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BACKGROUND OF THE I NVENTION 1. Field of the Invention The present: '
relates to eccentricity conpensation in a disk drive servo system and nore
particularly, to an eccentricity conpensation apparatus of a disk drive
servo system which can be effectively adapted to a variation in

r epr oduct i BOCENERICITYSCOMPENSATIONSAPPARATEUSBASEDION EREQUENOY 1 Ol

data estimated at a_specific reproductléﬁésﬁeed and stored in a feedforward

| ook-up table, basBESSIONBE CHARAGIGRI OF AGTUATOR OF cs of an
actuator. 2. Description of ricity occurs when the
center of a disk track devi 2%@@5’%?#&?@%&@ ~ s spindl e about which
a disk rotates. The eccentricity acts as periodic disturbance on a disk
drive system thereby signjfjcantl ‘g-oo > f ol | owi ng performance
ther®of. In particular, &A<REnENLLEFCHNE IHiVE, 9, eproduced ("di sk
reprodugt i oONpRAGBHiNe !J.%hgaﬁes, eccentricity increasingly degrades the
control performance of a disk drive system Thus, in order to accurately
trace a tracKhatprésayit inegntomureiates t@ ecepmteidity eonyensation yn aalisisdtive be

effectivel& co en%?é ed for., A nllmtlier of technj ques have}. been devel oped to
ConpensSTORYFIRTCRI MIate FFtiGIREl, 10 RReenT QN AR BT O R RAAISNA i ok
drive sgiskQresdeid ssteRPWRRISEHH HE etfBbtiRa¢ adapted iva vBAREGSR iMY to FIG 1,
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the conventional di sz drive servo systemincludes an optical system 100, a
f eetibacteproductisin speed of a digkdexiadjiuskingl thrs gainokndiphasd bk catool data an

ot ual “peiletestalc SR fiG etk RPectbte Sty B i elBhalivped RakSHP 1adls.
whi ch cpages RS frequanéy fedpRerERMar fdtefiSfcs26f arfbeluald®, and outputs the

error e(t) detected. The feedback controller 110 perfornms conpensation
cont r ol 2accobPepeiptian ehibedRelgiedArt) to out put an actuator drive control
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130 is noved to a position on the disk by a control val ue
a disk drive system, thereby significantly degrading track foliowing performance

thereof. In particular, as speed at which a disk is reproduced (“disk reproduction
speed”) increases, eccentricity increasingly degrades the control performance of a
disk drive system. Thus, in order to accurately trace a track at high reproduction

20 speed, eccentricity needs to be effectively compensated for. A number of
techniques have been developed to compensate for eccentricity.

FIG. 1 shows an example of a conventional disk drive servo system for
compensating for eccentricity. Referring to FIG. 1, the conventional disk drive servo
system includes an optical system 100, a feedback controller 110, a feedforward

25 |ook-up table 120, and an actuator 130. The optical system 100 detects an error
e(t) between the actual position of a head on a disk and a reference head position
d(t), which corresponds to a displacement of the actuator 130, and outputs the error
e(t) detected. The feedback controller 110 performs compensation control
according to the error e(t) to output an actuator drive control value Ug(t). The

30 feedforward look-up table 120 outputs an actuator drive control value Ug(t) which is
estimated and stored according to the phase of a spindle in order to compensate for
eccentricity. The actuator 130 is moved to a position on the disk by a control value
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1~~1~1, ~ ~ MAR ?_003 U(t) which is obtained by the actuator derive

control values Ufb(t) and U f(t), output fromthe feedback contrzﬁj{’mﬁ%mo
and the feedforward | ook-up table 120, respectively. The convent 3
drive servo system conpensates for eccentricity by storing a conpensation

val ue for eccentricity conpensation in the feedforward 5 | ook-up table 120
and outputting the result of sunmation of the conpensation value and the

control (glwach s abfaife®by the atReetbraddrivecstritedl Maluekl0,apah gt dldpar drive

control value. Eccentri CIB}I{e vari es depending on the pfﬁase of a spindle.
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detects a position error between a reference head position and an act ual
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DESCRI PTI ON OF THE DRAW NGS , _ _
eccentricity compensation apparatus of a disk drive servo system using the

frequency response characteristics of an actuator for actuating a head to a position
on a disk to read data on or reproduce data from the disk, the apparatus comprising:
30 an error detector that detects a position error between a reference head position and
an actual position of the head on the disk; a first compensation controller that
receives the position error from the error detector and changes the actual position of



The above objective and advantages of the present invention will becone
nore apparent by describing in detail a preferred enbodi nent thi OE g;ﬂa
reference to the attached drawings in which: 20 FIG 1 is a blo gd 03
of a conventional disk drive servo systemfor conpensating for

eccentricity; FIG 2 is a block diagramof an eccentricity conpensation
apparatus using the frequency response characteristics of an actuator of a
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30 frequency response characteristics of an actuator in a disk drive servo system

according to the present invention includes an actuator 200, an error detector 210, a



5 adjusted value U(t) by changing the gain and phase of the out put val ue of
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time repr |on spee anges. It 1S possi 0 use control
dat a i ncohiofiers2Baeeordirigotokvarping reproduction speeds based on the frequency

30 response characteristics of the actuator 200 and outputs an adjusted value Ug(t).
The actuator 200 maintains a constant phase and gain for actuating even if the
reproduction speed changes so long as the reproduction speed is less than a



tabl e .estimated at a | ow reproduction speed for a high-speed reproduction.

In this 25 case, the gain/phase adjuster 240 conpensates for ga '
and phase | ag due to frequency changes at varying reproduction?sgmczm

i's, frequency response characteristics, of the actuator 200. The
eccentricity conpensati on apparatus according to the present invention can
sinply conpensate for eccentricity at varying reproduction speeds by
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summation of the actuator control value Un(t) output from the first compensation

10  controller 220 and the adjusted value Ug(t) output from the gain/phase adjuster 240.

In FIG. 3, (a) and (b) are graphical representations showing an example of

frequency response characteristics of the actuator 200. Graphs (a) and (b) of FIG.
3 show changes in gain and phase with respect to frequency. Even when disk
reproduction speed changes, identifying the frequency response characteristics of

15 the actuator 200 enables the second compensation controller 230 to calculate the
adjusted value Ug(t) from the estimated compensation values stored therein even if
they have been estimated at a low speed reproduction, for eccentricity compensatioﬁ
at varying reproduction speeds.

The operation of the eccentricity compensation apparatus of FIG. 2 will now

20 be describped. Compensating for eccentricity using a feedforward look-up table
obtained based on the phase of a spindle is implemented in various ways. One
approach is disclosed in Korean Patent Application No. 2000-0049866 (filed August
26, 2000) which describes eccentricity compensation using learning control
techniques. At a specific reproduction speed at which a feedback controller

25 corresponding to the first compensation controller 220 of FIG. 2 operates smoothly,
control data in the feedforward look-up table for eccentricity compensation can be
estimated in various ways using a tracking error signal. If control data of the
feedforward look-up table for eccentricity compensation are accurately estimated,
the magnitude of a tracking error is zero, and the feedforward look-up table can be

30 obtained using Equation (1):



rotates the disk; and a gain/phase adjuster that adjusts the gain and phase
of. the control value ~ 5 output fromthe second conpensation CO%BOM
according to a disk reproduction speed, wherein a drive signal t éZUUB
actuator is obtained by summ ng together signals output fromthe first
conpensation controller and the gain/phase adjuster. 20 2. The apparatus of
claim1, wherein the second conpensation controller is a feedforward

| ook-up table that stores control dpg)estimted at a predeternined
reproduction speed and to be ubets)f ccentricity conpensation thflgugh

gai n and phase adjustnment. 25 3. The paratus of claim1, wherein the
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gain reduction and phase lag caused by the frequency response characteristics of

15 the actuator 200 at that reproduction speed are not reflected. Thus, the control data
of the feedforward look-up table estimated at a specific reproduction speed cannot

be applied in the same manner if there is a large change in reproduction speed.

However, according to the present invention, the gain/phase adjuster 240 can
compensate for gain reduction and phase lag in frequency response characteristics
20  G(s) of the actuator caused by reproduction speed changes based on control data in
a feedforward look-up table estimated at a specific reproduction speed, without
updating the control data in the feedforward look-up table each time reproduction
speed changes. That is, it is possible to use control data in the feedforward look-up
table estimated at a low reproduction speed for a high-speed reproduction. In this
25 case, the gain/phase adjuster 240 compensates for gain reduction and phase lag
due to frequency changes at varying reproduction speeds, that is, frequency
response characteristics, of the actuator 200. The eccentricity compensation
apparatus according to the present invention can simply compensate for eccentricity
at varying reproduction speeds by adjusting control data estimated for eccentricity
30 compensation at specific reproduction speed based on the frequency response
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an error detector that detects a position error between a reference head
position and an actual position of the head on the disk;

a first compensation controlier that receives the position error from the error
detector and changes the actual position of the head in order to compensate for the

10  position error;

a second compensation controller that generates and outputs a control value
to compensate for eccentricity which varies depending on the phase of a spindle that
rotates the disk; and

a gain/phase adjuster that adjusts the gain and phase of the control value

15  output from the second compensation controller according to a disk reproduction
speed,

wherein a drive signal of the actuator is obtained by summing together signals
output from the first compensation controller and the gain/phase adjuster.

20 2. The apparatus of claim 1, wherein the second compensation controlier
is a feedforward look-up table that stores control data estimated at a predetermined
reproduction speed and to be used for eccentricity compensation through gain and

phase adjustment.

25 3. The apparatus of claim 1, wherein the gain/phase adjuster adjusts the
gain and phase of the control value output from the second compensation controller
according to a reproduction speed based on the frequency response characteristics
of the actuator.



