FIG
11, the radi'@$ 7@"1’?”@555%%"{‘"%1’6 i ‘!5@69?99°P?f%"°68§@eﬁl%ﬂal'@é‘& shpwhin £'@Ber e t he
push-pul | gigresk aIBIBclpduamdntsh@wimthasmmtuwad»fmeothacemb@dimgnttobtthuﬁétﬁs"woiL are
used. The %&@hr@%é%ﬂm‘%r&&c%ﬁ ﬁtﬂé}ﬁesﬁ”ﬁh\/eﬂw signal RF-PP and the

bal ance val ue a lon . is al so useful for

deser i bi ng e SAdueugh © .srqu%ﬁ@rvmme the GpeTation gLBe BRRETAS SNRKRPFIGE: t he 11t
by the val LRG. @sbowst cogventiorattectinblogyforicoraetin@tiisi ng t he push-pul | si gnal
RF~p. FIG A@ 115¢3 R&{pﬁgwm ﬁe@b d&ﬁa&ﬁgrb%h%h Pda%hinpanﬁ%t%faﬁ& (e €pthack and

t he bal ance val ue I!ﬁ)ar at us accor g to the present

i nvent i on. Meihadiang apparatysiaccaiding to ferrigseatipventieniAdes the anount of the
detrack. THuGvEri¢ & gabh showingdien@iatichsbip betivaéradetrack/ariduiee balankeavdiledX inlte t he
graph mark Il a@%% signal RF-sum and t he bal ance
val ue accor |nga'??) quat |a§h&&§9§?e Sg 8““’%2‘%5} aph marked with 1 shows a
case where the sumsignal RF sum and the bal ance val ue according to

Equati on 2 pESCRWSRON OF THEFREFERRED/EMBODIMENTS hows a case where the
push-pul |l signal RF_pp and the bal ance val ue 15 according to Equation 2

are used. The graph marked with 1 shows a case where the pushpul | signal
RF~p and t Hiereingftem the sirutture and operation of the rrepeRt inventiop wilk be desstibed/r detalbwn i n
FI G 12) t hah@éehcet®ihk @flachbd drawigy. ch shows the case where the sum signa
RF-sum and t he bal ance val ue according to Equation 1 is nost affected by
the detrack. The graph marked with which shows the case where the
push-pul | signal RF~p and the bal ance val ue according to Equation 1 is

| east affected by the detrack. Therefore, it is possible to determ ne the
defrock by the value according to Equation 1 or 2 using the sum signal
RF-sum As shown in FIGS. 11 and 12, it is possible to nost effectively
detect the anmount of tilt when the push-puN signal RF~p and the bal ance

val ue according to Equation 1 are used. The quality of the servo error
signal varies according to the quality of the disk and the conditions of
the system However, when the value of the servo error signal is not
restricted to sone degree) it is not possible to recognize the PIDor it is
dlfflcult to stably manage the servo. Therefore) in the disk, the value iCo

Y



Also, it is necessary to restrict the value K, to no nore than a

predeterm ned value to precisely control the servo in the apparatus for
reproduci ng data fromthe disk. Wien the quality of the servo is not
strictly managed when the data is reproduced, R is not possible to obtain
the PID information. Therefore, in the present invention, it is suggested
that the value |t be restricted to t0.1 in the servo operafron of the
reproduci ng apparatus. It is possible to correctly detect the tilt state of
t he di sk wt hout speci fi attern for detecting.the s e by the
ol o g, B DRSS i Bl PSR B AfY PG Y, L

16 It is pdbesmegritudeef théeignat EEIdandg?IP4 vanies by updo 3pPadertending on dealisky cont r ol

the servo ggfknt QB sl i6 uSel 8P4 rdiBrbnde SiECIon BdritrBIMPS Seh ) & i§ loRfictin & nce the
apparatus for generating the servo error si gnal accordi t%ﬂto t he present

\ . . I di n

i nventi on d¥REISEY Mapagedhetelve apg maintain ApUnplrerordngAeRIOCIng Batesi sk It i s
possi bl e for the recordi ngheproduci ng apparatus to stably control the servo
and to nai [ ' e ' ' since j.t. i
p0ssi bl 6 4" @f??%{*?g%%%ﬁ‘é RS aPa AL PRk PSR Rk | |
t he basis d¢detestadiyiheiratie of the magnitude efyefereacepaprns tegulprityi rerprded op Ralisktesent
i n\éfanti ON. the frbdtdde ot a réprctaa:kh dighdl c&eésa@idinggo mesaéré@ceeﬁau@ms.OReﬁ;eheé:gr?i ng
andl or reproguci ra r 0 n oduci.ng, dat a
froma di sP"a gﬁric?ugg 35‘9'%{‘ o\%‘fscsr?%?'rer? éeo?%ﬁ’c"gg ﬁ%ﬂg’e d ésjaﬁgé\?luﬂ%veas'%"%f form
si ze are raecordedin the diecipprohibel trackpbpdisk.ng: deternmining a first nmagnitude of
the reference patterns recorded on at feast two positions separated from
each ot her d a secaqnd nitude of a reproducing signal corresponding to
Cherof or e 8. e - celfRi he' iy s? o8 L8 WicnBo SRl e EUEERARE LY 2
rati o of t Header prea willthgdescribrd. (Wheniee eptiead axis ofeegjaser sppbis verticaf tectherbeader] of
claim1, WogdaenbméN)cwtth ikt ih S @HiMl §Retion dods HBCERGr, Mtdm vﬁﬂbdé airenediGe pattern

[
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t he sector sdggg'ggr‘@ 3

di sk conpr iHoweves, ib thedase thatitilt an deteacly pergrsewbencritkerdhedivied ohthe dffesy egormespat t er n

is a wobbl qa,%gﬁ%ef%ﬁgpgﬁmi ng the land track fromthe groove track in a
radial direction of the disk. 4. A nethod of detecting a servo error of an

apparatus for reproducing data froman optical disk in which a recording
area i s di Vihigdsbecatise the intensity, of dight heflected fromHbe PR 1hand P2 fert the i and ng an
ecor ot £ B L B e B o B e and
the f1rst Neskreh sl e Braiate rtcalhefon i bt B8R Teszu®t ¥ PR ess
si gnal s of Whes thredishos tilted teethe inperr siked the irdensipynef light neflecteds frgm ah uppreg headen whi ch
synchr onouga sk Rdaler) ¥ lafgef MGk itHa® rdnBRed f6kh &S Rwer KH3ALS(al RREH HREddrNad he

address areas ar e ded he met hod conprising: determning a |evel
Ivfol of a ?‘F’%'ngésnigfh{)%%é'si gnal of a reproducing signal in the first

header and a level |vfo3 of a second synchronous signal in the second
header ; Accordingly, the ratio of the magnitude Ivfo1 of the vfo1 signal to the magnitude Ivfo3 of the

vfo3 signal varies. Also, the ratio of the magnitude Ivfo2 of a vio2 signal to the magnitude
vfob of a vfo4 signal varies.

in order to detect the degree to which the magnitude ratio varies, a signal recorded at a
uniform level should be used. Since a vio signals have uniform levels and frequencies, the
vfo signals are suitable for this purpose. Also, it is easier to detect the magnitude of the vfo1
and vfo3 signals than that of the vfo2 and vfo4 signals.

Here, when the magnitudes of the synchronous signals detected in vfo1 and vio3 areas are
Ivfol and o3, a balance value K is defined as follows.
K=(Ivfo 1 — Mfoy)/(Ivio,+ 1Vfo,) (1)



det-ecting a servo error in accordance with a ratio of a magnitude of [vfol
to a nmagni tude of Nfo3. 18 5. The nethod of claim4, wherein the

magni tude ratio is (Ivfol - Ivfo3)/(lvfol+ Ivfo3). 6. The nmethod of claim
4, wherein the magnitude ratio is (lvfol - Ivfo3)llo, wherein to is a |evel
of a mrror signal. 7. The nethod of claim4, wherein the reproducing
signal is a sumsignal of radial pairs in a photodetector divided into four
sections. 8. The nethod of claim4, wherein the reproducing signal is a
push-pul | signal RF~p and the detected!®ervo error is a tilt error signal.
9. The nmethod d¥ claim4, wherein the reproducing signal is a sum signal
RF-sum and the detected servo e¢#mo,iBodAcacki ng error sign@). 10. The

nmet hod of claim4, wherein the detecting the servo error conprises

determ ning the magnitude rati o by averagi ng nagnitude ratios obtained from
a pl ural i t ywherein; dogs the sraguofjude efithe sum signelRRoswa in theymigrof eiegent i al  di recti on.

11. The nmethod of claim4, wherein the detecting of the servo error

det th d t t.ud ti
oo hea ™t B rEaler B o 2. dBe Bty vaich, o saialed 85k e, FREPRER"S PEGi o
di rection. syfAchrdrioes mtahoidtegtbd o the afeaswivd apd viod. hehilgot is pedsibiti te lkalbwate a
plurality ofe bé\m&kgm@ugngtm@%&.m@m tﬁé"@n&%ﬂ%@éjsné'ﬁﬂlé Mctegqm thé §Rab NVerting

the magnitude ratio | n each roove ‘trac 1 of recording
data on and"’%?ﬂdd’&‘tfc [t FRgeagie b @Pam%a SYICRIENQYS SIRPIS from ‘P%E’GP%?"H?; ang Wad; s
di vi ded i nttbars arb thesdreasadd? areicifet Nss itds Ipessibdes tocsepine saluegotdainasideyrtbe s, each

header has @i, $3-45HcntAth igiBR UCRE 1AL ofese Odlafh L2 ﬁﬁa/th@fvau rom a

center of t track in oSl t Irections I rst header d the
second heat 2Hainggd by m&&ﬂf"é%"é"’%ﬁfé’é&syf‘ﬂ" QRIS Honals sletected injthe areas vid an <‘,’ft°&r s are

recorded and synchronous signal areas in which synchronous signals for

detecting tﬁﬁerﬁﬂg%aﬁ&e%gﬂgerawrﬁa% ﬂ@?aéenthétnﬁerélgq{oesceﬁloadf}r%ﬁﬁ Kl ghd fgor ded,

t he net hod corrprlsm m nin magni t

synchr onousb@angr yalug; K phiingdin the Case tF‘%‘ta %?é’&(fé’P’%‘ﬁSs'a’%é%ﬁﬁe'ﬂ‘H’@rheWG'é | vf 03
of the synché woodBess Oefiecagfolibwsi N t he second 19 header and controlling a
servo so that the ratio of the first magnitude Ivfol to the second

magni tude |Ivfo3 satisfies a predeterm ned restricted value. 14. The net hod
of claim 13, wherein the restr*%t&i¥%alue is +0.1. 15. A @ethod of
detecting a servo error of an apparatus for reproducing data from an

opt i cal 4t Sl Rheadd 6 Rhod i B2 o nAluGBB A RRAANLLSLEL RS 51 0ne!

whi ch are recorde roma cen ack
di rections ‘@i\'&%?'@ﬂﬁfﬂfave the same pattern, the method conpri sing:

Here, K, may be the value measured in a state where there is no servo error, a default value
determined by the system controller of a recording/reproducing apparatus, or a value
measured in a reference state determined by the system.

In the land track and the groove track, the polarity of K; should vary in order to calculate K;
correctly since the position of PID1 and PID2 and the position of PID3 and PID4 are
inversed.

A method for detecting the serve error of the disk using the wobble signal will now be
described. Wobbile is formed in the land track and the groove track in the DVD-RAM disk.
The wobble is in the form of a sinusoidal wave formed on the side wall of the track.

When the disk is tited in a radial direction, the wobble signal is tilted in the radial direction.
Namely, the magnitude of the wobble signal varies between two arbitrary points separated



dettermning a first level Ivfol of the first reference signal and a second
| evel Ivfo3 of the second reference signal froma reproducing signal
reproduced fromthe optical disk; and determ ning a bal ance val ue K,
according to the follow ng equation: K, _ (lIvfol- tvio3) I (Ivfol + Ivfo3);
and detecting the servo error based upon the bal ance value K~. 16. The

nmet hod of claim 15, wherein the disk is divided into sectors having a
predeterm ned length on the track, each sector conprises the first and
second reference signals) and the nmethHd further conprising determning

bal ance val U@EG%BPQPHEH‘W?WW'%{EeTr’i'P'eEPﬁ%ét'~°0'P°SF'H'§ o detech HIkDYgRtpCtiRaIPe gi ng t he
bal ance val ammntod clibayectithd wobble gighal irethe @adial diréctioht net hod of detecting a
tracking error of an apparatus for reproducing data froman optical disk
having a first reference signal and a second reference signal which are
recor ded t dFl@ck/is gtblock diggram sbewinathe sffuchirg of agueferredsmhediment o theapearatis and

whi ch have fbitteemigRhe stiNoRsrr signaPacBRbiRg® twmsdnsm\re@tuondaheéwavamy shew first

| | l1vfol t f vt @3, of th
second 1 ef df EL% o Crlieare FPBHII SIPLUEAG B Bsree SBPCHER: Sy bt he
optical di slynchzondusisignad ieiveli detpctar 66| 219eeony synghroReusasignal ével (detegtot B8 4 ol | owi ng
equati on: ba%cé@alcula(dr wbod comﬂhél‘ét@f?’h la Iél{d{dcréblfe 'Beie&tﬁpgé ;a AEbneBle ki H9 the

tracking err nce . v ) The nethod of claim 17,
wher ei n the°°%f'§'l¥“’f"§e ay\?f‘ﬂléﬂe ﬁ‘i?ﬁ""%pé’ﬁ%‘?’ haV| ng a predetermned Length on

the track, each sector conprises the first and second reference signals,

and the mtﬁ@@eﬁr&Hn&nh@Eug&@&@kh‘ﬁr%ﬂ o ) thn'i‘gn RARRNG Larh 4RAa19D ahdied from
adj acent ones of t he sectors an es bal 3 ance v Iues o_detect the
bkt ng. or\EoH rods o, ok BEPh G SETALF BRI oY SUsRBina g B8 e P us. 1 or
r epr oduci ngeptedusing sigmal genegtdr 62 inicludessthe photasietectprokivided intg folr a\dadatculatot I on

si gnal RF- %sn@'ﬁ.hﬁlg'disfl rst reference signal and a second reference signal
which are recorded to deviate froma center of a track in opposite

directions and which have the sane pattern, the nethod conprising:
The header area detector 64 generates header area signals (a header area signal 1 and a

header area signal 2) showing the header area from the reproducing signal. Here, the
header area signal 1 notifies the PID1 and PID2 areas. The header area signal 2 notifies the
PID3 and PID4 areas. Since the header area has an envelope larger than that of the data
area, it is possible to obtain a header area signal showing the header area using both an
envelope detector for detecting the envelope of the reproducing signal and the comparator.
The first synchronous signal level detector 66 synchronized with the header area signal 1
generated by the header area detector 64 detects the magnitude Ivfo1 of the vio1 signal
shown in FIG. 4. To be specific, a first enable signal (enable 1) having a predetermined width
and separated from the starting point of the header area signal 1 by a predetermined
distance is generated. After gating the reproducing signal by the first enable signal (enable
1), the magnitude vfa1 of the vio1 signal is detected by detecting the peak-to-peak value of
the reproducing signal.

The second synchronous signal level detector 68 synchronized with the header area signal 2
generated by the header area detector 64 detects the magnitude of the vfo3 signal shown in
FIG. 4. To be specific, the magnitude Ivfo3 of the vio3 signal is detected by generating a
second enable signal (enable 2) having a predetermined width and separated from the
starting point of the header area signal 2, gating a reproducing signal by the second enable
signal (enable 2), and detecting the peak-to-peak value of the gated reproducing signal.



determaning a first level Ivfol of the first reference signal and a second
| evel Ivfo3 of the second reference signal froma subtraction signal RF_pp
reproduced fromthe optical disk; determ ning a bal ance val ue K? accordi ng
to the follow ng equation: K, _ (Nfol- Ivfo3) I (lvfol + Ivfo3); and
detecting the tilt error based upon the bal ance value Ki. 20. The nethod of
claim19, wherein the disk is divided into sectors having a predeterm ned

| ength on the track, each sector conprlses the frrst and second reference
signals, and the met hod furt her conpri ¥ det er mi ni ng bal ance val ues
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Co”eSpondlmié\"}erbi'@cd’eeinﬁrdé&ﬁ»@ iPtBé Fifaler tangdlial dirddtioAlet ecting a servo error
based on a magnitude ratio of 11 to 12. 22. The method of claim 21, wherein

the disk is divided into sectors and each reference pattern is a
synchr onousTheiogmaaraton?d epmpares thezbatpneglealuedficcalcilateduhy the balanicecesisaleton 70 t he

Corprsen e St Sl e Soae
Cobbl 6o ol S Efvion h deres Ky B § VRIS MERRARA/S 2 SR RerO Bereh B ot hod
of clai m 21, whesfaitnvauecdetergined Uyethe adystemi eonfrdlier bR )the( tecedip/reptdstuciigie met hod
of claim 21, mg%kavsuﬁ@msa%mwreméﬁcaseed@é&nﬂe&byt&sxve,ﬁre tois a level

of a mrror SI gnal . 2fi. The method of claim2l, whérein the reproducing
signal is a signal from sections of a photodetector divided into sections.
27. The netThedandigroovadeatecht 76 whoeivesitine reprioducing tsigoal iand)deséctswhetier the carenb as ed on
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plurality of sectors each dfor
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area i s di vnthecpushpl sigaaltod the greese rackethe araghituge af PiDaded PDaris smaliecthén ng an
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recorded to d roma center atra i n opposite directions, and
the first HESHEom hEgreoMetrack usingtheab¥er have address areas in which address
signals of the sectors are recorded and synchronous signal areas in which

synchronouspgi &M&fysini Q@Erﬁﬁﬁs' e phﬂxﬁtyazﬁqn@ §§mébtﬂ>ﬂ aaftie" 1€ TR Horh nd he
address area are recor risin
comparator 72 accordmg to the result detected by e Iandlgroove detector 76.

The balance value can be used in order to compensate for tilt.

The tilt controller 74 controls the tilt of the disk according to the subtraction value K; the
polarity of which is inverted and which is output from the polarity inverter 78. Since the sign
and magnitude of the subtraction value K; show the direction and magnitude of the {ilt, the tilt
of the disk is controlled by feeding back the sign and the magnitude of the subtraction value

K.
The balance value can be used in order to correct detrack.

The detrack compensator 80 controls the detrack of the disk according to the subtraction
value K; the polarity of which is inverted and which is output from the polarity inverter 78.
Since the sign and magnitude of the subtraction value K; shows the direction and magnitude
of the detrack, the detrack of the disk is controlled by feeding back the subtraction value K,.



generating a reproduci ng signal including sumsignals V1 and V2 fo radi al
pairs of detecting elenents, a sumsignal RF sum of the detecting el enents,
and a pushpull signal RF~p of the detecting elenents, froman optical

signal reflected fromthe disk; 22 generating a header area signal having
a header area fromthe reproducing signal received fromthe reproducing
signal generator; detecting a first synchronous signal |evel by detecting a
first magnitude Ivfol of a first synchronous signal in the first header;
detecting second synchr nous i gnal  *eyel detectin nd nagnltude
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predetermined period by the mirror area signal generated by the mlrror area signal
generator, gates the sum signal RF_sum by the third enable signal (enable 3), and detects
the peak-to-peak value of the gated sum signal RF_sum.

The balance calculator 72 calculates the balance value K, as shown in Equation 2 by the
level ivfo1 of the vfo1 signal detected by the first synchronous signal level detector 66, the
level Ivfa3 of the vio3 signal, detected by the second synchronous signal level detector 68,
and the mirror signal level lo detected by the mirror signal level detector 88. Here, the
balance calculator 72 can output the mean value of the balance values obtained from
several successive sectors in the radial or tangential direction.
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FIGS. 9A and 9B show waveforms during the operation of the apparatus shown in FIG. 8.
FIG. 9A shows the waveform of the mirror area signal output from the mirror area signal
generator 86. FIG. 9B shows the waveform of the third enable signal (enable 3).

According to the present invention, R is possible to use the push-pull signal RF_pp, the sum
signals V1 and V2 of the radial pairs, and the sum signal RF_sum for detecting the servo
error since the servo error is detected by the balance value of the synchronous signals. For
example, when the push-pull signal RF_pp is used, it is possible to compensate for tilt in the
radial direction. When the sum signal RF_sum is used, R is possible to compensate for tilt
in the tangential direction.

FIG. 11 is a graph showing the relationship between the radial tilt and the balance value K in
the method and apparatus according to the present invention. In FIG. 11, the horizontal axis
denotes radial tilt-values and the vertical axis denotes balance vaiues K. In FIG. 11, the
graph marked with A shows a case where the sum signal RF_sum and the balance value
according to Equation 1 are used. The graph marked with ¥ shows a case where the sum
signal RF_sum and the balance value according to Equation 2 are used. The graph marked
with @ shows a case where the push-pull sighal RF_sum and the balance value according to
Equation 2 are used. The graph marked with Bl shows a case where the pushpull signal
RF_pp and the balance value according to Equation 1 are used.

As shown in FIG. 11, the radial tilt is best described by the case marked with B where the
push-pull signal RF_pp and the balance value according to Equation 1 are used. The case
marked with @ where the push-pull signal RF-PP and the balance value according to
Equation 2 are used is also useful for describing the radial ilt.

Therefore, it is possible to determine the tilt by the values according to Equations 1 and 2
using the push-pull signat RF_pp.

FIG. 12 is a graph showing the relationship between the detrack and the balance value K in
the method and apparatus according to the present invention. In FIG. 12, the horizontal axis
denotes the amount of the detrack. The vertical axis denotes the balance value K. In FIG.
12, the graph marked with A shows a case where the sum signal RF-sum and the balance
value according to Equation 1 are used. The graph marked with ¥ shows a case where the
sum signal RF sum and the balance value according to Equation 2 are used. The graph
marked with ® shows a case where the push-pull signal RF_pp and the balance value
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according to Equation 2 are used. The graph marked with B shows a case where the push-

pull signal RF_pp and the balance value according to Equation 1 are used.

As shown in FIG. 12, the graph marked with A which shows the case where the sum signal
RF-sum and the balance value according to Equation 1 is most affected by the detrack. The
graph marked with B which shows the case where the push-pull signal RF_pp and the
balance value according to Equation 1 is least affected by the detrack.

Therefore, it is possible to determine the detrack by the value according to Equation 1 or 2
using the sum signal RF-sum.

As shown in FIGS. 11 and 12, it is possible to most effectively detect the amount of tilt when
the push-pull signal RF_pp and the balance vaiue according to Equation 1 are used.

The quality of the servo error signal varies according to the quality of the disk and the
conditions of the system. However, when the value of the servo error signal is not restricted
to some degree, it is not possible to recognize the PID or it is difficult to stably manage the
servo. Therefore, in the disk, the value K is preferably managed to maintain a prescribed
level.

Accordingly, in the present invention, it is suggested that the value K; be restricted to 10.1.
This value is required to normally reproduce the PID when a standard amount of tilt +0.35°
is given. Also, the allowance range of the track control is considered.

Also, it is necessary to restrict the value K; to no more than a predetermined value to
precisely control the servo in the apparatus for reproducing data from the disk. When the
quality of the servo is not strictly managed when the data is reproduced, R is not possible to
obtain the PID information.

Therefore, in the present invention, it is suggested that the value K; be restricted to +0.1 in
the servo operation of the reproducing apparatus.

It is possible to correctly detect the tilt state of the disk without a specific pattern for detecting
the servo error by the method for detecting the servo error according to the present
invention.
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maintain an optimal recording/reproducing state since the apparatus for generating the servo

error signal according to the present invention correctly detects the servo error state of the

disk.

It is possible for the recording/reproducing apparatus to stably control the servo and to
maintain the optimal recording/reproducing state since it is possible to strictly manage the
level of the servo error signal which is the basis of controlling the servo by the disk according
to the present invention.
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1. A method of detecting a servo error of a recording and/or reproducing apparatus for
recording data on and reproducing data from a disk in a data area of which
reference patterns having a uniform size are recorded, the method comprising:

determining a first magnitude of the reference patterns recorded on at least two
positions separated from each other and a second magnitude of a reproducing
signal corresponding to the reference patterns; and

detecting the servo error in accordance with a ratio of the first magnitude to the
second magnitude.

2. The method of claim 1, wherein the disk is divided into sector and each reference
pattern is a synchronous signal included in a header area in which the addresses of
the sectors are recorded.

3 The method of claim 1 or claim 2, wherein the disk comprises a land track and a
groove track and each reference pattern is a wobble signal for separating the land
track from the groove track in a radial direction of the disk.

4 A method of detecting a servo error of an apparatus for reproducing data from an
optical disk in which a recording area is divided into sectors, each sector has a
header for indicating an address, each header has a first header and a second
header which are recorded to deviate from a center of a track in opposite directions,
and the first header and the second header have address areas in which address
signals of the sectors are recorded and synchronous signal areas in which
synchronous signals for detecting the address signals recorded in the address areas
are recorded, the method comprising:

determining a level Ivio1 of a first synchronous signal of a reproducing signal in the
first header and a level ivfo3 of a second synchronous signal in the second header,
and

detecting a servo error in accordance with a ratio of a magnitude of o1 to a
magnitude of ivio3.
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5. The method of claim 4, wherein the magnitude ratio is (Ivfo1 — Ivfo3)/(lvfo1+ Ivfo3).

6. The method of claim 4, wherein the magnitude ratio is (Ivfo1 — ivfo3)/lo, wherein lo is
a level of a mirror signal.

7. The method of claim 4, wherein the reproducing signal is a sum signal of radial pairs
in a photodetector divided into four sections.

8. The method of claim 4, wherein the reproducing signal is a push-pull signal RF_pp
and the detected servo error is a tilt error signal.

9. The method of claim 4, wherein the reproducing signal is a sum signal RF_sum and
the detected servo error is tracking error signal.

10. The method of claim 4, wherein the detecting the servo error comprises determining
the magnitude ratio by averaging magnitude ratios obtained from a plurality of
sectors adjacent to each other in a tangential direction.

11. The method of claim 4, wherein the detecting of the servo error comprises
determining the magnitude ratio by averaging magnitude ratios obtained from a
plurality of sectors adjacent to each other in a radial direction.

12. The method of claim 4, wherein the optical disk has a plurality of land/groove tracks,
and the method further comprises inverting the magnitude ratio in each land/groove
track.

13. A method of recording data on and reproducing data from a disk in which a
recording area is divided into sectors, each sector has a header comprising an
address, each header has a first header and a second header recorded to deviate
from a center of the track in opposite directions, and the first header and the second
heater have address areas in which address signals of sectors are recorded and
synchronous signal areas in which synchronous signals for detecting the address
signals recorded in the address areas are recorded, the method comprising:

determining a first magnitude ivio1 of the synchronous clock signal in the first
header and a second magnitude Ivfo3 of the synchronous clock signal in the second
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header and controlling a servo so that the ratio of the first magnitude Ivfo1 to the
second magnitude Ivfo3 satisfies a predetermined restricted value.

14, The method of claim 13, wherein the restricted value is +0.1.

15. A method of detecting a servo error of an apparatus for reproducing data from an
optical disk having a first reference signal and a second reference signal which are
recorded to deviate from a center of a track in opposite directions and which have
the same pattern, the method comprising:

determining a first level vfo1 of the first reference signal and a second level vfo3 of
the second reference signal from a reproducing signal reproduced from the optical
disk; and

determining a balance value K; according to the following equation:
K; = (ivfo1 — ivio3) / (ivfot + Ivfo3); and
detecting the servo error based upon the balance value K.

16. The method of claim 15, wherein the disk is divided into sectors having a
predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance values
obtained from adjacent ones of the sectors and averaging the balance values to
detect the servo error.

17. A method of detecting a tracking error of an apparatus for reproducing data from an
optical disk having a first reference signal and a second reference signal which are
recorded to deviate from a center of a track in opposite directions and which have
the same pattern, the method comprising:

determining a first level ivfo1 of the first reference signal and a second level ivfo3 of
the second reference signal from a reproducing signal reproduced from the optical

disk; and

determining a balance value K, according to the following equation:
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K; = (Ivfo1 — Ivfo3) / (vfo1 + Ivfo3); and

detecting the tracking error based upon the balance value K;.

18. The method of claim 17, wherein the disk is divided into sectors having a
predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance values
obtained from adjacent ones of the sectors and averaging the balance values to
detect the tracking error.

19. A method of detecting a tilt error of an apparatus for reproducing data from an
optical disk in accordance with a subtraction sighal RF_pp having a first reference .
signal and a second reference signal which are recorded to deviate from a center of
a track in opposite directions and which have the same pattern, the method
comprising:

determining a first leve! ivfo1 of the first reference signal and a second level Ivfo3 of
the second reference signal from a subtraction signal RF_pp reproduced from the
optical disk;

determining a balance value K1 according to the following equation:
K, = (ivfo1 — ivfo3) / (ivfo1 + Ivfo3); and
detecting the tilt error based upon the balance value K;.

20. The method of claim 19, wherein the disk is divided into sectors having a
predetermined length on the track, each sector comprises the first and second
reference signals, and the method further comprising determining balance values
obtained from adjacent ones of the sectors and averaging the balance values to
detect the tilt error.

21. A method of detecting a servo error of a disk, comprising:
determining a first magnitude 11 of uniformly sized reference patterns recorded on at

least two positions of an area of the disk, and determining a second magnitude 12 of
a reproducing signal corresponding to the reference patterns; and
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detecting a servo error based on a magnitude ratio of 11 to 12.

22. The method of claim 21, wherein the disk is divided into sectors and each reference
pattern is a synchronous signal included in a header area in which addresses of the
sectors are recorded.

23. The method of claim 21, wherein the disk comprises a land track and groove track
and each reference pattern is a wobble signal separating the land track from groove
track.

24, The method of claim 21, wherein the magnitude ratio is (11-12)/(11+12).

25. The method of claim 21, wherein the magnitude ratio is (I11-12)/lo, where lo is a level
of a mirror signal.

26. The method of claim 21, wherein the reproducing signal is a signal from sections of
a photodetector divided into sections.

27. The method of claim 21, wherein said detecting of servo error based on a magnitude
ratio includes averaging magnitude ratios obtained from a plurality of sectors of the
disk adjacent to each other.

28. A method for recording data on and/or reproducing data from a disk in which a
recording area is divided into sectors, each sector has a header for indicating an
address, each header has a first header and a second header which are recorded to
deviate from a center of a track in opposite directions, and the first header and the
second header have address areas in which address signals of the sectors are
recorded and synchronous signal areas in which synchronous signals for detecting
the address signals recorded in the address area are recorded, the method
comprising:

generating a reproducing signal including sum signals V1 and V2 fo radial pairs of
detecting elements, a sum signal RF_sum of the detecting elements, and a push-
pull signal RF_pp of the detecting elements, from an optical signal reflected from the
disk;
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received from the reproducing signal generator;

detecting a first synchronous signal level by detecting a first magnitude Ivfo1 of a
first synchronous signal in the first header;

detecting a second synchronous signal level by detecting a second magnitude fo3
of a second synchronous signal in the second header; and

calculating a balance value K,, of the magnitude Ivfo1 of the first synchronous signal
and the magnitude Ivfo3 of the second synchronous signal.

29. The method of claim 28, further comprising comparing the balance value K; with a
reference value K,, and determining a difference K; between the balance value K1
and the reference vaiue K,

30. The method of claim 29, wherein the reference value K, is a balance value
measured in a regularized reference state.

31. The method of claim 30, wherein the disk comprises a land track, a groove tack, and
a wobble for separating the land track from the groove track, and wherein the
method further includes determining an amount of a detrack by an amount of
variation of a wobble signal produced by the wobble in a radial direction.

32. The method of claim 29, wherein the calculation of the balance value K, is based on
the equation (vfo1-ivfo3)/(Ivfo1+ivio3).



