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TITLE_OF THE INVENTION
METHOD AND APPARATUS FOR HEAD POSITIONING CONTROL IN
DISK DRII’E
BACKGROUND OF THE INVENTION

The present invention relates to a head
positioning control system, for use in é disk drive,
for situating a head in a target position, and more
particularly to a servo system for executing track
following control to position the head on a
predetermined portion of a target track of a disk.

A disk drive represented by a hard disk drive
employs a servo system fof situating a head in a target
position (on a track to be accessed) on a diSk as a
data recordihg medium. The servo system uses servo
data read by the head from a servo area provided on the
disk so as to control an actuator (i.e. a plant) thét
mounts the head thereon. The servo system executes a:“
Seék operation for moving the head to a target track by
controlling the actuator, and a track following
operation for positioning the head on a predetermined
portion of a target track. 1In this description, the
system that executes the track following operation is
called a "head positioning control system".

In light of the above, a head positioning control
system is now proposed, in which the'position error
following performance is improved when a target value

fluctuates at a characteristic frequency. The system
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is disclosed in U.S. Patent Application Ser.
No. 09/389,367 and Japanese Patent Application KOKAI
Publication No. 2000-195202.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to

provide a head positioning control system applicable to
an actual disk drive and capable of estimating the
frequency components of a target value variation even
if the frequency components are not characteristic

ones, and hence exhibiting a sufficient following

. performance with respect to the target value variation.

To attain the object, there is provided a
positioning control system applicable to a disk drive,
comprising= a position error detector that detects a
position error between a position of the head and the
target position; a frequency_detector that detects a
characteristic frequency component included in the
position error, using a Fourier transform; an estimator
that estimates a frequency of a disturbance, related to
a target value variation, on the basis of a Fourier
coefficient resulting from the Fourier transform; and

a controller that modifies the characteristic frequency

component on the basis of the fregquency of the

disturbance estimated by the estimator, and calculates
a control correction value for suppressing the target
value variation having the modified characteristic

frequency component.
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In other words, the system of the present
invention includes a feed forward control system for
detecting a characteristic frequency component of
a position error signal corresponding to.a position
error from a target position, using a Fourier
transform, and calculaﬁing a control correction'vélue
from the detected frequency component. This system
calculates the control éorrection value for suppfessiné
target Value-variation having no characteristic
frequency components, by modifying the frequency
component in accordance with the frequency component of
the target value variation (disturbance).

Where this structure is used in an actual disk
drive, even if target value variation occurs due to

a disturbance whose frequency components cannot be

determined, the frequency components of the target

value variation (disturbance) are estimated, with the
result that a sufficient following_performance is
secured with respect to the target value variation.

The disturbance indicates the factor of the target

value variation, whose frequency components cannot be

determined, such as the resonance of the base table
(casing) of the drive or a vibration from, for example,
the bearing of a spindle motor that rotates the disk.
Additional objects and advantages of the invention
will be set forth in the description which follows, and

in part will be obvious from the description, or may
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be learned by practice of the invention. The objects
and advantages of the invention may be realized and
obtained by means of the instrumentalities and combina-
tions particularly pointed out hereihafter.

BRIEF DESCRIPTION. OF THE SEVERAL VIEWS OF THE bRAWING

The.accompanying drawings, which are incorporated
in and éonstituﬁé a part of the specification,
illustrate embodiments of the invention, an& together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles éf the invention.

FIG. 1 is a block diagram illustrating the
stfucture of a head positioning control system
according to the embodiment of the present invention;

FIG. 2 is a block diagram illustrating an
essential part of a disk drive appearing in FIG. 1;

FIG. 3 is a graph showing a relationship between:
a target value variation and a position error variation
in the embodiment; |

FIG. 4 is a graph showing variation with time of
the detectéd values of Fourier coefficients in the
embodiment; _ -

FIG. 5 is a graph showing another relationship
between a target value variation and a position error
variation in the embodiment; |

FIG. 6 is a gréph useful in explaining

the operation of a Fourier coefficient estimator
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employed in the embodiment;

FIGS. 7A and 7B are flowcharts useful in
explaining the operation of the system of the
embodiment; and _

FIG. 8 is a graph illustrating the relatiénship
between a target value variation and a position error
variation.

DETAILED DESCRIPTION OF THE INVENTION

The embodiment of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 is a schematic block diagram illustrating
a head pbsitioning'control system according to the
embodiment. Further, FIG. 2 is a block diagram
illﬁstrating an essential part of a disk drive
appearing in FIG. 1.

(The structure of the disk drive)

In the embodiment, it is supposed that the head

- positioning control system is applied to a servo system

ipcorporated in the disk drive. As seen from FIG. 2,
the servo system of the disk drive has a microprocessor
(CPU) 14 as a main element, and executes a seek
operation for moving a head 3 to a target track, and
also executes a track following operation, using the
head poéitioning control system. |
The disk drive mainly comprises a head/disk
assembly, a signal processing circuit and the servo

system. The head/disk assembly includes a disk 1 as
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a data recording medium, the head 3 and an actuator
having the head 3 mounted thereon.

| The disk 1 is attached to a spindle motor (SPM) 2
and can rotate at a'high speed. The disk 1 prestores.
servo data usuélly written by a dedicated unit called
a "servo writer". The servo data is recorded in the
servo areas 101 of the disk 1 arranged at regular
circumferential intervals. Each servo area 101 serves
as the leading.area of a plurality of data sectors

provided on a corresponding data track 100. A large

‘number of data tracks 100 are radially concentrically

provided on the disk 1. The range defined between
each servo area 101 and a predeterminéd number. of
corresponding data éectors is sometimes célled

a "servo sector".

The servo data mainly cpmprises.a track -code
(cylinder number), servo-burst data and a servo secﬁor“
number. The track code is a track address for
recognizing a data track. The sefvo burst data is
position error data used for a track following
operation executed to position the head 3 in the data
track. The servo éecﬁor numbér is a sector address for
recognizing the servo sector (data sector).

The head 3 is mounted on the actuator.

The actuator mainly comprises an arm 4 including

a suspension that holds the head 3, and a voice coil

‘motor (VCM) 5 for radially driving the arm 4 over
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the disk 1. The actuator is driven by a servo system,
described below, to execute the seek operation and

the track foilowing operation. The VCM 5 is driven by
a driving current supplied from a VCM driver 13A.

The actuator corresponds to a target (plant) 21 to be

‘controlled by a head positioning control system

described below.
The signal processing circuit has a pre-amplifier

circuit 10 and a read/write channel 11. The pre-

amplifier circuit 10 includes a read amplifier for

amplifying a read.signal read by the head 3, and a
write amplifier for cenverting write data into a write
current. The read/write channel 11 has a.function of
reproducing servo data read by the head 3 and supplying
it to the CPU 14;-.The disk controller (HDC) 12 |
constitutes an interfece between the drive aﬁd-a host
system (a personal computer or a digital device), and-
executes, for example, transfer control Of_read/w;ite
data. |

Ae aforementioned, the servo syetemehas the CPU 14
as a main element. The CPU 14 executes the seek
operation and controls the head positioning control
system described below (executes a track following
operation) in accordance with the control programs
prestored in a ROM that is incorpo:ated in the
memory 15. The CPU 14 conQerts,_into a digital signal,

a position error signal (E) based on the servo data
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reproduced by the read/write channel 11, and inputs the
digital signal.
The CPU 14 further supplies the VCM driver 13A

with a calculated control operation amount (which

‘corresponds, in this embodiment, to a value obtained

by adding a control value (W) to a control correction

value (U)). The'VCM driver 13A converts the control
operation amount from the CPU 14 into a driving
current, using a D/A converter incorpofated therein;
and supplies it to the VCM 5. Thé VCM driver 13A and
an SPM driver 13B for the spindle motor 2 constitute;
an integrated circuit that serves as a motor driver 13.
(The structure of the head positioning control éystem)-
As shown in FIG. 1, the head positioning control
systém comprises a feedback.controi system that has an
FB controller 20 as a maiﬁ.eieﬁent, and a feed forward
control system that haé.an'FF controller 24 as a main o
element. This head positiéhihg_ébntrol system is .
actuaily realized by the above—deséribed CPU 14.
' | The FB controller 20 calculates the control vaiue
(W).for correcting a position error (E) between a hééd
position (Y) and a target position (R), on the basis
of an output from a position error detector 22.
The feedback control system uses; as a control value
for the plant 21, a value 6btained by adding the
control value (W) to the control correction value (U)

from the FF controller 24. The FF controller 24
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calculaﬁes the control cbrrection value (U) for
compensating the target value variation component.

The feed forward control system has a
characteristic frequency component detector 23 and a
Fourier coefficient éstimator 25, in addition to the FF
controller 24. The characteristic frequency component

detector 23 detects the characteristic frequency

components (sine and cosine components) of variation

(disturbance) in target value on the basis of the
position error signal (E), using a Fourier transform.

The Fourier coefficient estimator 25 has a function of

~adjusting a frequency expressed by each Fourier

coefficient to thereby estimate the frequency -
components of the éosition error signal that contains
the frequency components of the actual target value
variation (disturbance). The characteristic fréquency
component detecﬁor 23 modifies the detected frequency :
compoﬁents on the'basis'qf the ffequency components
estimated by thg Fourier coefficient estimator 25, and
supplies thém to the Ff controller 24.
(The operation of the head positioning control. system)
As described abové, this system -executes the track
follbwing operafion for positioning the head 3; already
moved to a target track of ﬁhe disk 1 by the seek
operation, on a predetermined portion of the target
track. Referring now to the flowchart of FIG. 7Aa,

the.operation of the system will be described'roughly.
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The position error detector 22 detects a position

error signal (E) indicative of a position error between

- the target position (R) and the actual position (Y) of

‘the head (step S10). The FB controller 20 inputs the

position.error signal (E) detected by the position
error detector 22 at regular sampling intervals,
thereby calcﬁlating the,control value (W).fof
correcting the positicn error signal (E) indicative of

the position error between the target'position (R) and

-the head position (Y). 1In other words, the FB

controller 20 constitﬁtes a sampled data control
sjstem. Further; the maximum input value for'the plant
21 is‘limited by its mechanical and electrical
specifications.

On the other hand, in the feed fo:Ward control

system, the characteristic frequency component detector

23 executes a Fourier transform to detect the

characteristic frequency components (sine and cosine
components) of variation (disturbance) in target
value on the basis of the position error signal (E)

(step S11). Specifically, since a synchronous

'component contained in the position error signal (E)

and synchronous with the rotation cycle of the disk can
be detected as a cycle function, it can be developed in
the form of a Fourier series. .

If the frequency to be detected by the

characteristic frequency detector 23 is, for example,
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210 Hz, and the frequency of the actual'target value
variation due to a disturbance is, for example, 200 Hz,
the orbit of the position error is as shown in FIG. 3.
FIG. 3 shows the relationship between a target value

variation (indicated by curve 30) in one track, and. a

position error variation (indicated by curve 31) in the

‘track following operation. As is confirmed from

'FIG. 3, even if the difference (i.e. position'error)

between the detected frequency and the actual frequency
of the target value variatipn is about 10 Hz, the
position error does not converge on 0 corresponding-to
the track center line, which means that the following
performance is degraded. -‘If the position error is
about 30 Hz, the-compensatién function of the FF
controller 24 is_almost invalid, and the effect of

the case of using the FF controller 24 and the FB

controller 20 is almost the same as that of the case of

using only the FB controller 20.

In light of this, in the system of the embodiment,
the Fourier coefficieﬁt estimator 25 éstimates
the frequency of the actual target value variation
(i.e. the freqﬁehcy_of the position'errqr signal E)
(step S12). On the basis of the estimated frequency,
the characteristic frequency component detector 23
modifies the detected frequency and outputs the
modification result to the FF controller.24. lThe FF

controller 24 calculates the control correction value



10

15

20

25

- 12 -

(U) on the basis of the frequency of the actual target
value variation (step S13).

Referring then to FIG. 8, a description will be
given of the operation principle of a conventional

system equipped, in particular, with the characteristic

'frequency detector 23.

The following performance of the system with

respect to the position error (E) from the target value

(R) is determined by a relational expression called

a "sensitivity.function“ as given by the following
equation (1):
.e 1

—_— ' - es (1)
r 1+ PC '

where P represents the transfer function of the plant
21, C that of the FB controller 20, r the target
position (R), and e the position error (E). In other
words, the sensitivity'function enables the compression
ratio of the position error (E) to the target pcsition
(R) to be detectéd for each-frequency componént.

The system shown.in FIG. 10 hcs a characteristic
frequency detector 23 for executing a Fourier transform

to thereby detect the characteristic frequency

components'(siné and cosine components) of target

value variation on the basis of the position error
signal (E). This system also has a feed forward

control section (FF controller) 24 for calculaﬁing a

control correction value (U) that is used to compensate

the target value variation component on the basis of
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the detected characteristic ffequency-components.
This. system uses, as a control value for the plant 21,
a value obtained by adding the control value (W)
calculated by the FB controller 20 to the cohtrol
correction value (U).

Supposing thaﬁ the'position.efror e(t) fluctuates
at a cycle T, the folléwing equation (2) is

established:

e(t) = a sin 2?" t + b cos ngt g e (2)

Fourier coefficients a and b obtained when
subjecting the position error e(t) to a Fourier

transform are expressed by the following equations (3):

_ 2 2 . 2m
a = EI__T_e(t_)51nTtdt,
2 '
, s (3)
T
o =
b = -—I 2 e(t)cosggtdt-
T/ _T T
2

However, since the position error e is actually

-obtained as discrete information as a result of A/D
conversion, the Fourier coefficients a and b are given

by the following equations (4):
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T
: 2 S
ak = =5 Y (i) sin 2% (),
i=1 T
\ coe (4)
T
T
2T S
b =—%5 Z (1) cosz—t(:l.)
T i3 T

Furthermore, if those chahges in the Fourier
coefficients, which have been obtainéd from the
position'error e(k) at present, are added'to'respéctiVe
_Foufier coéfficients a(k-1) and b(k-1) obtained one
sampling before, Fourier coefficients a(k) and b(k) can

be'calculated as shown in the following equations (5):

2Tg
atk) = atk - 1) + —T— e(k) sin 2— t(k)
. -+« (5)
L. 2Ty - _ :
Blk) = bk ~ 1) + == e(k) cos 2?" £(k)
Sequential detection of position error 1nformatlon

based on the formula (5) enables the detectlon of the

- sine and cosine components as the characteristic

frequency components at present. From the sine and
cosine components as the characteristic frequency
components of the target value variation detected_by
the characteristiC'frequencY component detector 23,_the
FF coﬁtroller 24 caldﬁlates.the control correction
value'(U) (in the formula, it is represented by u).

The transfer function for the control correction value
u and the position error e ié given by the following

equation (6):
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e P

_= — S .es (6)
u 1+ PC _ ,

To correct the position érror e due to the cyclic
target value variation, it is sufficient if a position
error (-e) of the opposite phase is created using the
control correction vélue u. Accordingly, the folioWing

equation (7) is established:

1+ PC
— e
)4

.e (7)

Since it is supposed that the position error e
fluctuates at a cydle of T;'if a gain g and a phése are
considered'at a frequency of (1/T).in the transfer
function of the equation (7), the control correction
value u(k) can.be calculated from the following

equation (8):
' . (2% : | 2T ... :
uk) = g - a(k) sln(? t(k) + d)) +g- b(k) cos(? t(k) + d))

. (8)

FIG. 8 shows a following orbit (indicated by curve

'92) with respect to the position error g,'obtained when

the target value fluctuates at a frequency of 210 Hz
(as indicated by curve 90) and the FF controller 24
executes the compensation operation based on the -

control correction value u. As is evident from this

following orbit, the position error converges

:substantially 0. This means that the system shown in

FIG. 10 can follow cyclic variation in target value.
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(The operation principle of the Fourier coefficient -
estimator)

A description will now be given of the operation
principle of the Fourier coefficient estimator 25 in
the system that inclﬁdes the above-described
characteristic frequency component detector 23.

If the frequency fa of acfual target value
variation differs form a frequency f detected by the
detector 23, a component indicative of.the difference
| fa - £| in the frequencies is contained in the Fourier
coefficients a(k) and b(k).in the equation (5). The
following-equatidn.(é) expresseé a position error that
fluctuates at a cycle Ta = i/fg. |

e'(t) = a sin 31£t + b cos —2—7£t- -++ (9)

. | Ta - Ty
‘From the formula (9), the Fourier coefficient a(k) -

is expressed by the following equation (10):

ak — 1) + 22 |asin?® ¢ + beos 2 t | sin 2F £k
T (T T T

ak - 1) + 2= —-'coe{zizt(k)(i+l)) + [2ut(k)(i-- l)D
: T A T AT
P (si,{m,(i z)] _ si{z,,t(k{_i_.l.])) |
T e C R o T

.- (10)

Il

a(k)

Accordingly, the sequential detected values a(k)

. and b(k) fluctuate_at a frequency given by the

following equation (11):

1 1
ol R e
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FIG. 4 shows varietion with time in the detected

Fourier coefficient between a case where the frequency

o of target value variation is equal to.a detected one

(210 Hz in this case), a case where they differ from
each other (the frequency of the target value veriation
is 200 Hz). Specifically, in FIG. 4, curves 40 and 41
indicate the Fourier coefficient a(k) and the Fourier
coefficient b(k), respectively, obtained where the
frequency of.the terget value variation is 200 Hz (the
frequencies differ from each other). Furthef, curves
42 and 43 indicate the Fourier coefficient a(k) and the
Fourier coefficient b(k),'reepectively,'ob;ained Qhere.
the frequency of the.taréet value variation and tﬁe.
detected one are both 210 Hz.

As is evident from FIG. 4, where they are both
210 Hz, the sequentially detected Fourier coefficiente
converge.immediately after (approx. 20 ms after) the
tfack'following operation is started. On the other
hand, whefe they differ from each other, the
seQuentially detected'Fourier coefficients fluctuate at
a cycle of 100 ms (the frequency difference is'lo Hz).
From.variation with time in the sequentially detected

Fourier coefficients, the difference | fa - f| between

“the frequencies can be estimated.

on the basis of the above-described principle,
the Fourier coefficient estimator 25 executes Fourier

coefficient estimation as shown in the flowchart of
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FIG. 7B. At first, it detects a sampling point at

which the Fourier coefficient a(k) is 0 (step S1).

- Subsequently, noise elimination is executed to

determine an effective sampling point (Step 52).

More specifically, the cycle of the sequentially
detected Fourier coefficién£s is as long és from doéens
to several hundreds of milliseconds. Further, é signal
having a high frequency of | (1/Ta) + (1/T)| is
simultaneously generated as shown in fhe formula (10).
Accordingly, only if thé differencé.between a éampling
point in time (kp) at which the previous Fourier
coefficient a(k) is O,Iaﬁd.the present sampling

point (k) is larger than a constant value n (i.e. if 
k - kp > n), it is determined that the present sampling
time point is valid.

At the valid sampling time point, the Fourier
coefficient estimator 25 modifies (adjusts) the
frequency detected by the characteristic frequency.
component detector 23, to the frequency of the actual
target value variation on the basis of thg estimated
frequency difference (step S3). To determine a valid
sampling time point at which the next Fourier |
coefficient a(k) ié_o, the sampling point (kp) is .
updated (step S4).

FIG; 5 is é graph showing a case where the
frequency initially defected by the characteristic

frequency component detector 23 is 210 Hz, the
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frequency of the actual target value variation is

200 Hz,.and the Fourier coefficient estimator 25 has
changed the frequency detected by the detector 23 to
the estimated frequency of the target value variation.
In other words, FIG. 5 shows the relationship between a

target value variation in one track (indicated by curve

"50) and a position error variation caused by the track

.follow1ng operation (indicated by curve 51). As is

confirmed from FIG. 5,-even if there is a difference or
error (approx. 10 Hz) between the detected frequency
and the frequency of target value variation, the orbit
of the p051tion error converges 0, i.e. on the center
of a track | |

. FIG. 6 shows variation with time in sequentially
detected Fourier coeffiCient, curves 60 and 61
indicating the'Fourier coefficient a(k) and the Fourier
coefficient b(k), reepectively.__As seen from FIG.-G;
the Fourier coefficient a(k) is 0 atlsampling time
p01nts of 20 ms and 70 ms, which means that a deViation
of half the cycle (50 ms) occurs. In light of thlS,
the. Fourier coefficient estimator 25 changes the
frequency to be detected by the detector 23 from 210 ﬁz'
to 200 Hz so as to make the Fourier coefficients a(k)
and b(k) constant and thereby converge the position
error to 0. | _ _

In the system equipped with the FF-controller 24

for calculating the control correction value (U) on the
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basis of the frequency detected by the characteristic
frequency component'detector 23, the above-described
structure enables the control correct value (U) to
correspond to the frequency of actual target value
variation (dlsturbance) In other words, the
difference between the frequency of the actual target
value varlatlon and a to-be-detected frequency is
estimated, thereby modifying the frequency-detected by
the characteristic frequency component detector'23 on
the hasis_of the estimated frequency difference. As a
result, even if_target value variation occurs due to a
disturbance whose frequency cannot be determined, the
FF controller 24 can calculate the control correction
value (U) that can effectively suppress the target
valueuvariation'(disturbance). Thus, the system of the

present invention can exhibit a sufficient following .

- performance with respect to target value variation.

(Modification)

The above-described'embodiment can be modified
such that the Fourier coefficient estimator 25
estimates a plurality of disturbance frequencies as
candidates, thereby selecting the frequency candidate

that shows a minimum position error, and using this

candidate as the frequency detected by the

characteristic frequency component detector 23. In-
this case,'the system executes position control (track

following operation) for each estimated frequency
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candidate, thereby estiméting the position error and
selecting a minimum positién error.

As described above in.detail,'thé head positioning
control system of the present invention for executing,
in particular, a track following operation can exhibit.

a sufficient following performance with respect to

- target value variation, if it occurs due to a

disturbance whose frequen¢y cannot be determined, by
estimating the frequéncy compdnent of the target value
variation. Accordingly, when this éystem-is appliéd to
actual disk drives, it can show a sufficient_following'

performance with respect to target value variation due

to the occurrence of a disturbance that diffeérs between

the disk drives. Thus, a.highly accurate servo system

can be realized.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to

-the specific details and representative embodiments

shown and .described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the.appénded claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A positioning control system situating a head
in a target position on a disk incorporated in a disk
drive, comprising: | .

' a position error detector detecting a posiﬁion.
error between a position of_the_head and the target
position;

a frequency détector that detecting a
characteristic freQuency component included in the -
position error, using a Fourier transform;

‘an estimator estimating a frequency of a
disturbance, related to a tafget value variaﬁion, on
the basié of a Fourier coefficienf resulting from the
Fourier.transform; and

a controller modifying the.éhéracteristic
ffequency component on the basis of the frequency of
the disturbance estimated by the estimator, and
qalculating a control correction value for suppressing
the target value variation having the modified
characteristic frequency component.

2. The positioning control system according to

claim 1, wherein the controller executes head

positioning'coptrol using a value obtained by adding
the control correction value to a conﬁrol value that
corrects the position error.

3. The positioning control system according to

claim 1, wherein the estimator detects a difference
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between the characteristic frequency component detected
by the Fourier transform and- the frequency of the

disturbance in accordance with a-cycle of variation

with- time of the Fourier coefficient, thereby

estimating the frequency of the disturbance on the
basis of the detected difference.

4. The positioning cOntroi system according to
claim 1, whereln the estimator estimates the frequency
of the disturbance that is not synchronous with a cycle
of rotatlon of the dlSk

5. The positioning contrcl system according to

clalm 1, wherein the estimator estimates a plurallty of

frequencies as candldates for the frequency of the

dlsturbance, positioning control belng executed for

each frequency candidate estimated by the estimator,

thereby estimating a pesition error for said each

frequency candidate, the contrcller Selecring that one
of the estimated frequencj candidates, which shows a
minimum posirion-error, and using the selected
frequency candidate as the frequency detected by the
frequency detector. |

~ 6. The positioning control system according to
claim 1, wherein.the disk drive has an actuator that
moves the head to the terget position on the disk,. and
a servo system that drives the.actuator, the servo

system including the position error detector, the

frequency detector, the estimator and the controller.



10

15

20

25

LT

- 24 -

7. The positioning control system according to

. claim 6, wherein the estimator of the servo system -

detects_a difference between the characteristic
frequency component detected by the Fourier transform
and the frequendy of the disturbance in accordance ﬁith'
a cycle of variation with time.of the Fourier
coéfficient, thereby estimating the fréquency of the
disturbance on the_basis of the detected difference.

8.':A.head.posi£ioning control method for use in a
&isk drive, comprising; |

detecting a p¢sition'error between a position of
the head and the target position;

detecting a characteristic frequency coﬁponent
included in the position error, using a Fourier
transform; | |

estimating a frequency of a disturbance, relatéd
to a target value variation, on the basis of a Fouriéf
coefficient resulting from the Fourier transform;

' modifying_the charactéristic frequency component
on £he basis of the estimated frequency of the
disturbance; and

calculating'é control correction value that
suppresses the taréét value variation having the
modified characteristic freéuency component.
© 9. The method according to claim 8, further
comprising the step of executing-hgad positioning

control using a value obtained by adding the control



10

15

20 -

AY
- 25 =
correction value to a control.Value that corrects the

position error.

10. A servo system that situates a plant in a

target position, comprising:

a position error detector detecting a posiﬁion'
error between a position of the plant and the target
position; | | | |

a frequehcy deﬁector détecting a characteristic
frequency component inc;uded in the position error,
using a Fourier transform;

an estimator estimating a frequency of a

disturbance, related to a target value variation, on

‘the basis of a Fourier coefficient resulting from the

Fourier transform; and
a controller modifying the characteristic
frequency cbmponent on the basis of the frequency of

the disturbance estimated by the estimator, calculates

a control correction value for suppressing the target

value variation having the modified characteristic

frequency component, and executes positioning control
using a value obtained by adding the control dorrection
value to a control value for correcting thé position

error. .



