1 TITLE OF THE | NVENTION METHOD AND APPARATUS FOR
HEAD POSI TI ONI NG CONTROL W TH DI STURBANCE
COVPENSATI ON I N A DI SK DRI VE BACKGROUND OF THE
'NVENTI ON 5 The prosent 1 nvention relates to a di NN
drive, and particularly to head positioning control «so150s
technol ogy with di sturbance conpensation. CGenerally a

head positioning control systemq{or_ positioning

nead al ‘a targel position (targel i7ack wonﬂmmmmmm

mediumis incorporated into a disk drive typical

. including a hard dlskTQ@LﬁeOFl? £he NGRS 18 ﬁ +G00001 *
di sturbance having a | arge Fuence such as a

Vi br aEDPHOBNANBNAPPRRETUShEGR HRRSI POYNTRENAREUEBRYROE, WITH
decreased in the head posi 15 tioning control system

Ther eDD$EURBANICE t COMPBKSAT CONPERSAL DOBKT DREYVEON Of
suppressi ng the di sturbance which affects the head
posi ti oni ng accur addAGKGRAUNIDrARIMHE nINVENTECNM

positioning control systemof the disk drive. 20 Wth
reference ToetREeARRY pOY¥PRIbARNGetahesoto sydiiei with

t he di st urbance conpensation function, there is

pr opcLEHVSy s3RE end ki SRl a5k %Pf%%ﬂﬁopﬁﬁiﬁloﬁéﬂgr@PntrOl

S sten1for ressi ng, the influence of disturbance
bz an %%%%?f@£$f|+?% ghﬁtﬁﬁéﬁ%ﬁe(?%?P%@S%Rhﬂﬁre see

U. S. Paten 6 , 84 cceleratio nsor  for
obser vi ng en E%?} g% §ez& p031€10n1ng CORPraT system for

positioning a head at a target position (target track)

on a disk medium is incorporated into a disk drive
typically including a hard disk drive.

In the case of a disturbance having a large
influence, such as a vibration and an impact, head
positioning accuracy is decreased in the head posi-
tioning control system. Therefore, a disturbance
compensation function of suppressing the disfurbance
which affects the head positioning accuracy is
important in the head positioning control system
of the disk drive.

With reference to the head positionihg control
system with the disturbance compensation function,
there is proposed a system which uses a feedforward
control system for suppressing the influence of
disturbance.by an adaptive filteriﬁg method (for
example, see U.S. Patent No. 5,663,847).

An acceleration sensor for observing (detecting)

the disturbance is required in a head positioning



t he di sturbance is required in a head positioning
control systemin the prior art, in which the feedfor-
ward control systemis used. Accordingly, when the
head positioning control systemof the prior art is
applied to the disk drive, there are problens that 5
the nunber of conponents is increased and the system
structure becones conplicated inporder to inplenent
the system BRI EF SUVMARY OF THE. | NVENTION | n
accordance with an aspect of the present 10 invention,

therecéﬁtmvgg@@ea %slehgrg\rtg Mgnsked' 39 C%C'th' txeeedfor-

of a head positioning contr ¢an fect i ve

SUpprﬁéﬁddbéﬁ’éf@ﬁnQ?s%thHt udalng @Eco@@l@.ﬁ'g@.ﬂzat 'w‘?x%n the
sensor and the |like. The disk drive conprisés an

act uam@édtpoﬁﬂﬁibhﬂﬂ? dbnarbeagyaten bE @tk ReSH @t is
on a disk medium a first controller which controls

the azpphied by theedbakkdedbney| othteepasiet padbilletmshenct
at the target position on the disk nedi um based on

5 posi ttlam @umberi of ocomponanbet weehncheasadgendpddiet isgrstem
and a osition of the head;, and a second .
contr%¢¥%@ Whe checenepucemal Fat afbanc ereeRpsns dmpdement
value to the first controller, wherein the second
cont rh¥ e?YPhePudes an anplitude detection unit which

;ﬂswfuazeo$°ﬁ;¢:ga;ﬁgs%@gwaﬂ&?@%ﬂ&@ngg&@%ﬁm%&ea“
POt 1190, S OhebREBRARL! B2k ESRAEE! RS AR Wen
10 from i 0@ PESLL] OPHEELOLs provided a disk drive including
a facility of a heaq positioning control which can
effectively suppress disturbance without using an
acceleration sensor and the like.
The disk drive'comprises an actuator to position
15 a head at a target position on a disk medium; a
first controller which controls the actuator by
feedback control to position the head at the target
position on the disk medium based on position
error information between the target position and a
20 position of the head; and a second COntroller which
outputs a disturbance compensation value to the fifst
controller, wherein the seqond controller includes
an amplitude detection unit which inputs the position
error information to detect an amplitude of narrow-
25 band disturbance from the position error information;
a phase detection unit which detects a phase of

the narrow-band disturbance from the position error
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3 information; and a unit which conputes the

di sturbance conpensation value for elimnating the
narr ow- band di sturbance based on each detection
result of the anplitude detection unit and the phase
detection unit. 5 BRI EF DESCRI PTI ON OF THE SEVERAL

VI EWE OF THE DRAW NG The acconpanyi ng draw ngs, which
are incorporated in and consllayte a part of the
specification, illustrate enbodi nents of the

i nvention, and together with the general description

give ﬁ%%?ﬁ% f%?#ié(E%f%'ﬁﬁlgﬁSEBhphkgg Qﬁetgﬁsturbance

enbodlnents glven serve to ex

pri nCdd?tlpfénééftité}? VAMEN £ O eﬂx@inathﬁ atHEOBErQb@gBQ%
showi ng a configuration of a head p03|t|on|ng control

syst emsmataticy based dn reédckndetesenbnokekliet of the
invention; 15 FIG 2 is a block diagram showing a main

partamplxtuﬂeﬂdehecﬁnanxmmrhn@ndothéephasstdetectlon unit.
enbodinent; FIG 3 is a view for explaining a _
mul ti BRyEAg DEGGIRI BTI 0N fOFe GHHE \HE\ERAINt VIEWS yGF €FHE DRAWING
according to the first enbodinent; 20 FIG 4 is a

view for eXpt BFFRPIN Y RY dqiﬁgwangﬁr Whicheare incorporated

feedf,orward control system FIG 5 is a view show ng
filtem ﬁnfﬂé?r%’}sfdr% €82 RATE(PESTRA PRECEESARBLARY d

T Cs L EKCNCNE N T TR A
Cont PP Tondldt, ded S VIS STy ana ene
f eedfruand £ YUd i SYSEEMNBE the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a configuration
of a head positioning control system according to a
first embodiment of the invention;
FIG. 2 is a block diagram showing a main part of
a disk drive according to the first embodiment;
FIG. 3 is a view for explaining a multiplying
unit in a feedforward control system according to
the first embodiment}
FIG. 4 is a view for explaining a dividing unit
in the feedforward control system; |
FIG. 5 is a view showing filter transfer charéc—
teristics in the feedforward control system;
FIG. 6 is a view showing a time change in input
and output signals of the feedforward control system;

FIG. 7 is a view showing characteristics of an

internal signal of the feedforward control system;



4 FIGS. 8 and 9 are views for explaining operation of
a phase detection unit in the feedforward contro
system FIG 10 is a view showing a tine change in
head 5 position error according to the first

enbodi nent; FIG 11 is a view show ng frequency
character istics of the head position error according
to the first enbodinent; FIG. 12 is a view showing a
degree of inprovenent 10 of a position error by the
feedforward control system FIG 13 is a view for

expl ai ni ngpdeki, nigt i;eRs Oz GARLAS fcfre%%gélﬁgggn?qperation

band wi dth of disturbance in the first

FIG 438 asphabkoaktdic@gbamunlewing teC dfdadd 1R raalded? rol
of a head positioning control systemaccording to a
seconslyetbmgi nent; and FIG 15 is a flowhart for
expl ai ning the operation of the second enbodi nent.

DETAI LED DESGRI U] ON &F vildi IsNENTIgOM tAtheRefteingendn head
now to the acconpanying draw ng, enbodinents of the
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FIG 1 is a_hlock diagram show ng a configuration of
a head posftFonthgifoft VdEvs posing darediuegavo charmscter-

[h ot gibag Benkyt LIS LNELLon FLC 2t Rl 80K e
to the; FifslnSERHLAEN

FIG. 12 is a view showing a degree of improvement
of a position error by the feedforward control system;

FIG. 13 is a view for explaining definitions of
a center frequency and a band width of disturbance in
the first embodiment;

FIG. 14 is a block diagram showing a configu~
ration of a head positioning control system according
to a second embodiment; and

FIG. 15 is a flowchart for explaining the
operation of the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the accompanying drawing,
embodiments of the invention wili be described beiow.
(First Embodiment)

FIG. 1 is a block diagram showing a configuration
of a head positioning control system according to a
first embodiment of the invention. FIG. 2 is a block
diagram showing a main part of a disk drive according

to the first embodiment.
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5 (Configuration of Disk Drive) As shown in FIG 2,
the disk drive of the first enbodinent is a hard disk
drive. The disk drive includes a disk medium 30, a
head 31, and a head 5 positioning control system
(servo system). The disk nedium 30 is rotated by a

spi ndl e notor 40. Many concentric tracks 300 which
are of a data recording area are forned on the disk
medi um 30. Servo sectors are arranged in each track
300. Each 10 servo sector includes a servo area 310 in

Whi Ch 8140y, A forf ROST 34 OF AAfRITALI ON) IS recor ded

and a data~ sector 320 serving as an area in which

user dataAss sHe@PrdedrIdhes hegkk 3ide APV elf OPh@Nfirst
actuator 32 which is 15 rotated by a voice coil notor

(VCMembddiftemtacisuad tlardB 4 siddons, t iEndadik 8 1dad va
target position on the disk medium 30 under contro

of thadieadespesididnimegliwoBd,ola dysteml, Thendesach&dd
includes a read head which reads the 20 servo data

( pos Prisd it Liofigyamdrdino laraly s theen ussarwatsystferom t he

di sk nmedium 30 and a wite head which wites the user
data. At tHies Hoihtmedidraud® iherefiatedndely vin sBndke motor
rotat%d akgfonstant angul ar velocjty, the read head -

r eadd Or he MOBY, FRGER Y ek’ e Rrerohsy data

COnSLANLALTE LU M o e R30S L B0 a0

detegg&gg gé%ﬁgf% %ﬁe %rranged in each track 300. Each
servo sector includes a servo area 310 in which servo
data (position information) is recorded and a data
sector 320 serving as an area in which user data is
recorded.

The head 31 is mounted on an actuator 32 which is
rotated by a voice coil motor (VCM) 33. The actuator
32 positions the head 31 at a target position on the
disk medium 30 under cohtrol of the head positioning
control system.

The head 31 includes a read'head which reads the
servo data (position information) and the user data
from thé disk medium 30 and a write head which wfites
the user data. At this point, because the disk medium
30 is rotated at constant angular velocity, the read
head reads the servo data from the servo area 310 at
constant time intervals.

The head positioning control system includes a

read channel 34, a position detection circuit 35, a
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6 controller 36, and a VCM driver 39. The read channe
34 is a circuit which perforns signal processing for
denodul ating a read signal read by the read head in

t he
i ncl

head 31. The position 5 detection circuit 35
udes a circuit which separates the user data and

the servo data fromthe read signal process by the
read channel 34. The positian detection circuit 35
detects the position of the head 31 on the disk

medi
cont

which is of a main e

um 30 according to 10 the servo data. The

r@ﬁ@foﬁﬁefngéydﬁdaan@z Oﬁg&ﬁésﬁ’é. (CPY) 37

enment o ead positioning

control syphenteaddcRafeM 384 Thea CPU-3dipelh9EASp@rforms
head positioning control process of the 15 first

enmbods irptd ] tr SOEPsit By afo ACd étad dNDa €0MG I & re @l $€gnal
(hereinafter sinply referred to as control value) for
dri virepdirely come roédd ngeddiel VG 83hedde3l CPURE position
conputes the control value based on the head position
(P) d&tReelPatchredet e3hi ireludrera at srcal 2owpiolyr am

and
38,
t he

control paraneters which are stored in the ROM
& RUFEER prle dsser i fataeandiride pservo tdakr  frem the
like, The VCM driver 39 is a drive circuit which

suppliE IR L RTATRST PY HOY/ARaB hape nifto TS
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of the head 31 on the disk medium 30 according to
the servo data.

The controller 36 includes a microprocessor
(CPU) 37 which is of a main element of the head
positioning control system, and a ROM 38. The CPU 37
performs a head positioning control process of the
first embodiment to compute an actuating control
value (hereinafter simply referred to as control
value) for driving and controlling the VCM 33. The
CPU 37 computes the control value based on the head
position (P) detected at predetermined intervals, a
program and control parameters which are stored in
the ROM 38, a program process timé measﬁred by a
timer, and the like.

The VCM driver 39 is a drive circuit which
supplies drive current to the VCM 33 according to
the control value computed by the CPU 37 to drive

and control the VCM 33.



(Head Positioning Control Systen) As shown in FIG 1
the head positioning control systemof the first
enbodi ment is mainly formed by a feedback (FB) contro
system 1l and a feedforward 5 (FF) control system 2.
Actual ly, the head positioning control systemis
realized by the controller 36 including the CPU 37.
The controller 36 can be separajed. into a first
controller which realizes the FB control system 1 and
a second controller 10 which realizes the FF contro

syst efgad | Bot e; dh sk déwa?roi‘SS §§8ﬁ2 bed above, the

disk medium 30 is rofated at constant angul ar

velocity. AécﬁﬁbdhnﬂhYFIGhel9UEhSnhesaaﬁoEQ%hthﬂgpcb%trol
obtained fromthe servo area 310 which is at the

frontsesidernf ofiStieachi set vemisedivent nisymsahn opi zakm@a by
~with the angle of rotation of the disk nedium 30. The
FB contfetdyskenFB) coostiolt egstemahpard adéetadforward
control system which determ nes an input val ue
S (cont tBF) vednjeyol npustem 2. plAptually; thbashead ppagtioning
20 interval. The plant 11 is a control -object. Due to
mechafRREFOhney et et + 5 chpal b2ed| kY| bhe, conerelisra3e

I | f he f
cont 11 Bra i 1 e hﬁp@cﬁ( or ohes GonfipaleR Bengrn) be
ded fi troll
oL R & B 4 %irfib ERRerbT et 1Rl o orep Piegs
funCtﬁﬁg‘Féﬁcéﬂtr@fd P& 1 'Qﬂd%%t§§%68$ 88#£r$@igp

detects a position errtor signal

10 CONt A& odh 054 #SPRAIPE Qo LoTGYs bkt 2L Wi ch
determnes t
In the disk drive, as described above, the disk
medium 30 is rotated at constant angular velocity.
Accordingly, the current head position P.is obtained
from the servo area 310 which is at the front end of
15 each servo sector in synchronization with the angle
of rotation of the disk medium 30.
The FB control system 1 constitutes a sampled
- data control system which determines an input value
(control value) input to a plant 11 at constant time
20 interval. The plant 11 is a control object. Due to
mechanical and eléétrical'restrictions, there is a
limitation to the control value output from the first
controller 10 to the VCM driver 39. The FB control
system 1 is broadly divided into the first controller
25 (transfer function C) 10, the plant (transfer function

P) 11, and a position detection unit which detects

a position error signal ES. The first controller 10
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control value (corresponding to a drive current val ue
of the VCM 33) of the plant 11 fromthe position error
signal ES. 5 The plant 11 neans the VCM driver 39 in
the narrow sense, and the plant 11 nmeans the actuator
32 on which the head 31 is nmounted in the broad
sense. The actuator 32 noves the head 31 in a radia
direction of the disk medium_30gby_the drive of the 10
VCM 33. The VCM dr.iver 39 supplies to the VCM 33 the
drive current .according to the control val ue

out puded AR kg, fd g.;fné?aﬁgtfr)i%ﬂeef Witi &P &iééfggﬂgﬁqg%sthe

control thé actuator osition error

I ndi IR AN IR (c’e@x@éﬁ’éﬁﬁﬂ.%%ié | @0 ¥B OhridBt value

head 31 nmoved by the actuator and a target _

posi dfontHeP wpe @) ef ahaplaaress. i artt pHSidisK error

medi um 30. Further, the head positioning contro

syst érhgnlads RShe FF control system 2 and an

internmedi ate 20 cl osed-1oop transfer characteristics

filter (trisfdantchar autans stheVe)daPveThdd in the

cl osed-1 oop transfer characteristics filter 12 is a

t r anSPEE My FENSen and tde ¢rlatie 1B means ctheyacewatior 32

Accordinglly, Fc is expressed by Fc = CP/(1+CP), where

C i sopnahish then RdndtS Pt ahel e drite pFead 19ense.

and is_the.transfer function of the plant 1], The

== cgrk?ter 8ICt§X?§t°5m%?58@8ﬁ§ %’rﬁ MRt A ¢ %3 an

anpl i} $de +d8He Bl AU Yils KMHH HEHRF ISy ife arive of the
VCM 33. The VCM driver 39 supplies to the VCM 33
the drive current according to the control value
outputted from the first controller 10 to drive and
control the actuator 32.

The position error signal ES indicates an error
between a position HP of the head 31 moved by the
actuator 32 and a target position RP specified as
an access object on the disk medium 30.

Further, the head positioning control system
has the FF control system 2 and an intermediate
closed-loop transfer characteristics filter (transfer
characteriétics Fc) 12. The closed-loop transfer
characteristics filter 12 is a transfer function
filter of the EB control system 1. Accordingly,

Fc is expressed by Fc = CP/(1+CP), where C is the
transfer function of the controller 10, and P is

the transfer function of the plant 11.

- The FF control system (second controller) 2
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anplitude of the disturbance fromthe position error
signal ES and a Phase detection unit which detects the -
phase of the disturbance. The anplitude detection 5
unit has an absol ute-val ue conputing unit 13 and a

| owpass filter (LPF (transfer function Fa]) 14. The
phase detection unit has an LPF (transfer function

Fp) 18, a filter (transfer functdorn. Fi) 19 which

det ermi nes phase correction feedback character 10
istics having an integral elenent, and an oscillation

unit.; NG RSE1dd atdon dinid éiélEéHggqnauﬁiEfewaEﬁré‘ébQEts the

unit 20, a ase generation unit d a cosi ne-wav

050”5ﬁ§l$¥hd€“6f:¥%e|&h§€ﬁ%$§h@@”ff8ﬁ @Métﬁgbgtléﬁ error
shown in FIG 3, 15 specifically nmultiplying units 16

and IsA ghOWES ndl 5 pHa 96 ed@becthbs huRet f ORhIBh detects
two-input multipli- cation. A dividing unit 15 is one

whi chthperdharas oflli thisidistasrisdnoes. | NTHé Gimglitude detection
(Operation of Head Positioning Control Systenm) 20

Ref eruniirfg has RIrGSibsio itk Sva bud 3compet dng onnibf 18 hand

head positioning control systemof the first

enbod tENPafe | fhltelescrPhettramsfae FenebhenrofFatysitem

1, the fir t controller 10 inputs the position error
signal ES Ot® tARATRALHACT 23R 1 B EbnpREeaPhEPEokEFBNSTeT

ol R A Y 4 IS (ShafbreSeifiPthe E) 19
the ShiQh, RELNBSN 1lle SALetel 400 POST Ho Q8o EBIA Bt 6t ex-

pOS|t|on
istics having an integral element, and an oscillation

unit. The oscillation unit includes a time géneration
unit 20, a phase generation unit 21, ana a cosine-wave
oscillation unit-22.

In the FF control system 2, as shqwn in FIG. 3,
specifically multiplying units 16 and 17 shown in
FIG. 1 are one which performs two-input multipli-
cation. A dividing unit 15 is one which performs
division as shown in FIG. 4.
(Operation of Head Positioning Control System)

Referring'to-FIGS. 1 and 5 to 13, operation
of.the head positioning control sysfem of the first
embodiment will be described.

In the FB control system 1, the first controller
10 inputs the position error signal ES of the head 31
to compute the control value for positioning the head
31 at the target position RP. The position error

signal ES indicates the error between the target
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Is obtained fromthe servo area of the disk nedium 1.
The position detection circuit 35 detects the position
P of the head 31 based on the servo data. The servo 5
data i ncludes a cylinder code for indicating the

track position on the disk nmedium 30 and burst data
for indicating the position within one track. The FF
control system (second contrqllgp) 2 inputs the
position error signal ES (input signal Al) 10 to

det ect the changes in anmplitude and phase of the

di st 3l 1he £ §8%E9%o§y§t @ %hgepgﬁ\% %% wﬁlch
cont conpensatlon va out pu

out ptat ta&maofr&@@ﬁ@sg&we ¥akbyeokFihe h*ﬂgk ﬁédlum 1.
control system 1. shows tine changes in

|nmﬂThﬁEﬁ&%1ﬁﬁoﬁ“&b@@&@ﬂbnsbgﬁah16435|HeW@bEB EH@ position
ti me changes follow input anplitude fluctuation. The

cont roloft artpertsadd 0Bl Vieh sedFénnmehsssargdbstiathanc®he servo
conpensation value given to the FB control system 1.
I n t ketanpinelukkesies ecyl bndeni tpdehfoabsoditet20gvahae
conputlnqcun|t 13 conputes an absol ute. value (A2) of
t he itk Kembliion omhehepfisk wedéum ABsangdhburst data
di stur bance anpljtude (A3) fromthe absolute val ue
S|gn£°3/¥§ igtgng %%%MBOFHElPPnEl§héﬁg@§elﬁr?ﬁbut
si gnal absg ute vaI e S|gnal gd outpub gna
25 (an‘pl i {TRR)FACORLFRE BBETER. ($RECRGsGPRELC élerE
si gn &f%: udes_a _tipme change.conpo e.
Al 1T .n"ﬁa e P ert SR gL (R0 B R e PRytonignal A1)
11 Y&t Afnd henfh§LY" PANSSL 1 LEGHENEXa PRLYe! B the
disturbance, and the FF control system 2 generates
a control compensation value FF (output signal A4)
to output the control compensation value FF to the
FB control system 1. FIG. 6 shows time changes in
input signal Al and output signal A4, in which the
time changes follow input amplitude fluctuation.
The control compensation value FF means a disturbance
compensation value given to the FB control system 1.
In the amplitude detection unit, the absolute-
value'computing unit 13 computes an'absolute.valuet
(A2) of the input signal Al. The LPF 14 determines
the disturbance amplitude (A3) from the abéolute value
signal (A2). FIG. 7 shows the time changes in input
signal Al, absolute value signal A2, and output signal
(amplitude) A3 of the LPF 14. The absolute value

signal A2 includes a time change component of the

amplitude in a low-frequency and a double-frequency
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time change conponent A3 of the disturbance anplitude
is extracted by the LPF 14. The direct-current gain

of the LPF 14 has a value which is nultiplied by a 5
square root of 2. In the phase detection unit, at a
pre-stage of determ ning the phase, the dividing uni t
15 divides the input signal Al by the anplitude A3 to
conpute a phase signal Pl in hch_the anplitude
becomes 10 constant. At this point, when the anplitude
is zero, the phase signal 21 becomes infinity.

0 e Ghbondfe 208 \Ent laTefhrfandl P LORAND, | ' PRy Hhe
The phage éﬁ&ﬁ&é'88m§8hé QQA§C$§ {Re QDQ?Gr%§nce amplitude '

di fference between t ase si gna

si gnals Abxepgctoe BﬁaﬁﬁesLﬂPai4P2 @ﬁ@eaﬁfggtb¥ukbgnt galn
oscillation unit, and the phase detection unit uses
phaseo£orhecLPpn1 { erslbaskvi De® Which £ormETtsplhed by a
phase of the phase signal P2. 20. The oscillation unit
previouskye esvotrav£s2a band in which the di sturbance
exists, and the oscillation wunit creates the phase
signal P2 5® &Betphgemedatechiovennét, f abgaency-stagheot

‘band.  The phase difference is detected by utilizing

the ffF %‘F/Wi‘i@l%%iu’él%?o?iW%?r the c@ividing wpig Epsdivides
(1)) BF tieve Fleadt il hbothcgro i fud; b T pompute
andl%zgﬁﬁse signal Pl in which the amplitude becomes
constant. At this point, when the amplitude is zero,
the phase signal Pl becomes infinity. Therefore,
as shown in FIG. 4, when the amplitude (y) is zero,
the'phasé signal (z) Pl is also set to zero.

The phase detection unit detects the phase
difference between the phase signal Pl of the input
signal Al and the phase signal P2 generated by the
oscillation unit, and the phase detection unit uses
a phase correction feedback loop which corrects the
phase of the phase signal P2.

The oscillation unit previously estimates a band
in which the disturbance exists, and the oscillation
unit creates the phase signal P2 so as to generate a

center frequency of the band. The phase difference

is detected by utilizing the following equation (1):

cos (ft + A) x cos(ft + B)==%(cos(2ft + A+ B)+ cos(A -B))

Equation (1),



the phase of a cosine wave. Since the first termon
the right side expresses a double conponent of the
frequency f, and the second term expresses a phase 5
di fference conponent, the first termis elimnated by
the LPF 18 to utilize only the second term conponent
for the phase correction. As shown in FIG 8, the
product P3 of P1 and P2 (outputqef the multiplying
unit 16) includes the doubl e-frequency conponent of 10
P1 and P2 and a tine change conponent of the phase

di ff eggese. £ The LEE %§eh§eﬁc§°“@a§§ gh&erabgrﬁhgﬁﬁ B are

the gainis sufficiently | ow at the doub equency

and tiige dpli£EE - 68 & €B6s UAL NWHLEQTES i HBk YheASi $BOWMReLR on
in FIG 9, the LPF 18 extracts a phase difference

conpotieat r Pght r otaie hexpré paés P3 abubbe auhbbhkytngf the
unit 16. The filter 19 is one which determ nes phase
corr efr¢guefiepdbackndhbhacsecondi terhagkpgeases a phase
mul tiplication element. The filter 19 outputs a phase

520 coiifferencei gerapomsnhs gh@mﬁlrﬁtthxm915|ﬁlnmenaped by

control u_])éstemz the nmultip iln% unit 17 conputes
the prloRIueE of8 tFe %hbl+¥ﬁd%n Yg ap sagond ohfERecomponent

anpl de det ction unit and the nal P2 fro
ool e i gk Srearectitel (a BBﬁpb%eEIFeséktt e

Lfgﬁiés"géxﬂé‘éﬁ%fg PLOgRY 86 i%a%mx?ﬁ B FRFCRUIE b ing

Chara@ﬁfﬁ'f@j°§n&§UdQ£ @ﬁ&hdgubigef£é&53ﬁéy1éomﬁ§neﬁgdof
19 in the anplit

10 Pl and P2 and a time change component of the phase
difference.
The LPF 18 is a lowpass filter in which the |
gain is sufficiently low at the double-frequency
and the direct-current gain becomes unity. As shown
15 in FIG. 9, the LPF 18 extracts a phase difference
component P4 from the output P3 of the multiplying
unit 16. The filter 19 is one which determines
phase correction feedback characteristics having a
multiplication element. The filter 19 outputs a phase
20 correction signal P5 as shown in FIG. 9.
” In the FF control system 2, the multiplying
unit 17 computes the product of the amplitude signal
A3 from the amplitude detection unit and the phase
signal P2 from the phase detection unit, and the
25 computed result is output as an FF signal (disturbance
compensation signal) A4.

FIG. 5 is a view showing transfer characteristics



detection unit and the phase detection unit. In FIG
5, frequency fa represents the double frequency of
the di sturbance. 5 Wiile the FF signal A4 output from
the FF control system?2 is added to the position
error signal ES through the closed-|oop transfer
characteristics filter 12 while output to the FB
control system 1. The added sigrRal hecones the input
signal Al of the 10 FF control system 2. The

cl osed-l oop transfer charac- teristics filter 12 is
one m@fcga@ﬁs fh€h%rff§£ Harﬁgteghatpgsi%feﬁgaéﬁglitude
control system1 h ose trans

char agéegbeibgSuhitt §ﬁd1€hésphgseehseseh%§r uwiftU.f nifhg

the value of the disturbance 15 elim nate _
di st urbance, C@ﬂ@@ﬁéﬁéﬁoﬁaVaéygeEEntsAﬁhgeaéﬁbQ%dfrequency
above, accordlng to the head positioning contro

syst eof ofhé héiftusbarabodi ment, the di sturbance can

be conpensated for inprove the head positioning

Saccuracy. V¥hilai theafE, stigpadyadtenpu2pusf firloen thier FF
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enbodi nent realizes the configuration. in which the
di st FPRRERL | 8YsbeBryetishgdend Het tbei basitiions ergror signal

i st CFDarREOFFbr EReS boSP i boBr FBRnSFgRaFhasaRterdntics
o 0 e 2008 S OB BEHRCko 2 Dfe B, Pkl S 1.

e PAL! 258 Gindd SORRRS, AT AFBRLIR pRAICRY oF ene
appl i@f.control system 2. The closed-loop transfer charac-
teristics filter 12 is one which has the transfer
characteristics of the FB control system 1. The
closed-loop transfer characteristics filter 12 is
the element for returning the value of the disturbance

eliminated by the disturbance compensation value FF.
As described above, according to the head
positioning control system of the first embodiment,
the disturbance can be compensated for improve the
head positioning accuracy. 1In this case, the system
of the first embodiment realizes the configuration.
in which the disturbance is:observed by the detection
units for detecting the amplitude and the phase of the
disturbance from the position error signal ES without
using the acceleration sensor and the like. Then,
the effect of the first embodiment will specifically

be described.

FIG. 10 shows a time change in head position



FIG 11 shows frequency characteristics of the head
position error when the. narrow band di sturbance is
applied. In both cases, conparisons are nade by the 5
presence or absence of the feedforward (FF) control.
When conpared with the case where the FF control does
not exist (FFn), in the case where the FF control of
the first enbodi ment exists (FFy), it is found that
the position error accuracy is inproved. 10 FIG 12
shows the conparisons in the bandw dth and a degree

of in@f?&?”@ﬂénoﬁaiggwpﬁ§haiQﬂsgﬁEB%PcEniE?%gEh&%h.

enbodi ment, because the FF input follows position

errorrsggnal ¥howd fregheat@schArhbeer§8RstadNbsf the head
frequency range, the degree of inprovenent 15 of the

posi tposieionretrsotieghadedhehrartbe-bandwddskRurbsnce is
broadened. In FIG 13, the bandwi dth and the center
frequappyied. t hendbsthr bases, bantparésdesi aee. make by the
FIG 13, the ratio of the bandwi dth to the center

5 frequeRegeRge ser @bseheeXofxkbeofeptGorvardaddf) heorgrol.
ratio_of the positioning accuracy when the EF contro
i s notheRrforRREed ovih pbei ERBAI WheKec thgcF Fweentrofe does

FF control is ornmed is . set to the Y axis_of FIG
15 Bt ek 8e PRSI Moinried *4o88, nBsad ihe aF coptrol of

UGB GRRSANELUTER, LSRR S5 £

i ncreased r éexanpre or dé
b2, Ch BEFREESOBE-0E! hochtaih, ECLERARE It the -
10 frequency. p1g. 12 shows the comparisons in the bandwidth
and a degree of improvement of the position error.
In the first embodiment, because the FF input follows
the position error signal which fluctuates in the
constant frequency range, the degree of improvement
15 of the position error is degraded when the bandwidth
is broadened. 1In FIG. 13, the bandwidth and the
center frequency of the disturbance band are defined.
In FIG. 13, the ratio of the bandwidth to the center
frequency is set to the X axis of FIG. 12, and the
20 ratio of the positioning aécuraCy'when the FF control.
is not performed to the positionihg accuracy when
the FF control is performed is set to the Y axis
of FIG. 12,
As can be seen from FIG. 12, the degree of
25 improvement is degraded when the bandwidth is
increased. For example, in order to make the narrow-

band disturbance one half, it is preferable that the



However, the degree of inprovenent of the position

error are also affected by transient characteristics

of the disturbance, the sanpling frequency of the 5
head positioning accuracy system the frequency
characteristics of the feedback controller 10, the

| owpass filter characteristics of the anplitude phase
detection function unit in the HE caontrol system 2,

and the like. 10 (Second Enbodinent) FIG 14 is a view
showi ng a configuration of a head positioning contro
syst epangeo8ehngst ged $8CcaRuteBIddigHnOicdii®r frequency.
i nvention. The head positioning control system of the
15 sekowdvenpodheedegireel vdedmp ravesddntnateten ig¥sition

~unit 25 which detects a spectrum of the position
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errorerspgnareEsSlandad feeltedt bgn tumairts i26 whiharadtangestics
the spectrumdetection and the anplitude/ phase

det ec®¥ obhe pdéatisebaneecether shimpduidec f nsfquemey of the

di sturbance 20,is changed by the vibration state

appl i BEE oPPREL HPRANIJAFGHLARY SHSHeMke the firequency
difficult to previously  estimate a certain value.
There?%?E?CFﬂElFFéﬁﬁeﬂ¥ytﬁ?héﬁ@ﬁgaFﬁéQﬁ%ﬁqﬂhﬁer 10, the
anpl i ' ted. fromthe _ frequ spect.r.ym of
the.p%5| ?%%lg?;g§f Sﬁarﬁﬁgef%sFﬁ&&uéﬁﬂ&*?h@ﬂHﬂfﬁHﬁ% phase
maxi AOPL LHUBERES 1 SR uRT ¢! 2.‘131 E%%ntﬁ JI RPN e 2,
t he phase detection unit inthe contTo! systemZ.

As a ge8Utte eygA,if the vibration 16 state of the
di sturbance is changed, the phase of the

(Second Embodiment)

FIG. 14 is a view showing a configuration of a
head positioning control system according to a second
embodiment of the invention.

The head positioning control system of the’
second embodiment includes a spedtrum detection unit
25 which detects a spectrum of the position error
signal ES and a selection unit 26 which changes the
spectrum detection and the amplitude/phase detection.

Because the center frequency of the disturbance
is changed by the vibration state applied to the disk
drive and the like, it is difficuit to previously
estimate a certain value. Therefore, the frequency
showing the maximum amplitude is detected from the
frequency spectrum of the position error, and the
frequency showing the maximum amplitude is set as the
center frequency of the phase detection unit in the FF

control system 2. As a result, even if the vibration



10

15

20

25

di sturbance is precisely detected, which allows the
position error accuracy to be inproved. The spectrum
detection unit 25 executes proce- 5 dures for a
detection process shown by the flowhart of FIG 15.
During the operation of the spectrum detection unit
25, the selection unit 26 sets a swwtch 24 to cause
the position error signal ES frpgnthe FB contro
system 1l to be input to the spectrumdetection 10 unit
25. At this point, the selection unit 26 sets a

SW t GRadd toF P dig P MHe Of s thiadded) I p%a%é O%F the

the FF control system2 to the FB control system 1.

The sHekturanRl e ifeditdl P di e QUsIwhi dlet£I 18w St he

the range and the accuracy of the frequency 15 in _

wWhi clpoishie ispectrnon det@cidon te perimgreeed and t he

spectrum detection unit 25 sequentially changes the

measur enerfthe rappaoyn vieteot idre urahge2$ cexompie e proee-

spectral value of each frequency (Step S6). The

spectun@sddicactd letiantias pesss Y ridrichigwdmart

in which the spectral, val ue becones, maxi mum (St ep

s8). Of W& thve s REMImthe QR&GE 1 10RFhe AFReC

specty um det ectian, the ectrum detection unit 25 ,

subs etﬁéi%%?f éﬁqu SRS Yt (4R sets a switch

nmeasuynenent. freq C t he spectral [ 25

fr eq%élng?, tcgﬁ{is%t h%g{ésé}éjcq?culéhde% erccfrlt osnl%rgﬁ( E%n%a T the FB

Substigh¥tr@y 28/ Pl ¢ i ' i
%‘éé). r!?l él?t}:ﬁée)%q{pﬂﬂ ﬂ'@xﬂd‘g@{‘g@c{%’é;’é%m.c%etle]ctlon

(Steps Si to hen, spectrum on uni
25 dehatniones tate tHPYo 10t MBI LIERM L SHRIES: A6 sets a

switch 23 to stop the output of the FF signal A4 from

the FF control system 2 to the FB control system 1.
The spectrum detection unit 25 previously

determines the ranée and the accuracy of the frequency

in which the spectrum detection is performed, and the

spectrum detection unit 25 sequentially changes the

measurement frequency within the range to compute

the spectral value of each frequency (Step S6). The

spectrum detection unit 25 determines the frequency

in which the spectral value becomes maximum (Step  S8).
When the spéctrum detection unit 25 stafts.

the spectrum detection, the spectrum detection unit

25 substitutes a frequency initial value for the

measurement frequency and the spectral maximum

frequency, and the spectrum detection unit 25 also

substitutes zero for the spectral maximum value

(Steps S1 to S3). Then, the spectrum detection unit
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the position error in each nmeasurenment frequency

(Step S4). The nunber of neasurenent sanples is

obtai ned by the followi ng equation (2): 5 Nunmber of
nmeasur enent sanples = (sanpling frequency of position
error/ measurenent frequency) x K (2), where Kis an
arbitrary natural nunber. When K 10 is increased, the
sudden change in frequency of t{i¢ position error
hardly affects the nunber of neasurenent sanples, and
t he average spectrum of the disturbance can be

obt aiﬁdje&%mfr%%l {he ARASLY g&ff}ﬁeaé{hf@né& | QeEERSE 0o £

It is also, possible that a 1 ['uctuation in

Meas WRITRIYs 11 18h | Sr SOPPI € S66ch e a A tRdh ) 0F Ko §0er St
t he nunber of measurenment sanples is made constant I n

each (Emsurshient THequaftsyr dhenspeotéembnticd aapled is

unit 25 measures the position errors of the nunber of

nmeas waresimed dmpl dye 201 awioogpedwa tien splct ral val ue
(Steps S5 and S6). The conputation of the spectra

value is perforned by the follow ng equation (3): N

21 mymgeq qumeasqrement samples = (sampling frequency of

position error/measurement frequency) x K (2),

where K is an arbitrary natural number. When K

is increased, the sudden change in frequency of

the position error hardly affects the number of
measurement samples, and thelaverage spectrum of the
disturbance can be obtained; however, the measurement
time is increaséd. ‘It is alsa possible that a
fluctuation in measurement time is suppressed by
adjusting K so that the number of measurement samples
is made constant in each measurement frequency.

The spectrum detection unit 25 measures the
position errors of the number of measurement samples
to compute the spectral value (Steps S5 and S6). The
computation of the spectral value is performed by the

following equation (3):

s(f) =

Zl-

N onfd 2 10 27E 2
Zp(j)sin(—g—j-) 1y P -6) COS( = j)
j:l =

r j 1 r

Equation (3),

where_f is the measurement frequency, S(f) is the

spectral value of the measurement frequency, N is the
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) s(f) =~+ENL (j) scos nP(j pNr j=1r j=1 25
Equation (3), where f is the neasurenent frequency,
S(f) is the spectral value of the measurenent
frequency, Nis the 18 nunber of neasurenment sanples,
J is a nunber |abeled to the sanple value in order of
time, p(j) is the neasurenent position error, and r
is the sanpling frequency. 5 Wgn the spectral value
is larger than the spectral maxinum val ue, the
spectrum detection unit 25

number of measurement samples, J is a number labeled
to the sample value in order of time, p(j) is the
measurement position error, and r.is the sampling
frequency.

When the spectral value is larger than the
spectral maximum value, the spectrum detection unit 25
substitutes tﬂe current measurement frequency for the
spectrum maximum frequency, and the spectrum detection
unit 25 also substitutes the current spectral value
for the spectral maximum value (YES in Steps S7, S8
and S9). The spectrum detection unit 25 increments
the measurement frequency by the amount of change.
When the spectral value is larger than.the frequency
final value, the spectrum detection unit 25 subéti—
tutes the spectrum maximum frequency for center
frequencies of the amplitude detection unit and the
phase detection unit, and the spectrum detection
unit 25 ends the spectrum detection (YES in Steps S11
and $12). |

The selection unit 26 enables the.spectrum
detection unit 25 when power is.applied to the disk
drive, or when the position error is increased. The
selection unit 26 enables the amplitude detection
unit and the phase detection unit in the FF control
system 2 when the spectrum detection is ended.

When the position error is sufficiently small

while the disk drive is not subject to vibration,
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substitutes the current neasurenent frequency for the
spectrum maxi mrum frequency, and the spectrum detection
unit 25 al so substitutes the current spectral value 10
for the spectral nmaximumvalue (YES in Steps S7, S8
and S9). The spectrum detection unit 25 increnents

t he nmeasurenent frequency by the anount of change.
When the spectral value is Igrg?é than the frequency
final value, the spectrumdetection unit 25 substi: 15
tutes the spectrunrnaxinunrfrequency for center

A0 A L AR O sy i

25 engs; 20 s, Hﬁﬁ% ahp et &ﬁg'&gké @%ﬁﬁrh @pénéﬂﬂheﬁ§ﬁase

S12) . ction unit es the spectru

det ecdd tttidd éﬁiﬂwﬁﬁ1ﬁK&WFFlébﬁﬁﬁﬁlfﬁbéﬁbﬁhﬁ di 8kerefore,
drive, or when the position error is increased. The

sel eatrenpanrii i 6 ren addrgsu t el bt ddiskes dig ecédl@Ged in. the
unit and the phase detection unit in the FF control 25

syst €2 Jtherf tttes spiech rdinmi et eckuwrhess, eimlethe dhek drive,
the position error is sufficiently small while the

di sk tdrense s 3o s eefifect vilrtatpreceds efhiciency of
selection unit 26 di sables the spectrum detection

uni t 255Hqﬂ§%ﬁﬁﬁ$tQﬁﬁ?Eﬁn@Rﬁ|¥#ﬁLH9§l%&RP%%% GpraRtation

detection unit <g_bthe FF control system 2, Therefore

t he r&b"s‘?‘i‘?%ﬁvr rr“g}J r?p%t%ﬁ? fb%%%\és“?%r?‘éﬂ%edc?ﬂ PEhe
5 CPU. drive. Further, in the disk
dr.velncﬁaesr rks" aJr‘%Por?‘ﬁee %?rrg TR process

eff'c'enCXAQfdescrlbed above, according to the above-
described embodiments, a disk drive including a head
positioning control system which can effectively
- suppress disturbance by observing the disturbance
from head position error information without using
an acceleration sensor and the like can be provided.
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, varlous
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



the processes except for the positioning conputation
process, such as cache nenory operation, can be

i ncreased to i nprove performance. 10 As descri bed
above, according to the above- described enbodi nents,
a disk drive including a head positioning contro
system whi ch can effectively suppress di.sturbance by
observing the disturbance fromfead position error

i nformati on wi thout using 15 an accel eration sensor
and the like can be provided. Additional advantages
and nodifications wll adiql ta t hose skill ed
in the art. Therefore,WH?ﬁean$gﬁ#%§Pi#?ﬁts br oader
aspects ig notp ldidit ef-i ¢ ddRoSPeLhEic details and
representative enbodi nents 20 shown and descri bed
herei n. Acaoraitigditor s ipusi t 16l 41 Bahd088 HBYakget
made wi thout departing fromthe spirit or scope of

t he pemdrtdlon rverd iddssicamestipimas  defined by the
appended cl ainms and their equivalents. - 20 WAT IS
CLAI MED | & firstA ehinticalrier wohphi spngroda bbeuactrator by
to position a head at a target position on a disk

nedi dfedbagk iqont rdnthv IR Wipr itkenteaf sat hehe target

é-actuaton Ry feedback cqntrol, to position the, head at
the PREJELOHER tﬁ%ddﬁs REQHUY BRSEdrobaRasl buon error

10

15

20

25

POt U i on MUGIIRS 90, RELESD BB LRLS%Mng g pgeicion
contg@lﬂﬂé\ﬁgég}(ggénns a di sturbance

a second controller which outputs a disturbance
compensation value to the first controller,

wherein the second controller includes:

an amplitude detection unit which inputs the
position error information to detect an amplitude
of narrow-band disturbance from the position error
information;

a phase detection unit which detects a phase of
the narrow-band disturbance from the position error
informaﬁion; and

a unit which computes. the disturbance
compensation value for eliminating the ﬁarrow—band
disturbance based on each detection result of the
amplitude detection unit and the phase detection unit.

2. The disk drive according to claim 1, wherein
the second controller is included in a feedforward
control system which outputs a control compensation

‘'value to a feedback control system including the first
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conpensation value to the first controller, wherein

the second controller includes: an anplitude detection

unit which inputs the position error information to
detect an anplitude 15 of narrow band di sturbance

fromthe position error information; a phase

detection unit which detects a phase of the
narr ow band di sturbance fromth lp0§ition error

i nformati on; and 20 a unit which:conputes the

di sturbance conpensation value for elimnating the
narr@%ﬂﬁygi%éy§turbance based on each detection
result of the anplitude detection unit and the phase

detection yni tppe.qilde &Q§¥edéb&@r&?ﬁerganREchha'Qhereln
1, wherein 25 the second controller s included In

feedﬁﬂmywﬁétoﬂaﬂﬂdﬁﬂrd%@ﬁﬁ”ﬁﬂ@ﬂ@@é@uépMﬁﬁtawﬁﬂﬁﬁréémputes

conpensation value to a feedback control system

I ncl wdipmpdure foff sthe lampbint udd | £id tBe ghesdiskidhi ¥2e of

according to claim1, wherein the second controller

i ncl tdes dehadttianhimdswldnpueBstha amplittdefdétection unit

anpl i tude and the phase which are of 5 the detection

resulansl dthe phagfepldatiart dm eenionteantetprt the pempeted

detection unit to output the conputed result as the

di st lﬁe&ahkte rﬁ@w%‘tﬁ%%% CompemBHI QR WRive-

accordi ng 9@% ther

cl osed- 1 odp tr FEToraPFPERInENFS Chatmnt chturther

'”p“E%ﬂHPié¥ﬁH‘ﬁ*%T3§%é¥H§§§B€§é€Qf¥P'PSnc 1gn filter unit
which inputs the disturbance compensation value output
from the second controller.

5. The disk drive according to claim 1, further
comprising a closed-loop transfer function filter
unit which inputs the disturbance compensation value
outputted from the second controller,

wherein the closed-loop transfer function filter
unit performs transfer function filter computation
of the feedback control system including the first
controller and adds the computed result and the
position error information to output the added'result
to the second controller.

6. The disk drive according to claim 1, wherein
a band width of the narrow-band disturbance exists
within 30% of a center frequency of the disturbance.

7. The disk drive according to claim 1, wherein

the second controller has a unit which determines a

disturbance frequency band showing the maximum value
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fromthe second controller. 5. The disk drive
according to claiml, further conprising a

cl osed-l oop transfer function filter unit which

i nputs the disturbance conpensation value 15 outputted
fromthe second controller, wherein the cl osed-Ioop
transfer function filter wunit perforns transfer
function filter conputation of phe feedback contro
systemincluding the first controller and adds the
conmputed result and the 20 position error information

to ouputhé hempudeddeesdbh the HP8iEE6ANEr£QRt {RELBhation,
6. The disk drive according to claim1, wherein a

band amdlt h of the narrow band di sturbance exists

wi thin 30% of a center frequency of the disturbance.

25 7. The thekpbasgedateotdbnguhdtcparfotmswhepeobess of
the second controller has a 'unit which determ nes a

di st eeeklny chvenelabandf shbei djsthebanse noasedl or the
22 of,the anplitude fromthe position error

i nf ortet FOFPaRGR FRRIRARSE BeRecetion unit performs a
process of phase of the disturbance

dg%ecti tge

based on the B GYSEGPoERECPPFhueRi)dpanicad. ah a target

2o SR 84Sk Rl o na ALER or PRSr L ESRp s tng:
Cuat . he. o

Che i ok iy ReERYEar! JRLLAMAVES LGl AERAPES &) P60t

Posi tdd¥iS: £ on the disk medium;

a feedback control system which positidns the
head at the target position on the disk medium by
feedback control; and

a feedforward control system which outputs a
disturbance compensation value for eliminating narrow-
band disturbance to the feedback control system based
on position error information of the target position
computed from the feedback control system and the
head,

wherein the feedforward control system includes:

an amplitude detection unit which detects an
amplitude of the nafrow—band disturbance;

a phase detection unit which detects a phase of
the narrow-band disturbance; and

a unit which computes the disturbance compen-
sation value based on each detection result of the
amplitude detection unit and the phase detection unit.

9. The disk drive according to claim 8, wherein
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head at the target position on the di sk nedi um by
feedback control; and a feedforward control system
whi ch out puts a disturbance conpensation val ue for

el i mi nating narrow 15 band di sturbance to the

f eedback control system based on position error
information of the target position conputed fromthe
f eedback control 'systemand th head, wherein the
feedf orward: control systemincludes: 20 an anplitude
detection unit which detects an anplitude of the

. _ ( e
narr Q\Pfeb%d;fsogvﬁx% ! Sht B IPARG etcce?ﬁﬁséua:rréosgﬂalct&roaéntgcrka of

det ects e narro and

Ui € el QA0S d it s DY R rfATRAe %}np e

val ue based on each detection resu

det eani@n awdl tthRNpHAR: AR tERL 26l itHe PHdse Yetdion

di sk drive according to claim8, wherein 23 the
f eeduoriwared cartdpul thes tempiagal tress L rad e Aistdd¥bance

anpl i tude detected by the anplitude detection unit

and cleapeinsse idet extlatk.by t he phase detection wunit to

out put the conmputed result as the disturbance 5

conpensat iléh valhe dilgk dmeradissicanding dororldiig &0 further
claim8, further conprising a closed-loop transfer

f uncCPBR TSNS Aurfilosagmilaen iFans fee fyinatigmarfdd ter unit
COMPERTAL Thgiflald VLA Lo Do feetlOrMEr d e cucput
func%&%& Ewén?éedforward control system,

wherein the closed-loop transfer function filter
unit performs transfer function filter computation
of the feedback control system and adds the computed
result and the position error information to output
the added result to the feedforward control system.

11. The disk drive according to claim 8, wherein
the feedforward control system has a unit which
determines a disturbance frequency band showing the
maximum value of the amplitude from the position error
information, and

the_phase detection unit performs a process of
detecting the phése of the disturbance based on the
disturbance frequency band.

12. A method of positioning a head at a target
position on a disk medium in a disk drive, the method
comprising:

positioning the head at the target position by

feedback control based on position error information



unit perforns transfer function filter conputation of

t he feedback control system and adds the conputed

result and the position error information to output

the added result to the feedforward control system 15
11. The disk drive according to claim8, wherein the
feedf orward control system has a unit which

determ nes a di sturbance frequency -band show ng the
maxi mum val ue of the anplitude fromthe position error

i nformati on, and 20 the phase. detection unit perforns
a proeeseed thdetatliend folie cRRAS&nef af e sdiri Qﬁnqﬁle
based on the disturbance frequency band. 12. A nethod
of p@giadi;oning a head at a target position on a disk
mediumin a disk drive, the nethod 25 conpri si-ng:

posi ti oni ngpulte inead hat plosd tiang@lr Heasiinfarndtion;

f eedback control based on position error information

24  bet we@dletieled itngr get apediittivcle amdl @ pdsistel @f ofarrtmwy-band
head; inputting the position error information;

det eBipRyrRANERpPREGde CANYhE PRadEion garoswibfedmmtion;
di stur bance based on the position error informtion;

and éBﬁputing a di sturbance conpensation val ue for
elimnatin nd.di st urbance bhased on ea%%r

t he, b
detectioncgggﬁl %§¥%?aésgﬁﬁqapﬁﬁeQQW?qﬁﬁg g yalue

eliminating the narrow-band disturbance based on

each detection result of the amplitude and the phase.



