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; e3ed"ZV6TTO 8 MAY 20Q DESCRIPTION *cooooz* OPTI CAL DI SK APPARATUS
TECHNI CAL FI ELD The present invention relates to an optical di sif &[:m)M ﬂ%
typified by a CD-ROM drive and, nore particularly, to an optical disk
apparatus which subsidiarily noves a feed at kick seek when data is read

‘froman arbitrary position on an opticdl disk surface, thereby“mﬂmm '
tracking control. BACKGROUND ART In recent years, standard nou ﬂmmuwmmr

optical disk apparatus on a personal conputer has been rapidly progggssed,
and accordingly the optical disk apparatus as well as a hard disk drive

"have becone indi spensable to the personal conputer. Initially the

CD- ROM
drive has constituted the majoritPESCRIRZION | cal di sk appar atlmmw“wm’mmw
nowadays a DVD-ROM drive having a |larger capacity than the CD L

a witable or rewitable CO-R'CD-RWdrive is normally nounted on t*aesooz+
personal conputer, and further a DVD-R or DVD-RAM drive cones on a market.
As descri bed above, the effi@QPBRCALaRdSKuAPPARATIIS t he optical disk
apparatus has been enhanced continuingly. Figure 10 is a schematic di agram
illustrating a whol e conventional optical disk apparatus. In the figure,
nunmeral 11 0 8 MAY 20Q

TECHNICAL FIELD

The present invention relates to an optical disk apparatus

typified by a CD-ROM drive and, more particularly, to an
i) opt;cal disk apparatus which subsidiarily moves a feed at kick
seek when data is read from an arbitrary position on an optical

disk surface, thereby performing a tracking control.

BACKGROUND ART

In recent years, standard mounting of an optical disk
apparatus on a personal computer has been rapidly progressed,
and accordingly the optical disk apparatus as well as a hard
disk drive have become indispensable to the personal computer.

) Initially the CD-ROM drive has constituted the majority of the

optical disk apparatus, while nowadays a DVD-ROM drive having a
larger capacity than the CD-ROM drive, or a writable or
rewritable CD-R/CD-RW drive is normally mounted on the personal
computer, and further a DVD-R or DVD-RAM drive comes on a
market. As described above, the efficiency and function of the
optical disk apparatus has been enhanced continuingly.

Figure 10 is a schematic diagram illustrating a whole

conventional optical disk apparatus. 1In the figure, numeral 11



1

2 denotes a disk, nuneral 12 denotes a spindle notor, nuneral 13‘ogﬁg%€§062
pi ckup, nuneral 14 denotes a |lens, nuneral 15 denotes a feed, nu I '
denotes a feed notor, nuneral 17 denotes a driver |IC nuneral 18 denotes an
analog front end IC, nuneral 19 denotes a digital signal processor IC,
numeral 20 denotes a decoder, nuneral 22 denotes a CPU, and nuneral 22
denotes a host. Figure 11 is an explanation drawing illustrating a
constitution of a pickup of an optical disk apparatus. In the figure,
nuneral 13 denotes a pickup, nuneral 14 denotes a |lens, and nunerals 25 and

"26 denote wires for supporting the lens 14 in a housing of the pickup 13.

Next, wAem@besecaddi§kopsruneioml ol 2t HengpEscA sHidppaehets Rumersl 13
described. The disk 11 is controlled by the spindle notor 12 for rotating
at a colenebhes| anpackud odiunenal gldodengtresamgdiens vareseral The dencgs
13, nmoving fromthe inner track side to the outer track side in the radial
directiaonfeéd; hpunieshl116 asgnoeesaal feed edort,o numexsal f Adedenoties di sk
11 and receives light reflected therefrom thereby reading data on the disk
11. Datdr izt ellCpi humeeradpilthldenotesr dad analplge fdicgkt ldnd aiid, t hamendier of
the spirals in the radial direction is referred to as the nunber of tracks.
To accuratdenyoteadat dgdatad @idmel dpsbcéssorh@Cyi alumedsl d20vdendches ans
14 in a direction perpendicular to the disk surface, thereby focusing the

| aser dgrddéd\Y R@medahean dumptde di skullanduniif@ral hE2 pdéeopes3a
receives the reflected light fromthe disk 11 and detects a deviation from
the cemoyt Of a track. A tracking control for noving the lens 14
horizontally in the radial direction of the disk 11 is performed so that

thy devi ati anidwre! 11 B3t aa ¥XpIdreat 868 dbaRihs idnmstacht tnghg center of
the track. Wien the lens 14 is a prescribed distance or nore apart fromthe
cent er cofndticdwioh ngf hhpitkegd 1of t@n%%ﬁhchmedﬁb&k% dtué | xedni sheoved
to return the lens 14 to the center of the housing. A focus and tracking

cont r olf jQfurid\e h@ierd# 18 Aenloverrch hyi¢kepdr hiferadl aacHehdiges 0aaleasyand
of the U 21, and the data which are accurately read are transferred to

the hoghdhuhierde 29ahna beodermitk IWwidds b SupbbitiTignthe DPepsezgor

I C 19 and the decoder I C 20. Next, influence which are exerted by the

devi at 1@ a0thdid§nsf i thehpikikedpim 3ipon the data reading operation will be
described wth reference to figure 12. Figure 12 is a diagramfor

expl ai ni ng st Nfd ueegsrexdingd dpetdeicevoat tRe eptiilkal iskn the
pi ckup upon the data reading. In the figure, nuneral 11 denotes the disk,

numer ahppazatiud I8 HENWE edbsbsapediuneral 34 denotes a |aser, and nuneral
35 denotes a photo acceptance elenent. The lens 32, which is |located at the

center in thaepidikgip. 11 eisasbatiricdlled 9y the $psra184mottar alyy &bk ai ning a
focus on the disk 11. Then, the disk 11 returns a reflected light to p 8

MAY 20gbtatthaigolati & assnpt antelanemntvalfociioyeyera tbaskant Fhqgudaeh is
in a position deviated fromthe center in the pickup, may cause the

ref)l ecyedobiight. frofe theckbipkll] movingduirsil the phate aseel aide wdt 35,
as”shown by a dotted line in figure 12. In this case, a tracking servo

cannottgenshdked ardcdnadiderifdetae! iMydialPaFitePnion bdhethesiais¥ the
reflected light fromthe disk 11. Therefore, the optical disk apparatus

cannot gppadedalha 13¢EY Hed Hoethe e fARd Af AhOfdiSR 1enand geddiviesin
unst abl e tracki ng.
light reflected therefrom, thereby reading data on the disk 11.
Data called pit are spirally recorded on the disk 11, and the
number of the spirals in the radial direction is referred to as
the number of tracks. To accurately read the data on the disk

11, the pickup 13 drives the lens 14 in a direction

perpendicular to the disk surface, thereby focusing the laser



Next, a seek operation for accurately perform ng the data readin )
w Il be described. The optical disk apparatus perfornms the seek ﬁdﬁ?@@?EW@P

to read data accurately. In this operation, when the pickup 13 is noved to
an arbitrary position on the disk 11 in accordance with a conmand fromthe
out si de such as the host 22, the nunberd of tracks fromthe current read
“position to a target position is obtained by cal culation, and the pickup 13
or the lens 14 is noved by the obtai ned nunber of tracks, thereby adjusting
the readi ng position. This seek operation has two kinds of operation, i.e.,
feed seek and kick seek. The feed seek is one which noves the feed 15 to
nmove theapi onhw the odbskat yet Puogithiean, tlte ghickupnpBoyedefivesa thed ati vel y
| ong-di stance novenent. The kick seek is one which noves the lens 14 after
t he feedfieeltad Tighthofisomgthé dhskpildkiygnd Xétedttach deviatkom Hrdmr get
posi ti on, '~ 8 MAY 20l ~~ s which is enployed for a relatively

short - thet aent e \efirenttrieke, Aherhesdmeadonitdl bfodemowihgd thd Mens
reference to figures 11 and 13. Figures 13 are diagrans for explaining

posi ti ppahoghaedrallsf imethénsadiathdirerd isarkor ftBergisk(a) ijld ustrating
a case where the feed is noved in an inner radial direction and figure

13(b) perestrmeld 3@ amAserNbeaevibeibacd s eimvathtdd aanquiie Nadiey
direction. In the figure, nuneral 13 denotes a pickup, numeral 14 denotes a

lens, pagmnyges 111%dﬂewteseacéﬁeér bEetnenvanidipnalyrehi €Ak dietls 14
apparatus is qui vul nerable to external vibrations or the |ike, because

the leps &%és&%&%& i fWariké 6Sr ZRo 2B a gl dth fﬂzﬁn Pl UPerBeRSoFN MR | N

figure 11 wever, since the feed seek may be |ikened a kind of ext er nal

vi lgr athodsinghethensel My 18 WlYehSeh¥ g&wﬁtpeciaf ram £ el emoed he

kup 13 as Shown in figure 13 when the d Seek is excessively

accel St LS RFndesel ALt a4 NeXtehé Neekt ek 6%9'% \@ |Horﬂe.%ﬂ§scrhbfgcw

reference to figures 14 and 15. Figures 14 are agra expl al ni ng

posi ti f&@ﬂ@ﬁg ebnith®1 Y6 et PEnki ¢4 g)?se?exffﬂe‘ﬂ Whé! HR3LEat i ng

a state ore t ki ck seek an flgure 14( I'Tustrating a state after

the kipx éf@grdm gt S o UinnatiBF A nd ScHAN9LGS abd i R0 PHIBRAGL!

denotes a I'A the conventional optical disk apparatus when t
accurately read are transferred to the host 22 via the analog
front end IC 18, the digital signal processor IC 19 and the

decoder IC 20.

Next, influence which are exerted by the deviation of the

lens in the pickup upon the data reading operation will be
) described with reference to figure 12.

Figure 12 is a diagram for explaining the influences
exerted by the deviation of the lens in the pickup upon the
data reading. In the figure, numeral 11 denotes the disk,
numerals 32 and 33 denote lenses, numeral 34 denotes a laser,
and numeral 35 denotes a photo acceptance element.

The lens 32, which is located at the center in the pickup,
refracts light from the laser 34, thereby obtaining a focus on

the disk 11. Then, the disk 11 returns a reflected light to



14 perforns the kick seek fromthe central position in the i 'b_a MY, ~§~
S pickup 13, the lens 14 is deviated in the pickup 13 by the ki dk 8s¥AK %H-
shown by a dotted line in figure 14(a) unless the feed 15 is subsidiarily
noved. However, since the driver 17 drives the feed notor 16, thereby
subsidiarily nmoving the feed 15 by a reéference feed shifting amount FO, the
lens 14 is located at the center in the pickup 13 after the kick seek. This
reference feed shifting amount FO is calculated by the CPU 21, and its
calculating nmeans will be described hereinafter. Figure 15 is a block
“diagramillustrating a means for calculating the feed shifting anount in

t he CPthef phieda@rceertange egemesit disk dppéevens. the tlens i3duw evhigher al
3 denotes a nunber - of - ki ck-seek-tracks cal cul ati ng neans for cal cul ating

t he nuibednofa tpacksidly dkviatede firoms tihe memtent inhéhe pldakagk, may
nuneral 5 denotes a reference feed shifting anmount cal cul ati ng neans for

cal cul eainigg tthe qefiltectedylibhth firem ftded dislsubdi Hbabel putwdd et he
kick seek. In the figure, the numnber-of-Kkick-seek-tracks cal cul ati ng neans
3 cal cphates aticeptarise wiiki 8K, sask shioank by tdetbedi & idet dnoff idere
current position and a target position of the lens 14, just before the kick
seek siartsInwhthils casespantsatkiagneenvy daimdtegeherltel ansilthal the
ki ck seek. The reference feed shitting amount cal cul ati ng neans 5

cal cul ppesdebectdny engmwd Petloahbht the daeudn of the begiecekdt hda gnyrber of
ki ck seek tracks, and outputs the cal culated anount to the driver 17. 08
MAY 20from7tReodliens 1af. t hehepeyenel, Othle @it Gl daﬁgkaagﬁa@hu&sv\ﬁddnm
described with reference to figures 16 and 17. Figures 16 are diagranms for
exyl aiyésg @aehl aceudiatdiey kivk €6ekhbr aevd sttt aefRet Penkgns is
deviated, figure 16(a) illustrating a state before the kick seek and figure
16(b) pddwBtingl 18 anyRil aftfickibfgki ck seek. In the figure, nuneral 13
denotes a pickup and nuneral 14 denotes a lens. In the conventional optical

di sk appar afjegt , WHeg eldke dfeka SE6K E6rpactarareE Iy Cﬁ@ﬁféhﬁiﬁ%v\hﬁée diaftg | ens
14 is deviated in the pickup 13, the lens 14 is located at the center in

‘the ' RifLkig lépagathion wiylp s®tdesdckipedi.n figure 16(a). Further, when
the feed is subsidiarily noved by the reference feed shifting anount FO,

the lens l4rhé bpticaad disi F?W@aﬁgdpékabm!aefmf@ d &k kbpkraeebnagdy n,
as shown in figure 16(b). As described above, in the conventional optical

di sk afpat adaca seeiryheny.he kick seek is perfornmed froma state where the
lens 14 is deviated in the pickup 13 and the feed is subsidiarily noved by

the referenge £Red &pefrhiti®m BN Fenetbecﬂaﬁi aed $imdPedftd hgnl ens 14 as
before the kick seek is nmerely retained and the deviation of the lens 14 is

not atardiltiediyi pasediahsenm iy diek ki tkifegkcosrddid with i fueémhanh) -
Figures 17 is are diagrans for explaining problens at kick seek froma

st at e fioml & Hdcod Eeddkespe s RthdYhdde 2261 the Qunirad seekradk§UEeoh’(a)

illustrating a state after the feed seek and figure 17(b) illustrating a

st 9t etaft Furrenki gkagepbsition to a target position is obtained by
calculation, and the pickup 13 or the lens 14 is moved by the
obtained number of tracks, thereby adjusting the reading
position. This seek operation has two kinds of operation, i.e.,
feed seek and kick seek. The feed seek is one which moves the
feed 15 to move the pickup 13 to a target position, which is
employed for a relatively long-distance movement. The kick

seek is one which moves the lens 14 after the feed seek in the

housing of the pickup 13 to reach a track in a target position,



p 8 MAY 20t~t s In the figure, numeral 13 denotes a pickup and nuneral 14,
denotes a lens. In the conventional optical disk apparatus, eveﬁDﬁhEHNtﬂwﬂ
lens 14 is |located at the central position of the pickup 13 after the feed
seek, when the kick seek is perforned froma state where the feed keeps
nmoving by the inertia of the feed seek before the kick seek and the feed is
“subsidiarily noved for the reference feed shifting anount, the lens 14 is
deviated in the pickup 13 as shown in figure 17(b). \Wen accel eration or
decel eration of the feed seek is excessive, the inertia of the feed seek is
i ncreased, whereby this is easier to occur. The present invention is made
to sol whitdhe ishmmpheyedofod @r&ﬁhﬁﬁ;?ﬁ&yrﬁborbPdu5$amgaamovem$mbv|de an
optical disk apparatus in which a lens is |ocated at the center in a

housi ng of dgiekuthaffeedt beek okildedie démcrebpednatithngefermnder to
subsequent tracking stably. DI SCLOSURE OF THE | NVENTI ON To sol ve the
above- ddguiriesed praxid en8, according to Caim1 of the present invention,
there is provided an optical disk apparatus which subsidiarily noves a feed
at kick seefiywaesia® aser dddgirams mxaré)'qsmiuiﬁ?spbbcmi@maan i nges

di sk surface, thereby performng a tracking contro conprising: a

pre- ki gk- ek 1efnfsseit Cﬂhéufaéange@&qniﬂ@rré:aixyégt induek raftfisR Hfca@séens
on the basis of a position of the lens in a MAY 21?~t 9 pickup just

bef or eyhbeekithle FrRid sigrméved kinClansagined nesdi 1 Audacrd ot dd fPigure
j udgi ng whether a direction of the kick seek is an inner radial dlrectlon

or an 98(Bh Hadudlrlt B¢ ANcaBel W @Sithedffeed Ui CRbvBASiN @h Hiftér
target position of the l'ens just before the kick seek starts; a

trgbeer&ﬂﬂCbﬁ%@:'ttf&Pks £al eﬁba&h@ﬂf@amﬁ&arai§uaahb'aast 3e pyegs, of

cks on an optical disk by which the l'ens is noved by the kick seek; a

ref er epgRef88d19hldndtieaMPUIENs2! aliahun@ HBANSs f@Ensabsubalriely .2
reference feed shifting amount on the basis of the nunber of tracks

cal cul at ed byet BentWHteio@i1 kbpkisgekiauk el b @ | 0§ gRIRS a

conpensation amount cal cul ati ng neans for calcul ating a Conpensati on anount

by mul $i phit881EhecOlhdrkal CYiBk8e iBust B Rt ki Oke SepKcQhE8Ckhe lens
cal cul at1 ng neans by a conpensation coefficient; a feed shifting anount

cal cul pjipg Hﬁ?ﬁérﬁ:% afdiporé&e2SOgRANISL QN t@i@%‘i g ibearseé%wq,{ eed
shifting anount when thé direction is judged to be the inner radial

di rethPcTEhPé! ibe kheweiRAK difcé! fHel ¥EBUNS BNy B BYREHBA! hn@utnbﬁ

conpensati on anount fromthe reference feed shlftlng anount when it

j udgeds £ e PEetRR1 OV Birataidind , dEhEC EAS. 1&%&%%&6&&%@5&1\9 aeirfia%ed

shifting anount; and a control neans for subsidiaril y nmoving the feed by

the feﬁdo;ﬁhmélesnegeumf hE PLIKEBNES Ws! Bl liitle soeke A9CORANNEHSD

the invention, the lens is |ocated at the center in a hosing of the pickup

gf t emfa;% Zéé‘ék Sg8kextasGlve By DECOL B a t BAC BN AL d¥a 5@l y performed.
) Next, the kick seek will be described with reference to
figures 14 and 15.

Figures 14 are diagram for explaining positional changes
of the lens at the kick seek, figure 14(a) illustrating a state
before the kick seek and figure 14(b) illustrating a state
after the kick seek. In the figure, numeral 13 denotes a
pickup and numeral 14 denotes a lens.

In the conventional optical disk apparatus, when the lens

14 performs the kick seek from the central position in the



io According to Claim2 of the present invention, there is provided an )
optical disk apparatus which subsidiarily noves a feed at kick sﬁl«g WMnﬂ@&?
data is read froman arbitrary position on an optical disk surfact, thereby
perform ng a tracking control, conprising: a nunber-of-feed-seek-tracks

cal cul ating neans for calculating the nfnber of tracks on an optical disk
by which a lens is noved by feed seek before the kick seek; a kick seek

di rection judgi ng nmeans for judging whether a direction of the kick seek is
an inner radial direction or an outer radial direction on the basis of a
“current position and a_target position of the lens just before the kick
seek stRiFqkupal hunbbe- dengi A skekdeyhaksedc anc tha iEkians3 oy theckisk ng
the nunber of tracks on an optical disk by which the lens is noved by the
ki ck sesek aas eskhoencbyf aedoditigd  hijnanbonfigareulldt(ialg urskess f bhe feed
calculating a reference feed shifting anmount on the basis of the nunber of
t r acks 1&alicul suleslidyarhéynmoved of -kowkverek stingek ¢ healdyil ey nh7 rdaivesa
conpensati on anount cal cul ating neans for cal cul ating a conpensati on anount
by nul ttihe Viewd thetonnbé, theredgksulad tdiarédybymoviimg the feed 15 by a
nunber of - f eed- seek-tracks cal cul ati ng neans by a conpensation coefficient;
a feed redfiditenue afeedt shalftihat iangpureans0 f othedlieng tllde isoperesstadd oatanount
and the reference feed shifting anmount when the direction is judged to be

t he i nkgre ladtitdr din echeopibkuphd Xiafterekhdi keeki seekudgimigisreans, and
subtracting the conpensation amount fromthe reference feed Q~ ~A ~
~U~~C Liredtididenfee®@UshifBeng anicurtiduedis ochkchhatedt &y e atpu 21,
direction, thereby calculating a feed shifting anount; and a control neans
foT[) subsiqdiiad ldalmyi Hgihgembansd kiillhed egds6hibblngeadanalfidy Loncurrence
with the kick seek. According to the invention, even when the novenent of
the feed seglqur@iTs 8BS 4hBloeBk’ didgrdie iEDNgstsateagt admelansheegenter in
a hosing of the pickup after the kick seek, whereby subsequent tracking can
be per tanead atlity ohé\cEgedi sHife idg@idichmi inetpeeeput oifntget i on, there
is provided an optical disk apparatus which subsidiarily noves a feed at

ki ck segkveheioirila dpt icad aiﬁkla%pﬂﬁaﬂdéﬂy PRStheofigira) Rinerdl di sk
surface, thereby perfornming a tracking control, conprising: a

post - f geflogesk a0ifusiie£.ad £Lk 8E kD@ ek s Cod Leth Pht DHgame@hks&Hoof a | ens
on the basis of a position of the Iens in a pickup just after an end of
feed sggkchgheitig Mh&kimimseekofatpaeks Uy saekcRf thet 16akCikamovideans
for calculating an offset of the Iens on the basis of the position of the

I ens i ghehribkClserK Usindat@neraeskidehotek Sireféredcki ekedC e i HEG i ON
j udgi ng nmeans for judging whether a direction of the kick seek is an inner
radi al afibufiet calcolaAimyimsangdior danealiainy the dasheity ByCwH RN
position and a target position of the |lens just before the kick seek
startsthe feelelisokubistidisnekt{rackedcakcwhd iKikkeseskf or cal cul ating the
nunber of tracks on an optical disk by which the Iens is noved by the kick
segk; a refenefne Faeurd) HHaMnaRbeRlof-kick> sedWiErackslcd2caalatdd i ng
means for calculating a reference feed shifting amount on the basis of the
nunberm@inér ackalealatedt athdynimBepublie kil Hddk Seekcks asksSthal Balsild ng
nmeans; a conpensation amount cal cul ating neans for calculating a

conpengat 4 09 afRENEuRY et hdB ¥t Denaafif herQigRr P goennidnecpf thet 1ens
cal cul ated by the pre-kick-seek offset cal cul ati ng means and the of f set

cal culpf edj byt Berpest theedicaeks @bk S8t ac@isGUkalidly) JB¥¥EspdNdd to a
conpensation coefficient; a feed shifting anount cal cul ati'ng neans for

addi ngud$en§ OFPELAALEOB rAFHE 1 gl | heatetBeenGR K @bk, The reference
feed shifting amount calculating means 5 calculates the
reference feed shifting amount on the basis of the number of

kick seek tracks, and outputs the calculated amount to the

driver 17.



shifting anount when the direction is judged to be the inner radiﬂilg Mﬁ‘Y 2062
direction by the kick seek direction judging neans, and subtracting the
conpensati on anount fromthe reference feed shifting anount when it is
judged to be the outer radial direction_ thereby calculating a feed
shifting anount; and a control means fo? subsidiarily noving the feed by
the feed shifting amount in concurrence with the kick seek. According to

t he i nvention, even when the novenent of the feed seek remains as the
_inertia, the lens is located at the center in a hosing of the pickup after
t he kick seek, whereby subsequent tracking can be performed stably. |
Accordi ng t PxPhiemg Bf the susntionaht Pekicad diskhAPRAYatugkwill
apparatus as defined in any of Clains 1 to 3, an absolute value of the
conpend® idssekhbbad witdnglefarenns te bbgvreselbalans df7 + he reference feed
shifting amount. According to the invention, the | ens does not nove in a

0 8 MAY 20t Figuuesetbi areogiidgnanms ofeheexpiladniog ginaylews catt hbepi ckup
noves at the kick seek and the relative velocity between the I ens and the
pi ckup kisk exkededf robheaebyateahiha e tive elenhablis tlesdlated, Abgpudeny6fa)
Claim5 of the present invention, in the optical disk apparatus as defined
i n any idflu@taramsirigt @ Statlee bediyxenstie chickeséeki and ifSiqumeoké (bhal to

t he nunber of tracks cal cul ated by the nunber-of - ki ck-seek-tracks

cal cul dfilug tresining Aa catdieg atfkeirhet henvieidtk oseekben Inhehainfisgguné, ki ck seek
tracks is small and the seek operation is continued, the feed shifting

anount nutmea@lustEdenobedi agpliekupe andheimefaki 14 deglo tigsack s, emand
vi brations or resonance of the mechani sm caused by subsidiarily noving the

fedd nore tian tHe denvedeibabilobppyiddie &isk spphkratasSupilieis e kbekeby
realizing nore stable tracking. BRI EF DESCRI PTION OF DRAWNGS Figure 1 is a

bl ock gdieagr d® iddrdrmédngromnaastafty wirdrell ehénUedsf ead ishiddv gt édount

of an optical disk apparatus according to a first enbodi nent of the present

i nvent tpe. phickuesl 2, atkedlegsand i Iodgditediag theagentleds drkithe
pickup 13 as shown by a dotted line in figure 16(a). Further,
when the feed is subsidiarily moved by the reference feed
shifting amount F0, the lens 14 is returned to the deviated
state before the kick seek again, as shown in figure 16(b). As
described above, in the conventional optical disk apparatus,
even when the kick seek is performed from a state where the

) lens 14 is deviated in the pickup 13 and the feed is
subsidiarily moved by the reference feed shifting amount FO,
the deviated state of the lens 14 as before the kick seek is
merely retained and the deviation of the lens 14 is not at all
eliminated also after the kick seek as shown in figure 16(b).
Figures 17 is are diagrams for explaining problems at kick

seek from a state where the feed keeps moving by the inertia of

feed seek, figure 17(a) illustrating a state after the feed

seek and figure 17(b) illustrating a state after the kick seek.



seek is perfornmed in an outer radial direction froma_state where a%%ﬁﬂszma
deviated in an inner radial direction in the first enbodi nent of D

i nventi on. O 8 MAC ~Q- 14 Figures 3 are diagrans for explaining a case
where kick seek is perfornmed in an inner radial direction froma state
where the lens is deviated in the inner &adial direction in the first
- enbodi nent of the invention. Figure 4 is a block diagramillustrating a
means for calculating a feed shifting anount of an optical disk apparatus
according to a second enbodi nent of the present invention. Figures 5 are
“diagrams for explaining a case where kick seek is perforned in an outer
radi al Tharehéi ddguren snwet 2l Whar dehedesseelpickumeandt rumeadilalldirecti on
is ended in the second enbodi nent of the invention. Figures 6 are di agrans
for exdemdoteg a dases Where kick seek is performed in an inner radial
direction froma state where feed seek in an outer radial direction is
ended in therfeened comashteonadf opbecalvailslompparatus, even when the
lens 14 is located at the central position of the pickup 13
after the feed seek, when the kick seek is performed from a
state where the feed keeps moving by the inertia of the feed
seek before the kick seek and the feed is subsidiarily moved
T) for the reference feed shifting amount, the lens 14 is deviated
in the pickup 13 as shown in figure 17(b). When acceleration
or deceleration of the feed seek is excessive, the inertia of
the feed seek is increased, whereby this is easier to occur.
The present invention is made to solve the above-mentioned
problems and has for its object to provide an optical disk
apparatus in which a lens is located at the center in a housing

of a pickup after the kick seek, thereby enabling to perform

subsequent tracking stably.

DISCLOSURE OF THE INVENTION

To solve the above-described problems, according to Claim
1 of the present invention, there is provided an optical disk
apparatus which subsidiarily moves a feed at kick seek when
data is read from an arbitrary position on an optical disk
surface, thereby performing a tracking control, comprising: a
pre-kick-seek offset calculating means for calculating an

offset of a lens on the basis of a position of the lens in a



Figure 7 is a block diagramillustrating a means for cal cul ating ﬁnﬁfﬁﬂ“,zmp
shifting anount of an optical disk apparatus according to a third

enbodi ment of the present invention. Figures 8 are diagranms for explaining
a case where kick seek is perforned in an outer radial direction froma
state where a novenent resulting fromifertia renmains even when feed seek
*in the outer radial direction is ended in the third enbodi nent of the

i nvention. Figures 9 are diagrans for explaining a case where kick seek is
performed in an inner radial direction froma state 0 6 MAY 2!l ~r 15
“where a novenent resulting frominertia remains even when feed seek in an
out er rmidikalp djustt before arikedkickt Seekhstdrasiiodi rkeitk of e¢hediimeerttiioan.
Figure 10 is a schematic diagramillustrating a whole conventional optical

di sk appriging méagsr €0kl jriginy agiathéor acdiraictivgn o Stthet kiekokerk

pi ckup of an optical disk apparatus. Figure |2~is a diagramfor explaining

i nfl uengesan\hiear adial direction or an outer radial direction on
the basis of a current position and a target position of the
lens just before the kick seek starts; a number-of-kick-seek-
tracks calculating means for calculating the number of tracks
on an optical disk by which the lens is moved by the kick seek;

‘) a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means; a compensation amount calculating
means for calculating a compensation amount by multiplying the
offset calculated by the pre-kick-seek offset calculating means
by a compensation coefficient; a feed shifting amount
calculating means for adding the compensation amount and the
reference feed shifting amount when the direction is judged to
) be the inner radial direction by the kick seek direction
judging means, and subtracting the compensation amount from the
reference feed shifting amount when it is judged to be the
outer radial direction, thereby calculating a feed shifting
amount; and a control means for subsidiarily moving the feed by
the feed shifting amount in concurrence with the kick seek.
According to the invention, the lens is located at the

center in a hosing of the pickup after the kick seek, whereby

subsequent tracking can be stably performed.



exerted by a deviation of a lens in a pickup upon data reading. Fbgﬂ&ﬁﬁ %ﬁ
are di agrans for explaining positional changes of a lens at feed : 02
Figures 14 are diagranms for explaining positional changes of a lens at kick
seek. Figure 15 is a block diagramillustrating a neans for calculating a
feed shifting anmobunt in a CPU of the coih0entional optical disk apparatus.
*Figures 16 are diagrans for explaining problens of kick seek froma state
where a lens is deviated. Figures 17 are diagrans for expl aining problens

of kick seek froma state where a feed keeps noving by the inertia of feed
“seek. BEST MODE TO EXECUTE THE | NVENTI ON (Enbodi ment 1) Figure 1 is a block
di agram il | upccdrdigng teatlafimr 2 o &hdA\prysedt tavenkdbinng thdmeedis

shi fting anount of an optical disk apparatus according to a first

enbodi npebvddeidamrgseital ndéski appalratidse whith esubsidialril ydenwies a
pre-ki ck-seek offset cal culating means for calculating an offset of a |lens

before keeld agekidknsek whdpndhea dskirdadeftorli agcirpitirady RbaEeienf or
judging a direction of kick seek, nuneral 4 denotes a conpensation anpunt

cal cul aphngnMepsidd EodkUs@tFalel NehaFeby pir£oPReEngahi eraek ihg ef erence
feed shifting anount, and nuneral 6 denotes a feed shifting anmount

Fous.! SEORUEERY S Sl 4 Ainkas Mgl e RRACKS KoV 2
nunber - pf 3 k5 C koL a1 LA £ G| €HE AhLRBFRYES 3 A%k %on an optical disk
by which a lens is moved by feed seek before the kick seek; a
‘) kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts; a
number-of-kick-seek-tracks célculating means for calculating
the number of tracks on an optical disk by which the lens is
moved by the kick seek; a reference feed shifting amount
calculating means for calculating a reference feed shifting
amount on the basis of the number of tracks calculated by the
) number-of-kick-seek-tracks calculating means; a compensation
amount calculating means for calculating a compensation amount
by multiplying the number of tracks calculated by the number-
of-feed-seek-tracks calculating means by a compensation
coefficient; a feed shifting amount calculating means for
adding the compensation amount and the reference feed shifting
amount when the direction is judged to be the inner radial

direction by the kick seek direction judging means, and

subtracting the compensation amount from the reference feed



reference feed shifting anount cal culating neans 5 in the optical disk
apparatus according to the first enbodi nent are the sane as thos gqm@ggﬂqz
by the sane reference nunerals in the conventional optical disk apparatus.
Next, the operation will be described. Just before kick seek starts, the
pre- ki ck-seek offset calculating nmeans lllreceives data of the quantity of
*deviation of alens 14 fromthe center of a housing of a pickup 13 fromthe
analog front end IC 18, A/D-converts the data to cal cul ate an of fset before
ki ck seek, and outputs the calcul ated offset to the conpensati on anount
“cal cul ating neans, 4. Sinultaneously, the kick seek direction judgi ng neans
2 judgeshufetlihgr amomint rnetoen obt oiskijodgedeltd bearthenetteadiradidilr ecti on or
an outer | 1 7 radial direction on the basis of the current position and
a targaedipestiban ahddeby arwlddlatifigoat Felewl (10l Hbimdg neflotAaty! anid 4 he
feed shifting anount cal cul ating neans 6. On the other hand, just before
the ki cdogeeslsheans fidie subdidisfikiCciootngt Ak st &ad crgyathégf@éws 3

cal cul ates the nunber of kick seek tracks that corresponds to a noving

di stancgh Pftifg hfBEn} 19N ddvckeséhcel wibk &he Kicpasddékon and the target
position of the lens 14, and outputs the obtained nunber to the reference

feed shiftingc@aRHAihgC - WHE | {véReNSny 8%En! bRerP I ROVENeATPBR the

cal cul ating neans 4. "The reference feed shifting amount cal cul ati ng neans 5

cal cul &Sy 9 é6kerenatn=ces Sid tifgrafRyUNtnen 1:he tiﬁf?@étéaea ugley of

ki ck seek tracks and outputs the obtained anount to t eed shifting

amount (L4l ajhng HBtQIE{Z:r?ﬁ of thé %P@ngﬁﬁlt % ?Eei‘”‘&‘ﬁ@ e“'iJTlP U &d P%ﬁ%g@?f

cal cul ates a conpensa anount yl ng a coéfficient

) . h ' k ffset bef ki ck
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eek, an puts t ensatron anount “to the feed shifting
A0ds 't he- comsereat LR Shosaciand (e To e EReeRFoAR e U SRR TR U
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of the lens in a pickup just after an end of feed seek before
the kick seek; a pre-kick-seek offset calculating means for

) calculating an offset of the lens on the basis of the position
of the lens in the pickup just before the kick seek starts; a
kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts; a
number-~of-kick-seek-tracks calculating means for calculating

the number of tracks on an optical disk by which the lens is

moved by the kick seek; a reference feed shifting amount



outer radial direction, the feed shifting amount at kick seek is decided in
the CPU 21 as a whole by the foll ow ng expressions: In the case g'ﬂﬂk"d'( 2‘0&2
seek in the inner radial direction F = FO +croffset {F = 0, when FO
+croffset < 0) In the case of kick seek in the outer radial direction F =
FO -c~of fset (F = 0, when FO -croffset 420) Next, the functions will be
described with reference to figures 2 and 3. Figures 2 are diagrans for
expl ai ning a case where kick seek is perforned in the outer radial
direction froma state where the lens is deviated in the inner radial
direction, in which figure 2(a) shows a state before the kick seek, figure
2(b) shoadcmlsttaimg afeanskifokr swdicwlat imgraf erérrenfceed e f4hinft angunt ,
and figure 2(c) shows a state after kick seek by the feed shifting anount.
In the ampur ovwerhéhbaatisuott dthen mariserli af ytravkseialafuldwed ey @het he
kick seek is the reference feed shifting anount 0 8 MAY 20th is which is
cal cul ahethber tdB-bckss eekt-lte avksera du ka tkngerkans3acles conppenieat abnhon of
the lens 14 is not at all elimnated as shown 1n figure 2(b). In the

opti cal aftowhtARRAIAI List 2RGOMmeIang tfoxt htadiBat eA§0di Femiperidi: iGedambihti ng
anount F is smaller than the reference feed shifting anbunt FO (0 < F <

FO . Acpgr giuldliply g aandnEfelren® nsyd@y epRat o viekR L @361 {1%ed heyf eed
shi fting anount of kick seek is |large, whereby the lens 14 is | ocated at

the centge phrelhddi-Cdedk 18f28eth@Wn duldt Iy Sn@d ks afRet B A& can be
said of a case where the kick seek is performmed in the inner radial

directi ealf:m@t@dst@i ecﬂ@?sszhgebaa%é& | f £i6e4 28 8Tclatif P Wetnd 2! a

direction. Figures are agram for explaining a case where kick seek is

PeN o MEdnbBnERe ik Wod Al Al et Cal irend IdHE £ A G! snblREC deedahoug

deviated ih the inner radial direction, in which Tigure 3(a) shows a

bef ore ﬁ.as?gi ForSaRtidgd IUKE é&ﬂbegmyﬁo@x %n?élf'n@féﬁ& thek reeelt dhed Nreea
reference feed shifting amount, and figure 3(c) shows a state after

ki ck~segk: by i ke P dh N l5 fq eft of a
subsidigﬁigﬁé&gngﬁﬁﬁﬁfﬁ%éﬁéeggéggigﬁgtﬁggthgzétgygg?hggrgﬁe?@ﬁ?e eéa
shifti Ny 4 Wil J I a 0 j tk Bfagals] fr K eek
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figure sﬁ(t@ﬁra@i&@e tH Yor@is at ohNAmBRNHC Froll Sth&PPEFaLEACRCEYH NY tO
the first enbodi mént, the feed

shifting amount when it is judged to be the outer radial

direction, thereby calculating a feed shifting amount; and a
control means for subsidiarily moving the feed by the feed
shifting amount in concurrence with the kick seek.

) According to the invention, even when the movement of the
feed seek remains as the inertia, the lens is located at the
center in a hosing of the pickup after the kick seek, whereby
subsequent tracking can be performed stably.

According to Claim 4 of the present invention, in the
optical disk apparatus as defined in any of Claims 1 to 3, an
absolute value of the compensation amount is smaller than an
absolute value of the reference feed shifting amount.

According to the invention, the lens does not move in a



0 8 MAY 2~ zo shifting amount F is larger than the reference fee M aly!
anmount FO (0 < FO< F). Thus, the lens 14 is located at the centgpq%rﬁwhgﬂﬁ
pi ckup 13 as shown in figure 3(c). The same thing can be said of a case
where the kick seek is perfornmed in the outer radial direction froma state
where the lens 14 is deviated in the out®r radial direction. As described
“above, the optical disk apparatus according to the first enbodi nent of the
invention calculates a feed shifting anount on the basis of the | ens offset
_just before the start of kick seek, the direction of the kick seek and the
nunber of tracks on an optical disk by which the lens is noved at the kick

seek, adgredbgbdi aE'pbxs irfw eso thige f @gdeby idhe dearh sthidh nﬁhé”gl.i.&lkdw
e e

concurrence with t kick seek. Therefore, the lens is | ocat at the

center méweéfeabounent ik tdepi £Kaptakt eel1tbha ve %18&%¥ WHEeEaREnS HWhkequent

tracking can be perfornmed stably. Further, according to the optical disk

appar at tsn of ahdethier Ec@dﬂipdiémﬁéd@éeaheth@f@i:?% 115 RYSRb ke stapie of
t he conpensa?ion anognt IS smaller than the ab M|ﬂia{gﬁﬁg of thg ref erence
feed shifidipgpgmount. Therefore, at the kick seek, the |ens does not nove

in a direction"opposite to the direction along which the pickup noves, and

the relative yelgehlyghebmeam e | 6RStRBIRLRR kR dift {6HUCEH. haer eby

real i zing nore stable”tracking. , e optica apparatus

the comride ofiek apPa¥ates, i aetihtapt ARG P R Ll oF L0V 3H KRB
nunbor Raeseldn' PBettdtiert 19 UraBPRs LRRL" 5o i oo oRE, nicy
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novi ng thei;ped nore than the I ens deviation by kick seek are reduced,

resultﬂ%?Qn nore stable tracking. (Enbodinent 2) Figure 4 is a bl ock

o egram || L1 S UORRS, L9 AL £ 22 b Sl 10 gyt gl o1

VeI R ACAADY! S TR e3P SIRIELERof, SUTEBR SholE - RE ESRTES,
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the Phk6ahedioH HPRAE KEcROGRLY 144 L didah, STROTLEF rea1 2 FhdMY

more stable tracking.
)
BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a first embodiment of the present invention.
Figures 2 are diagrams for explaining a case where kick
seek is performed in an outer radial direction from a state
where a lens is deviated in an inner radial direction in the

first embodiment of the invention.



22 Next, the operation will be described. The kick seek direction ju%%tng
nmeans 2 judges whether the direction of kick seek is an inner rad) & mﬂ
direction or an outer radial direction on the basis of the current position
and a target position of the lens 14, and outputs the obtained direction to
the feed shifting amount cal cul ating nmeens 6. The

* nunber - of - f eed- seek-tracks cal cul ati ng nmeans 43 cal cul ates the nunber of
feed seek tracks that corresponds to a noving distance of the Lens 14 on
_the basis of positions of the lens 14 before and after the feed seek, and
out puts the obtained nunber to the conpensati on anmount cal cul ati ng neans 4,

just before fhgulkiegk 3sete dddfaménNrbheerbh@iniy a td¥fse where kick
nunber - of ki ck-Seek-tracks cal cul ati ng means 3 cal cul ates t he nunmber of Kkick

seek trackp §85abetorABRONGS 4P EnABY¥ PEdTh! @&%éﬁlaxheftsﬂsalétartet he
basis of the current position and the target position of the lens 14, and

OUtmﬂfhﬁéféopﬂé'T@ﬂsngﬁbﬁ%Jihééﬁ iﬁfﬁﬁéniﬁnEQBQiﬁH%f'&EEQEPHBB in the

cal cul at1 ng neans he corrpensatl on anpunt ca at1 ng neans J ust

bef or esf_t t}_e_,[ %ﬂbéﬁ?lﬁeﬁ'i:abtf‘ th@elﬂw‘?éﬁfﬁfﬁie feed shifting anount cal cul ating
ca S

means ates reference feed I'ng anount on the basis of the

nunber of ki gkoegkyt §acks ANLIOU DA 5 e PLRLAGY A e d et B ecd

shi fting anoun calcu at 1'ng means e conpensatlo ca culatlng

means Yol ich
IS propoﬁ?%oné?iﬁg ?hggggngzﬁﬁggﬂﬁf @%% rac& %é@% fi&igi ékg?gaﬂg
MAY 201n . s _thg,calc Iat d CO tion
am)unt at§2 i\l e%g lﬁ %F?%g‘%ar?ouq}é)ﬁ?%%l%% ﬁgem?§ r%) Jdglghl fting
unt calcylatin apns_6 e onpens tion anDunt and .t he reference
Fedd shitui Mo aHees o AEendleatany fotiexala fing a Sad Yigke R1CK
feed sf %”eas““' P %’H‘%ﬁt 87 e e e @”d?%?ﬁéo&%é‘%o%f%ﬂe”“
directi y_calcula a.feed s if unt n cal | at ed
feed i ?lﬁaenff erf&ﬁﬁra# N LLEbAR S i L A e
outputted as ref ebfln t he %@y 21 as a whol e, assum ng that "F" i's
the f eB§ ﬁﬁqtqQEf b F&P §q:(§9¥ﬁ%Tence feed shifting anount,
"track" |s e _nunbe K t acks S the coeff|C|e
Lol o S ber ol 8ttt URSTA T A, MR ST NS LT,
feed Shlf t_ha al arit ol ari the track is "-"
bt he RS, HEACTIEE LR, o W3k A4 %ﬁfﬁ?hgﬁ. Er’foen A the
where Teed seek in n Otuter radial direction is end the :
f eed Shhftln% qunt at . ki seek is |dqp g’{he foll owin éé'e§Pr3§S|ons
second embodiment of the invention.

Figure 7 is a block diagram illustrating a means for

) calculating a feed shifting amount of an optical disk apparatus
according to a third embodiment of the present invention.

Figures 8 are diagrams for explaining a case where kick
seek is performed in an outer radial direction from a state
where a movement resulting from inertia remains even when feed
seek in the outer radial direction is ended in the third
embodiment of the invention.

Figures 9 are diagrams for explaining a case where kick

seek 1s performed in an inner radial direction from a state



In the case of kick seek in the inner radial direction F = FO + Ji brﬁck‘é
F =0, when FO+ !3 track <0 ) In the case of kick seek in the OLn r MAY 2nay
radial direction F = FO- !3 track ( F =0, when FO- !i track < 0 ) Next,
the functions will be described with reference to figures 5 and 6. 08
MAY 20Q2 24 Figures 5 are diagrans for l&xpl aining a case where kick seek is
*perfornmed in the outer radial direction froma state where feed seek in the
outer radial direction is ended, in which figure 5(a) shows a state before
_kick seek, figure 5(b) show a state after kick seek by the reference feed
shifting anount, and figure 5(c) shows a state after kick seek by the feed
shi fti n¢gherr@uant moVbmenacoasarlatimg Hromedabetda wenaindeceterdwheak fieeed
excessive, the novenent of the feed nmay remain as the inertia even after

the fee@kedieekni anesdedr kadilkils dhpectbanishenldiedk iseakhdythbedr ef erence
feed shifting anount is perforned, the anount of subsidiary novenent of the
f eed beaRFimeseSs§FVehand nifestd #ovs, 14 i s deviated according to the anount
of novenent of the lens 14 at the kick seek, as shown in figure 5{b). On

the other hgathyid ibeigphi sdhéhsKidPRPAGENR 23eRs¥E iy theyaEERN
enbodi ment, the feed shifting amount F is” smaller than the reference feed

Shifti%&d@gﬂﬁﬁoﬁgi(ggﬁigai E@@k'q5é§€§@@slens 14 is located at the center

of the pickup 13 as shown i1n figure The same thing can be said of a

L e e i S
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;gggrg _ O_Su%ﬁgggoﬁ;zg G%P?lfﬁgﬁg a sté? é%?%r éicE éé?%ﬂiy the ?efer?gge
E%‘%Ht% ::E%Lw de?fgtfl.bﬂ ot & Cferf{olvﬁ geﬁ%ﬁ%‘ﬁ& t.l F?é‘ iﬁeagé(} SxeggdPXg.

feed s unt. In a case where € nov remal nsas

et erence | EaF A (1o BROURE T Bb O Rt L HEL A, Brp el Thleke

caused_by _t i i d reference feed shifting anmount cancel each
ot her,ogn ?‘%ed%]glé %é#]sség\%i'at ed according to the anount of novenent of

t he | 14 ky : i ' . 6L b . t d,

[ net hgnzpti gg‘ltgutd'f% iagiﬁ%ggfﬁgaggggl}g;’fkgf {Eo’zé%*ejhgjé@énéognb& Fl%gt%w%%gggeed

shift;§9 $n9g%% %ﬂfiiéﬁﬁgﬁekhan the reference feed shifting anount FO (0 <
. Thus )

FO < , the I'ens 147 1's |ocated at the center of the pickup 13 as

shown in fi P ‘r?rxer%( Qs %&ea Sﬁf‘éc?cgglr%g&‘}:ﬂ} éi?tlﬁgén&ﬂiﬁgcﬁsﬁe%%r Gde kick

seek is per i'n tthe outer roma state where the feed

seek iEaiQﬁlEQTﬂé'5u¥égdcgﬁ§f£536iéﬁdﬂ%#“&n a CPU of the conventional
optical disk apparatus.
) Figures 16 are diagrams for explaining problems of kick
seek from a state where a lens is deviated.
Figures 17 are diagrams for explaining problems of kick
seek from a state where a feed keeps moving by the inertia of

feed seek.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Figure 1 is a block diagram illustrating a means for



As descri bed above, the optical disk apparatus according to the second
embodi ment of the invention calcul ates the feed shifting anount onQth#Ay 2002
basi s of the number optical disk by which the lens is noved by kick seek,
the direction of the kick seek, tracks on the optical disk by which the |ei
ki ck seek, and subsidiarily noves the fled anount in concurrence with the
ki ck seek. of tracks on an feed seek before and the nunber of as is noved
by the by the feed shifting Therefore, the | ens 0 8 MAY 2092 26 is
_located at the center in the housing of the pickup after the kick seek even
when the novenent of feed seek remains as the inertia, whereby subsequent
tracki f@lead aleinerd of eed shdfiting-ameient ¢f aneopiiicadl dislk apparatys
according to the second enbodi nent of the invention, the absol ute val ue of
t he comeewsatingh toanfirstsembosiimentn o ficthbspresentalimyesft idm. r efar ence
feed shifting anount. Therefore, the | ens does not nove in a direction
opposi tthet dilgurell raatépalallodgnotiesh a her @+ kkok-seeds oftf steate ki ck seek,
and the relative velocity between the I ens and the pickup is reduced,

resul t cadcul atirgy Mtedhe foackiadgulatrinerani of fhetopffi @all edisskeppreat us
according to the second enbodi nent of the invention, the conpensation

coef fi giiekt selek,hannmwdcal aki denofteisha duiglenseék ofdiagbyion Sjuddiegti onal
to the nunmber of kick seek tracks. Therefore, when the nunber of kick seek
tracksmeansnéolr gudidireg seediepetdononl ki®iotseskd, nifierbged Huddteg a
anount is adjusted according to the nunber of kick seek tracks, and

Vi br at befipefis ataoa Aiteut EARcuRakdng Mt efb PYcaLbalitanlg eH®Vi ng the
feed nore than the | ens deviation by. kick seek are reduced, thereby

r é?l | Zamguier e £staigeidackonJof( BMkediditiced) fdedUs Ri Fti gl aRloriic Ji agaam
i1fustrating a nmeans for calculating a feed shifting anmount of an optical

di sk appmeshls sadedctidl) 4 oOfdelihshd redhedidiintofcd PeuPaesagt MeNtFSR. I N

0 8 MAY 202 27 the figure, nuneral 71 denotes a post-feed-seek offset
calculating the amount of a subsidiary movement of a feed, and
these are implemented by software on a CPU.

A number-of-kick~seek-tracks calculating means 3 and a
reference feed shifting amount calculating means 5 in the
optical disk apparatus according to the first embodiment are
the same as those denoted by the same reference numerals in the
conventional optical disk apparatus.

) Next, the operation will be described.

Just before kick seek starts, the pre-kick-seek offset
calculating means 1 receives data of the quantity of deviation
of a lens 14 from the center of a housing of a pickup 13 from
the analog front end IC 18, A/D-converts the data to calculate
an offset before kick seek, and outputs the calculated offset
to the compensation amount calculating means 4. Simultaneously,

the kick seek direction judging means 2 judges whether the

direction of kick seek is an inner radial direction or an outer



cal culating nmeans for calculating an offset of a lens after feed
this is inplenmented by software in the CPU. A pre-Kkick-seek offseF'es)I‘fn"warﬁu2

cal culating neans 1, a kick seek direction judging neans 2, a

nunber - of - ki ck- seek-tracks cal cul ati ng means 3, a conpensati on anount

calcul ating neans 4, a reference feed sRAi’fting anount cal cul ati ng neans 5
and a feed shifting anount cal culating neans 6 in the optical disk
apparatus according to the third enbodi mrent are the sane as those denoted
by the sane reference nunerals in the optical disk apparatus according to
the first enbodi ment. Next, the operation will be described. Just after the
f eed serhdialertisrect benpost theedpasdsk of ke currendt pog itsixars Fidracei ves
data of the quantity of deviation of the lens 14 fromthe center of the
housi ngtafrgelte pmiscikuion 3o0fr bhet Rensndldg dndnoutpdtsCthe obtaiooederésuile
data, thereby calculating an offset after the feed seek, and outputs the
cal cul atedthief fefed st 1t ingpamsanitorcalmilvt Lrad crikanhsn@ ."e@d1s the Jother
before the kick seek starts, the pre-kick-seek offset calculating neans 1

recei vegaflal a jalst e fpwetthy RicHeviedld Gtaftd hethenauhbeii-@vticieent er
of the housing of the pickup 13 fromthe analog front end IC 18,
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and outputs the cal culated offset to the conpensation anmount cal cul ating

nmeans 4seskMikhek@Oo4tHat dderesponds to a moving distance of the lens
14 on the basis of the current position and the target position

‘) of the lens 14, and outputs the obtained number to the
reference feed shifting amount calculating means 5 and the
compensation amount calculating means 4. The reference feed
shifting amount calculating means 5 calculates a reference feed
shifting amount on the basis of the number of kick seek tracks
and outputs the obtained amount to the feed shifting amount
calculating means 6. The compensation amount calculating means
4 calculates a compensation amount by multiplying a coefficient
which is proportional to the number of kick seek tracks by the
) offset before kick seek, and outputs the obtained compensation

amount to the feed shifting amount calculating means 6. The
feed shifting amount calculating means 6 adds the compensation
amount and the reference feed shifting amount in the case of
kick seek in the inner radial direction, while subtracting the
compensation amount from the reference feed shifting amount in
the case of kick seek in the outer radial direction, thereby

calculating a feed shifting amount. When the calculated feed

shifting amount is smaller than 0, the feed shifting amount is



Q 8 MAY 2042 28 kick seek direction judgi ng neans 2 judges whet her 6:36 By ttry
direction of the kick seek is an inner radial direction or an outer agﬁgl’ o
direction on the basis of the current position and a target position of the

| ens 14, and outputs the obtained result to the feed shifting anount

cal cul ating neans 6. On the other handj8t he nunber-of - ki ck-seek-tracks

“cal culating nmeans 3 cal cul ates the nunber of kick seek tracks that
corresponds to a noving distance of the lens 14 on the basis of the present
position and the target position of the |ens 14, and out puts the obtained
“nunber to the reference feed shifting amount cal cul ating neans 5 and the
conpengatipyt ts®uig 6al cul ating means 4, just before the kick seek starts.
The reference feed shifting anmount cal cul ating means 5 cal cul ates a

reference fagadidtéNdadsumingOnate besi s 0fnbhe SN i id CAkmSBRE,

tracks and outputs the amount to the feed shifting anount cal cul ati ng neans
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anount by multiplying a difference between’the offset before the kick seek
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the kick seek, "~" is the coefficient (d - ~ T), "~" is the coefficient,

T ise¥35eﬁﬁﬁﬁgf'of ki ck seek tracks, the feed shifting anbunt has no

| ari d,th | ari f _the off is .+ ' di
Girocti on SRS ARk vk Pe 4R e dungt sadtel dRrerttg trount at
the kick seek is decided hy the follqw ng, expressions: In the case of kick
o, ! Fenen_Fg

seek in the infief FlaitaRodts&dtidh T & pohen-FQr rpstsedi sH) (F = o,

when FO:Ff%OLﬂgeE%sé(ggsﬁgéﬂ gégk in the outer radial direction

F = FO -aoffset (F = 0, when FO -aoffset < 0)
Next, the functions will be described with reference to
figures 2 and 3.

) Figures 2 are diagrams for explaining a case where kick
seek is performed in the outer radial direction from a state
where the lens is deviated in the inner radial direction, in
which figure 2(a) shows a state before the kick seek, figure
2(b) shows a state after kick seek by the reference feed
shifting amount, and figure 2(c) shows a state after kick seek
by the feed shifting amount.

In the figure, when the amount of a subsidiary movement of

the feed at the kick seek is the reference feed shifting amount



In the case of kick seek in the outer radial direction F = FO - ~(offset2 -
offsetl) (F = 0, when FO - ~(offset2 - offsetl) < 0) Next, the f@h8tMAN20g2
will be described with reference to figures 8 and 9. Figures 8 are di agrans
for explaining a case where the kick seek is perfornmed in the outer radial
direction froma state where a novenentl@ue to the inertia remains even
“after the feed seek in the outer radial direction is ended, in which 08
MAY 2042 30 figure 8(a) shows a state before the kick seek, ffigure 8(b)
_shows a state after kick seek by the reference feed shifting anmount, and
figure 8(c) shows a state after kick seek by the feed shifting amount. In

t he figunéchniserall AR aeeadt@s thpobabienod tHe mimkep pBskibkf @exk he

ki ck seek starts and nuneral 85 denotes a position of the pickup just after
the feegraerE,i thendrs;isthibn i gareh8( apnghaws ix aase abestlt beihdedtad ')
noved due to the inertia in a short tinme fromthe end of feed seek till the

start ofs kgrkwhegh. f\Mﬁﬂ:@CZ?ﬁb?I attANthe 8peqlnatld ik OdphAeataqd seek is
excessive, the novenent of the feed nay remain as the |nert|a even after
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kick seek is performed in the inner radial direction from a
state where the lens 14 is deviated in the outer radial
direction.

Figures 3 are diagram for explaining a case where kick
seek is performed in the inner radial direction from a state
where the lens is deviated in the inner radial direction, in
which figure 3(a) shows a state before the kick seek, figure

) 3(b) shows a state after kick seek by the reference feed
shifting amount, and figure 3(c) shows a state after kick seek
by the feed shifting amount.

In the figure, when the amount of a subsidiary movement of
the feed at the kick seek is the reference feed shifting amount
which is calculated on the basis of the number of kick seek
tracks, the deviation of the lens 14 is not at all eliminated
as shown in figure 3(b). On the other hand, in the optical

disk apparatus according to the first embodiment, the feed



seek in the outer radial direction is ended, in which figure 9(a) shows a
state before kick seek, figure 9(b) shows a state after kick seekﬂtB/NANe
reference feed shifting amount, and figure 9(c) shows a state after kick
seek by the feed shifting anmount. In the figure, nunmeral 93 denotes a
position of the pickup just before the 0ck seek starts and nuneral 95
*denotes a position of the pickup just after the feed seek is ended, and
figure 9(a) shows a case where the feed is noved due to the inertia in a
_short time fromthe end of feed seek till the start of the kick seek. In a
case where the novenent of the feed remains as the inertia even after the
feed segkiifsiegdaethouwtterF kisklaegkrby hidhe tind erefereh€edfebidl shigfwaimgint is
performed, the anount of feed nmovenment due to the inertia and the reference
feed shahbufg @OOYW <FEet ERCh Thiel, ame tlhund enf id 16cHeedataad the
according to the anmbunt of novenent of the lens 14 at the kick seek, as
shown i@ehtdpr 8 £9¢the giblhﬁ?_m hgs BaBn iim tﬂ@qulstpé)dl SkhapRanid US
according to the third enmbodinent, the feed shitting amount F is |arger
than thenjghergaceel aod i f td NGasEOUWRErEOtHE kiR S&dk TBUperirdgnl&sid4
is located at the center of the pickup 13 as shown in figure 9(c). The sane
thi ng Q@uﬁékdfﬁhf%fxﬁﬁié@@ﬁéhtf?oﬁ'ﬁkéﬁﬁﬁé' &L ToRgedehd hhe jquter
radial direction froma state where feed seek 1n the 1nner radial direction
is end SGLI v, : 0Pt |36 Is appar at us accordi ng ~ 8
ey {Sc851h! RAL A 1deioptagebodiivh.
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optical ~di sk apparatus according to
compensation amount is smaller than the absolute value of the
reference feed shifting amount. Therefore, at the kick seek,
the lens does not move in a direction opposite to the direction
along which the pickup moves, and the relative velocity between
the lens and the pickup is reduced, thereby realizing more

stable tracking.

Further, in the optical disk apparatus according to the



the present invention is suited to performstable tracking. ﬂﬁ& o
34 CLAIMS 1. An optical disk apparatus which subsidiarily nnves a

ki ck seek when data is read froman arbitrary position on an optical disk
surface, thereby perform ng a tracking control, conprising: a pre-kick-seek
of fset calculating neans for calculatinyglan offset of a | ens on the basis
*of a position of the lens in a pickup just before the kick seek starts; a
ki ck seek direction judgi ng means for judgi ng whether a direction of the
_kick seek is an inner radial direction or an outer radial direction on the
basis of a current position and a target position of the lens just before

t he ki ckisstkembediment miittdre oinkenkisagk tiveadmnmeaicat Hon ngoeEEic ifeart
cal cul ating the nunber of tracks on an optical disk by which the lens is

noved kyt ttigekéakcatakion off erlenceompedsalktiibn RgnaAINs Qe 6pb atibgaTeans
for calculating a reference feed shifting anount on the basis of the nunber

of tracks 1w chhmbed bY Kkie kI WEEK -Ofakkek- Sedleridriites, amen ! ehengui@ais; a
conpensati on anount cal cul ating neans for calculating a
of kick seek tracks is small and the seek operation is
continued, the feed shifting amount is adjusted according to
the number of kick seek tracks, and vibrations or resonance of
the mechanism caused by subsidiarily moving the feed more than
') the lens deviation by kick seek are reduced, resulting in more

stable tracking.

(Embodiment 2)

Figure 4 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a second embodiment of the present invention. 1In
the figure, numeral 43 denotes a number-of-feed-seek-tracks
calculating means for calculating the number of tracks by which
the lens is moved at feed seek before kick seek. This is

) implemented by software in the CPU.

A kick seek direction judging means 2, a number-of-kick-
seek-tracks calculating means 3, a compensation amount
calculating means 4, a reference feed shifting amount
calculating means 5, and a feed shifting amount calculating
means 6 in the optical disk apparatus according to the second
embodiment are the same as those denoted by the same reference

numerals in the optical disk apparatus according to the first

embodiment.



conpensati on anount by nultiplying the offset cal culated by the MAY 2002
pre-ki ck-seek offset cal culating nmeans by a conpensation coefficié%p' é
feed shifting anount cal cul ati ng nmeans for adding the 0 0 MAY 2042 35
conpensation amount and the reference feed shifting anount when the
direction is judged to be the inner radgal direction by the kick seek
“direction judging nmeans, and subtracting the conpensation amount fromthe
reference feed shifting amount when it is judged to be the outer radial
.direction, thereby calculating a feed shifting amount; and a control neans
for subsidiarily noving the feed by the feed shifting anount in concurrence

w th the kicNexsegk.the dpexrgpticnl wdildk bapphesdnisbedi ch subsidiarily noves a
feed at kick seek when data is read froman arbitrary position on an

optical di skrher kdesk dduk ebireetionntudgdig amkdny zo?hagbs wiEtt et Nehie 2
nunber - of - f eed- seek-tracks cal cul ati ng means for cal cul ating the nunber of

tracks @ireést@ph oF klicK dveMhishad haner samed diréeedonedl kaf Wwcdhe
kick seek; a kick seek direction judging neans for judging whether a

di rect i o4d 051t Be riéicth oYe@¥n iEh@nbaBRET oadina iRt 0Bo8i taBnOWrR 4 adi al
direction on the basis of a current position and a target position of the

ens | Usirdet OpBstitadn W Sapk Pk ! 34 AapdTeRlfled| Ofe SBLalinatkS

cal cul ati ng neans for calculating the nu of “tracks on an optical disk

by whi ¢y axf%ﬁ:i@fistbs TR b dy 4 ff{ﬁﬁg §ﬁ6‘ﬁntaéa@°c‘%{f§‘€fré{;eﬁgfaﬁg' fe.l NG e

anount c ating neans for calculatfng a referenc t1 ng anount

on the xﬂ@ﬁ}( Srbf- f%eﬁ-'éé"%Yc ?tq]‘?cl?sﬁ échﬁPdH‘Ei!’ngO‘}netarr?kaéa Cééf&hi‘%%‘ésb%htehe

nunber -0 I ck-seek tracks cal culati nmeans; npensat i on anou

calcul gt PeE8S £bol %@éﬂ“éﬁdéﬁbathat corresponds to a moving
distance of the lens 14 on the basis of positions of the lens
14 before and after the feed seek, and outputs the obtained
number to the compensation amount calculating means 4, just
before the kick seek starts. On the other hand, the number-of-
kick-seek-tracks calculating means 3 calculates the number of
kick seek tracks that corresponds to a moving distance of the
lens 14 on the basis of the current position and the target
position of the lens 14, and outputs the obtained number to the

) reference feed shifting amount calculating means 5 and the

compensation amount calculating means 4, just before the kick
seek starFs. The reference feed shifting amount calculating
means 5 calculates a reference feed shifting amount on the
basis of the number of kick seek tracks and outputs the
obtained amount to the feed shifting amount calculating means 6.
The compensation amount calculating means 4 calculates a

compensation amount by multiplying a coefficient which is

proportional to the number of kick seek tracks by the number of



conpensati on anount by nultiplying the nunber of tracks cal cul at e@ é))wwﬁﬁp
nunber - of - f eed- seek-tracks cal cul ati ng neans by a conpensati on co&ffi'¢te 92

a feed shifting amount cal cul ati ng nmeans for addi ng the conpensati on anount
and, the reference feed shifting anount when the direction is judged to be
the inner radial direction by the kick2geek direction judgi ng neans, and
subtracting the conpensation anount fromthe reference feed shifting anpunt
when it is judged to be the outer radial direction, thereby calculating a
_feed shifting anpbunt; and a control neans for subsidiarily noving the feed
by the feed shifting anmount in concurrence with the kick seek. 3. An

opti calfetic ks egpat ahukshhiagll viispwterthe sRYGG1AtREEHpds4t 568K When
data is read froman arbitrary position on an optical disk surface, thereby

per f or Enethre t¥@Ckhagfeedt UL tHP AmbRAt dalealah8edr sRnPféset The
cal cul ating nmeans for calculating an offset of a |l ens on the basis of a

positi g driert £A§ EﬂoﬁnQi@@ﬂbdlﬁiiﬁﬁtﬁéaﬁg Gngdﬁ%oﬁﬁgg RELe4i8nt he

ki ck seek; a pre-kiCTk-seek offset cal culating neans | culT™ati ng an
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kick seek in the inner radial direction, while subtracting the
compensation amount from the reference feed shifting amount in
the case of kick seek in the outer radial direction, thereby

-) calculating a feed shifting amount. When the calculated feed
shifting amount is smaller than 0, the feed shifting amount is
outputted as 0.

Therefore, in the CPU 21 as a whole, assuming that "F" is
the feed shifting amount, "FO0" is the reference feed shifting
amount, "track" is the number of feed seek tracks, "B" is the
coefficient (B= KT), "K" is the coefficient, "T" is the number
of kick seek tracks, the feed shifting amount has no polarity,
and the polarity of the track is "-" in the inner radial

_) direction and "+" in the outer radial direction, the feed
shifting amount at kick seek is decided by the following
expressions:

In the case of kick seek in the inner radial direction
F = F0 + 8 track (F = 0, when FO + B track < 0)

In the case of kick seek in the outer radial direction
F =F0 - B track (F = 0, when FO - 8 track < 0)

Next, the functions will be described with reference to

figures 5 and 6.



a kick seek direction judging neans for judgi ng whether a di recticq:soﬁm?hgmz
kick seek is an inner radial direction or an outer radial directioh o h

basis of a current position and a target position of the lens just before
the kick seek starts; a nunber-of-kick-seek-tracks cal cul ati ng neans for
cal cul ating the nunber of tracks on an 8ftical disk by which the lens is
noved by the kick seek; a reference feed shifting anount cal cul ati ng neans
for calculating a reference feed shifting anount on the basis of the nunber
,of tracks calculated by the nunber-of-kick-seek tracks cal cul ating neans; a

conpensation anount cal cul ating neans for cal culating a conpensation anount
by mul tiplyi Fdounss ferarecdpagneds tier @¥pbaisinguhraragepyheanre kick
pre-ki ck-seek offset calculating nmeans and the offset cal cul ated by the
post - f eecekedls gfehskarmed cihathegomd®rs radial cdhpeativhofrovefd istabe; a
feed shifting anount cal cul ati ng neans for addi ng the conpensati on anount
and t hewheter €eeel fssazk shnf thegoatemntradiaal tdherectioni as eadedjgeiht o be
the inner radial direction by the kick seek direction judgi ng nmeans, and
subt r aciwhfight ¢ guagpenGa) | showsvans thtemiddforefleiekcsebred filguirte rH(ayount
when it is judged to be the outer radial direction, thereby calculating a
feed shihbwng sttt ;aftelr akiokt sekknbant Heorr fdsencer Ebgdmehidt iy f eed
by the 0 8 MAY 20Q2

amount, and figure 5(c) shows a state after kick seek by the

feed shifting amount.

“) When acceleration or deceleration of the feed seek is
excessive, the movement of the feed may remain as the inertia
even after the feed seek is ended. 1In this case, when the kick
seek by the reference feed shifting amount is performed, the
amount of subsidiary movement of the feed becomes excessive and
the lens 14 is deviated according to the amount of movement of
the lens 14 at the kick seek, as shown in figure 5(b). On the
other hand, in the optical disk apparatus according to the
second embodiment, the feed shifting amount F is smaller than

) the reference feed shifting amount FO (0 < F < FO0). Thus, the
lens 14 is located at the center of the pickup 13 as shown in
figure 5(c). The same thing can be said of a case where the
kick seek is performed in the inner radial direction from a
state where feed seek in the inner radial direction is ended.

Figures 6 are diagrams for explaining a case where the
kick seek is performed in the inner radial direction from a
state where feed seek in the outer radial direction is ended,

in which figure 6(a) shows a state before kick seek, figure



38 feed shifting amount in concurrence with the kick seek. 4. Th@)?p{ﬂ?aﬁmm

di sk apparatus as defined in any of Clains 1 to 3, wherein an ab e

val ue of the conpensation amount is smaller than an absol ute val ue of the

reference feed shifting amount. 5. The optical disk apparatus as defined in

any of Clainms 1 to 3, wherein the conped8ation coefficient is proportional

“to the nunber of tracks cal cul ated by the nunber-of - ki ck-seek-tracks
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seek, as shown in figure 6(b). On the other hand, in the
optical disk apparatus according to the second embodiment, the
feed shifting amount F is larger than the reference feed
shifting amount FO0 (0 < FO < F). Thus, the lens 14 is located
at the center of the pickup 13 as shown in figure 6(c). The
same thing can be said of a case where the kick seek is
performed in the outer radial direction from a state where the
7) feed seek in the inner radial direction is ended.

As described above, the optical disk apparatus according
to the second embodiment of the invention calculates the feed
shifting amount on the basis of the number of tracks on an
optical disk by which the lens is moved by feed seek before
kick seek, the direction of the kick seek, and the number of
tracks on the optical disk by which the lens is moved by the
kick seek, and subsidiarily moves the feed by the feed shifting

amount in concurrence with the kick seek. Therefore, the lens
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reference feed shifting amount. Therefore, the lens does not
") move in a direction opposite to the direction along which the
pickup moves at the kick seek, and the relative velocity
between the lens and the pickup is reduced, resulting in more
stable tracking.

Further, in the optical disk apparatus according to the
second embodiment of the invention, the compensation
coefficient at the calculation of the compensation amount is
proportional to the number of kick seek tracks. Therefore,
when the number of kick seek tracks is small and the seek

) operation is continued, the feed shifting amount is adjusted
according to the number of kick seek tracks, and vibrations or
resonance of the mechanism caused by subsidiarily moving the
feed more than the lens deviation by kick seek are reduced,
thereby realizing more stable tracking.

(Embodiment 3)
Figure 7 is a block diagram illustrating a means for

calculating a feed shifting amount of an optical disk apparatus

according to a third embodiment of the present invention. 1In
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calculating means for calculating an offset of a lens after
feed seek, and this is implemented by software in the CPU.

A pre-kick-~seek offset calculating means 1, a kick seek
direction judging means 2, a number-of-kick-seek-tracks
calculating means 3, a compensation amount calculating means 4,
a reference feed shifting amount calculating means 5 and a feed

-) shifting amount calculating means 6 in the optical disk
apparatus according to the third embodiment are the same as
those denoted by the same reference numerals in the optical
disk apparatus according to the first embodiment.

Next, the operation will be described.

Just after the feed seek is ended, the post-feed-seek
offset calculating means 71 receives data of the quantity of
deviation of the lens 14 from the center of the housing of the
pickup 13 from the analog front end IC 18, A/D-converts the

) data, thereby calculating an offset after the feed seek, and
outputs the calculated offset to the compensation amount
calculating means 4. Just before the kick seek starts, the
pre-kick-seek offset calculating means 1 receives data of the
quantity of deviation of the lens 14 from the center of the
housing of the pickup 13 from the analog front end IC 18, A/D-
converts the data, thereby calculating an offset before the

kick seek, and outputs the calculated offset to the

compensation amount calculating means 4. Simultaneously, the
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kick seek direction judging means 2 judges whether the

direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of the current position and
a target position of the lens 14, and outputs the obtained
result to the feed shifting amount calculating means 6. On the
other hand, the number-of-kick-seek-tracks calculating means 3
calculates the number of kick seek tracks that corresponds to a

') moving distance of the lens 14 on the basis of the present
position and the target position of the lens 14, and outputs
the obtained number to the reference feed shifting amount
calculating means 5 and the compensation amount calculating
means 4, just before the kick seek starts. The reference feed
shifting amount calculating means 5 calculates a reference feed
shifting amount on the basis of the number of kick seek tracks
and outputs the amount to the feed shifting amount calculating
means 6. The compensation amount calculating means 4

'_) calculates a compensation amount by multiplying a difference
between the offsetlbefore the kick seek and the offset after
the feed seek by a coefficient which is proportional to the
number of kick seek tracks, and outputs the compensation amount
to the feed shifting amount calculating means 6. The feed
shifting amount calculating means 6 adds the compensation
amount and the reference feed shifting amount in the case of
kick seek in the inner radial direction, while subtracting the

compensation amount from the reference feed shifting amount in
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calculating a feed shifting amount. When the calculated feed
shifting amount is smaller than 0, the feed shifting amount is
outputted as 0.

Therefore, in the CPU 21 as a whole, assuming that "F" is
the feed shifting amount, "FO0" is the reference feed shifting
amount, "offsetl" is the offset after the feed seek, "offset2"
is the offset before the kick seek, "0 " is the coefficient (&
= ET), "E" is the coefficient, "T" is the number of kick seek
tracks, the feed shifting amount has no polarity, and the
polarity of the offset is "+" in the inner radial direction and
*." in the outer radial direction, a feed shifting amount at
the kick seek is decided by the following expressions:

In the case of kick seek in the inner radial direction
F = FO +0 (offset2 - offsetl)
(F = 0, when FO +0 (offset2 - offsetl) < 0)
In the case of kick seek in the outer radial direction
F = FO -0 (offset2 - offsetl)
(F = 0, when FO -0 (offset2 - offsetl) < 0)

Next, the functions will be described with reference to
figqures 8 and 9.

Figures 8 are diagrams for explaining a case where the
kick seek is performed in the outer radial direction from a
state where a movement due to the inertia remains even after

the feed seek in the outer radial direction is ended, in which
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feed shifting amount. In the figure, numeral 83 denotes a
position of the pickup just before the kick seek starts and
numeral 85 denotes a position of the pickup just after the feed
seek is ended, and fiqure 8(a) shows a case where the feed is

”) moved due to the inertia in a short time from the end of feed
seek till the start of kick seek.

When acceleration or deceleration of the feed seek is
excessive, the movement of the feed may remain as the inertia
even after the feed seek is ended. In this case, when kick
seek by the reference feed shifting amount is performed, the
amount of a subsidiary movement of the feed is excessive and
the lens 14 is deviated as shown in figure 8(b). On the other
hand, in the optical disk apparatus according to the third

_) embodiment, the feed shifting amount F is smaller than the
reference feed shifting amount FO (0 < F < FO). Thus, the lens
14 is located at the center of the pickup 13 as shown in figure
8(c). The same thing can be said of a case where the kick seek
is performed in the inner radial direction from a state where
the feed seek in the inner radial direction is ended.

Figures 9 are diagrams for explaining a case where kick
seek is performed in the inner radial direction from a state

where a movement due to the inertia remains even after feed
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seek in the outer radial direction is ended, in which figure
9(a) shows a state before kick seek, figure 9(b) shows a state
after kick seek by the reference feed shifting amount, and
figure 9(c) shows a state after kick seek by the feed shifting
amount. In the figure, numeral 93 denotes a position of the
pickup just before the kick seek starts and numeral 95 denotes
a position of the pickup just after the feed seek is ended, and

-) figure 9(a) shows a case where the feed is moved due to the

inertia in a short time from the end of feed seek till the
start of the kick seek.

In a case where the movement of the feed remains as the
inertia even after the feed seek is ended, when kick seek by
the reference feed shifting amount is performed, the amount of
feed movement due to the inertia and the reference feed
shifting amount cancel each other and the lens 14 is deviated
according to the amount of movement of the lens 14 at the kick

) seek, as shown in figure 9(b). On the other hand, in the
optical disk apparatus according to the third embodiment, the
feed shifting amount F is larger than the reference feed
shifting amount FO0 (0 < FO < F). Thus, the lens 14 is located
at the center of the pickup 13 as shown in figure 9(c). The
same thing can be said of a case where the kick seek is
performed in the outer radial direction from a state where feed
seek in the inner radial direction is ended.

As described above, the optical disk apparatus according



10G8 + )’ 10%@ER ()-y!)’ 10%BpBE ()-y! SLOYGE ()1 8109 ()1 sa00eh (G 242
10% & () - kkkkk7npnj 24B@ 108D < !§/') 10% ()-1'y Qaove ()- (g/"%iO%\/&? ()E)- |
10%v&' () - &10%W& ()- 10@@ 10@® 0&g”™q_qg gaqqqtgrsrS10!'\' 10%00& ()-'y
10% 0&' ()-&10% o0& ()-F 10NyNy 10NyNy 1088 Ny!

) 109\ Ny& ()-10):"10% f& ()-rsss uFuvvvvyZOD90!\ 10'o 10'0
10' 0- $10% 0&' ()-! "' 109 ()-! ''10%020& ()-!6'10% P] P& ()-'

109 () - vvvv+wkw| | dB490!
| to the third embodiment of the invention calculates a feed

shifting amount on the basis of the lens offset just before
kick seek starts, the lens offset just after the end of feed
seek before the kick seek, the direction of the kick seek and
the number of tracks on an optical disk by which the lens is
moved by the kick seek, and subsidiarily moves the feed by the
feed shifting amount in concurrence with the kick seek.

') Therefore, the lens is located at the center in the housing of
the pickup after the kick seek even when the movement of feed
seek remains as the inertia, whereby subsequent tracking can be
performed stably.

Further, in the optical disk apparatus according to the
third embodiment of the invention, the absolute value of the
compensation amount is smaller than the absolute value of the
reference feed shifting amount. Therefore, the lens does not
move in a direction opposite to the direction of the pickup

) movement at the kick seek and the relative velocity between the
lens and the pickup is reduced, thereby realizing more stable
tracking.

Further, in the optical disk apparatus according to the
third embodiment of the invention, the compensation coefficient
at the calculation of the compensation amount is proportional
to the number of kick seek tracks. Therefore, when the number

of kick seek tracks is small and the seek operation is

continued, the feed shifting amount is adjusted according to
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the number of kick seek tracks, so that vibrations or resonance
of the mechanism caused by the subsidiary movement of the feed
larger than the lens deviation by the kick seek are reduced,

resulting in more stable tracking.

APPLICABILITY IN INDUSTRY
As described above, the optical disk apparatus according to

’ ) the present invention is suited to perform stable tracking.
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1. An optical disk apparatus which subsidiarily moves a feed
at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a pre-kick~seek offset calculating means for calculating

') an offset of a lens on the basis of a position of the lens in a
pickup just before the kick seek starts;

a kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts;

a number-of-kick-seek~tracks calculating means for
calculating the number of tracks on an optical disk by which
the lens is moved by the kick seek;

) a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means;

a compensation amount calculating means for calculating a
compensation amount by multiplying the offset calculated by the
pre-kick-seek offset calculating means by a compensation

coefficient;

a feed shifting amount calculating means for adding the
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kick seek direction judging means, and subtracting the
compensation amount from the reference feed shifting amount
when it is judged to be the outer radial direction, thereby
calculating a feed shifting amount; and
a control means for subsidiarily moving the feed by the

_) feed shifting amount in concurrence with the kick seek.

2. An optical disk apparatus which subsidiarily moves a feed
at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a number-of-feed-seek-~tracks calculating means for
calculating the number of tracks on an optical disk by which a
lens is moved by feed seek before the kick seek;

) a kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts;

a number-of-kick-seek-tracks calculating means for
calculating the number of tracks on an optical disk by which
the lens is moved by the kick seek;

a reference feed shifting amount calculating means for

calculating a reference feed shifting amount on the basis of
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the number of tracks calculated by the number-of-kick-seek-

tracks calculating means;

a compensation amount calculating means for calculating a
compensation amount by multiplying the number of tracks
calculated by the number-of-feed-seek-~tracks calculating means
by a compensation coefficient;

a feed shifting amount calculating means for adding the

') compensation amount and.the reference feed shifting amount when
the direction is judged to be the inner radial direction by the
kick seek direction judging means, and subtracting the
compensation amount from the reference feed shifting amount
when it is judged to be the outer radial direction, thereby

calculating a feed shifting amount; and
a control means for subsidiarily moving the feed by the

feed shifting amount in concurrence with the kick seek.

) 3. An optical disk apparatus which subsidiarily moves a feed
at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a post-feed-seek offset calculating means for calculating
an offset of a lens on the basis of a position of the lens in a
pickup just after an end of feed seek before the kick seek;

a pre-kick-seek offset calculating means for calculating

an offset of the lens on the basis of the position of the lens
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a kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts;

a number-of-kick-seek~tracks calculating means for
calculating the number of tracks on an optical disk by which

ﬁ) the lens is moved by the kick seek;

a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means;

a compensation amount calculating means for calculating a
compensation amount by multiplying a difference between the
offset calculated by the pre-kick-seek offset calculating means
and the offset calculated by the post-feed-seek offset

’ ) calculating means, by a compensation coefficient;

a feed shifting amount calculating means for adding the
compensation amount and the reference feed shifting amount when
the direction is judged to be the inner radial direction by the
kick seek direction judging means, and subtracting the
compensation amount from the reference feed éhifting amount
when it is judged to be the outer radial direction, thereby
calculating a feed shifting amount; and

a control means for subsidiarily moving the feed by the
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4. The optical disk apparatus as defined in any of Claims 1
to 3, wherein
an absolute value of the compensation amount is smaller

than an absolute value of the reference feed shifting amount.

) 5. The optical disk apparatus as defined in any of Claims 1

to 3, wherein

the compensation coefficient is proportional to the number
of tracks calculated by the number-of-kick-seek-tracks

calculating means.



