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FI ELD The present invention relates to an optical disk apparatus t

by a CO-ROM drive and, nore particularly, to an optical di sk apparatus

whi ch subsidiarily noves a feed at kickyseek when data is read f

~arbitrary position on an optical disk surface, thereby performmmmwmwmlmw
“tracking control. BACKGROUND ART In recent years, standard no

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

have becone indi spensable to the w uter. Initi a mﬂw

drive has constituted the majority 0 gglgpcal di sk appa m”mmrw
nowadays a DVD-ROM drive having a |arger capacity than the CD LIve,

a witable or rewitable CO-R/CD-RWdrive is nornmally nmounted on t e

personal conputer, and furth g?ﬂ? DVD- RAM dri ve cones on a market.
As descri bed above, the effi@%gﬁ I#}égnﬁR?Qﬁﬁggsthe optical disk
apparatus has been enhanced continuingly. Figure 10 is a schematic di agram
illustrating a whole conventional optical disk apparatus. In the figure,

nuner 6 _NMAY 2002 2 denotes a disk, nuneral 12 denotes a spindle
nntorq$%%%§FggL Fiddtes a pi ckup, nuneral 14 denotes a |l ens, nuneral 15
denotes a feed, nuneral 16 denotes a_feed notor, nuneral 17 denotes a
driver IC: ﬁﬁﬁePgﬁsﬁ?ﬁkﬁﬂﬁ%ﬁtbﬂnaﬁ§ﬂé§eﬁr&m:&Qupptlcﬂbndnak appdarattes a

dlgltal npa grocessor nuneral 20 denotes a decoder, nuneral 21
denot g?%ﬂ Mdanﬁﬁbﬁ§ﬁ4Zﬁrﬁﬁﬁoﬁﬁéramﬁ6§tPﬂﬂqﬂﬁuidnlys ta empl anation

%ugilustratln a constitution of a pickup of an optical disk

ap aré& cal, dpgks g@@é’awlawllssubﬁédégralm @aves nunfeed at deod es a
| ens, and nuneral s 25 and 26, denote wires for supporting the lens 14 in a
housi FFS When pakap 183 readfrem Jap aarbatiragyoposition ofnt ar optiicall

di sk %Pparatus wi || be descri bed.
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.

i) 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. In the figure, numeral 11



The disk 11 is controlled by the spindle notor 12 for rotating at

constant linear velocity or a constant angular velocity. The pick®p51MAY 2002
- moving fromthe inner track’'side to the outer track side in the radial
direction of the disk 11, applies a |las beamto the surface of the disk

11 and receives light reflected therefrom thereby reading data on the disk

" 11. Data called pit are spirally recorded on the disk 11, and the nunber of
the spirals in the radial direction is referred to as the nunber of tracks.
To accurately read the data on the disk 11, the pickup 13 drives the |ens

14 in a,di iQn rpendi i S t y | e
Faser aghBERR 20685 L 19, Eheted & Ynilife, NOERE rlt 48 1
receives the reflected light fro e disk 11 and detects a_deviatjon from
he cortepobesan; Pickies dingf Al 14neRsbtes dninity (utelal iy deibils
horizontally.in the radi irection qQf the disk 11 is r{grmed so that
The dovi af P | BUBETAI AR ASRGEERes) 265 et TFTES 10 PROCEER & of
the track, Wien_the lens 14 js_a prescribed di stance or ngre apart fromthe
conter HLYRE ASushHBEZAT 1BIFRBEES AR aRaled fradt eadi ICp| Pepremainyed
toreturn the lens 14 to the center of the housing. A focus_and tracking
controllHfdeRretegng #8491taleFHIRRY BYOCRESAL L& PUmREd} 42 AgdedotsSorfand
of the CPU 21, and the_data which are accurately read are transferred to

t he hosteooder ¢ BRRexAd| dd denRtenda| EPVs, ande nympnal 22 gAganosescassor | C
19 and the decoder 1C 20. Next, influence which are exerted by the
devi at ib"Btf the lens in the pickup upon the data reading operation will be
described with reference to figure 12, Figure 12 is a diagramfor
eSbIaining tHegure| Léndss aax @XRIRBItiaR dEawindodldusteating an the

pi ckup upon the data reading. In the figure, nuneral 11 denotes the disk,
numer alcOTEL it B3N defiofe PLsYUR o fuaRr aptigadeAdsds appakatus andInuikbeal

35 denotes a photo acceptance elenment. The lens 32, which is located at the
cent er figutey erepalr dBr denvtiegym Piekuphenpasesalid 4 (4RRQEES 0Bt dEMiSng a
focus on the disk 11. Then, the disk 11 returns a reflected light to 0 6
MAY 20@Rd nuneradpkyt 35 aabdpléndendearenmires. fepweuppontiag cikke 3Benghldh i s
in a position deviated fromthe center in the pickup, may cause the

refl ectidd a ihgus In@nef hehgi PACKMR ol he out of the photo acceptance unit 35,
as shown by a dotted line in figure 12. In this case, a tracking servo
cannot geneMgXxt a 3idpbe repdddeQperptipnsefi bheopptiicdadEskf t he
reflected light fromthe disk 11. Therefore, the optical disk apparatus
cannot appax@taw &bkt upat degcaidad> t he deviation of the lens, resulting in
unstabl e tracking. Next, a seek operation for accurately performng the
dat a readi n§Fhspetifk ohl wis| cpataeddiedbky the spindiep moderagphri@Es
perfornms the seek operation to_read data accurately. In this operation,
when t Ketpitdiag a3 § copseantolineanivekrgitpseri ancenstpatdiangularn
acgordance with a command from the outside such as the host 22, the nunber
of )t r avrdoridyi- The pickup 13, moving from the inner track side to

the outer track side in the radial direction of the disk 11,
applies a laser beam to the surface of the disk 11 and receives
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



the current read position to a target position is obtained by cal Cﬁ”ﬁ‘?mngﬂﬂz
and the pickup 13 or the lens 14 is noved by the obtained nunber o kS,
- 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
noves the feed 15 to nove the pickup 13 to a target position, which is

" enployed for a relatively | ong-distance novenent. The kick seek is one

whi ch noves the lens 14 after the feed seek in the housing of the pickup 13
to reach a track in a target position, 0 6 MAY 2002 T 5 which is enpl oyed
for a relatively short-djstance_novenent. Here, the feed seek wll_ be
descri B@é“\/\ﬁ'ot%a/emb‘? {:%f‘tijf'i gBRELher 1 fdhe Piekynr d3 receiyes &8s for
expl ai ni ng positional changes of the |ens at the feed seek, figure 13(a)

1| st FRELRS 2% AS@ iR EOR N EDPedd Sis o sl | 9P BRCEAnar eXdAAIL AN 1 BEeRon
and figure 13(b) illustrating a case where the feed is noved in an outer
radi al ther eent@r qf a Heracker eA KERSkdng Fortee bsfarpmendpg therkens4
denotes a lens, and nuneral |5 denotes a feed. The conventional optical

di sk appaherdgontagihy eivuther gbtdatlo dénesrtrizon o Hrhheoddskr 1ilhdld i ke,
because the lens 14 is supported by wires 25 and 26 in the pickup 13 as
shown perfogmed 5b tiakevethe déeviettiba fiseklsioeinakgd bandli kbeed asea nd of
external vibrations, the lens 14 may be adversely deviated fromthe center
of thebeamkip appdseshowm thefcgnterldfwtdre ttmdleed Whkek theclerssilely

accel erated or decelerated. - Next, the kick seek will be described with
r ef er ebseat presguridedl distthiée érgmoee dpaarte firam e f centepl aifmitige
paositional changes of the lens at the kick seek, figure 14(a) illustrating

a Jtatkotreinge the Kedd seektamshichuthel pilkup |15t imt figed dbammwadd er
the kick seek. In the figure, nunmeral 13 denotes a pickup and nuneral 14
denot etso arétugn kthet lemsorivento obtheé ophtezl odi theapausing, wAefoidus | ens
14 perforns the kick seek fromthe central position in the
and tracking control of the lens 14 is performed by the driver
17 according to a command of the CPU 21, and the data which are
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 fiqure, 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, wh;ch 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



U6 MAY ~OUZ s pickup 13, the lens 14 is deviated in the pickup 13 (b§ MAE 2002
kick seek as 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,

t hereby subsidiarily noving the feed 15, by a reference feed shifting anount
FO, the lens 14 is |located at the center in the pickup 13 after the kick

" seek. This reference feed shifting amount FO is cal cul ated by the CPU 21,
_~and its calculating nmeans will be described hereinafter. Figure 15 is a
bl ock diagramillustrating a neans for calculating the feed shifting anount
in the U_qf e j.anal Ne di atys. | i

numeraitgg & oéiégsacgg%ﬁg}é?-go%}kl td-tsZ"Je '-t?lg%‘gg g I’c:}liaet iln%d{gr}g?'aiég‘?%&h

cal cul ating the nunber of, track whi.ch the |ens.is ved at the kick
ceek. 3o Hhumongt EEinctebiatel Beall e HERhER ihy thR RS LAY ng
means for calcul ati the.quantity b ich,the ed is subsidiarily noved
ot hechhee” this e ffecten diRBhl: ra Fhe ek 1 i o b it R idnd
calculatin% .. heans 3 calculs%es t he nunb;; of kick seek tracks_on the
basi s BEPEOORCARPTARTRMNpbsPPi oRSafiW R £Ye? F85teAod 10 tife figure,,
just before the kick seek starts, which corresponds to a noving di stance of
the | ehd-1418 HHS IG35€ seRKETRAEING: S8IVQ GaRREthgepeRg tandutignal
calculating means 5 calcul ates the reference feed shifting amount, on the
basi s 50Tt AeteGHINI & ResktieBkopr ihies basis Rf pthe rrlegted diighbnount
to the driver 17. 0 6 MAY 2002 7 Problens of the conventional optical

di sk appemathe @isk v desERepefoner h ther antnieat odiskuprpparatafg cannot
Figures 16 are diagrams for explaining problens at the kick seek froma

st 9t e neededaga Aeehnately i duedtor thgr devd@hion | @t Ehei Agng,state before
the kick seek and figure 16(bé illustrating a state after the kick seek. In
the fixeseltingeds unstanbe ckrackiB@up and numeral 14 denotes a lens. ~
In the conventional optical disk apparatus, when the kick seek is perforned
froma statBe¥ker @ Sifel Qrenatigndéorapesunately ppekfiprming: khe alarag js
| ocated at the center in the pickup 13 as shown by a dotted line in figure
16( a) .readingr opelat e wikl b€ desSrdbgdi-l y noved by the reference feed
shifting amount FO, the lens 14 is returned to the deviated state before
the kick seBReaghtAcads dsidhmpPaFatufepesfiormsathpseeekeapgbatdon ta he
conventional optical disk apparatus, even when the kick seek is perforned
from xeadt@atpepecupatieds. 14 is deviated in the pickup 13 and the feed is
subsidiarily noved by the reference feed shifting anount FO, the deviated
state of then|thisigepgragdiane Wenkthr packups Léris ynevedi hiedadnd t he
deviation of the lens 14 is not at _all elimnated also after the kick seek
as sh@gbitraryupesisdon on gihesdigkitlzia acspndancerwikbl ai gpA@mand
probl ems at kick seek froma state where the feed keeps noving by the

i nert if¥as fhedovberder sgehe asy(H)eihegtt 2ri i en nimher 9f ckragkst £x@mseek
and figure 17(b) illustrating a state after the kick seek. U 6 MAY 2002 s
I'nJt h&lre grerentineead Posddriiest@ i baugeinposdicion 18 ebhaingdabyens

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,



In the conventional optical disk apparatus, even when the lens 14 DE 002

| ocated at the central position of the pickup 13 after the feed see ,h«“e%

* the kick seek is performed from'a state where the feed keeps noving by the
inertia of the feed seek before the kiginseek and the feed is subsidiarily

noved for the reference feed shifting ahount, 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 increased,
whereby this is easier to occur. The present invention is made to sol ve the
above- nent i oned prabl e nd has for,_.its object tq.provide an optical disk
appara?ﬁ&c'n%ﬂﬂ%ﬁéikxgﬁs%Pg Po&ﬁ%ﬁ¥¥aéi¥m§%%ﬁY§ lgﬁaQQ%mmﬂv %Hga pi ckup
after the kick seek, thereby enabl.ing.to perform subsequent_trackin

Stably D oGt SRR PROBNTIAL B SRT I REIaBetE. SESTRE pFobi ens,
according to Caim1 of_ the present invention, there is provided an optical
di sk appangess Mhidd skidbsidiarily noves a feed at kick seek when data is
read froman arbitrary position on an optical disk surface, thereby

per f or ni ng &BigHI&S r?g'y cHREr 8iLagEams: ifom expl akring crosdtiogals ghanges
calculating neans for calculating an offset of a lens on the basis of a
posi ti®f §get Aensers ithe fegdgsprk,200Bur e lkim) j slupttatdncha Igake seek
starts; a kick seek direction judging neans for judging whether a direction
of thewhetr thek fieednris mmeyedadnapndiingen gradvakhndbueetipadiaad dfikguxeon
on the basis of a current position and a target position of the |lens just
bef or el3 hk) ki kussaatsing t&; casqauwbereothie deesboks rmevedcancanaiutgemeans
faor calculating the nunber of tracks on an optical disk by which the Iens
ig_)rmwemdbqltdérlem;lioseek;lm thecféguref,canmsnial i I3 demohescal pulakimg
means for calculating a reference feed shifting amount on the basis of the
nunbernwfierahckd4 denodes eal bens heandnbumegfalkilck-demiteacas feedcul ati ng
means; a conpensation anount cal cul ati ng means for calculating a

conpensat i chhenvanvenyt imral pppt hgalhdiskf appagatus atedgbytehe

pre-ki ck-seek offset cal culating nmeans by a conpensation coefficient; a

f eed shilnénabheotat exdlexrial i wgbrnathaonsopraddiend ikes, coapanset the denmt
and the reference feed shifting amount when the direction is judged to be

t he i nkkeris astappoudiedchiyorwimes ha5kand 2éelindithec tpiorkymdls ngsnehown dmd
subtracting the conpensation anmount fromthe reference feed shifting anount
when iffigure utljed Howewerhe siinee thei fkedi seeki oay therkbyesedcal &tindg a
feed shifting anount; and a control neans for subsidiarily nmoving the feed
by thef extetmili vigbaatuens n theclenenté mayhbehadieksekpkderiatedi ng to
the invention, the lens is |located at the center in a hosing of the pickup
af t er fitom Kikk cerkerwhdr dihe pitkepehd asaskowp dan flgurebly wbehotined.

0 6 MAY 2002 io According to Claim?2 of the present invention, there is
provi deedhrsank | Ll edreksdyslntaccebeératedberddecelemrabad. a feed at kick
segk when data is read froman arbitrary position on an optical disk

su/face, t ey phef bigkngeek rmaickl nbe cdescolibedomitisimgference to

nunber - of - f eed- seek-tracks cal cul ati ng nmeans for cal cul ati ng the nunber of
trackELigures dpt iand bsk by which a lens is noved by feed seek before the
ki ck seek; a kick seek direction judging nmeans for judgi ng whether a

di rection d&figumesit& srekdisguan nfrer explaliningepoisdrt iomah chargesadi al
direction on the basis of a current position and a target position of the

| ens pudsttheeflores tae khekkdiedkk ssek f sSfigunenbé(agf ililustamdking amkstate

cal cul ating neans for cal culating the nunber of tracks on an optical disk
by whbelfotrdee thenkisk neegeR and Ifadumk beek) dlleseratded eedstdtéti ng
anount cal cul ating neans for calculating a reference feed shifting anount
on thafBes £hef Kitk nsddRL Ofnf K Sf apl el ahwflebd1t 18 denotes a

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

cal Cubibikﬂ?) A dér &2l ¢yl dendtes GOMENsat i on amount by mul tiplying the
nunber of tracks cal cul ated by the nunberof-feed-seek-tracks cal cul ating
means by arqomMivent98hhiCioptiica Rtk sdphhhtafudOWNerc !l PdAHT
means for adding the conpensation anount and the reference feed shifting
amounj 4vReR soimiiRg Uk ookl Sebkdgednt G ddifiancpotadiah di aidon by the
ki ck see irection judgi ng means, and subtracting the conpensation anount
fromthe reference feed U 6 MAY 2002 mshifting amount when it is judged
to be the outer radial direction, thereby calculating a feed shifting
anmount; and a control neans for subsidiarily noving the feed by the feed
shifting anount in concurrence with the kick seek. According to the

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 the kick

o oy " T



6 MAY 20U
According to daim3 of the present invention, there is provided an opti cal
di sk apparatus which subsidiarily noves a feed at kick seek when data is

" read froman arbitrary position on an optical disk surface, thereby

perform ng a tracking control, conprisi?g: a post-feed-seek offset
cal cul ating nmeans 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
ki ck seek; a pre-kick-seek offset calculating neans for cal cul ating an
of fset of the lens on the basis of the position of the lens in the pickup
just b hea Ki S Stay tse k e (=T j i ns, .f
j udgi n?%‘g\%éeﬁé glhtraegtglhgn lca)4f ﬁe@i?%ﬁkgéeggi ghaen(bltln%é Eg%iy glﬁgec Jic(c)‘%
or an di irecti . basi A unr.ent ition d
o gor Tsak 8T Bpwil 5Tl Yoethd [E1RECHA, 2R Ui AP 4480 A7 e
nunber -.Qf - ki ck-seek-tracks cal cul atin ans _f.or calcul ating t unber of
tracksﬁ§1¥ﬂlﬁﬂﬁgﬁgf£5§g¥ E@“ﬁﬁtﬂ1¢?§k?§ﬁs F%nﬁﬁvi&%a Eﬁﬁéﬁjﬂi agéyfsa
reference feed, shifting, a nt .F.Q 6, MAY 200Z 12 .cal cyl atjin ns for
cal cul AT SFd dFRERRCE6! BHEHRRY (SHPSITREION BRY ik et 47 KanBer o
tracks cal cul ated_by.the. nunber-of - ki ck-seek-tracks cal cul atin ans; a
conpeng: 'Q£?Qﬁﬁnﬁﬁgéafhﬁggfpﬁbqm&ﬂﬂFf% » cBhey §P?nd4aI@bﬂﬁﬁﬁ%EQSOﬁtannunt
by multiplying a djfference between the offset cal cul ated by the
pre- ki CRE&SEITHRY sk EAecBESKIRy Ik AHstehdtheekarks seeka CLﬁ/}h]tsed by the
post-feed-seek offset calculating neans, by a conpensation coefficient; a
f eed sﬁﬁﬁﬁQﬁ?Qﬂnﬁﬁﬁdc%P%EFéPBn@%H&ﬂﬁ;#%rl%dﬂﬁﬁﬁggﬁ§eéoﬁﬂéﬁﬁﬁiQFPa%éunt
and the reference feed shifting amount when the direction is judged to be
tﬁ} i nABA A& Salryiating Banse Wildk ke desrribedohered@addateans, and
subtracting _the conpensation_anmpunt, fromthe reference feed shifting anmount
when it is FUAYEE® tlP bES 1RO dagram gtk st EatingepePead® P%ting a
feed shifting anount; and a contrql neans for subsidiarily noving the feed
by theChéellatiing ddankred FRLESAOG A tiim the KPEkodedhe According
to the invention, even when the novenent of the feed seek remmins as the
i nerti gonveatignal ORtkeabddaekt APPAEAAS i n BD hbBen§ignrene nymeddl a3t er
t he kick seek, whereby subsequent tracking can be perforned stably.
Accor difgot§scramwmbesi-a frek e kséRekfraakocaleuiatingt meansdifsr
apparatus as defined in any of Clains 1 to 3, an absolute value of the
conpendalrBhakddgnithes nimherrofhhnagksabsowhickste bdenshésr mosachaat f eed
shifting ampunt. According to the invention, the [ens does not nove in a
p 6 Mheokxckssgekec@ansh HPpRERLe St denRdaf edebrranedgierdcBhifEinakup
noves at the kick seek and the relative velocity between the I ens and the
pi ckupRMRUpEdgadgulefdng, means | $PRgCAdFY latind the cxuantinycbydmiyich
Caim5 of the present invention, in the optical disk apparatus as defined
in anytke Eegindsisudsidiarlbypnperedt abn tdGeRick et8eks proportional to
325 nunber of tracks cal cul ated by the nunber-of-kick-seek-tracks |

cul ati ngIRekhe. fAGEEEd The FuRRerneénkisk-saakr tracks ndelcuiatiing seek
tracks is small and_the seek operation _is continued, the feed shifting
anountMeang dp usadguaacesdithe ttumher nafbkicks sigek Weagks rarksheghasis
vi brations or resonance of the nechani smcaused by subsidiarily noving the
feed rﬁﬁ‘éﬁt%énthﬁecpéﬁ?“die\ﬂ%ﬂbkpbyaﬂﬁeak|té1R-’9§ete@%Jetmmﬁsgbﬁ, len& eby
realizing nore stable tracking. BRIEF DESCRI PTION OF DRAWNGS Figure 1 is
a bl odid di Jupanbefoust the kjak eeek $bartsl cwhidhgarrespprds f tPng anount
of an optical disk apparatus according to a first enbodi nent of the present
i nventioringigigtangeaps dhgyrlkens bt akpthenkigka seede wikhe refersace is
performed in an outer radial direction froma state where a lens is
devi atfered relabf € imgr amadndl cdilarldoing nmeassf br calevdediesnthef t he
i nvention.

reference feed shifting amount on the basis of the number of

kick seek tracks, and outputs the calculated amount to the

driver 17.



0 8 MAY 2002 14 Figures 3 are diagrans for explaining a case where QiﬁclyAY 2002
seek is perforned in an inner radial direction froma state where the | ens

is deviated in the inner radial direction in the first enbodi nrent of the
invention. Figure 4 is a block diagramillustrating a nmeans for cal cul ating

a feed shifting amount of an optical disk apparatus according to a second
enbodi nent of the present invention. Figures 5 are diagrans for explaining

a case where kick seek is perforned in an outer radial direction froma

state where feed seek in the outer radial direction is ended in the second

nbodi t he i tiQn. Fi . 6 di f | aj
whore Kok dtPfehfipR ik, ddeendl "o dBadTrdk ABRaERPhEopI1I"c
wh f eed K. . . out di al di ti ' ded, iy, th d
enbodi REESHCE HREE WaRt ST Y01 SLAUHPBCR OdiARt Ak 1 1| ustrating a
means for calpulatin? a feeggﬁﬁifting anount _of gn optical disk aggaratus
accordi ng t & BY¥eS dlénBEE gr@ms HEPY @XRhALPARGBIXSPLeRg A sthear e

di agranms for explaining a case where kick seek_is perforned in an outer

radi al kKdicke@a®h From & state whaxe Lhevhapat 1fFcdevidatedr gt 16(a)

remai ns _even when feed seek in the outer radial direction is ended in the

third dABo@EtEaRing anetakeehaiore mihpirkick aeekdpagh Fgwee E&PPAi ning a

case where kick seek is perforned in an inner radial direction froma state
illustrating a state after the kick seek. 1In the figure,
numeral 13 denotes a pickup and numeral 14 denotes a lens.

:) In the conventional optical disk apparatus, when the kick
seek is performed from a state where the lens 14 is deviated in
the pickup 13, the lens 14 is located at the center in the
pickup 13 as shown by a dotted line in figure 1l6(a). Further,
when the feed is subsidiarily moved by the reference feed
shifting amount FO0, 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

i) 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.



0 6 MAY 2U02 15 where a novenent resulting frominertia remains evef GuMAY 2002
feed seek in an outer radial direction is ended in the third enbodi nent of
the invention. Figure 10 is a schematic diagramillustrating a whole
conventional optical disk apparatus. Figgre 11 is a diagramfor explaining

a structure of a pickup of an optical di%Sk apparatus. Figure 12 is a

di agram for explaining influences which are exerted by a deviation of a

|l ens in a pickup upon data reading. Figures 13 are diagrans for explaining
positional changes of a lens at feed seek. Figures 14 are diagrans for

expl ai ni ng gositional changes_of a lens at kick seek. Figure 15 is a bl ock

di agr and® | ¥Rt £4GUFE a HRREal ol 3cdeBotas iy Ricken andf ppmgradodtt in a
CPU of the conventional optical disk apparatus. Figures 16 are diagrans for
expl ai rderepesbhedensf. ki ck seek froma state where a lens is deviated
Figures 17 are diagrans for explaining problenms of kick seek froma state
where a feedlketpe moriventionak opticiad diskapprektusSESEvMBDEHED EXREUTE
THE | NVENTI ON (Enmbodi nent 1) Figure 1 is a block diagramillustrating a
nmeans fl@ns 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
JT) 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 1is 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



0 6 MAY 2002 is calculating a feed shifting anount of an optical diqkﬁ pﬁY 2002
apparatus according to a first enbodi ment of the present invention. In e
figure, nuneral 1 denotes a pre-kick-seek offset cal culating neans for
calculating an offset of a | ens before éick seek, nuneral 2 denotes a kick
seek direction judging neans for judging a direction of kick seek, nuneral
4 denotes a conpensation anount cal cul ating neans for cal cul ating the
anount of conpensation of a reference feed shifting anmount, and nuneral 6
denotes a feed shifting anount cal cul ating neans for cal cul ati ng the anount
of a subsidiary npvenent of a feed, and these are inplenented sof t war e
on a CRICKIR REE.- BEIETS e kichcReekaPEATASInG %?%5d8§rﬁﬁﬁéfﬁhce
feed shjfting anmount calcul ating neans 5 in the optical disk apparatus
accor dilf 319 Heeangsfopisdnei whethas §aﬁér§§tt1|%§é9fde*h%?eﬁlﬁ§ﬁ seeksanme
reference nunerals in the conventjonal optical disk apparatus. Next, the
oper at iign af |inner qeadiae dirratigRfQF caRj ORtegekaskial flixeetion on
pre-kick-seek offset calculating neans 1 receives data of the quantity of
devi at ithe dfasis @f ascurgenthasskiionoand AotsirggtoPas itiixmpof3theom t he
analog front end IC 18, A/D-converts the data to cal culate an offset before
ki ck sdens avstrelioret kbecXiak serk oftarts;oat humberperfsdtick-aaeknt

cal cul ating neans 4. Sinultaneously, the kick seek direction judging neans
2 j udgesankst talehmbatingcmeamsoffdd okabewkat ingntheneumbeti a0 £ dtrackson or
an outer 0 6 MAY 2002 17 radial direction on the basis of the current
positi on amd opttiaraktdpski byowhdfich Hehé ehand 4isamdvedt pyt $hehek bk asaedl;
result to the feed shifting anount cal cul ating neans 6. On the other hand,

j ugt baf mefeirtende ckeedekhdfariing, ammmmunbzlecwvlakingsmelants didas cal cul ating
means 3 cal cul ates the nunber of kick seek tracks that corresponds to a
novi ngcdileudatamf 4 heefenenté deedheshiaoft sngfambentuonetthepdsidinofind t he
target position of the lens 14, and outputs the obtained nunber to the
ref er enhe hemdhexhidf i tgaeaksuralcallateat iby teensubhbandofh& ickHsrslati on
amount cal cul ating nmeans 4. The reference feed shifting anount cal cul ating
means braeksukcatlenlat Eher maaasf;ead congensut somwuahoontt ba lleadiast ixig t he
nunber of kick seek tracks and out puts the obtained anbunt to the feed

shi f ti mgaasoiior callobat bingmeacemPenBad iconpansen t oby amadnti pdyting atheqg
means 4 cal cul ates a conpensati on anount by nultiplying a coefficient which
i S propbfsetnehlicmlidisedubpethef pkieclk icdkeis delaokSL gt t balohiladti nee fmsanki ck
seek, and out puts the obtained conmpensation anount to the feed shifting
anount bgah cobapeng ateiors Goeffiéciead ;s fided shbfitningadmohati ng neans 6
adds the conpensation anount and the reference feed shifting anount in the
case ofakcukatdéal medrns fonecaddadgalthe oemtpensatinh camabhtaanidngHene
conpensati on anount fromthe reference feed shifting anount in the case of
ki ck seekerentee fewidrs hafif bhgdameunhtowhenharhehydindctioni hg Juideed to
shifting amount. When the cal cul ated feed shifting amount is smaller than
0,_Jt hebé eehle shnherngaatimhtdisectDofi bYtNeOlkick megkitdideatiOn Therefore,
assumng that "F" is the feed shifting anmount, "FO' is the reference feed
shi f t i fhdgbmynmeahsf,f said ssbthacbihgetheeckompdisdt faekamduat” firent whe

coefficient ( or=y T) , "y " is the coefficient, "T" is the nunber of Kkick
seek trefdsentdefeedd shiftimg amount Wwhsnndtpdlsarjudgedintiotbe phlearity of
the offset is +~~ in the inner radial direction and "-" in the outer radial

di r ectoter t hed i &88d diliddt iwgn AnbhieteBy kadluietlins dlefesk@dshaftiagCPU 21
as a whole by the follow ng expressions: In the case of kick seek in the

i nner gmstigd ; dhh@Chi @dnt ro FGheams ofbgebubk idiQr e mdK g at Réf &@ted<b?;) I'n

the case of kick seek in the outer radial direction F = FO- a offset (F =

0, whathdGeed Shigeling @mount 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.



Next, the functions will be described with reference to figures 2 ang %_MA{_ﬂwz
Figures 2 are diagrans for explaining 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 figgre 2(a) shows a state before the
ki ck seek, figure 2(b) shows a state aftér kick seek by the reference feed
shifting anmount, and figure 2(c) shows a state after kick seek by the feed
shifting anount. In the figure, when the amobunt of a subsidiary novenent of
the feed at the kick seek is the reference feed shifting amount 0 6 MAY
2002 19 which is calculated_on the basis of the nupber of kick seek tracks,
the devi ati oRCSPEHNYG bR halR RoPLyithe Pr8seRtalBYeREI10RoWTNEr i 81 e
2(b). In the optical disk apparatus according to the first enbodi ment, the
f eed shPFPVidesdhmmtioptical disk, appadatis Wi ks nsubsiddagiilit imayefolint
FO (0 < F < FO. Accordingly, the ampunt of the |ens novenment w th respect
to the feed ahi tkiaky seekinvhen datR deckgad |frqe anharbbyragy posiwions
is located at the center of the pickup 13 as shown in figure 2(c). The sane
t hi ng cem 88 opitdasl adizkeswhniaeey héhierebys e ferpeng oantdacking i nner
radial direction froma state where the lens 14 is deviated in the outer
radi al dontrolencofipgursing: aa endmhgrami-~dieesiqd ek tigacks ase lwudrat kng k
seek is perforned in the inner radial direction froma state where the |ens
i s devimeansi fiorhealmneratong athei nembean ofi tndtlch én gam eofedyadhalissia
state before the kick seek, figure 3(b) shows a state after kick seek by

t he refley ewhichead lehns tisigneawednby feedf isgeke I{fyrehche hRiskaseekf &
kick seek by the feed shifting amount. In the figure, when the anmount of a
subsi dileigk "BEekedti refc ttivn fpedgngt heakicoxecjudgindianet heenae f eed
shifting amount which is calculated on the basis of the nunmber of kick seek
tracks,dilectbonabifothef Kivk | sesk 1isi anndnnalr akdidl diréetien ©yowm in
figure 3(b). On the other hand, in the optical disk apparatus according to
the firaitermbpdddait dildectiead 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
i) 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



0 6 MAY 2002 zo shifting amount F is larger than the reference feed 0 6 MAY 2002
shifting anount FO (0 < FO< F). Thus, the lens 14 is |located at the center
of the pickup 13 as shown in figure 3(c). The sanme thing can be said of a
case where the kick seek is perforned if the outer radial direction froma
state where the lens 14 is deviated in the outer radial direction. As
descri bed above, the optical disk apparatus according to the first

enbodi ment of the invention calculates a feed shifting anount on the basis
of the lens offset just before the start of kick seek, the direction of the
ki ck seek, and the nunber of tracks qn an optical disk by which the lens is
moved fhifBlRgcRMOME YRR stbsidi ARABEIS PP H G e%‘éjt\{B? FRdiAdeq

shifting amount in concurrence with the kick seek. Therefore, the lens is

| ocat et b¥eehdoBenttdeneby 2 lewuirhnar ar feed ahikfBingramaanki;cRishek,
wher eby subsequent tracking can be performed stably. Further, according to
t he optdertralsmeapsarfamuswisigiarilyt movisd rdvq Tged hbyi kbenfieed t he
absol ute val ue of the conpensation anount is smaller than the absol ute

val ue cfhifleingf emonsd figecanturregcanwith. theekdiak eseek.t he ki ck seek,
the | ens does not nove in a direction opposite to the direction along which
the pi ckup nboeerdimg ttee the ainventéonei eyebewhem tthe meviement oife thieckup
is reduced, thereby realizing nore stable tracking. Further, in the optical
di sk affmeditscekcremdiing tas ttee iMeft iy 2be2l2hsf iistlendbddnatt tde t he

i nvention, the conpensation coefficient at the calculation of the
conpensadntosr aimuat hos ipgopdt tilmgbickuphafhrerbéheotkicickseselek whedkeby
Therefore, when the nunber of kick seek tracks is small and the seek

dpdr at iswbseqeent | trackinte daebehpét fogmedosnabily .adj ust ed according to

t he nunber of kick seek tracks, and vibrations or resonance of the

mechani sm carseordyngults dilaiin \3 noffi tiget peebeat dmvertthioon, ~théaeel dss

devi ation by kick seek are reduced, resulting in nore stable tracking.

( Enbodipreviddd Fagwgt ¥cak dibkoappdragnamwhiclstsubs bdiaridgnmdwes a
calculating a feed shifting anount of an optical disk apparatus according
to a sdeedd srboiitkestekfl whien pladsenis i readt fpom hn aird ftrpre, posieien 43
denotes a nunber-of - f eed- seek-tracks cal cul ati ng neans for calculating the
nunber oaf alr agkisidylwlishk sheflaees, ithereleyl perfoeninecla efawleifigck seek
This is inplenmented by software in the CPU. A kick seek direction judging
means gontrulnperemprksdkgseak posaskteadd sekht o ffspracaliulattinmgpeneahson
anount cal cul ating neans 4, a reference feed shifting anmount cal cul ating
means Foramdlodkedingi &hi og faetunit callenstongtheabasts f e pepsitabndi sk
apparatus according to the second enbodi nrent are the sane as those denoted
by t heofamhe dferienie aupicip ijustthafipsr cah endkofipfizea seacdveflong to
the first enbodi nent. 0 6 MAY 2002 22 Next, the operation will be

descri hhe. kilok lSedk scakpderkdirkesgaekig ifsetanslCulatdayg westderfohe
di.rection of kick seek is an inner radial direction or an outer radial
di_pect cahcal atthimdasn sobfseheofuthentl rsidn oth@nbaaisaogfett o pads boioh t he
| ens 14, and outputs the obtained direction to the feed shifting anount

cal cul efi apendanss Gin Thke Nnpiibkupofjuiste besfrate ttle kkicRkl selekt istgamesinsa 43
cal cul ates the nunber of feed seek tracks that corresponds to a noving

di st ankgckf selek Idinsed¥ion fhdghag meanspaot i prdgbhgt Whelctver lad bef ore and
after the feed seek, and outputs the obtained nunber to the conpensation
anountdeaketlian REF NEWE Sk fick] sekkbakoam tihdd ckadtek ahigeictiom diheamt her
hand, the nunber-of ki ck-seek-tracks cal cul ati ng means 3 cal cul ates the

numberogteki glhaseak divekeibhabnCehecbp@ids dP £ dwrregtdpokard®miaddea

lens 14 on the basis of the current position and the target position of the

lens ldarged pelsidiiod hef obhel DeflsNyRer HeXde 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



reference feed shifting amount cal cul ating neans 5 and the conpensag}gn
anount cal cul ating neans 4, just before the kick seek starts. The r gAXeﬂmz

" feed shifting anount cal culating neans 5 cal cul ates a reference feed

shifting amount on the basis of the nunggr of kick seek tracks and outputs
t he obtai ned amount to the feed shifting®nmount cal cul ating means 6. The

" conpensation anount cal cul ati ng neans 4 cal cul ates a conpensati on anount by
mul tiplying a coefficient which is proportional to the nunber of kick seek
tracks by the nunber of 0 6 MAY 2002 23 feed seek tracks and outputs the

cal cul ate ensat i on_amunt t feed shif alcu i ng
nmeans 6€ iﬁﬁﬂ EHPPRPRg QﬁbﬁﬁitéQQEﬂ%ﬁlﬂg ﬁ% %ﬁﬁﬁﬂsatlon
amount and the reference feed shifting anmunt in the case of kICk seek in

the i nn8ROURE AN dFhecPRBAS Rfi LRSS UBIIRRY | 9 tRAcCkSnFEASAHLBPAnBYnthEr om

the reference feed §h|ft|ng amount in the case of kick seek in the outer

radi al BRRGEL-GE-kirkesgekatracks R lculating PeARS jado GAMPSRRAtiAR

calculated feed shifting anount is smaller than 0, the feed shifting anount

i s out pampddtasalculat hgr Beansg o mlcml@%mgmﬂopemp@mﬂﬁmtmeunt"

is the feed shifting amount, "FO' is the reference feed shifting anmount,

"t rack"bYsmuﬂéilmerbmg A ditfereare hatween thegffretcoaliudaterd (l.m-

/cT), "~c" is the coefficient, "T" is the number of kick seek tracks, the

f eed shthei pyeakiok-seek n@fp‘eear cajlcud@t ing peansi apdotheho fifsek is "o

in the inner radial direction and "+" in the outer radial direction, the

f eed shecalendadeldty dthki phstefkeds seed defif sut t taléulhbiingg meanss shyna:

In the case of kick seek in the inner radial direction F = FO + |3 track (

F ) 0, cbmpeRGatith taeekfichehtfnat feeshsshioft ngkaneekti calloulating

radial direction F = FO- !3 track ( F =0, when FO- fi track < 0 ) Next,

t he funméanas foirl ladid mipstthe bedmpenkatdiosr empairito dnduthe FTediedehice fedd

MAY 2002 24
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, 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



Figures 5 are diagrans for explaining a case where kick seek is perafBrMAXi 2002
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 B3state after kick seek by the feed
" shifting amount. Wen accel eration or deceleration of the feed seek is
excessive, the novenent of the feed nmay remain as the inertia even after
the feed seek is ended. In this case, when the kick seek by the reference
feed shifting amount is perfornmed, the amount of subsidiary novenent of the
feed betbwmest&ebeoPprs il thethendixgcitd ogedlatng) vitkeh dthg pdckitge anount
of novenent of the lens 14 at the kick seek, as shown in figure 5(b). On

t he ot movémnat thet kdcdptsesk andkthpepaediadsvecomldicity ocbehwesac dice
enbodi ment, the feed shifting amount F is smaller than '-~ the reference

f eed sHidrns ngndnbhet pECkLp dd rediedThuheriehy Irerwl ilzling moret edtaktle he
center of the pickup 13 as shown in figure 5(c). The same thing can be said
of a cagmolibneg.the kick seek is perfornmed in the inner radial direction
froma state where feed seek in the inner radial direction is ended.
Figures 6 areacltagdang ftter cbamisiof Bheapeewbare ivend tdn seek the
performed in the inner radial direction froma state where feed seek in the

outer optiidalli deski appazatudeths ideMned inguhg SF)CIHIGNS R €baBg k@leore
ki ck seek, figure 0 6 MAY 2002 25 6(b) shows a state after kick seek by

t he refcmyifs 4 €£6n SBbEEIFIE v NS br8ibaal( &b HHAVANSEAt 8£after
kick seek by the feed shifting amount. In a case where the novenent of the

fedd reFadles afaldelabeat by eHeN ikveribe-keed-seek-ity 4P ba ybaNathng
kick seek by the reference feed shifting anount is perforned, the anmount of
feed mpeamyt caused by the inertia and the reference feed shifting anmount
cancel each other, and the lens 14 is deviated according to the amunt of
novement of Adwes+@ieg 1o athehankieikt Stk whenSERUNnufibkird W 18{F - s&Bk!t he
other hand, in the optical disk apparatus according to the second

enbodi wealckst s farsh Bhahli el dpésat fbHCEst BaRtihadES afleaceebaed
shifting anount FO (0 < FO < F). Thus, the lens 14 is located at the center
of theghii&timgl amsushon® hajhstede £dOrdihg £8"Bhkhhimbedn I gft of a
case where the kick seek is performed in the outer radial direction froma
state whake tidRKLethi®e¥ibPatiensNY FasbRhnde! 88t LAB mecMifthm AS

descri bed above, the optical disk apparatus according to the second

enbodi gRAkedl PyhSUBYEM 4PN GameVidETHrdegdnsPLT thAd dHUNtepn the
basis of the number of tracks on an optical disk by which the Iens is noved
by feedeteaki®f By thé&kk s6RKsebhe adid eRippPredied DeckbekbyeHearivinge
nunber of tracks on the optical disk by which the I ens is noved by the kick
seek, mofdessRabdiearitacikdygs the feed by the feed shifting amount in
cogcurrence with the kick seek. Therefore, the |ens 0 6 MAY 2002 26 is
Lg§ated 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

t r acki pRIgRNpReCRAETOIGIE bEt BRAWINGSr t her, in the optical disk apparatus
according to the second enbodi nent of the invention, the absolute val ue of

the conpenspizaRedMUY d HEEk! 8Lagham NG ARSCALE £g VAl MBaRls [Fof- ref erence
feed shifting anount. Therefore, thé | ens does not nbve In a direction

opposi¢£1&Q1588nd raleCftéjém S OPYING! aRhokit mfﬁhcg@efféift disk %ﬁ?ex}%

and the relativevelocity between“the | ens an prckup I's re

resul tidgo 8 B @055 dt AkbIAimEHE! BY erid JNE Gt | £Rbeflkgbrappar atus

according to the secon ion, the conpensation
fficient | . ‘ I . : |

o the nuntbroaFof; 20 <28 i | R0 POMAITH LY £ IHE HBeBErRYcl Caek

t ks. i I . ' i J d, th i_fti

a9 obF Rp S NeR 3 R ELk Rl IO U horl P OCR B EarE "

vi brati.ons or jgsananc of. t.,he. mechani sm caused, .by. subsi dj aril ing the

feod MY HAnLERE REnSTAAET oH onk LER Tedp Ut LRRTHLOPnA ety

rggli I.n nnrg %éablentr ﬁ%ﬁ E;§Enbgdinente3) Figuie 71is a bloggé;iagram

iIIusthr]a?qqfnge‘&b éﬂ?nﬁ"of’ai l'b%l YRGBt &°Peed shifting anount of an optical

di sk apparatus according to a third enbodi mrent of the present invention. In



0 6 MAY ~~02 27 the figure, nuneral 71 denotes a post-feed-seek[bﬁfMAY 2002
cal cul ating neans for calculating an offset of a lens after feed seek, and
“this is inplenmented by software in the CPU A pre-kick-seek offset

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

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

" calculating neans 4, a reference feed shifting 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 nrent are the sane as those denoted
by the sane reference nunerals in the optical disk apparatus according to
the first enbbapkest 3 Rs& diagryper feropxplainngies gapedwherer kiaker the
feed seek is ended, the post-feed-seek offset calculating neans 71 receives
dat a ofsee¢lk éaapertfyrmfeCﬁem an ohnpert nadiads dix€qtoinn heremnaestatte he
housi ng of the pickup 13 fromthe analog front end IC 18, A/ D-converts the
dat a, twieerdythel tehst ilisg devicitedtinfthe tinacreathdioek,dindcbibputin tihe
calcul ated offset to the conpensation anount cal cul ati ng nmeans 4. .| ust

bef or e fiinestki emboeddheataotfs theeiprenkich.seek of fset cal cul ating neans 1
receives data of the quantity of deviation of the lens 14 fromthe center
of the housimpgutet heipi akildick fdiagtive Abauegyrfatintg endnedhd8for

Al Dconverts.the data, thereby calculating an of fset before the z kick seek,
and ouldaliculdeingl aulfeedd sififfacing vamdwen t ooiie anaidpticdD udi s k ah pphahicng
means 4. Sinultaneously, the 0 6 MAY 2002 28 kick seek direction judging
means adgosigbinghed har sebeondl reaticdimerit t6E khek pyesients imvémpeont adi al
direction or an outer radial direction on the basis of the current position
and a targetrpsrés 05 ket dd agamsl4onnexpLaptingt e calfeiviesré eriibk to
the feed shifting anount cal cul ating neans 6. On the other hand, the

nunber sefekkiiE-peekotnaaksnCanC buddNra@28F digaktudlod &rdmeaa nswhee of

ki ck seek tracks that corresponds to a noving di stance of the |lens 14 on
the bagher® fidwd &SRNEn the outer radial direction is ended in the
second embodiment of the invention.

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



position and the target position of the lens 14, and outputs the joptMahadl2
nunber to the reference feed shifting anount cal cul ati ng neans 5 and the

" conpensation anount cal cul ati ng means 4, just before the kick seek starts.
The reference feed shifting anount cal cul ating means 5 cal cul ates a
reference feed shifting anount on the besis of the number of kick seek

" tracks and outputs the anmobunt to the feed shifting anount cal cul ati ng nmeans
6. The conpensati on anmount cal cul ati ng nmeans 4 cal cul ates a conpensati on
anount by nmultiplying a difference between the offset before the kick seek
and the offset after the feed seek by a coefficient which is proportional

t o t he wheira onokpERrnSedlestldci®y GREModnpTtdar Femskipenewen owheno figed o
the feed shifting anount cal cul ating neans 6. The feed shifting anount

cal cul #eek) Radd euigds raddbmpbreation ifovendeshdin Hehe ethitdce feed
shifting amount in the case of kick seek in the inner radial direction,
whi | e spikiadionént ofietbenjaventiwnanount fromthe reference feed shifting
anount in 0 6 MAY 2002 29 the case of kick seek in the outer periphery
direction, thibyebg tal isl at ismhemdtic dbagramgiddustratiren 4 ehodkcul at ed
feed shifting anount is smaller than O, the feed shifting anount is

out put cemvenfiodakreptieali didle dppaPdtas.a whole, assuming that "F" is
the feed shifting anount, "FO' is the reference feed shifting anount,

"of fsetl" | Fiderefiseisaht diadran ebolr Seeflainihget?’structwré hefohf set
before the kick seek, "~" is the coefficient - a T), "~" is the

coef fi piiekiup "of an épeisdlbaisk dpsikrseek.tracks, the feed shifting
amgunt has no polarity, and the polarity of the offset is "+" in the inner

radi al diregtiqurant2"is andilagren efor ashplathingt iaFlverdsss whichi dge
amount at the kick seek is decided by the follow ng expressions: In the
case ObxkirtledsaBk 4 "déveatbar ofad denk roeta opickapFpon (RftdHefdading.
offsetl) (F = 0, when FO + d(offset2 - offsetl) < 0) In the case of kick
seek in therd4iffed arll ahréi Agalgiraing forFQx%ﬁé:DﬁiﬁQF Pos i¥fiforril )chdnge$.
when FO - ~(offset2 - offsetl) < 0) Next, the functions will be described
wWth rgkepenead at i fpe@Ss8erRNd 9. Figures 8 are diagrans for explaining a
case where the kick seek is perforned in the outer radial direction froma
state wher eFagueREN 46 dQabRansaidr exEIRintngVpositliondiheHaegeseek
in the outer radial direction is ended, in which ~ ~ MpY 2002 30 figure
8(a) shbevwa 2emlsatax Defek esébr.ki ck seek, figure 8(b) shows a state after
kick seek by the reference feed shifting anmount, and figure 8(c) shows a
state afterrligtlresaesk 1y 4 he1berddshigriam i Mt tatifgt Benlelagiy Eomuner al
83 denotes a position of the pickup just before the kick seek starts and
nuner ataBoullaahes a8 fMasd tswDfeinghamouiitliin ustcPitef the teadeiftionsl
ended, and figure 8(a) shows a case where the feed is noved due to the
inertieﬁtﬂcalshqu13ppaﬁatn@the end of feed seek till the start of kick
seek. en acceleration or deceleration of the feed seek is excessive, the

royerment of rijarkeed eaire edbhgramst For R&pliaaeen pFbBlemBeoffeadgeck is
ended. In this case, when kick seek by the reference feed shifting anount

is per§@skefirohha 3Bty wHeresabiedsany dewamiddof the feed is excessive
and the lens 14 is deviated as shown in figure 8(b). On the other hand, in

the optical pilifilkedPRar dres BLE&QFaBIfoe EhplEiinihe b TBRE. offhkilcged
shifting anount F is smaller than the reference feed shifting amunt FO (0

< F <dddx fhom at Bt whléré sal eealietteabst h@vg@fg# &y Ofh&henBirekdp o3 as
or a

shown in figure 8(c). The sanme thing can be sai case where the kick

seek ifediferdOered in the inner radial direction froma state where the feed
seek in the inner radial direction is ended.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Figure 1 is a block diagram illustrating a means for



Figures 9 are diagrams for explaining a case where kick seek is perfg iy 2002
inthe inner radial direction froma state where a novenent due to the

“inertia remains even after feed 0 6 MAY TO0O2 31 seek in the outer radial

direction is ended, in which figure 9(q% shows a state before kick seek,
figure 9(b) shows a state after kick séek by the reference feed shifting

" amount, and figure 9(c) shows a state after kick seek by the feed shifting
anount. In the figure, nuneral 93 denotes a position of the pickup just
before the kick seek starts and nuneral 95 denotes a position of the pickup
just after the feed sgek.is.ended, and figure 9(a ho case where. the
foed | SASHAF AT (5 TREY RESTEI e, Sty OF 2B PRECie Shk RPPAERtLdek
till the start of the kick seek. J.n a cas ere _the novenent, of the_feed
Fermi ndoEOTnd 8 (3 oL bosh SAbad it Gof thElBresented TR ok TBok by
the reference feed shiftipg_ anount is perforpmed, the _anmpunt of feed
movermeAfed Fd FF & M UMSF L2 1aAENOTES & REfckickzgeek PEitS¢tanount cancel
each other and the lens 14 is deviated according to the anmount of novenent
of theCReFRLBFing mMRARS ckokesRIcHd aldith 3 ofE8eE ofpp lons RetRrer
hand, in the optical disk apparatus according to the third enbodi nent, the
feed skiifki f§eXnotmeral Radgaptesam thick feekndireetdoghijuddigndnount FO
(O < FO< F). Thus, the lens 14 is located at the center of the pickup 13
as shomgaps fogudadying ahdizgation @f dukrlheseekd pamgredsd Wenatespea
kick seek is perforned in the outer radial direction froma state where
feed seempepsaldomamounti aalgnlasiingn meansmdier ealdudetiibad tdimve, the
optical disk apparatus according 0 6 MAY 2002 32 to the third enbodi nent
of Yt heamauaht pPéncoxpansation ofecd Feferenrerfired shifhingagimowit i hendens
of fset just before kick seek starts, the |lens offset just after the end of
f eed sewkebalofedenotidsla stekd shéftiingctampuntf edkbcklakipgehneans tfer
nunber of tracks on an optical disk by which the lens is noved by the kick
seek, aaticuldtingathey amyunttdf aceubisyidilkey amivementi of anfeed, rand
concurrence wth the kick seek. Therefore, the lens is |ocated at the

cent erthesehargodmpigmented byckaoftwhrer omha ORIk seek even when the
novenent of feed seek renmmins as the inertia, whereby subsequent tracking
can be perfdrnemberaplfi-kikk+seek-tnacke cptlicodlatdinnk meansaBuandceor di ng
to the third enbodi nent of the invention, the absolute value of the
conpersef¢venceviieed shifitiing amemntheadbudlakting memnsf5t kB tbker ence
feed shifting anount. Therefore, the | ens does not nove in a direction
opposieptical hdiskr appagatofs taecprdikng kovémentt iatstt hemkodkmentk axed t he
relative velocity between the |l ens and the pickup is reduced, thereby

real i Zthe) swme asabheser sistioned Aoy t hhe, samet e fenence naBerapgadiat dhe
according to the third enbodi rent of the invention, the conpensation

coef f iaanrrntiionat epktdgiadt idbislkfapperabugensati on anount is proportiona
to the nunber of kick seek tracks. Therefore, when the nunber of kick seek
t‘écks is dimstt, abllet ppeg@dkiagperill obei degomtibedad, the feed shifting
anount is adjusted according to 0 6 MAY 2002 33 the number of kick seek
tracks, so dust hebHeouei kickorseeals @kares of thiekepmeekidilsaeskisefifsgtt he
subsidiary novenent of the feed |arger than the | ens deviation by the kick
seek madawdikioty meanbt ingeaaeines datdl eft thekigugntity 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



APPLI CABI LI TY I N | NDUSTRY As descri bed above, the optical disk app%rgtMRY 2002
according to ;~ the present invention is suited to perform stabl e tracking.

0 6 MAY 2002 34 CLAIMS 1. An optical disk apparatus which subsidiarily

noves a feed at kick seek when data is r%ad froman arbitrary position on

an optical disk surface, thereby perfor@ing a tracking control, conprising:

a pre-kick-seek offset calculating neans for calculating ~ an offset of a

| ens on the basis of a position of the lens in a pickup just before the

kick seek starts; a kick seek direction judgi ng neans for judgi ng whether a

di rect | SAGAT REEEFLSETCn Tuf S® PostE bicaftg it o YoR| hoR the

| ens just before the, kick _seek starts; a nunber-of-Kkick-seek-tracks

cal cul atPRgSe RS ¥HtoRaPEUERS AgThel hundRe BREPHESKSISh SRt dRedaregidt

by which the lens is npved by the kick seek; -.~ ~ a reference feed

shi fti n§Pakb@nhtteed SRhAEFARIBRRI Y CakFelabinggmeanst &en@n i@ kheEi ng

anount on the basis of the nunber of tracks cal cul ated by the .

nunber - BRDRi c st lbef@ER sthEl kilck isRekeakrrta, cbhge Madmbesr affirkie k-

cal cul ating nmeans for cal culating a conpensation anmount by multiplying the

of f set seekuitaasksycakeulating 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

:T) 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

'i) 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



pre-ki ck-seek offset cal cul ating means by a conpensation coeffi ci eng;ﬁs@m 2007
feed shifting amount cal cul ati ng neans for adding the 0 6 MAY 20U,
" conpensation anount and the reference feed shifting anount when the
direction is judged to be the inner radial direction by the kick seek
di rection judgi ng neans, and subtractiﬁé t he conpensati on anmount fromthe
" reference feed shifting anount when it is judged to be the outer radial
direction, thereby calculating a feed shifting anount; and a control neans
for subsidiarily noving the feed by the feed shifting anount in concurrence
with the kick seek. 2. An optical disk apparatus which subsidiarily noves a
f eed apukpgttastl@aswn@n data is read froman arbitrary position on an
optical disk surface, thereby performng a tracking control, conprising: a
nunber - of - f dxerafkee ; agksumdnguititaitng' Meais the feledulsitiiffgindieamoubty of
tracks on an optical disk by which a lens is noved by feed seek before the
ki ck s8BR" dskitlle see=kerencet feed sdgifitgingaamoant ,| dddfifisettheishethea
direction of the kick seek is an inner radial direction or an outer radial
directbgfisett beFdiasileiok 8eel!rent " pesi then cUuE fid peget (lposiytrn of 't he
Lens just before the kick seek starts; a nunber-of-Kkick-seek-tracks
cal cul asi npemeart fimient culeri 4g the mumissr obftkaeks seekartraik<Al tiesk
by which the lens is noved by the kick seek; a reference feed shifting
anount fealicBhdlfitighgreansuhor has! aul %Ul&iﬂ:}fﬁfﬂi@nﬁﬁef pedagtityl id® eweunt
on the basis of 0 6 MAY 2002 36 the nunber of tracks cal cul ated by the

nunberopfsktclisseale timckheCahfgkarhdd aledlixedt EOAPEAGANLON HTRINY
cal cul ating neans for cal culating a conpensation anmount by mnultiplying the

nudberogfetr 2aksagalait@tegdohy the meelelsHaftdpeg- sRekntr aekkieH @hak i ng
means by a conpensation coefficient; a feed shifting anmount cal cul ating

means {§rqaddied e tHUENERSal odsaBDwhblandby tie r £bB18WEAgl eed shifting

anount when
expressions:

In the case of kick seek in the inner radial direction
F = FO +aoffset (F = 0, when F0 +aoffset < 0)
In the case of kick seek in the outer radial direction
F = FO -aoffset (F = 0, when F0 -aoffset < 0)
Next, the functions will be described with reference to
figures 2 and 3.

i) Figures 2 are diagrams for explaining a case where kick
seek is performgd in the outer radial direction from a state
where the lens is deviated in the inner radial direction, in
which fiqure 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



the direction is judged to be the inner radial direction by the kic& S$ﬁ§

direction judgi ng neans, and subtracting the conpensati on anount fr t] 2002

" reference feed shifting amount when it is judged to be the outer radial

direction, thereby calculating a feed shifting anount; and a control neans

_for subsidiarily noving the feed by thelfeed shifting amount in concurrence
with the kick seek. 3. An optical disk apparatus which subsidiarily noves a

feed at kick seek when data is read froman arbitrary position on an

optical disk surface, thereby performng a tracking control, conprising: a

post - feed-seek offset cal culating neans for calculating an offset of a |lens

on the WR4rE &ﬁafﬁkﬁ#%?%ﬂdoPntﬁgel@ﬁ§ﬁﬁ1Q£[ﬁhﬁupumber afft &kickn smelkof

feed seek before the kick seek; a pre-kick-seek offset cal culating neans

for cal BGREKBng the slevbatient pé tdes lems: Het bksisobf athalfjosiltimimatedhe

| ens 0 6 MAY 2002 37 in the pickup just before the kick seek starts; a

ki ck sea& @hewst iion figireg2 (bans for thedgiptgicdiet dbskaapgpagattiugn of the
kick seek is an inner radial direction or an outer radial direction on the

basi s ofc@ordingntopddie i Dirshdembbdigentposiid ofeed sherteng awshurel®re
the kick seek starts; a nunber-of-kick-seek-tracks cal cul ati ng neans for

cal cul at$ ngmahéeruniham dfhe reekerencenfepti edlifdiing bam@bhehFbhg ol &nsr is
noved by the kick seek; a reference feed shifting anount cal cul ati ng nmeans

for calEQ) atiAgcartdhelanceliecanstntt bBgtABDURINO dVeEmdREi #ith e gugber
of tracks cal cul ated by the nunber-of-kick-seek tracks cal cul ati ng neans;
to the feed shifting amount of kick seek is large, whereby the
ff) lens 14 is located at the center of the pickup 13 as shown in
figure 2(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 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

i) 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



a conpensati on anount cal cul ating neans for calculating a conpensat'gn AY 2002
anmount by multiplying a difference between the offset cal cul ated th h@
pre- ki ck-seek offset calculating neans and the offset cal cul ated by the
post - f eed-seek offset t~~ cal culating neans, by a conpensation coefficient;
a feed shifting amount cal cul ating nmean4? for addi ng the conpensation anDunt
" and the reference feed shifting anount when the direction is judged to be
the inner radial direction by the kick seek direction judgi ng nmeans, and
subtracting the conpensation amount fromthe reference feed shifting anount
when it is judged to be the outer radial direction, thereby calculating a
f eed sWhlf%Qﬂﬁnﬁmﬁﬂﬂtaﬁjkf(iﬁi€%¥ ﬁhéﬁsth@'Eﬁﬂﬁﬁ&ﬂ@ﬁlf?eﬂnehngﬁﬂﬂgfeed
by the 0 6 MAY 2002 38 feed shifting amount in concurrence with the kick
seek. amdurt obli (8l <diFdk afbar atThuss Hbei Aeas ddamys cfoChtedsat thes,
wherein an absol ute val ue of the conpensation anount is snaller than an
absol uteentexieo Hf thiee pickaperck: d2eshewWnf tinnd igument3 (&) . ThEhepsamal di sk
apparatus as defined in any of Clains 1 to 3, wherein the conpensation
coef f i dileirig icaprbeosaidnalf teo cdse ruhbee thet kidks sedlcuisit pdriiprimeel in
nunber - of - ki ck- seek-tracks cal cul ati ng neans.
. AF. A@EWEY . Are¥. AhdAall. Aifrektioh Af¥omAa. StAts] where\Mhe\ 1énsAll. As
CAA LA CA@ . AY.ASF.A LA L2.AA AR ALLAY. AAAY

3C~6kz He¥ {they't Dh et h¥| ealtea] eaidid Tad takeelenl.ca] cal ca) cal cal Ca] ca] ca]calc
a] cal] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] cTaU] c<a]Jcaljc a'HH% !

As described above, the optical disk apparatus accordlng

i) to the first embodiment of the invention calculates a feed
shifting amount on the basis of the lens offset just before the
start of kick seek, the direction of the kick seek and the
number of tracks on an optical disk by which the lens is moved
at 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, whereby subsequent tracking can be
performed stably.

C) Further, according to the optical disk apparatus of the
first embodiment of the invention, the absolute value of the
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



z1k5t " (i 0 6 MAY 2002

c}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalcalcalc

" aJca]calcalcaljcalc alJca]ca]ca]calc
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A kick seek dJ.rectJ.on 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.
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Next, the operation will be described.

The kick seek direction judging means 2 judges whether the
direction of 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
direction to the feed shifting amount calculating means 6. The
number-of-feed-seek-tracks calculating means 43 calculates the

ff) number of feed seek tracks that 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

E:) 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
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
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feed seek tracks, and outputs the calculated 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

ft) 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

i:) 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 + B 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 - B track < 0)

Next, the functions will be described with reference to

figures 5 and 6.
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seek is performed in the outer radial direction from a 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
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

i) 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
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In a case where the movement of the feed remains as the
inertia even after the feed seek is ended, when the kick seek
by the reference feed shifting amount is performed, the amount
of feed movement caused by 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 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 FO (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

:) 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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Further, in the optical disk apparatus according to the
second 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 along which the
pickup moves at tﬁe 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

'2) 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

f) 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

i) 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-
copverts'the data, thereby calculating an offset before the

1
kick seek, and outputs the calculated offset to the

compensation amount calculating means 4. Simultaneously, the
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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

'T) 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

i:) 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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the case of kick seek in the outer periphery 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, "offsetl" is the offset after the feed seek, "offset2"

:) is the offset before the kick seek, "0" is the coefficient (O
= ET), "&€" 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)
{i) - 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
figures 8 and 9.
Figures 8 are diagrams for explaining a case where the
kick seek 1is 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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figure 8(a) shows a state before the kick seek, figure 8(b)
shows a state after kick seek by the reference feed shifting
amount, and figure 8(c) shows a state after kick seek by the
feed shifting amount. 1In 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 figure 8(a) shows a case where the feed is

f) 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. 1In 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

i) embodiment, the feed shifting amount F is smaller than the
reference feed shifting amount FO (0 < F < F0). 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. 1In 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

_m) 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

i:) 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
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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.

fa) 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

i) 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

:A) the present invention is suited to perform stable tracking.
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CLAIMS

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;

ﬂ:) 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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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.

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.

i:) 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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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 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 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
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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.

f) 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.



