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OPTI CAL DI SK DRI VE FOCUSI NG APPARATUS BACKGROUND
[ 0001] When reading or witing data to the data side of
w@2@B034a0nvent i onal use of a FES (focus error BCTOO&1004/027950
provi des information that al{ows operation of a
cl osed-1 oop feedback circuit to keep the optica
pi ckup unit (OPU) focused on the data pits defined on
an upper surface of a plastic layer. [0002] However,
emer gi ng technol ogy nakes it possible to wite to the
| abel side of the CD, thereby producing an inmage, text
and/ or graphics. Unfortunately, conventional use of a
FES to focus on the | abel side of the disk is
ineffective. [0003] An initial difficulty in focusing
on the | abel side of the disk is that the FES signa
provides a |l ow signal-to-noise ratio, in part due to
the nature of the nmedia used to cover the |abel side
of the di skopBeaUBBIKDRIVE FOBRUSINGAPRARAPUSE rati o,
conventional use of a FES signal configured in a
cl osed-| oop feedback circuit will not effectively
provi de signals to the cus coil which
result in convergence gﬁﬁ%ﬁ@k@%é& poi nt. [0004JA
sec o0 Vihér wading or wsiting ddt@thEE& gatansidle iofl aaCD, conventional
conventlonal manner is that the OPU |js b|ased at

use ®fHERS docys arret gigpalipyides IRfRERatiR thaf allows @};eerfSaH%n of a
clolggg%oﬁ ‘fé’@dﬁ)%ckté\%uﬁ'té eep 'Thé oEﬁ%ég s ﬁgzg)euﬁlp >:a6c§,|sed on the

ned to focus on data app
data Qltsrdemme{ﬂmnlae uppef sudace ofa@Iamlcdayeerde of the di sk

of TonzblvsF biiySineofchRbly uRekes HbesHE IS WHé to the

ladePCsigienaf Ofhet oD | le@rbb? grodiciddharfliiffage, text and/or graphics.
0005] Addi ti onal I tin f?EIOf the di sk within the

yratplyd pgnve@ntm@i Hgel of arfrlan de dogus eméhe fakst ﬁ@@sofothe disk is
|néﬂ§ﬁ&%5k produce focus errors that tend to appear as a
SImMusoi dal variation once per revolution of the disk.

Si M{OGO3AN indtiap dificuity ih iecubisk on tealatsel kitlpust terdisisis that the
varj atio

FESSIBRLPIORS UPHHIETae 9% 681G dh sk 8o G nature of the
g Ciment i
ratiayegmnventional use of a FES signal configured in a closed-loop feedback
circuit will not effectively provide signals to the actuator focus coil which result in
convergence on the focal point.

[0004] A second difficulty in using the FES signal in a conventional manner
is that the OPU is biased at rest to focus at a distance further than the surface of
the label side of the disk. This is because the OPU is designed to focus on data
pits defined approximately 1.2 mm from the surface of the data side of the disk.
Thus, a DC offset must be found to result in movement of the actuator away from
the disk surface when focusing on the label side of the disk.

[0005] Additionally, tilting of the disk within the optical disk drive and
variances in the thickness of the disk produce focus errors that tend to appear as
a sinusoidal variation once per revolution of the disk. Similarly, warping of the

disk creates focus errors that may appear as a sinusoidal variation twice per
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the | abel side of a disk. [0006] s a result, new and
i nproved systens and net hods of focusing the OPU on
wo b@sloatied si de are needed. SUMVARY [ 0007JA syBCEDS2004/027950
provides a signal to an actugtor within an optical
pi ckup unit of an optical disk drive. n one
i npl ementati on, SUM signal data (an output fromthe
guad sensors typically present in the optical pickup

revollitioh. | SVilrRRATHEErfuEEile rbl@s%obaf@e%baéﬂ cicUR! Lﬂé%g&%'\?urces of

generator processes the SUM signal data fromt
focualgreortcanpiesdli ére muche degradeast perfgirmanaeuwhen nnardingan image to

si gnal. .generator generates a signal to control
th%@gﬁ%ﬂ% g? actuator, wherein the signal is a
f un[ttow]Aefa FedUil, Qfe\ﬂCéntﬁﬁmprml sy8mst 88d Shédibds &SfMocusing
an adaptation coefficient, wherein the adaptation

thec@@“‘@%mfh behpidePsedgadas. at which the error termis
allowed to nodify the prior actuator position. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0008] The foll ow ng
detail ed description ref SUMMARYie acconmpanying

fi the fi , the left
o Wit 8 slkor PR 21 S6naIre' a1 eetustoRighin eR qaticah pickup
unit BE ahedicaNaRkyHVRET Irf bhétlnﬁJ‘Pé}ﬁéhfatloNbSW%"gnél *b%téf(‘é'ﬁ output

reference nunbers are used throu&eg he draw ngs t
fromethe aHed seneers dmicalyys P&ﬁ%ﬁﬂidﬂp ﬂptscal[molam uRiity is Iecorded

it £ sUSAAETR ! Fah R beR SRR Yod (Y SURPLRpaPdata from

thed Sap aabiehiovprogiues aex@smbnaterm mMAlre setuiaédr @dihtﬁtfl gigh#legenerator
forward engi ne contai ned W|th| firmvare of t

gerpraipa AN 10 capiel MAuerient Ohtheaskizip, \)’éh%fﬁ?ﬂ:iﬂg? signal is a
fur{cﬁpljrjc:]f dbor SctlistoR ij Jffth@%r%}tt?ﬁﬂlar‘fﬁ sk adaﬁtatlon coefficient,

ustra i ng exenplary VI Sion the di sk
whpreun athiet gdaptakentanefﬁc[e@r@]mpa'étsg a 4ates ah vithick kthei agoarterm is

all St thoy S BROAL el B! SOERSL ! on of

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following detailed description refers to the accompanying
figures. In the figures, the left-most digit(s) of a reference number identifies the
figure (Fig.) in which the reference number first appears. Moreover, the same
reference numbers are used throughout the drawings to reference like features
and components.

[0009]Fig. 1 is a diagrammatic view of an exemplary implementation of an
optical disk drive.

[0010]Fig. 2 is a block diagram showing an exemplary implementation of a
feed forward engine contained within firmware of the diagrammatic view of the
optical disk drive of Fig. 1.

[0011]Fig. 3 is a view of an optical disk, illustrating exemplary division of
the disk into a plurality of sectors.

[0012]Fig. 4 is a block diagram showing an exemplary implementation of

portions of the feed forward engine.
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portions of the feed forward engine.[0013] Fig. 5is a
flow diagramillustrating an exenplary inplenentation

WO o®8mB4106 opti cs within an optical drive. [O001BEGT/Bsmp04/@7950
is aflowdiagramillustratigg in greater detail a
portion of the flow chart of Fig. 5. [001 ] Fig. 7 is
a diagrammatic view of a quad sensor, illustrating an
i nfocus condition. [001 ] Figs. 8 and 9 are di agrans

si nf0Ck3] Fiy. thas aoflowi diag Fami Mugtratify the efeimg &?ﬁﬁﬁﬂementa’uon
out-qf -focus conditions wherein the opfics

focpgt@@g‘;’fflﬁ:é"&' s @nQpiicelflv@r | rel ative to the focal
I
00! 001 TG B0 RESCRTEL M SPHS ) dheale I8 Ayprign of e
flowehad@ithigl $.er system 100. A di sk 102 having an bel
f 04 t ed tion t
TER 7145 AR oS L2 455 5! ) an -
focae copditidhe notor 108, which is controlled by the

spindl e controller 110. The | aser beam 112 strikes the
coatd9d6ltigeadeand & pee pimgriams ginilaetoothatief bigsk, 102avhich the

ol SEhoGBEIER, UL OLAI 8R4 o b BBt fpd o coss
anditcrcaiﬁr,aielaiiveetotth@fodaypblhﬁ sled motor 120. n a typical

application, the sled notor 120 advances the sled 118,
carrying the laser 116, in incremental steps froma

radi al | y i nner edggmfat e beRRIRIPGIHRN. to a radially
out er ge of the | abel region under the direction of

a si08d7toig: shosrs 3 semeMebat diagrameraticoriewodsfl the d)@«ﬂnplary disk

ot ey SR 150, 98, I0F 122 Rahd o o PRRRSH B 04 1

oneqﬂad t6 positionethedabd|Xidd 06 frl tagany.amhe disk ris %’%Qfééf §y a disk
i s desi &ned to facilitate focusi r;}glesenera

or %fﬁ?‘i”ewogoén SnyhideisgostEgites by thespi coatg@lleraﬂ@ tTh;a laser
bedth 2 JRONGE Fopllh Qhird 02 A1Ad 1EBEHSIBCIRP LF HEYC102 atter

understood wth reference to
pasising thyaudh optissr sych aval behs 13146 'Ef@l‘aseThH 601$t caltie@fby a sled
.S m e use oth the EES

‘l18t g/gial %‘grrﬁg}r}es |@@ar dl% (alrgﬁgon %y e sed motor 120. In a typical

appllcatlon the sled motor 120 advances the sled 118, carrying the laser 116, in
incremental steps from a radially inner edge of the label region, to a radially outer
edge of the label region under the direction of a sled controller 122.

[0018]A laser controller 124 controls the operation of the laser 116 and
associated tracking coils and sensors. In the example of Fig. 1, a quad focus
sensor 126 typically contains four sensors, and is designed to facilitate focusing
generally, in part by sensing the distance between the laser and the disk. The
operation of the quad focus sensors may be understood with reference to Figs.
7—9. In Fig. 7, the four quad sensors, labeled A—D are seen. The output of the
quad sensors may be used to form both the FES (focus error signal) and the
SUM signal. The FES signal is defined: FES = (Va + V) — (Vg + Vp), wherein Va
is the voltage of sensor A, etc. The SUM signal is defined: SUM = Va+Vg+ Ve +
Vb. Reflected light 700 is seen in a generally circular configuration, which implies
that each sensor is similarly affected. Accordingly, the FES signal is
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SUM signal. The FES signal is defined: FES = (V + V)

- (V+ V), wherein Vis the voltage of sensor A etc.
wah@s8sdei gnal is defined: SUM =V + V + Vc +POA/US2004/027950

Reflected Iight 700 is seen ignh a generally circul ar

configuration, which inplies that each sensor is

simlarly affected. Accordingly, the FES signal is4

approximately zero (0) volts. Figs. 8 and 9 illustrate

appm')dhtatswl&e\f@E(OPIV@ItQ he Rigd.| 8cardl d iilfftra®® Gond@dns wherein the

cates optics is in front of, and behind,

ref{qq.‘éeq 895’1 89@;1 HPO “W'I'Qa’@ﬁ Hhatsther opties isoiit freahofr andirhehind, the
foc%?rHH ited The 6@1& 4 r?'é"\ﬁoﬁk %‘@Jf%é“@réfbd biflb§® Sfo‘j% the SUM

An act ocus co I'S con I gure _
sigzmaj usghichhie diptussedlidowo ot astudter focer cdil 6128t ispodmiigured to

er t rther fro the di sk 102. [001 ]
adish e ppliss 15 o Siadboing [EReEF guBrattpaRtscroseietoe sbishgingr from,
theddsk 1dpi ve and controll er system 100. n particul ar,
the controller 130 is configured to execute program
st al@d# Ascanisiiend 30 esyrdrals ribai apsdation fof rtlmv@rxenmy disk drive

arl A sl L5, SHPARDBE g Bl a5 % Hhouren

exseute @r@@dmhlfemeﬁisrsw &s s eontaiveduh ifipwaire t113g.
processoF or. controller 130. The feed forward engi ne

200100201 Fige 2 HHRWHAN PFMPIAP( feechirmprd engine 20, cmlmsbtmay be
defile Bl Y50 Farﬁ QUthfeerts %g%%gl vdﬁﬂf[fprn‘f\ﬁgreb%ﬁ el‘g{ ﬁ%eutlon by

the a tua focus coi control
thac pmcesedr Dheohmehr 130). o'ﬁnd: dsed fdrveard ersgine i200erkceives one or

g IE0 i e ol EE5 R Sl 25 sl o opimnef ol which can be
feomﬂﬂéitﬁé?'ééﬁla&ﬂrféeué? cdR & Ad-{mig. 1) t@’&@nﬁﬁl ﬂ‘]‘égfo%ug W}t@i%r 118,

whi ch describes the angul ar "orientation of the _
opt1@21a¢|eg1d a§swatﬁﬂrﬁasﬁem!dm i €he axenv@amotee(oFfQJwaxq engine 200

i 208 i.s al so
rock TS, BRI TElidhg L5und, SiaRal 2R the” ot TpBlg Bgpeors 126
(Flgn‘lglaadtm adgteathet@@()WVWHMﬂe de@eflbesltﬁ@taﬁymmabmaﬁo@ of the
81 nal 204 _is used to npdify
disk N8 oDty i ppheal dipa B0 AEicn b ol somemRIehentations, a
coéfﬁ&enfr R 268 1482186 p%\ﬁ‘dé@ U @ﬁé‘ﬁ‘?g@ﬁ)%@ﬁpm eAé Wllk be seen in
under st ood by reali zing t
gr%’tﬂerodﬁalltb@lqwdheycqeﬁfdleehwm balpness @t ratalahewh)éh ttHim SUM signal
204 % ‘1%%8 to nr%%lfy a current voltage applied to the actuator focus coil 128.
The value of the Mu input 208 may be more fully understood by realizing that if
the SUM signal is allowed to overly influence a present value of the voltage input
to the actuator coil 128, the actuator coil 128 may swing too wildly and fail to
converge, i.e. focus the laser on the label surface 106 of the disk. In a worst
case situation, if Mu were not used to damp changes brought on by wild swings
in the value of the SUM signal, the focus level may leave the region within which
the SUM signal may be detected; this could cause a complete failure to focus.
However, if the SUM signal is overly suppressed from influencing the present
value of the voltage input to the actuator coil 128, the laser may not respond

quickly enough to changing conditions, and may fail to focus. Accordingly, the
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to the actuator coil 128, the actuator coil 128 nmay
swng too wildly and fail to converge, i.e. focus the

wo a®en3aosn the | abel surface 106 of the di sk. PCHUSZING027950
case situation, if Mt were ngt used to danp changes
brought on by wild swings in the value of the SUM
signal, the focus level may | eave the region within
whi ch the SUM signal nmay be detected; this could cause

valaecsfrifiligtsut 208 sheult bd sslestedave@ing td tHéﬂ@pe%aM application to
nal is overly suppressed fromi an uencing th

res‘gqltggé)ﬁ?p@rafpg@s of the voltage input to theI act uat or

coi t er, d nQu

co aLog(?lzﬁS A Oﬁﬁ?étlll‘?%nsacﬁ?éfcg” ngoélﬁﬁﬁﬁ@t \Hﬂr?é( Y16 W kGured to
detarminala gisgline heltaﬁwlevelffoIVIapphpal]orE&Btm#ﬁmtudthéocus coil 128, to

rest oA e alaa st aciot PoatigRckHd fisuacaRlisecosition. The

actlasdrt 1 28 HG bﬁuhh@f‘érﬁl%ﬁél Q:Prgtlr%f ®dskiBnd ‘?/% &ﬁ”rﬂﬁ)éareﬂect an
basel i ne vol tage | evel for application to the actu

lnhsmsorcdﬁfaullzeﬁag@ applied to ithe s0ilasswihicht maytraﬂed:h the coil being

L Rt L LG R —

thepwstuatanmavwfmc inhesgnt erfefaeﬂt o&@t—lréttt&beal p@'iht def pHHtbecause the
lied to the coil, refl ect the

°Pt&§i ?‘Earenégagn%m feqyis:gn @alpcaﬁ@n a\ﬁtmmme disky e @fgr@st position
of 1RV 8ttuafst 1328r anl!dp fic csherd ?§g§/e;¥|8§lw tob %\é%dtob%het H%k to result in

act uat or_ have an imher ent or at-res
proper focus grarthe bi;slaL&mffaclae1@ﬁt withodt a?(peplldatwlgrtﬁdat@gnal to the

ot BTN e BBl iblpeshda i stathud SasTne voltage, the
applicatiealdf wHigotocthesectiftof B8l Az esalts §5 berdxﬂnﬁfé’l%%ﬁspg of the
focus on the disk surface 1 06 wthout application

optiess] than the spface dPh &f dhe disk 1Qg Aacesdingly, the baseline actuator
NPT N AT N O
casentmq&brlhemamhﬁe fvoltage rescant A€ cmhpOﬁelgt @@l the baefins Soltage
may Jarars A HEGHSN Ghilss, AnGT RAMAfon (@ o Ssin e the disk. Such
an h@ébﬂnﬁ@néﬁﬂ éé’rg@arly%Y&'lordlﬁg' o) ﬁ’l '?édté‘?%soi{ Ihiﬁ §a8Fa%réafunctlon of

the baseline voltage h mponent
therngallandisk erieatpdonaySucirgn d&Ca‘.Ohwm“terrb mllofvstthe kmsglihavoltage

of, the dis
o 38 3kl e 1530 gl o R Sk 14 on e
surfzfceaﬂsO@offlﬂlm@tdlsme &Ven wirpstbaheddisk i©wHpLat W@age%ﬁabed or
an AC. conﬁonent all ows the baseline voltage

otherwise imperfe

[0022]In a first exemplary implementation, the baseline actuator
positioning routine 210 is configured to apply an initial voltage to the actuator coil
128 to move the focal point of the optics 114 away from the disk 102 (Fig. 1) by
an amount calculated to counteract an initial design assumption typically built into
the actuator coil. The design assumption is that the focus point should be inside
the plastic disk 102, to facilitate data reading and writing. However for labeling
the disk, the focus point should be on the disk surface. Accordingly, a baseline
voltage may be estimated to result in movement of the actuator coil 128, and an

associated change in the focal point of the optics 114, which retracts the focal
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to vary the actuator focus coil 128 to maintain the

focus of the optics 4 on the surface 106 of the disk
waogmsoemen where the disk i s warped, wedge-shapedysmn4/027950

otherwi se inperfect. [0022] g a first exenplary

i mpl ement ati on, the baseline actuator positioning

routine 210 is configured t o apply an initial voltage

to the actuator coil 128 to nove the focal point of

poinfi ®yar ia@Fr ravestatlioinof fige dhieknd 8 of khe olpiil:albdisﬁnl 02, thereby
amount calculated to counteract an initia desugn
causiag A fosal pOip toalpe (AapRiPXiMately arithessitrianeot0& of the dikle 102.

e GRFTANTDR. i i UL EIEP BB e
positaninggoatint 240 makgs d-irse \essufrptionathat thegoptiss ™H4ils focused on

i d.b he_disk surface.
2 Agion RN Seah SRR S S aRS 409 @dhecdiokeioas and a second

asd\ftfiplidn ithat™VeiRIYe €hnthe @élE:ﬁ':‘l%EéH t6 %nbvd 2fhe gcﬁjaé ?b]!ﬂt to the

associ ated change in the focal point of the o
surfgee bf the diskt £\ seeoridoimenlponentatign af the paselineapesitioning routine

. ' i ek .of th tical disk 102,
2198k B RS KIS L DS BRHIHRL 91k Dang actuater
positioning reutifie2¢0 19 Configirbd @ movéQRe dpiRd3] W ralEN @ full range

first exenplary inplenentation of the baseline

of fReiss il 6nifrRIn rfetesing toaonemkée facysingttoastainpwayn Thetbaseline
Los A i . ) ' ent .

sl eropbatinf RpRE 550 97 conBlls T KB YF ALy, gon 26

thragghu tipis irangé hrdrementdilyage d ton r@@ofrda*]aiu%jﬁ%iged from O‘lche SUM.

he f . [ t he. t sk. secon .

Upbfeshiatiof 9% e, eBplitiohett B Sias & sRitages dadhadauaor coil

128 SaBfRANehiert BEtHESRCOE oPRIcRC e MARAGH €%rﬁietso°f-théf UM signal is

basel i ne actuator positioning routine 21 _
recesifd. gUhésl valyenay henheseipmasstal bave masuiedawheh| theaoiizs was

op ey ALY s AR OAYS IR0 ERBGRSPlieh H RS P BSsiion o
thedilicsamayp beitgheress the Isdsadiridwolagjeuat or coil 128

t hr is range incrementally, and to record val ues
obt &%%Q&AP?@#PYGQ , uLAneglosoREnascHEReiey within the operation of
: : _ I .
neRRAGRIOS Sl DTRG0 A08RB Ack B TELAGa imo
themactuaior Vatue afil then®ul! shgnaptics 1&¢oudild thdh8EIM signal is

oo BB 785 B el e AR ok, PGS st
appieatidn of fdrémentah vbikyera® tHetActBbtor coil 128. This DC voltage level
may be used as the baseline voltage level.

[0025]Note that different sectors of the disk may be assigned a different
baseline voltage, if desired. For example, the second implementation of the
baseline positioning routine 210 described above could be implemented
separately for each sector arbitrarily defined on the optical disk 102. Accordingly,
the baseline voltage may include an alternating current component.

[0026] The feed forward engine 200 may create a SUM value table 212.
An exemplary SUM value table contains values of the SUM signal for each sector
of the disk 102, and for movement of the actuator in both directions (i.e. toward

the disk and away from the disk) from the baseline position. Detail of an
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the optics may be taken as the baseline voltage.

[0024] Al ternatively, to cancel sone inaccuracies
waowdokiossidhie operation of the actuator focus coPCT/LIZBN4/027950

DC voltage may again be stepped increnentally into the

actuator focus coil to nove the optics 114 until the

SUM signal is approximately 75% (nore or |ess) of the

maxi mum recorded during the first application of
exehifiagN8UMItablel 24®6s deeri e Pattleat obeloo.| Tafe Thil®WICmMany

voltaﬂe | evel may be used as t.he b se{%ne voltag b f
specifige|thal e der RHEF@S?ﬁan Hivsiratign (ol 1o5 XapPle, Angy nyymber o

S v inin

secf ¥ B AT SRR, IRTE CoukF RASIV B AR while mertaining
conbiseridynaith othiet camsepgs nlhlﬂtratedmﬁlmé@r&y i eeddmatsodeand §i @re for

Sy B RPAAD SERRER el S S AP a8 Sty

colltRRE D! Y 3%&@9&3 re_lap{ad:éwwmea alhghd telunmt togtating éng difference
conmponent. [0026] The feed forward engine 200 may

of the &ao sokinmse/a GRuMAL wakies mmﬁISe%wmn&ya 4eR)- vaI ue
tabl e contains val ues of the SUM signal for each
secf&BLglthe dISk 102, and for novenent o f the
-actbat-or—tn—both—h erllUIIt‘ (IT toward—the di sk and

fre di sk) Aw Q)mtl'e tine positi @eturket ai |

anexenmplary SUM t abl’'e 212 | s seenihFable1,

bel ow. | Tabl e shows ny g ?I ycs that are E

pur pose¢s of 11'ljustration oﬁly, exanmpl e, fze nunber
of sectors defjined and,saml e en coul d eagi | yqbe
changed whi | &“npi nt ai %izng go st‘?%ncy Mt h tﬁlé ¥

T el

' . |Si , 3
coul o be repfdcbd w th'a s 'ﬁ&fﬁ%ml cont g The
2 wal
Ezéoe B “Touard Aty 2

difference of the two gol um

mi nusd ¢ol um 3 val uesY? TABL

IR R o ¢ [T T
7 X7 Y7 300—324 325—349
8 X8 Y8 350—374 375—399

[0027] Briefly, Table 1 illustrates data associated with a disk having eight
sectors (note the eight rows in the table). Referring briefly to Fig. 3, it can be
seen that, for purposes of illustration only, eight sectors 302—316 are present in
the disk 102. Columns 2 and 3 list numbers representing the sum of the SUM
signal as a given sector passed by the quad focus sensor 126 (Fig. 1). (Recall
that the SUM signal is so named due to the fact that the output of the quad
optical sensors are combined to form the SUM signal.) The totaled values of the
SUM signal in column 2 resulted when the actuator moved the focal point toward
the disk from the baseline location; the totaled values of the SUM signal in
column 3 resulted when the actuator moved the focal point away from the disk.

Columns 4 and 5 indicate that where the disk is sampled 400 fimes per revolution
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4 X4 Y4 150- 174 175-199 5 X5 Y5 200-224 225-249 6 X6

Y6 250- 274 275-299 7 X7 Y7 300- 324 325-349 8 X8 Y8
WRa®s5/03fde 375- 399 [0027] Briefly, Table 1 ill uBCT/EHSE®E4/027950

data associated with a di sk ghavi ng ei ght sectors (note

the eight rows in the table). Referring briefly to

Fig. 3, it can be seen that, for purposes of

illustration only, eight sectors 302-316 are present

(i.6. thé BRIMistdhal @2 reda04 00T p%ﬁd‘e%olu%h[) TNeHHABIES are actually made

representing the sumof the SUM signal as a given
oneds Brdigaisdda auTR&- qhadhe saurspke lomg@e@m 9. calymn 5 pass

thet 8868, fetletftc hBlebled b Ben, . RRT ol EBnkfor Ry to the

baselinei pesitidro f or m the SUM si ggal ) I-I-P:dt\%ithLe?h\e/al ues
actt@?@ﬂ% erﬂ’i‘@"f sﬁib“S&q@r fosiier §eDRerSI 126 fan be better

un@é‘t@td&ﬁ@' bﬂ@fN/ %@Pﬁr@“ﬁo ltlpe4t qt'ﬁé inlhﬂaé&%%rgﬁ ZBE@&%ﬁngly seen

in colum resul e actuator J
in Flge 11) @cffaltyrp.i@ailu oatm@l sensaist wbuch\ $ﬁ$pcm§j tmasrezmeamn ®f the laser

o 21 00 20 T80 g oo

126.eA0l eNarapihary sumb@aaM@o Me@h Ity tlﬁ@@f h@Bf ¥oR204 in Fig. 4. The
indicated in colum 4. sanpl e [ocati ons seen in

SUbbsighal 55 BaEs Whese d@%@pgefhéaﬂs—m ygnPUiteol tpougk efs the optics
mob@ﬁhﬁ?%c&hgb@‘%l#ﬂtsﬁ ndl YdtoRr=4 ]fbc}%}ﬁ/eb Zﬁté g@%ts the SUM signal

position peration o
408 és dor lustratién maypaeeshenlypa nmmleSbll\bcsmbrw voouldf by colnsiderably
ref 126 . -
vl B S i S PRl ESud e o it
val[lé§ F!ﬁlnﬂn tAte. D ebhestdronoef TiHee dl@ﬁﬁrvélu%‘tof]{%e §Uﬁ/l %HMaI are

nal 204 is a summation of the outBut of

suit frsngerdion Aptoes@wphad/arsUi of tead M)@aIL@ ’@b&nZﬂZ as will be
seév\rﬂeFir tgfh%elllg)f t(ﬁgéu%%é fhrghé? gntg {esgfhe% E Cﬁrsrgr %gn} g%nera?on

opt [Oﬂa9]r'ﬁalelel hillustratassexehfiga FURbATS of Bies SUM table 212, which
te that {the SUM signal 400 is for

remrds%élxb& dgi JoF psSed @anprating cald &IRN deEalandowtimately, for
gertétafihg Hh&ltuator control signal 202 for consumption by the actuator focus

coil 128. The first column of Table 1 indicates that each row in Table 1 provides
information on one of the eight sectors of the disk 102. Recall that the eight
sectors 302—316, illustrated in Fig. 3, were arbitrarily formed, and that an
alternative number of sectors could be used.

[0030] Column 2 of Table 1 provides values X1—X8 which represent the
summation of the SUM signal values takenn while within the indicated sector (j.e.
while that sector of the disk rotated by the quad focus sensors 126), while the
actuator is adjusting the optics 114 to move the focal point toward the disk (i.e.
while the focal point is being moved frorn the baseline location in a direction
toward the disk). Similarly, column 3 of Table 1 provides values Y1—Y8 for the
summation of the SUM signal values takken while within the indicated sector,
while the actuator 128 moves the optics away from the disk. Column 2 may be

associated with measurements of the SUM signal associated with a first
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noi sier. The SUMsignal is originally analog, but is

typically converted into digital values by an A-to-D
w@oemwses41ie6 402. The digital values of the SUM BECTDS2004/027950

are suitable for insertion igto colums 2 and 3 of the

SUM val ue table 212, as wll be seen. Fig. 4 will be

di scussed further, with respect to error term

generation. [0029] Table 1 illustrates exenplary

revoRitictndsthef diskewild/cbRire 32wy MRizERoERE QﬁtthH%Q@Itéi‘nents of

for use in generatlnlgian error term and ultimatel

ther g signeh ersepiated W aaaemor@bmmncm ghtlle disk. fopt'\c/a that while
colglgf}%“nn Or*oo.?aaz%%ﬁéélﬁese ga g;lt | ?1[6? eag:g%élliylggc%sgggb% k%ep these

colpmmns. ddssﬁeaﬂ,orthmtdommmhrﬂ @haiﬁoéam I‘% emg’fédlal%qg gééplg@eél with the
. R [ | at the eight sectors

difefnss P theEOIHmE 2 S 3 ertiey PHien (ers e, 3 Jafe becomes

avz%llé%‘le anpaldigrgkicys Iﬁtéi’bﬁﬁecﬁlffégé‘r{dér Pefied CBﬁ"éHﬁﬁ% and 3 is

030] Col um 2 of Tab provi des val ues X
repreperigiive af hibesarasdientoel tie tSdMVbloure: dret Rigl s anak érerefore

t jcated sector (i.e. while that
repfg%%@?{ﬁ%% ﬁg‘%‘f%}e tated by the quad focus sensors
126j003MAL ewillhbe agdarair gréaterdi el Bélot/\heth@piélétﬁ/edf stzé of the
e the focal paint toward the disk (i

ile
Va'f%%/ & COlgMts 2 §n%é‘q 'H@lcmbefh%mw@m@awwafd th@@hﬁk (mlumn 2)

o ey ARSI !Byl 1 B R a1,

Accoreirglipm mggn/aluaaafqnetbe tsakematibn| &f thiet BUM slynal sdimpésedeen in
B8, e o0y B B AL S o v
actﬁﬁ&ﬁlﬁr@n@ﬁéﬁpcﬁﬁt ﬁ)Wélr@WM éisﬂkn ai‘:mﬂfa?ﬂ/c hfﬁhe\‘?al%é 'Foﬁgne summation

firstrevol ution of di s l'e’¢olum 3 mma
of ﬁ@sﬁ@%ﬁ@@%ﬁ@lﬁplﬁ@a@mlﬂml&lm 3t\N@U|SUWlﬂag€nmat the focus point

waf RABRORHY el o SeRRo% BT o B lial 1B e 4855

act [OEﬂISIZYCDmemara/nd ) |h6f€:@té lthae thsreuanes400 ré;%\hﬁ:ﬂd loéélﬁ)ns on
ta can he ely replaced with 't

thep ape AL B\ REREtER BT im QMNIEEATSIcemg thintatal 5 sample
Iocéﬁéh’é“ﬁss?bdi éﬂ"mﬁﬁlcé’éﬁﬁ‘s Y6 éﬂg’ésmlpﬁgd Qé g%ﬁo@&?g of the total 50

[ater, t he di fference et ween co

sampler losations associsted véthgeacth sectarfare ot Saipled viestesek as these
sarpa%n%oc%ﬂons passhgy ?Ifleo E:]ﬁacri ?858&‘? %%tngg)lrsv ?28 fasttp\% cﬁélg %2 turns, the
actuator 128 is allowed to return the optics 114 to the baseline position, prior to
the sampling the SUM signal in 25 locations on the next sector. Thus, column 4
indicates sample locations wherein samples are taken; column 5 indicates
sample locations that are not used, and wherein the actuator 128 and optics 114
allowed to return to the baseline position. Note that the information in columns 4
and 3 is exemplary and instructive in nature, and that the actual table 212 may
not have this information.

[0033]Referring again to Fig. 2, the error term generator 214 is configured
to use values from the SUM value table to create an error term 406 (Fig. 4). As
seen in Fig. 4, the X and Y values for a given sector are removed from the table

212 at 406. The error term generator 214 includes a statement, procedure or
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[0031]As will be seen in greater detail below the
relative size of the values in colums 2 and 3

w0 padso34166 whet her novenent toward the di sk ( coPCnESAP4/027950
or away from di sk (colum 3}gi nproves the focus of the
optics 11 - 16. Accordingly, high values for the
sunmmati on of the SUM signal sanples seen in colum 2
woul d indicate that the focus point was inproved by

cod@Wh@emhme&foel@fn@é xamnd Yaeakbapilatedt W%ﬁ%lﬁ@@ulﬂh%‘in the error
mlarly, h val ues for the sumation o

terg] @%I %%ﬁ%% eloy fhe erecs) tarm mayde eallediEkat Notenthat the error
tergﬂﬁ ihRAHEdRE! Lrl‘ée Wakin' ltg’fe%}ﬁgﬂl\pé( s r{‘%lb%gfat%&t un%tgefr jJy defining

focal point away e di's
maogi@ gebtars ondhe diskh and trhereeromsd n4ibe Slawptablé, cabaiviep geaier control

t di sk éan arbltrgllg%/pselected nunber). Only the
ovqer- gter%r 'fmtn?@”i’%f’ 'sanpl e | ocati ons associ at ed
t ! almglh ffsst i?ﬁpléhﬁsrﬁé‘ﬁﬂﬂse%e E‘&?fa%@c'm@ofzﬁl isk h1‘@)2 is labeled

sanpl e 1 ocations associated wth each sector
by apelying agdmsagedo a geties@f angulusesei.eadphet-shapead egions on the

s RIS 5, SFORES 28 oo hlal of e o

Accqnﬁlr[g#y 4upcm tobmma&&'l loﬁe)rieoamhumls the i SUM @bil®e214 is updated,

SU@ in 25 Iocatl ons on the_ next
theé%&f GF‘a calcy F'Bﬁr? @ PR velide Jos Higeror Eﬁfﬂiu%‘ﬁs When a new

Ilﬁ@%?'tﬂ S@m 5 NanC tes,
v | ocati o(nas that?ecrg?ésergg?éﬁﬁsg QHHQB\AEI .ﬂ?ﬂr’]&'?ﬁ act uabg may be
applizs! tna fophercannulas lobeel sudacet 10610f the Hiskbta2:| iThess, the SUM

oRE3Sh T B TR B e e e
incAsdsig) nidvehtert by thaysiegt M@dtIBSér 16 Fromithe bentélOSBihe disk

Ref erri ng gtgalnto Fig , the error term generator
10214The "&t@ﬁﬁlngef te taéeuy\é” baveide e turned dmunvastheeSUM values
r t 4
o Blea 558, BB e LR T sy BB sum
dataermved fromthe table 212 at 406. The error term

|ncI udes a statenment, procedure orl0
0o dDORTAR 5 taiEr gPniak Sade semnerarr P45 aanarisscle signal 202
apﬂlfé%lrt%bc)iera%%&tbf fHeusedilneee rlﬁ% ﬁ?é@@%@ﬁp@l&??ﬂ? output of the

elow, the error termmy b te th
Slg@alrgﬂnQFQTQhZ’@ isnlypicalyl af@lgltals\eakuet mihich iss coresréad toran analog

sngﬁglc\'}lgr Iﬁ!{@ (HBﬁ& Poy aﬁal%'gtcgo%/'elryerfj?or courﬁlng to the actuator focus
coil 128.

[0036] The actuator control signal generator 216 may be configured in a
number of ways. In a first embodiment, a coefficient generator 218 is configured
to generate coefficients for a Fourier series and a Fourier subroutine 220 is
configured to utilize the coefficients generated to generate the signal for
application to the actuator focus coil. For example, where a Fourier series having
five terms is used, five coefficients could be generated according to:

[0037]AO(new) = AO(old) + (DCO * Ek * Mu);

[0038]A1(new) = A1(old) + (QS1 * Ek * Mu);

[0039] B1(new) = B1(old) + (QC1 * Ek * Mu);

[0040]A2(new) = A2(old) + (QS2 * Ek * Mu); and
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nore sectors on the disk, and nore rows in the SUM

tabl e, above, greater control over the error term nay
wheoshsained. [0034] n nost inplenentations, tRET/US2004/027950

surface 106 of the disk 102 44s | abel ed by applylng an

i mge to a series of annul uses I . e. donut-shaped

regions on the disk. This is beneficial since the

error may be a function of the radius of the disk.

Acc F(mhq B'ZYneMIQ:O B2t o ek ’OIOI%? annul us, the SUM

tab 4 I's updated, thereby enabling cal cuI ation of
a nfP42]The almvet euatiansr prostice Tie. nQWetmeifmemtsvéé geAO(new))

o LS AR R, PRSP oD ne
impslerfentatic) 6a afevt Ivalué ﬁdﬁ" é@éh Jdéfﬁclehh% %‘dlédlﬁ@ﬁ%@@&lmes per

is updated periodically in response to increasing
reVPﬁ&loéﬂ ofjitae a‘ﬂ%’ésm@r eAS thee cHak i retptasy e @rrasy valbes s B&d would
ch?nngéé%g&?raﬂgft@tt&é Q%ﬁtgg?f Vﬁﬁ a(\% whith @1’ SI?a%tg ié)GCUéFéH‘?Iy focused.
Additiensllj thﬂ wakiesr forotheanisirass oitlial aamnsd (8 Ki thepudie QIC2K would

chgige, B0 B Giataiatt seRtioR orihg Sk e Nokadaat thRdnitial value
of ADIE Bhe BESelmepldIgs chruldisd B?tﬂh@t@ésé‘llﬁélé%tl‘}é’t& g@)gﬁionfﬁgaroutme

21€ract| cal application, the output of the sign

cand Weonitizd galpes fq;p‘h‘t:mBZyar@ ge.tal value, which is

ol SAAInE 2o BaRanS LI o th Pttt biept fiy the non-
sinosbidall 88t térﬂﬂaﬁéﬁwmal Dat aslt ldv@l (BC@ma|T|ﬁ£ﬂ#ﬁ@tNﬁ and Bn

216 be con ured in a nunpe
ex@ﬁﬁ%g‘f?’ﬁﬁﬁtent% &%ﬁoﬁ%ﬁﬁr”&y@n a@weozlyslyy. sT%fmﬁ Pb‘ibﬁé‘@rm QS1

or l@coest&oneoRf '\“1%%? of tR& ?m BOUF | siieTdfefhe B taor second

Fourier subroutine I's configured to utilize
hamoeiit] as mwt@}énﬂn%&dtmmr@aeamihedttbdhs |sg1u§01dajrfunctlon is the

t.h t uat f lLe, .
an Gy a6 Ehef i s S8 (P AR 6 R RLSEL oI o8 Wifin the aisk
drivgeNots ltlﬁ%ﬁttﬁe @ﬂgledofolﬁe%ﬁ@b@tc%éll%?%otyﬁld&ﬂytlﬁultlghed by a scalar,

[ 0037] AQ(new) = old) + (DCO* E
sugmasm) 1. A1 etel gp+thatthe geekiiciems) will have dlfferent frequency For

example, QS1 might be sin(theta), while QC2 might be cos(2 * theta). An
adaptation coefficient, Mu, is related to how fast the error coefficient, Ek, is
allowed to change the value of the new coefficient. For example, Mu impacts
how much change is possible between A1(new) and A1(old).

[0044] A Fourier routine 220 is configured to use the coefficients from the
coefficient generator 218 and the angle of the disk rotation to produce the
actuator control signal 202. The new coefficients may be applied according to
the following:

[0045] Actuator control signal = (A0 * DCO) + (A1 * QS1) + (B1 * QC1) +
(A2 * QS2) + (B2 *QC2)

[0046]In this case QS1 and QC2, for example, are the sine and cosine
values, respectively, for the given value of an angle theta and two times theta,

respectively, for the first and second harmonic, respectively.
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[0039] Bl(new) = Bl(old) + (QC1L * E k * Mi);
[ 0040] A2(new) = A2(old) + (@2 * E k * Mi); andll

W 2®4034182( new) = B2(old) + (QC2 * Ek * Mi). [POHR$00£027950
above equations provide fivegew coefficients (e.g.
AQ(new)) using the five previous old coefficients (e.g
AQ(old)). For exanple, in one inplenentation, a new
val ue for each coefficient is cal cul at ed 400 tinmes per

revedod7 R 8h *aﬁ@rn@'tﬁ% mﬁlerﬁénfaﬁﬁnd' 9’%@2 cBnﬁ'ol signal

error values , ange acco?dlng to Ssec
generatore 246 staro ewimpiamented asmowtscaefflcents pnﬂoauEemher series.

supfl i st e eraliit Mk R afil i SRERLPRgriigmentsd wherein
nofgréaétenined shapedioke fokd ot didifals "B Héﬁﬂed’ aFHPeQJ‘:h bit time,

AOQ s the baseline value cal cul ated by basel i ne
ong it ak 8rsesmsinee dhahgtartsuat ﬁaezn@nt ahabhet Iﬁ%Vq)lHtl@n aff the disk and

ontgl, L8 oot e o T LIS G ROHA B
memoryt Eamhnbit frhthisisedusricelCout bagpdatatby (tlﬁE@ast“ﬁh@n squares
S A TR 555 Rk St g -

Ekcorrespond to a value of the sine or cosine of the
first or second harnonic, as indicated, wherein the
ang[M4ghNptethat the rguationssabdue tenchin work inelltfoelcaverlfeequency

off 450 e B e G 4 e . Lowr

dlsamgine ratestdrel shimplerates tene tbSrets)anllﬁahbﬁomdftth@dcﬁﬁ’atbb’ that is
al ar uch as 1, 2, etc., so that the coefficients

belg treraciatar's fesanant freayeRAYy Hovgavesxtegiesonastfrequgiicy of the
ooty 1880y P 5 T BEnaRkAnd bl Bl (s e
hughlaedskrrpm)camf Iﬁlgbeeaamplékrates ar Haﬂmdhecresbaamefréquncy of the

R e e
to h(adteBtor WPAS Pésﬁﬁll’r'i tey oufﬁﬂt'é&%e@%@j i.8. 68Ut Q\Hﬂ&ﬁjmﬁlpresult in

use the coefficients fromthe coefficient generator
moyegeah @f the oatieg to epnvarge i ia fasehppint. tlo the ma:seeoftthe Fourier

Se@egé %%%%5 %%l{e%lr\tgﬁbﬂn?'thg(gplna—féesﬁeeé% 'i:nc%géecs ? &'\WhereYthe first,
second or third harmonics of the once around are above the first suspension
resonance of the focus actuator (at about 45 Hz) or if higher harmonics are to be
used, then the value of the sine or cosine wave that is multiplied by the Ek * Mu
products will also need to be phase shifted by the value of the response of the
actuator to that input. Such a phase shift of terms within the actuator control
signal will reduce actuator resonance. For example:

[0049] A1(new) = A1(old) + (QS1(theta)* Ek * Mu);

[0050]Where QS1(theta) equals QS1 phase shifted by the phase shift of
the actuator at the frequency of QS1. As seen in the equation above, the phase
of terms within the actuator control signal are shifted to the degree necessary to
compensate for actuator harmonics (e.g. an actuator resonant frequency). This
may be necessary if an angular disk speed of the optical disk drive is sufficiently

high, or the sample rate of the SUM signal is sufficiently high, or some
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the foll ow ng: [0045] Actuator control signal = (AO *

DCO + (Al * Q81) + (Bl * QC1) + (A2 * QB82) + (B2 *
W@RF/030A0616] n this case S1 and QC2, for exanptEBUSHN€027950

the sine and cosine val ues, g5espectively, for the

gi ven val ue of an angle theta and two tines theta,

respectively, for the first and second harnonic,

respectively. 12 [0047] n an alternative

comBRIzAiGR M AoteN Fot BRarmplel! é&@hg{é@{) eﬁ( S?een f( Sprﬁﬁgﬁa fple rates

216 can be inpl emented witho
cod e asseaiatedswitlactegieede avhigindhel acteator @edtrbbsigaatis phase-

shigRll o TE° Hedral o R B S HpiRg " Robld G ekl B to be
detielrmlrted‘r’ey experipdntafiorf.of afib ettt bvailadé S Récd?ﬂfhgly, a table
in tge revol uti on of the di sk and ends when t

COlélf@@SPBl?&ﬁ iskisperd Apmumith 8 Phesa-shid; qftthggﬁtuat@bmmrqiélgnal
t C [ [ e I
ap BT Vol 0 it £ SRR At Py, S
implamentation, tdoamperpation Hor theu bdt r \Neg oeam) ce= maky( bég)?cessary if
ten 0

* Ek. 0048 te.that th t b
thelgamnlehiate FEPaRS 1eBitntve" Sk A ananct o This Ga besdene by
fllté,x?rrniﬁheprkt b&lues skitH Q2digRad ik PhoSaNBY thd HRtse [YRE actuator

spin rates and sanple rates tend to result in
freqggnenesponse befaraadepting each ¥Mike| Byweassing dhe dlovalges through

el RGBT ORIt A 5 SOAARIR BHERRliw =

Witoldy ex giluat: Ekghbe effedts spfeditls  Getuatohirgdemarities kare PBYsentially
‘?ei' EI gher sanple rates. That is, the resonant
canGel§fency of the actuator must be taken into account

at [Um‘jfbﬂ‘i’érsﬁltélﬂbﬂvéﬁwsthe YHesV M rREthoReof 'P\%Hﬁllﬁé’ tﬁ@elssue of

actuator will not result in the output ex
actcatqmuesmmrfre}quelncy@x@ltt Fion examplenthe)Fllmlned (Xoappmabb known

o SERHEIE Bl b SAP2. 0N Ol 558 bl BB i b

utilizegr eases to V\,here the first, second or third
har noni cs of the once around are above the first

susko83l bher dftayvehiase of i f Bcudlustnates o (Aurtheérouexemplary
imp‘}ém'élﬁ}at%rn, 'v&héﬂeﬂ‘h%r mgﬁ{oﬁogbﬁﬁs aéﬁr}lgy&e to focus the optics of an

optical disk drive 100. The elements of the method may be performed by any
desired means, such as by the execution of processor-readable instructions
defined on a processor-readable media, such as a disk, a ROM or other memory
device or by operation of an application specific integrated circuit (ASIC) or other
hardware device. In one implementation, the ROM may contain the firmware 132
of Fig. 1, thereby implementing the feed forwward engine 200 of Fig. 2 according to
a method such as the exemplary method as seen in the flow chart of Fig. 5. In an
alternative implementation, an ASIC may contain logic which implements the feed
forward engine 200. Also, actions described in any block may be performed in
parallel with actions described in other blocks, may occur in an alternate order, or
may be distributed in a manner which associates actions with more than one
other block.
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used, then the value of the sine or cosine wave that
is multiplied by the EK * Mu products wll also need

wo eoobe3qbase shifted by the val ue of the respoPSEUSL004/027950
the actuator to that input. Quch a phase shift of
terms within the actuator control signal will reduce
actuator resonance. For exanple: [0049] 1l(new) =
Al(ol d + (QS1 (theta)* Ek * Mi); [0050] Where

« g GERA A} LRSS G @Ba@?ﬁﬁ@ a%'ﬂjétBﬁg E%‘I't Qgsﬁlhi%sﬁeﬁé}laiéd The

he actuator at the frequency o
baselinee gataitarnceniolesignale vohers eaprdliede tarthaviachiiator Hecus coil 128,

5588, EB8 E8hsBSRho i Bk 16, S BT B rom e

quad fesisisdrors ¢26 Rﬁﬁkbn—fzéﬁﬂu%@YdaseThé%cf@topéoﬁl?&l%?éﬁélhay be
i f an angul ar di sk speed of the optical disk drive'is

gegeree Ined UGN gh wayp. ier exarpple. the BrssexenwlayNmplementation
of Sthgn%%lfﬁes %\Ef‘da eBBE}Y oﬂ‘@’rogﬁnéoﬁés g‘éggﬁgﬁng%‘ba #POOQ/eOfmay be

or exan‘p Spee
utilizatp| Becall #satdo dhat bethmis,omeabasblwd hctaati:ﬁ'gst‘ igealtwas r?nera’ced
act yat o e

[ hi fted.
by G5 RGHs Rt rSde GRIGSata B Sie Abukel Toeadreint b signal
reduireiefofl %b@réétlbﬁdtobﬂﬁeeé‘&ﬁétd]‘eﬁb%'@ ?‘Baw i Hid ﬂfckal point to

avail abl e. Accord a table coul ssocl ate d
thes pastacep i@ taf éhqahg§g 02t diltarhativaly,udher seoand okexemplary

Rl 09 SR G, p AT e

mayri@e atilizeal. o Recal dhatrinehaByn St ode eesHaeYofi \fondg@ss\ﬁa@la%pned to
rate ex eeds tP fre uency of the resonance. This can

the,actyaios T B £l t’fh@ M, siamas Waist moaiteriegl. t Alsignal applied
to fHd Fo%hs'm%to%oﬂ 98' %é@&@teﬁfWWeaBﬁgé éﬁrrna R/%ﬂ}éEgF%e SUM

response before adapting eac ng t
Slgnal was tharmgh either |bryvmnag ﬂ1d signat Ulll‘lla:tt remmltbdfmr’me hl h SUM

BBt & BB oA o B et (21 o
sel@@ﬁ@tas:ﬂtrhe/ bassiif vefagd OQ%Itagehﬁpr?éd % fiﬁé'éb‘%lsmﬁ when the

t he above net hod of handli he i ssue of actuator
SU%§ksﬁahwa$néau@\¢clygb>awvl vatue exanpl e, the Filtered X

?Pg st (oSS TAL BBQ%M%? erl n&%‘%%ﬁ,ﬁ\ﬂgé&ewt IExemplYSry detail

an squar ées
of the SUM table 212 was seen as Table 1, above. In one implementation, the

feed forward engine 200 may be used to write data to the SUM table 212. The
baseline actuator control signal may be applied to the actuator focus coil 128,
thereby moving the optics 114 to focus the laser 112 near the surface 106 of the
disk 102. With the disk rotating, the feed forward engine 200 or other control
procedure applies a signal, which piggybacks on the baseline actuator control
signal and incrementally moves the focal point toward the surface 106 of the disk
102 in discrete steps. As the focal point is moved toward the disk, a first sector of
which is passing by the quad focus sensors 126 which generate the SUM signal,
a number (e.g. 25) of samples of the SUM signal are obtained and totaled. The
number is inserted into the table 212, as seen in the discussion above. The
baseline actuator control signal is then reapplied to the actuator focus coil 128,

and the optics are allowed to return to the baseline focal point. As the disk
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utilized. [0053] The flowchart of Fig. 5 illustrates a
further exenplary inplenentation, wherein a nethod 500

w0 g008/0pdiossed to focus the optics of an opti cal pi/BER2004/027950
drive 100. The el enents of tfa¢ net hod nay be perforned
by any desired nmeans, such as by the execution of
processor-readabl e instructions defined on a
processor-readabl e media, such as a disk, a ROM or

comtirh@ss toaotty, tﬂ\@vsétﬁbndrsd@tbro &%Iﬁa@ﬁér@ fo @fhe ﬁfstaﬁﬁivt-:@%ﬂooé‘ position
sp eCIflﬁ'\@In rated CIrCUIt ASIC% or ot her hardware

adjgegntio t feRHSeRRMROLE 180, antk fmwcmss&fmtatamnmgw@ total of
t
] SRS Refboi o AFAIG WP PAESIE BT 5 GRE paseiine

posmomu, |a$epMedxé‘rqﬁseq;aen&tdwdraaresaamarny dameplet oané kadlumn 2 of
enent at |l on

thei M 8 APl i Pt it B SetpRch BualufgR o e disk 102,
a sﬁtﬂﬂil F@P%@?baeﬁ’(&Pon Qétthé"B’ésé*ﬁﬁé Hchpstor BoRtRYl Qgﬁﬁlk allBYapplied to

ormed in para w th actions descri
theo@ﬁtéﬂ%ﬁ@@!@sco'hﬂg%wbmh inerexmentallgrmaves mejeptlcsaav\myfrom the

sulfid8 B 4 b 122 ARODA oI LA SE 8 B B2 B8y bo e
outa basel i ne actuat or control Si glnal \Mlqs genelrat Sdt T?ﬁ
[ I en a e 0
act (BASBTAT Blo €l [amok0T (e genAraind Yuiedata fost fip SUM
tabﬁé‘fomC' e idartiéhal thBeerbMerrANgh Olpé%é}?% dloﬁktfﬁ% error term
ad f % 'S non- ZGYO ase

ocus sensors 12
gewatcut 214.cohs rasiensimgtlae disyisstony exfethat sttuctare ofutieeerror term

| . .
seiral e, 2Bouf B Ry EGan e 06 GaReSS Dyshtaiping:g difference
of theutbtdl® of i SUMS GaiRRMinaldAINnsNBYNBE3 of Thbked. P%?'Céiédmple an

that in that nethod, the baseline actuator signal was
errefelRiRhPk tETBY agseciated: Witk tha fisshseeter thay becebtaim byfsubtracting

d, f
il 152 S0 35S0 S e 8 5 o
disk o’l:Qﬂ (fiomirnalt irt ccoﬂmansﬁréfa?fablg)ﬁl)ofrotrhehéilt@)kalloﬂihe SUM signal

as St/%l\l? t gtr nat. veI %gettﬁg tf‘g‘? E»Bgl.t %g{g gbknﬂlf@nrgj%aéélgmn .'2f of Table

1). d&S @?Ho‘?@&n@%@‘(/ﬁlué%y c—:%%h YebtdZ&0the Qﬁ‘lnllay} Balsitflafi85iculated
nmet hod, a range of voltages was app
as the difference of the SUM terms.

[0057] At block 508, an actuator control signal 202 is generated using the
error term and other terms. In particular, the actuator control signal 202 may be
generated by the actuator control signal generator 216 of the feed forward engine
200. A number of exemplary, alternative and/or complementary implementations
of the method by which the actuator control signal 202 is generated can be seen
in Fig. 6. In an implementation at block 602, coefficients are generated and a
Fourier series is summed. As seen above, a coefficient generator 216 can
generate coefficients for use in a Fourier series. The Fourier subroutine 220,
using the coefficients and a value for the angle of the disk orientation 206,
determines the actuator control signal 202. This actuator control signal, which has
been updated via the coefficient generator 216, becomes the new baseline signal

for the next adaptation cycle.
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t he actuator focus coil 128 and the SUM signal was

nmonitored. A signal applied to the focus actuator coil
waz@sasgoci ated with a near optimal val ue of tPET/B8i#v04/027950

signal was obtained, either fgy using the signal that

resulted in the high SUM val ue recorded, or by

steppi ng the voltage applied to the actuator coil 128

and sel ecting, as the baseline voltage, a voltage

app[oeB8] i ahheptipial |rﬁ%ﬁarﬁéﬁ!étlbhese°éﬂ\/|n$'b%&(l 6DASWRBA the spin-
t he hi gh SUM val ue. t block 504, data i's

ratgrafithe lisko isahigbngnauy etozmere@wvﬁh they sdepersionfesanance of the

s B B3, 5 e 20 o R e o e

mtemedono Wlstcﬂat@abhlmplerhentah%tw@i; eligdussedhwithasfdrenee to the
ua% or control lied to the actuator

codfiEiaat GEnTTatE 18 RETBAISROLHAR O 0 o atYe: 14 Lo T ocus
t hekd@ﬁrn é#ﬁnﬁ@%pﬂdh%n%Eie@}qeegggn%feehh& ibek Gégog'ueo?ctuator

di sk rotati ng, orward engi ne
conirdlesignal igeneratpr 8t@ dan eoa ppplessentedivwjttedut Rahirieh coefficients and

AP e, AGELABE OME bl A oo
scH&ﬁeOéodl@Goéjllmbleh%tE@ dineesiat ﬁo%l%l@l&terﬁﬁné@esﬁdﬁ%a{o the feed

is noved toward the disk, a first sector of
fOI’Wﬁ[Q;ﬁIgprﬂgg@flﬂ@d by the quad focus sensors 126 which

k
o NBARRAINALNE 08, i BISBT0 A inpicy othe ik g pbetect
Withs then dimkt teachingt thet betuamrl eoﬂﬂ:dl sigrak262 is ragpied to the actuator
focls “Salo 12t o R0 o heh dbtiee b kevB.dle 16571 1 {6 adodkiad on the
surFiigs 906 'o?ﬁwé‘&i%kaﬂdzowﬁ%‘léééredégrﬁ 142 |§ﬁﬁ‘eﬁ’%%1°é tcﬁ&eﬁr%éh image

point. As the diskl5 continues to rotate, second
on dbe coatingendberauriecet 1R6.1 iin one lmn}@mehtat@na ﬂpﬁ)snnublﬁ to which

theTnRGE e, PBRIRE ) Wepok bR M Seh e G oo, iy Upon

comptét@h af Iltigau arghulness lﬂbﬂ(ss50¢45ﬂt01@ﬂetl@pbb%d3a31§hé Nslocks are
OSI ti on, is rep, eat ed. Subsequent sectors are

repgaﬁ@ql Hm'lya"b'g?ﬁﬂee'é fulirappligd fmthe Brfagee1eRRf the disks abl e
212&00%&;A11!h89 Uﬁ1] e gdi@gﬁ)@ﬁt%n %a@ekﬁgélftde%grl% I]Eie language

I'S™ prggy ed on ase
speRéifi¢!ad Qtrucipdlr félatlﬁéﬂ aadl/oramdtiRiildEdal Stepilit 36 it MeOinderstood

focus coil 128, which increnmentally noves the optics
thah g/ appemded loaims are not limited to the specific features or steps described.
Rather, the specific features and steps are exemplary forms of implementing this
disclosure. For example, while actions described in blocks of the flow diagrams
may be performed in parallel with actions described in other blocks, the actions
may occur in an alternate order, or may be distributed in a manner which
associates actions with more than one other block. And further, while elements of
the methods disclosed are intended to be performed in any desired manner, it is
anticipated that computer- or processor-readable instructions, performed by a

computer and/or processor, typically located within a firmware 132, reading from

a computer- or processor-readable media, such as a ROM, disk or CD ROM,



surface 106 of the disk 102. Accordingly, colum 3 of
the table 212 nmay be filled out. [0056] At bl ock 506,
w@poossane termi s generated using data from t heCBUR2004/027950
table 212. n particular, theqerror term may be
generated by the error termgenerator 214. As seen in
the di scussion of the structure of the error term
generator 214, above, the error term may be generated
wad diet prieféreal, abuli fHfae raans}galwbubhespteei@ t@far}{lye &slM:) or similar
val ues in colums 2 and of Table 1 or ex ng
hagdwage straemrorceuldrhesststiiiedd with the first sector
may be obtain by subtracting the total of the SUM
signal associated with noving the focal point away
fromthe disk 102 (found in colum 3 of Table 1) from
the total of the SUM signal associated with noving the
focal point toward the disk (found in colum 2 of
Table 1). An error termor value for each sector of
the disk may be simlarly calculated as the difference
of the SUMterns. [0057] At bl ock 508, an actuator
control signal 202 is generated using the error term
and other ternms. n particular, the actuator contro
signal 202 may be generated by the actuator contro
signal generator 216 of the feed forward engi ne 200. A
nunber of exenplary, alternative and/ or conplenentary
i mpl ement ati ons of the nethod by which the actuator
control signal 202 is generated can be seen in Fig. 6.
n an i nplenentation at bl ock 602, coefficients are
generated and a Fourier series is sunmed. As seen
above, a coefficient generator 216 can generate
coefficients for use in a Fourier series. The Fourier
subroutine 220, using the coefficients and a val ue for
the angle of the disk orientation 206, determ nes the
actuator control signal 2Q2. This actuator contro
signal, which has been updated via the coefficient
generator 216, becones the new baseline signal for the
next adaptation cycle.16 [0058] n an optiona
i mpl ementati on seen in block 604, where the spinrate
of the disk is high enough t o interact with the
suspensi on resonance of the
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actuator coil, the coefficient generator 218 can be
nodi fied to conpensate for the interaction. This

wW@pisosEbe | npl ement ati on was di scussed wi th r ePEr/Esme4/027950

to the coefficient generator 1818, in the discussion of
Fig. 2, above. [0059] n a further optiona

i npl ementati on seen at bl ock 606, the actuator contro
signal generator 216 can be inpl emented w thout
Fourier coefficients and wgctagys a Fourier series. As
seen above, such a generalized feed forward schene
coul d be inplenented wherein no predeterm ned shape to

et oTePE A gt B g 0ERL D O

I _abdrieei.HWQ)htd hecud skti¢si(tl4)gon taheiskc{10RY At hé Wptical disk
si gnal ﬁ Bsfﬁ%’pll d to the actuator focus coil 128.

Acc MY @9"{’ €8b ec%ysﬁ'ﬁ‘_m'st%e | aser 116 focused

on hsURMUERE ¢2 & G\Nﬁﬁintvﬂﬂcﬁ‘tékeé&a-sqmesi 4 HatPeam 2

is then able to define an inmage on the coating’'on the
sur facTanderm generaiopl(@idhtatprocess the Shiisignalalata from the

whi ch t heyi ' ied,is associated with 2
revol ut i %n%ﬁ@%%{%@@?gélp?%iﬁ? %'?)ﬁﬁpéﬁ?r% e t he
anngh ugtuatarcdenti) 4igrid) ganeratepei®do ddiferhtePsi achiftor control
repeated until an |_rmfg|e is fully applied to the

surface tNar whesein; e, acivator contial signaltine fnstion of a prior
di scl osu ky&q S [ a i 0 o .
structur élali! ea{ r es', Igﬁd%r %?n&rhf)étjr;aao%g‘:dc %ﬁ épgé@'oﬁt E?%fﬁc:lent,
to be unddrereotihe &daptatien appficited i< taifigairad ¢ rejulate a rate at
limted tq.the specific features or steps descri bed. .
Rt her . MUSR Fa BRE arfis ltveatio Tapdie e e asogniar gosition.
fornms of inplenenting this disclosure. For exanple,

whil e actions described in blocks of the flow diagrans

- may I be sysitewy akalaim bavberain the tHMctablen 2 1 ss rdonéiduied to be

KL SgPET B A A Ao e i

assOld2at es actions with nore than one other bl ock. And
further, while elements of the nethods disclosed are
intended to be perfornmed in any desired manner, it is

. antygé @?iéf‘é’mt&%laiﬁg ?Pn\:fe&gégeg}n gﬁ% %&pﬂ&%ﬁ@&ﬁtgﬁ %?@QI Yenerator (216)

i nstructions, per er an
pr ceddionally gpinpaises: | ocated within a firmware 132,

r eagll éb%ffi(r:f)errqt generator (218) to generate coefficients as a function of
inputs comprising the adaptation coefficient and the error term; and
a Fourier subroutine (220) to generate the actuator control signal using the

coefficients generated.
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a conputer- or processor-readable nedia, such as a
ROM disk or CD ROM 17 woul d be preferred, but that an

w@ppbisané on specific gate array (ASIC) or si nPCHDS2004/027950

hardware structure, could beqgubstituted. 18 CLAI M5 1.
A systemfor providing a signal to an actuator (128)
within an optical disk drive (1 00), to focus optics
(114) on a disk (102) within the optical disk drive (

4.00) , Théheystem bhelaimst, evhereimpthicsrsuatar Sohtropdiygal(@hetator (216)

vvithicg{.whi 9@ to record SUM signal data; an error term
gene?Hlitenally GOMPRISES: gcess the SUM signal data from

t he SUMbkteht ( ZeRers@rPIOTEE CcatidiEQ" the" AN frici
actuator control™ signal éenefa?@?'%%[@) t%’o %@ﬁg@gt e&aqmments
act uat or WAPMYNIsi gnal, wherein the actuator control

signal isy@_ ti ef-, a. prior actuator position, the
error terﬁn@ar@@%nd%p%& i@H5’coeffi cient, wherein the

adapt at i ol okt #(Q®nt Bks: manfigured to regul ate a

rate at which the error termis allowed to nmodify the

prior actBhFd1 pdSG1 ok 2Mukhe system of claim 1,

wher ei n tA‘ZE:wJ(@ﬁ *(E%L%uj.safn%onfi gured to be

updat ed prior to ‘application” an i mage to an annul ar
portion d32 &2 ¢i(€CZ 1&R)* M83); The system of claim 1,

wherei n the actuator contro|, K signal generator (216)
addi"‘(e'Ped'ﬁﬁ] g&? IS B PIrQerma Mwlggm%ﬁga@fé\tieﬁ&p@ icjert;egnd

Lo gerRUAbE iMrpbitind §026) dSnfgdreACld L nput

conprising the ada tgti o)r_1 coeffici engggﬁgat%ﬁggeégtg?\tor control
term an@i@gnsgingtheseasficientsgeneratedt o generate the
actuator control signal using the coefficients

generated. 19 4. The systemof claim1l, wherein the

. act dat oprovessoeiestiapieal gridRIAt ocotrpkingddpidcasddrldkecutable

conpri se?.: a_coefficient generator (218) configured to
geng}%{l-g: iopgfer gqcyﬁtrgg optics on a disk within an optical disk drive (100),

the processor-executable instructions comprising instructions for:

writing (504) data to a SUM table (212), wherein the data is grouped
according to disk sector (302—316) and according to movement of
an actuator (128) toward and away from the disk (102);

generating (506) an error term using data from the SUM table (212); and

generating (508) an actuator control signal as a function of a prior actuator
position, the error term and an adaptation coefficient used to impact

a rate at which the actuator control signal varies.

A processor-readable medium as recited in claim 5, wherein generating
(508) the actuator control signal comprises instructions for calculating the
actuator control signal according to Wk(new) = Wk(old) — (Mu * Ek), (606)
wherein Ek is the error term and Mu is the adaptation coefficient.
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conprising: AO= AO+ (DCO * Ek * Mi); Al
Ek * Mu); Bl =Bl + (QC1L * EkK * Mi); A2

Al + (QS1 *
A2 + (OS2 *

W@ER005/08419¢6 and B2 = B2 + (QC2 * Ek * Mi); wherBCTUE004/627950
the error termand Mi is thegadaptati on coefficient;

and a Fourier subroutine (220) configured to generate

the actuator control signal using the coefficients

generated. 5. A processor-readabl e medi um conpri si ng

7.pr ochsvwthed ecfufatlsing ropticscon oasdiskr withieuahnepeyli 8&k drive,

on a _disk within an optical disk drive (100), the

pr oc¥¥BBI'$!BPecut abl e i nstructions conpri si ng

| nStywHghd QBO4T ata Wbl & 1 SV i tahhe,

(212), V\%gr ei );1 the data is gé%%p(ggégc%g?%lrﬁg%o@%lgslﬁ grouped
sect or (38ccdipp tarttislasedieon(3098—+316pverent of an

t : f t he, di 102)
oncRealitg Bod YelloMBimitlG Haioning SN ebikkegayand
t ablger(e?atng (608) ganactahion onbdBksighal ABINAHRY cfBPU%ERh and an
signal as fupction of a prior actuator position, the

error terfRaRigtion coefitient sanfizised 9 énpacisedrate at which the
i mpact a 4&{ | ctuator control signal
varies. 6. A&S?tgg}égggggb@gggg%é mediumas recited in
claimb5, wherein generating (508) the actuator control

ri,se ating the

et oo R 6 ol neEgR e B A atoniqaate) signal

- (Monipidgs; (606) wherein Ek is the error termand M
is the adaptation coefficient.20 7. A nethod of
f oc aNGGalHE i EH2dnceefticiertswas hian functiopt bt dhpuliss kcomprising. the

drive, ccngJ' i 0g: 04 ato SUM t abl e

(212), wher gt%ﬁé}ﬂ%ogcm{:ﬁghl{]%n%ﬁbeu%)rggra%g@o?ﬂang to disk

sectaalcU(&tiy 8A@)), a Fourier series to generate the actuator control signal
using the coefficients generated.

A focusing system, comprising:

means for writing (504) data to a SUM table (212), wherein the data is
grouped according to disk sector: :

means for generating (506) an error term using data from the SUM table
(212); and

means for generating (508) an actuator control signal using the error term
and an adaptation coefficient used to impact a rate at which the

actuator control signal varies.



generating (506) an error termusing data fromthe SUM
table (212); and generating (508) an actuator control

W@ e@aab4106i Nng the error term and an adapt at i onPCT/US2004/027950
coefficient configured to inpact a rate at which the
actuator control signal varies. 8 The nethod of claim
7, wherein generating the actuator control signal
conprises: generating (602) coefficients as a function

10f i Ty fScusiEPsysibRdof dl8ien odaBbRsih @PeétP@L(BOQ} e badeline signal
the error terny, and calculating (602) a Fourier series
to déngitiathe pppidion@nasteator 6ME)Sonprifest usi ng t he

coef fi.ci | .
compneene RrsoBBRELAE ot ot (B bl 33} Foe g focus

t abl me@A4 Ipr redwrdivigna trhaxicaina viatueg ob tipe S U aig ekl rdata btained
di sk sector.. neans, for generating (506) an error term

usi ng dat‘ﬂ't?'Pgﬁ??WEraﬂgﬂ?#;B?@'@Z%Z); and means for
geneingbh89od S&8hg e %‘é&éﬁﬁé’éigﬁgpéééﬁrdﬁ?gﬁ%n PP iactuator
error termand an adaptation coefficient used'to

i npact a Which rgsulied dh alore tathetnoaxiowm veluesofytted SUM signal
varies. 21 The focusing systemof claim9, wherein
creating ?@32) the baseline signal to initially

position an actuator (128) conprises: neans for

steppi ng the actuator (128) through a full range of

focus; means for recording a maxi num val ue of the SUM
signal data obtained within the full range of focus;

and nmeans for setting the baseline signal according to

an input to the actuator which resulted in close to

t he maxi nrum val ue of the SUM si gnal dat a.



