;e3e\T\L" 6TT oZ METHOD AND APPARATUS FOR HEAD POSI TI ONI NG
DI STURBANCE COVPENSATI ON I N A DI SK DRI VE BACKGROUND OF THE | NVI “wﬂmwmmwml
. present invention generally relates to disk drives and particul ar %_ ad
positioning control with di sturbance conpensation. In recent years,
field of a disk drive typified by a hard disk drive, against V|brat|on and
10 i npact externally applied (generally réferred to as distur
application of vibration renoval technol ogy and noi se cancel | mmmmmmwmm
for canceling noi se have been considered. In a disk drive, a head
positioning control 15 system fefrpOsht i ot NENerireadgat a target p05|t|on
(target track) on a disk nediumis incorporated. In the system when the
influence by diMETHIRIND iZPBEHIR]S tHGR NERRD PREg ITTONING aCTIH acy i s
reduced. Therefore, disturbance conpensation technol ogy agai nst 20 external
vi brati on whi cIDISTURBANGE COMPENSAL 6| IN ohi DISKARIECY 1S particularly
inportant to the disk drive. Cenerally, in the disk drive, there is
enpl oyed a feed forward cont BACKSROURR Wi JHIE]dPSENT I@INst ur bance 25
(external vibration) by a disturbance sensor nade of an accel eration sensor
and suppresses the i FRe uereeeRt imgentionr ganpesablyaheb@bpei ve ¢iskering
nmet hod (for - exanple, refer_to USP No. 5,663,847), Mthods as shown
inliteratures 4rnl‘f€h% "ﬁ?‘il Famr i CukRr bY £ R thead | RO SR koMY CoRBF et i on
transm ssion characteristi.cs of the disturbance and the disturbance 5
sensor have SLHW¥{heﬁﬁSWQFR%R??ycomﬁﬁ?éﬁﬁﬁona.nechanlcal mechani smrel at ed

to the head or the disk nedlgn1|s i ncor por t he ob t dISk drive of

vibration renoval . The 6Fsk" r¥%%rsth%?e?ofiggﬂagfs%n%lﬁ héar el ement
owi ng to Mechani Gl e 04 Nss! 111641 N1 SHC: 25 2 Qa@iﬁg@stfbw@{@ﬁtgﬁast' ¢ of

contact frictio ation 1 n operation rahge wt respect to th

above- mery | Oneduﬁ?&a@néﬁf@rﬁ@lﬁy%ﬁlﬂéék@éhyﬁalw t8e-£78€ vbHess
di sturbance externally excited at a single frequency,

disturbance), the application of vibration removal

technology and noise canceller technology for
canceling noise have been consideredf
In a disk drive, a head positioning control
15 system for positioning a head at a target position
(target track) on a disk medium is incorporated. 1In
the system, when the influence by disturbance is
large, the head positioning accuracy is reduced.
Therefore, disturbance compensation technology against
20 external vibration which influences the head
positioning accuracy is particularly important to the
disk drive.
Generally, in the disk drive, there is employed a
feed forward control system which detects disturbance
25 (external vibration) by a disturbance sensor made of
an acceleration sensor and suppresses the influence of

the disturbance by an adaptive filtering method (for



" 15 for exanple, is applied, internal vibration by a higher harnonic of an
integral multiple of the single frequency may occur inside the disk drive.
_In other words, inside the drive where a nonlinear elenment exists, there
occurs internal vibration having a 20 frequency conponent other than the
frequency of the disturbance (particularly higher harnonic conponent). Such
internal vibration cannot be suppressed by the nethods described in the
literatures in the prior art. BRI EF SUMWWARY OF THE | NVENTION 25 In
accordance with one enbodi nent of the present invention, there is provided
a disk drive ingkagbng, fastdittesusp sYpPpsE&63| Baeyrnal vibration having a

- 3 frequency conponent other than a frequency of disturbance. The disk
drive conprises a fimstheastssl krownhiahipeetatobebead pasi piradirngreontrol
under which a head 5 is positioned at a target position on a disk medi um by
feed back contrate aebféotevealnseasorwhbrehvibtetisnatpassmisnienror of the
head in relation to the target position; an external sensor which detects
di sturbance equihatanterbsvids avfobherdiapacbahoebendxtkendlibyutbaappl i ed
as a signal; and a second controller which cal cul ates and outputs a control
conpensat on va$eRsep basefspEfiebantol ineanétyr di Agtualile & sturbance

detection signal, the second controller |nclud|ng a nanlinear filter which
execut es nonI|H%%?h??+?%¥l%@Cﬁgnb§%cé§§PH@dMFPht gspeet p5 the giskurbance

detection signal detected,by the e r nal ensg ng.a daptive filtering
uni ¢ whi ch cal CRPATEE %ﬁele%ﬂmmﬁ%ﬁpéﬂs EBPoRDIEFhechasearaNet RE
di st ur bance dete L0 S|gn pL ces?ﬁd gi % § Qonll gar flkter and the 20
position error e ec?e e?% &1 nt er A&l “38 FLEhd eﬁgFg g fPFFerlng

t BRI EF DESCRI PTI ON
OF THE %@E&Zﬁ%@@%%%&%&%&%%ﬁgggé S%Sﬁs?héﬂ%%a&m ngs, whi ch are
i ncor porgg ed 25ré§t§ﬂgt§89§tbﬁéﬁea§ Qah%sQErEQQSSEﬁﬁkaQQEhQEac'bEUStrate

enbodi ments of the invention, and together with the general description

gi ven above andcéheact- £é1cHebai hed deseehpibaniaf obbeaeibadireBgles gi ven
bel ow, serve to explain the principles of the invention. FIG 1 is a block

di agram show ngwathundapeoatatoconéi ghoati-nanatoacbeadchaaikmani ng control
system 5 according to an enbodi ment of the present invention. FIG 2 is a
bl ock di agram showi ngnasoohf agdiaki dwivee,aidi shedciase abeardi ng to the
present enbodinent. FIG 3 is a block diagram showi ng a specific
configuration oﬁlsh@rh@aqepgsterbnlhg esaiterd efseemnglacdrediuegcyo t he

present enbodinment. FIG 4 is a flow chart showi ng the steps of nonlinear
filterinkd proceSSFngXrBPlEenéFatPRYIE | APEEEDACHLBFAGIED Die 2pr esent

| n
enbodi ment . higher harmonic of an integral multiple of the single

frequency may occur inside the disk drive. In other
words, inside the drive where a nonlinear element
exists, there occurs internal vibration having a

20 frequency component other than the frequency of the
disturbance (particularly higher harmonic component).
Such internal vibration cannot be suppressed by the
methods described in the literatures in the prior art.

BRIEF SUMMARY OF THE INVENTION

25 In accordance with one embodiment of the present

invention, there is provided a disk drive including

facilities to suppress internal vibration having a



"FIG 5is a flowchart showing the steps of 15 nonlinear filtering
processing for generating a square wave according to the present
_enbodinent. FIG 6 is a flow chart show ng the steps of nonlinear filtering
processing for generating a half wave according to the present enbodi nent.
20 FIG 7 is a graph for explaining an operation of a nonlinear filter
according to the present invention by tin8 domain. FIG 8 is a graph for
expl ai ning the operation of the nonlinear filter according to the present
25 invention by frequency domain. FIGS. 9 and 10 are graphs show ng

position error drie M ddhngsdrectote # h@;@if@%r%uéﬁ@ypcsﬂsent - 5
enbodinent. FIG 11 is a graph for explaining the effect of the nonlinear
filter accordi rgidwutdends esent enbodi ment by tine domain. 5 FIG 12 is a
graph for explaining the effect of the nonlinear filter according to the
present enbodi nent byhérégsikendyideneompr DESA & EDL DESCROPTHONLEEF Whitch
| NVENTI ON Herei nafter, referring to the draw ngs, one 10 enbodi nent of the
present invent imeriwims deealdsprs betonF @G cdntxoh whaek whihgh aan kdadi ng a
fundament al configuration of a head positioning control system according to
the presént enbbdlipemtimed otia tapyebkoeshgiam ehoni Sk BReALGuPHt i on
of a disk drive_ 15 according to the present enbodinent. FIG 3 is a block
di agr am showi ngf@edpeesk | ot guaat 1RheHRat hee el Phirki 8aFRgEEoAt r ol
systen1accordigﬁ tottheﬁgresent eg?og%nent. (Fbﬁd Posi%io i ng,_Contr ol
System) 20 As SPWHCTIR FREFOR, Of nEhiddePQost t Foht hiPRoh?r b share
according to the present enbodinent,is _basically constituted n_ext er nal
Sensor 10, a nofTThERTT | FRer HaTnal (FrREot Tpidn G0RLLtY BFsPlrBlnBE ]
internal sensorg 4iv§1ér?€°99_xffiﬂ>£§£iéé %F’iﬁﬂa@@ égaBIe! ¥grakggihihm 16. The
external sensor det ects di sturbance ich rs vibration or 1npact to be
external{y appligfiied as a signal; and a second controller which
calculates and outputs a control compensation value to
the first controller according to the disturbance
detection signal, the second controller including: a
nonlinear filter which executes nonlinear filtering
15 processing with respect to the disturbance detection
signal detected by the external sensor; and an
adaptive filtering unit which calculates the control
compensation value based on the disturbance detection
signal processed by the nonlinear filter and the
20 position error detected by the internal sensor and
adjusts a filtering parameter according to the
disturbance detection signal.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
25 in and constitute a part of the specification,

illustrate embodiments of the invention, and together

with the general description given above and the



" - 6 (external exciting force a) at predeterm ned sanpling tinmes. The
nonlinear filter 11 executes nonlinear filtering processing described |ater
~with respect to a disturbance detection signal detected by the external 5
sensor 10. The first filter 12 is a linear filter (paraneter F) which
executes adaptive filtering processing together with the adaptive al gorithm
16 and simulates a vibration transm ssi-on &haracteristic Gincluding a 10
nonl i near elenent. The vibration transm ssion characteristic Gis an
internal vibration characteristic including the nonlinear elenent of a
mechani sm i ncorgoraf 86l i det beipsdileopf thbecdbslidehve feleneptlog) ated to
a head or disk nediunm). 15 The actuator 13 is an object of head positioning
control (plant Rxvantospesidicathy peigesplosaciotre covkntbbnr (VCM. The
internal sensor 14 is a position error detection unit which detects
internal vibration ogcatringsi asbileckhdidgruar shepenygf acahhdaman?@lhead
position error e). The second filter 15 is a filter which sinulates the
transfer charactenfsgicatbdntde acheadoposddtandinbecontepohabystasor 14.

FIG 3 shows the head positioning control systemactually applied to the

di sk drive. |n agecsgingnto2ant gmbe@iBenh| o5ehB6r PI8SPBtalpESPELBR-error
detection unit 17 which detects the position error a between a target
position T and the pB3Ftidnisfat RéOREadiAEYER Showing gy CPRd 1UEGELOR 13,
which is an object of, 6 control (plant P) 330. follow ng controller (a
first controlleP? ?rﬁh§ge$r%ﬁﬁrgEF8F?§%gc e;tééoPHEFSPﬁiﬁ 091@8H$rol 5
value to drive and c rol, the_agctuator,.13 so as tQ_elim_nat .he position
error a by feed backgggntboﬂs ?hﬁioskn9}89r9§1Sgoﬁéngpgcﬁ F€§Fﬁ3 equi val ent
to a driving cu f _th h f rwar d
control systen1§%§?%g§g%g§8§n??o Pgr ?ggPF§Z§9%g§%3n229F5%lo$9§ﬁ%ﬁ

di sturbapge det gctgdybyqt b exkeppakentnefboddmehite feed forward control
system adds a di sturbanCe conpensation value fromthe linear filter 12 to

the position error aphy.ag addat iFoBwUahhri2@nowiot Bl istebs oF the
followi ng controller (first controller) 280. The feed forward control
system i ncl udesnbheineaki fiedtetihyeprdtesshagf fost genktratifki mear filter)
12, and the second filter 15 having a conplenentary sensitivity
characteristic lORitér+aCBpyrditbetoetbrdp2esknltt embd8imentdescri bed above,
is equivalent to the filter which sinulates the characteristics of the
actuator 13 (330) andIfhe5i Aseendiloveghar t14horying the d@iteps iIodhce det ect ed

by the external sensor 10 deforns the di sk mediumor a case of the drive
with 15 nonlinear filtering processing for generating a square

wave according to the present embodiment.

FIG. 6 is a flow chart showing the steps of
nonlinear filtering processing for generating a half
wave according to the present embodiment.

20 FIG. 7 is a graph for explaining an operation of
a nonlinear filter according to the present invention
by time domain.

FIG. 8 is a graph for explaining the operation
of the nonlinear filter according to the present

25 invention by frequency deain.

FIGS. 9 and 10 are graphs showing position error

spectra with respect to the effect of the present



" 25 the external exciting force a, and is applied to the feed back control
systemas fluctuation of the target position T. This transfer
characteristic is the g _ vibration transfer characteristic G The
object of the present enbodinment is to realize a head positioning control
systemincluding a feed forward control system which suppresses the

i nfluence of the 5 disturbance on the position error e. (Configuration of
Disk Drive) As shown in FIG 2, the disk drive according to the present
enbodi ment has a nmechani smincluding a di sk medium 20 on which servo data
and user data agprddinecerded, a spindle nmotor 21, and a head 22 nounted on
an actuator 23, and the head positioning control system (servo system). The

di sk medi um 20 rotatescat1a psedegeaphnedrasgplainyaboehkyelfyethe spindle
nmotor 21. In the disk 15 nmedium 20, a nunber of tracks 100 are forned
concen tricall yof Baded wéniiwedr afkstdbOacsopdbngded whehpsesentareas 110 at
predeterm ned intervals. In each of the tracks 100, data areas divided into
a plurality of emtedsmenbrisyatimé odomaliexcept for the servo 20 areas 110. A
read head included in the head 22 reads out servo data fromthe rotating

di sk medium 20 at prEd€t el &i hedat pnaphnfervakplathénhestie22fifgcitudes t he
read head only for reading and a wite head only 25 for witing. The
actuator 23 is ?%t%@?oﬁ%ﬁf¥n3?¥vgthﬁraaFﬁﬂFQFnﬂiF@cFPSnPSFS?H di sk medi um
20 by driving ., force of a voice coil nmotor (VCM 24. Driving current
i s supplied froﬁ?%g%%ﬂﬁﬂﬁi9%r£§%q?%n?ﬂe89ﬁﬁf§4 so that the VCM 24 is driven

Cont ol Syst em accor di gt GV TR BRESERT EHBOR Heht | S RL T3 by a'si gna
processing circuit 2p. 3;pQFkLblon, deLeethgn 6l tGUl 14,20, 3 contlroller 27, an
accel eration sensor 58, an acceferaﬁlon sPgnal procéssing ¢ircuit 31, and
an AD 19 embodiment of the present invention will be described.
FIG. 1 is a block diagram showing a fundamental
configuration of a head positioning control system
according to the present embodiment. FIG. 2 is a
block diagram showing a configuration of a disk drive
15 according to the present embodiment. FIG. 3 is a
block diagram showing a specific configuration of the
head positioning control system according to the
present embodiment.
(Head Positioning Control System)
20 As shown in FIG. 1, the head positioning control
system according to the present embodiment is
basically constituted of an external sensor 10, a
nonlinear filter 11, a first filter 12, an actuator
13, an internal sensor 14, a second filter 15 and an
25 adaptive algorithm 16,
The external sensor 10 detects disturbance which

is vibration or impact to be externally applied



" 10 converter 32. The signal processing circuit 25 is a read channel in

whi ch servo data or user data read out by the read head of the head 22 is

_ subjected to reproduction-processing (including error correction 15
processing). The position detection circuit 26 detects the position of the
head 22 based on the servo data reproduced by the signal processing circuit
25. The controller 27 is a main el enent Wi chr realizes the. head positioning
control systemshown in 20 FIGS. 1 and 3, and includes the mcro processor
(CPU) 28 and a nenory 29. The nenory 29 includes ROM nainly storing a
program of the (428 allaed EGERRAMranth RAM dieddieeeade Posdiip PIK QY
control systemshown in 25 FIGS. 1 and 3, the CPU 28 realizes the feed back
control systemyimdst cHd i Eimemnd e f eed d:osaates codiIesyst em
(second controller), excluding the - 10 external sensor 10. The CPU 28
cal cul at es t he ftidteminy ghrecd iy i deswr dnell coatt el witly tdspasdIM 24 £ pl ant
330) based on a head position detected at predetermned tine intervals. 5
The accel er at i ahi sengdman@d detent sdrensignahi ddtected Zoy the extermal sensor
10, and detects disturbance (vibration or inpact) to output it as an anal og
vol tage <ignal .semgomck® eration signal processing circuit 31 includes a
filter which 10 anplifies the disturbance detection signal fromthe

accel eration sensor BeetdiretuEelsehsb? h%i%ellﬁﬁ@rAfEEE%ﬁvéP?E?méﬁer
converts the disturbance detection signal éaﬁceleration det ecti on signal)
out put from t he® acdleteh FFSESHrafeRt bEessHhP e e FT°9R53 i gital 15
data to send it_to t.he CPU .28.. (Head Positipning. .Contgol eratio

Referring to FI .egp?%)qéi?rFQékﬁ ?QFFY% ?f%%fgim?oié,a?ﬁgsﬁ@%%aggs
positioning conir [ ' i L1l be
Epl ai ned. 20 i rop T e L e B PSR Ee e b as ] Sampl o

val ue congrol system ki ch deter M nese tREFOPLER! t¥ah R 9514he VOM 24 whi ch
is a control object at predetermned tinme intervals (sanpling intervals).

That is, the CRLIZE.606F£5P0005 25 49 iheePRalinepratibhecnddacthe first
and second filters 12 and 15, and the adaptive algorithm 16 shown in FIGS
1 and 3. Here, tdeishkiyi hgctudirgtthalnweénlinear element of a
mechanism incorporated in the inside of the disk drive
(element related to a head or disk medium).
15 The actuator 13 is an object of head positioning
control (plant P), and specifically refers to a voice
coil motor (VCM). The internal sensor 14 is a
position.error detection unit which detects internal
'vibration occurring inside the driver (specifically, a
20 head position error e). The second filter 15 is a
filter which simulates the transfer characteristics of
the actuator 13 and the internal sensor 14.
.FIG. 3 shows the head positioning control system
actually applied to the disk drive. 1In the system,
25 the internal sensor 14 is a position error detection

unit 17 which detects the position error e between a

target position T and the position of the head moved



" - 11 supplied to the VCM 24 is |limted in advance by the VCMdriver 33
from mechani cal and electrical limtation. The accel eration sensor 30
_corresponds to the 5 external sensor 10, and detects disturbance at
predeterm ned sanpling tine intervals. The CPU 28 acquires a digital value
of the disturbance detection signal fromthe A/D converter 32 in
synchroni zation with tinmng at which a-hedd position detection signal 10 is
obtai ned. Furthernore, the internal vibration corresponds to the head
position error e. The internal sensor 14 corresponds to the position
detection circuit +2@ ard heChd 2§ mhirch calit Wit (e Rasiddion error e.
15 Here, in the system having a fundament al configuration as shown in FIG
1, the operatlq@lwmgnfth@3Munctlon of the nonlinear filter 11 is excl uded
wi |l be explained briefly. Wien the control is not executed, the
di sturbance 20 a cause tlwving eIcrradrO/Jl]bafzatla)rtEars*.‘dnrwgthmhbem bra tion
transfer characteristic G The system detects the disturbance a by the
ext ernal sensortrbds feak eharee thrsitairizaite 2f0 tdetrgiinde 4 icwatrdl | ter 12
(transfer characteristic F) which sinulates the vibration 25 transfer
char act ef5i sti c v@lugnda e vex et exntieo lcde oﬁCtb%/attQTe bttsatdy 938 to
elimnate (suppress) the internal vibration e. Here, for
si mpli ficati oneliiminpte r%fmswrmrerrq%ﬁ &Yoﬁe?%éo%&]f FRFrSensor 10
and the actuator 13 are expressed as 1, §1 nJ(ernaI vibration a is

ca

expressed by tH&¥oI9REERE (G A alilﬁpe%l by e@ivatent Q1§ That s,
an error between the vibrati nsfe ha ‘ﬁ@%erlstic G and the transfer
characteri sti ¢ FoFthSEHiIgE %iﬁﬁ?ﬁ?%éﬁb e internal vi bration e. The
h f I i I
system therefore, d@% &tgrang% Irlga Vf&é?tf&) gpda %gg g?gghﬂa

sensor 14 to change er c aracterrs ararre e filter

12 by thie adapt |y APUINBIASO A%alo el i&@fohnéﬁrﬂﬁé vibration a

(approximate 0) ptlve gorlt m 16 makes the di sturbance detection

si gnal fromthQiljs'Scﬂﬁér&E@adE@‘eét%@% lhgockheongh s86sbt!1er 1Phand
inputs it together with the internal VI bration e. Here, in the disk drive,

the function ofrfdde sslapitdecdnti®l snetemi agds he ataptivenakgorithm 16 and
the filter 12 is realized by digital filtering 20 processing of the CPU 28.
As an exanpl e ofomberdatidn | ta@luagioperthé ohsneanl fzinhgrt h2 tdapbeve
friter, position error e by an addition unit 120 to output it
15 to the following controller (first controller) 280.
The feed forward control system includes the
nonlinearlfilter 11, the first filter (linear filter)
12, and the second filter 15 having a complementary
sensitivity characteristic (CP/(l1 + CP)). The second
20 filter 15, as described above, is equivalent to the
filter which simulates the characteristics of the
actuator 13 (330) and the internal sensor 14 (17).
The disturbance detected by the external sensor
10 deforms the disk medium or a case of the drive with
25 the external exciting force a, and is applied to the

feed back control system as fluctuation of the target

position T. This transfer characteristic is the



"FIRdigital filtering processing will be described. Wth a filter order
expressed by n and a sanpling tine expressed by k, a filter output y(k) is
_expressed 25 by the following fornula (2) using a filter coefficient R (k)
(i =1, ... n-1) , disturbances a (k) , a ( k-1 ) , . . . a( k-n+t1) . -
13 y(k) - RO(k)a(k) + Ri(k)a(k-1) + ... Rn-1 (k) a (k-n+l1) . . . (2) The
adaptive algorithmupdates the filter coefficient according to the
following formula (3) 5 using the internal vibration e(k). RO (k+1) - RO
(k) + M (k) a (k) R1 (k+1) - RL (k) + M (k) a (k-1) Rn-1 (k+1) - Rn-1 (k)
+ Me (k) a (k- witd)ation -tfad)ster eshdMAepsesents @n atlaptovpegai n, for

whi ch a 10 constant nunber which allows the filter coefficient to converge
is selected. (NohlihegsrddditergmWdimemspesttd orédri adoxychardti oned system
a nonlinear elenent such as a nechanismin particular is 15 included in the
actual disk dripesitfimraioreonthel i systreral invdludingna (head poswardn error
e) having a frequency conponent (particularly, higher harnonic) other than
a frequency of c¢drtxdbtsydemehiclyesitppresise20tipeinfbeencacedrthag to the
present enbodi nent generates the higher harnonic fromthe disturbance

det ect i orP si gnadisipasearee byn t Hee ax@ et hbPn seRE®F 40 (accel erati on sensor
30), using the function of the non|linear filter 11. The system elim nates
the 25 positionleRbtIerather execkted PREVebntrol whi ch conpensates the

di sturbance including the higher rmpni ¢, t o suppr.ess the internal

vi bration incl udi ng Rs_Shgun ha ﬁ?ghglf)' haPRofLER AELBPIPHGOF 8 PHe tBr esent
enbodi nent, the i S e_d] e Wht Ch.l

si nusoi dal maveEg? §F§$§§€e3$?§%§@%§§mﬁgéd%3%§%§5925851¥€%ﬁ§%%§|%ration

sensor 30 and t@gsknﬁg§g@$ ybgégt%§g%ﬁpgékgbog%ggrQﬁ asbpckyding,a hi gher

har moni ¢ of an integral nulti e di sturbance frequency occurs inside

the driveg The £PLL28gxegulssndPdl hoestr »il tgrhnd REAEESSI REuwLER bASpPect
to the disturbance 10 detection signal fromthe accel erati on sensor 30

(output of the & Dhepayestep3p2iniotBenpealicpasytobnihg Eehtewing three
types of higher harnonics. Specifically, as the higher harnonics, a

si nusoi dal wavesybver asptirdudespemk.value is limted 15 (hereinafter
referred to as a limter) 701, a square wave 702, and a half wave
si nusoi dal wave 703 &he dappomediim R8| aptehesoad ei pyedetgirmiaed 700, as
shown in FIG 7. Here, FIG 7 is a graph show ng characteristics in an
operation of then@gehprnBatogdtyibyefhelsprhodileneaEcri Bleri A§ Sh6cEdSkng of
the CPU 28) by tine domain.
15 medium 20, a number of tracks 100 are formed concen-
trically. Each of the tracks 100 is provided with
servo areas 110 at predetermined intervals. 1In each
of the tracks 100, data areas divided into a plurality
of data sectors are formed except for the servo
20 areas 110.
A read head included in the head 22 reads out
servo data from the rotating disk medium 20 at
predetermined time intervals. The head 22 includes
the read head only for reading and a write head only
25 for writing.

The actuator 23 is rotationally driven in a

radial direction of the disk medium 20 by driving



" FIG 8 is a graph showi ng characteristics in the operation of the nonlinear
filter 11 (nonlinear filtering processing of the CPU 28) by frequency 25
domain. That is, FIG 8 shows a Fourier-transforned disturbance detection

"~ signal, and reference nunerals 800, 801, 802 and 803 denotes a si nusoi dal
wave, - 15 limter, square wave and half wave sinusoi dal wave,
respectively. Here, the limter 801 and tBe square wave 802 incl ude an

odd- order conponent. The half wave sinusoi dal wave 803 includes an
even-order 5 conponent. FIGS. 4, 5 and 6 are flow charts show ng operation
steps every samphi-ng o3y @ &dile FRNAAr fidted tRRM) P4 er DiSqude saerand hal f
wave by the nonlinear filtering processing of the CPU 28, 10 respectively.
Firstly, refernishguppitikel firameanmcyidfier 43 the wperaM @t sephdtor
calculating the limter will be described. The CPU 28 acquires the

di sturbance dettéet VoM Ri4gria driored evdaceel terctlieah wedesort30 dettep 115 S1) .
Here, the disturbance detection value by the acceleration sensor 30 is
referred to asocdh aolgRdr 2&d val ue. The CPU 28 cal cul ates a m ni mum val ue,
maxi num val ue, average val ue, and offset renoval value of the_ observed

val ue (stoeps S2 to Fhe head PoFitinnins Rt Nheray s e ABE @Ry afe is
above a previous maxi mum val ue or bel ow a previous m ni mumvalue, it is
recorded as a rd® RBESANE GORAKINAM Vil eaTiredmy 28 TRt at es t he
average val ue according to a fornul a expressed by "é?rrcgé(j mum val ue - m ni num

25 val ue)/2". RFOSRATITSh, CH31TF fet & AR ¥h Tt accor di ng
to a fornula e essed "abseryved val ue -. average val ue". -_16
Furthernore, a 62{ i rﬁotn%]ﬁ]ee%fé/—g’ paé'éka%?]ueer%l?qrhes???ﬁ]f e3F0’7063Lr:1L f or
exanple, a 1/2 i t . val ue i i 0 ximunyyal ue -
aver age val ue) /E%?E!(ls %&'%ﬁ?éﬁl%ééel C%cfcﬁéo%ggﬁgq ?\cg&lqlg%?g%/ia'i uéerl@ é|ls no?
necessaridy |imdaltqthe 1/2 anplitude in order to realize the limter

t oo snaﬂ] alimt value brings about the influence of observed noise

easily. In contrast,ThO0s]{ GHAE BrétdisiNgl derégduces {Beahigher harnonic
conponent. Accordingly, the limt 10 value is desirably determ ned

according to chataotierisd ivisieh sheveamtal opbisst (MM 2dad dbreover, the
CPU 28 conpares an absol ute value of the offset renoval value and the limt
val ue (1/2 anplby udes visd ark)heahdo fihigne theadf23eis reubyattedl te is 15 not
above the limt value, the offset renoval value is _
reproduction-processing (including error correction
15 processing). The position detection circuit 26
detects the position of the head 22 based on the servo
data reproduced by the signal processing circuit 25.
The controller 27 is a main element which
realizes the head positioning control system shown in
20 FIGS. 1 and 3, and includes the micro processor (CPU)
28 and a memory 29. The memory 29 includes ROM mainly
storing a program of the CPU 28, flash EEPROM, and
RAM.
In the head positioning control system shown in
25 FIGS. 1 and 3, the CPU 28 realizes the feed back

control system (first controller) and the feed forward

control system (second controller), excluding the



" set as an output value of the nonlinear filter 11 (No in step S9: Sl1 to

S13). On the other hand, when the offset renpval value is above the limt
_value, the limt value (1/2 anplitude value) is set as the output 20 val ue
of the nonlinear filter 11 (Yes in step 9: S10). Next, referring to the
flow chart of FIG 5, the operation steps for calculating the square wave
will be described. As in the limter, thel@PU 28 acquires the 25

di sturbance detection signal fromthe accel eration sensor 30 (step S21).
The CPU 28 cal cul ates the m ni num val ue, nmaxi nrum val ue, average val ue and
offset - 17 Jwemvall Wi ofidhe ohsermedyatde-dsdeds S22 ¢onSed)
Here, in the case of the square wave, the CPU 28 sets the maxi num val ue as
t he out put val ualafe tirer Tmionlndgeaid fadritero i ndhethd hecofi setprempval val ue
is positive (YES in step S28: S29). On the other hand, when the offset

val ue i s negat i388) tdesad mmenheddieassi sigin adetdretaltputpradereot the
nonlinear filter 11 (NOin step S28: S30). 10 Further, referring to the

fl ow chart of FiGed tinee ggeeidlon steps for calculating the half wave

si nusoi dal wave wi || _be described, As in the square wave, the CPU 28

acqui res X he di st ur PR 2ER LRI BHOR| $RIAFOF r dtn  herRceLfBRAEI YRL1ER sensor
30 (step S31). The CPU 28 cal cul ates the m nj rum val ue, naxi nrum val ue,

aver age val ue dRPliofFdetthe el REBTOX NP niRRe V&t SaFBe (steps S32 to
S37) . Here, ind.t e case of the half wave, si nusoi,glal 20 V\ﬁve t he CPU 28
sets the of f setr® NGRy (R THP i pfPRY et O S hohti ARaf™fi | ter

11 when the offset V. | ue 1Sy positivV YES [ . St ep. : S39). On the
ot her hand, V\heaflnat%éf’sgeo ?]Z%%a%a%%ﬂ?%' n:%% i&\?;ceé,e eégh %ugl&g&%e of the
nonlinear filt : i p 1 . (Effect of the
Present Enbodi %rnﬁggl%l%%téﬁc r?&%?ﬁ%ﬂé&%:gﬁsgﬁg‘%g%%éé ing to - 18
the presgnt enmhgi®iies bih APP] ¥t BEbAAEe NEaE POSOA | 9D4RG1 COPLROLHLEYSt M as
shown in FIGS. 2 and 3, the internal vibration (position error €e) including

t he hi gher har rawd &l SE4PORENE e RESHT 30 NEo | PSHEEe t HenSodrhyeswhenThbe

di sturbance of vibration or inpact is applied can be effectively
suppressed. |n afe systentet he2 f esdvé ot svatlde cohs torbsyst edegeatiahes t he

hi gher harnoni c conponent such as the limter, square wave, and hal f wave
fromthe disturdbignel deaectlonatignalei€cdbormcs bgnét bmothpuextfeemakheensor
10 (accel eration sensor 30) by the nonlinear filter 11 gnonl inear filtering
processi ng of tarcetragion gylgmplitProgeshbndi eiuevhhcdlcbapdhgatrdn val ue
i ncl udi ng the hi gher harnoni c conponent by feed forward in the linear 15
filter 12° the ¢ r'oP|eendgbt (EPU-B8)CRANZBxecute the feed back control so

o ML IaL e e 2, POSLLL SN ShERD: SollBYL P4 Vi bration
Referring to FIGS. 4 to 12 in addition to FIGS. 1
to 3, the head positioning control operation according

to the present embodiment will be explained.

20 Firstly, in the disk drive, the CPU 28
constitutes a sample value control system which
determines the control value of the VCM 24 which is
a control object at predetermined time intervals
(sampling intervals). That is, the CPU 28 corresponds

25 to the nonlinear filter 11, the first and second

filters 12 and 15, and the adaptive algorithm 16 shown

in FIGS. 1 and 3. Here, the driving current value



" In other words, even when the disturbance 20 fluctuation and the internal

vi bration by the nonlinear elenent in the disk drive nechani sm occur, the

i nfluence on the head position error with respect to the di sturbance can be
suppressed. FIGS. 9 and 10 are graphs showi ng position error 25 spectra
with respect to the effect of the system according to the present
embodiment. FIG 9 is a graph show ngthélgemeral characteristics in the
case - 19 where disturbance of a frequency 160 Hz is applied. In FIG 9,
reference nuneral 900 indicates a case without the nonlinear filter,
reference nunegabp?03di nrdi ¢akeyCH Cdse swheneé tele isuppivessientyc dhter ol does 5
not function. In addition, reference nunerals 901 and 902 indi cate cases
wher e when t hevdMstudbamc 830ff ranf meghendyal6@nkdz elsecdppldadd, a linmter and
a square wave which are odd-order higher harnonics are generated,
respectively. l1lAmEtethemnore, FIG 10 is a graph which is enlarged in the
vicinity of 800 Hz when the disturbance of a frequency 160 Hz is applied
and hi gher har nmoni cShef 2BOBL1exr (B a1 mENSVeAH WER{SRAGs .59 i G 10,
reference nuneral 1001 indicates a case without the 15 nonlinear filter,

and refePence sEverarllcensordilat edy dedss bt id WP aAGSHAdssi ng cont r ol
does not function. In additjon, reference nunerals 1002 an i ndi cate
cases where whé&F R SR %G V‘@q&é’%?vfé@mﬁ%e gﬁ])tfic%d, a
limter and a squar.e 20 wave whi.ch are odd-qrdey. hi gher har | GS: gre
gener at ed, resﬁ%&%ﬁ?@lsy.am%l&l%aﬁ e artgiegr(%lp%y%a&%ng&grjééu's(ﬁﬁog{(out put
of the nonlinear. filit 0 | he ANE |4 j [ QGESSI ng

Wi th respect t%rlfgla&bgfrel)ro\llnegﬁgéccr%‘e/fbe?%%l on %%s%%%ngye%éﬁd%%nag&lﬁai n and
frequency domaif.cH B ifiGg Bh Wief@] ehat LUt kD Qd tuh ©ade ss Bgrtas e

wi t hout the nonli near flf{er. - 20 Further, reference nunerals 1101 and
1102 i ndigcat e Gaseptdiels. when the di sturbance of a frequency 160 Hz is
applied, a limter and a square wave whi ch are odd-order higher harnonics
are generated, 5 respecthahyre) nthdeinbseiaedvdecet bomt conr¢sipends bance) ,
a 160 Hz component is prominently |arge, and a 480 conponent equivalent to
three times of tdhechbheddrd qoneist imxtermdn e a BOO Hrteompbreensegul4al ent
to 10 five times hardly exists. In the conventional nethod not using the
nonl i near filterqrrdsgmuth thethi pesbaiere detepichny ebmpshlent® dnde60 Hz
whi ch can be observed can be suppressed, the hi gher harnoni c conponent of

800 Hz which cditCHE Fhser ey Fakc PR Ees i HOBHEIR $FiPbvenent of the

position error. On the other hand, the function of the noplinear filter 11
(nonlinéat filteringiprocesyi %GO?YFE@“WQ%? ?n%?%gglggngﬂé odd- or der

t of the disturb ,_th ti j i | 20
comonent of e, 4L SHUhanse. LSy BETeIali 10 en cgcel gbaiopys one
position error ’&k?e'J.a&rgc?tié?.cé)fd’gﬁg'Moniﬂ‘?eé‘?aﬁiit‘!@rfﬂtfé Qﬁéig&fé

effectively, théreby inproving e position error 1n the feed ck control
system In the ¢copakds pgm\ggnbfpgfikm'ter 25 and the square.wave,

al t hough a noi se conponent other than the higher harnonic conponent is
largely increased i nyhbg €HHaEEn¥e¥e, ikhgoeddxerdeedsorpendisturbance
20 a causes the internal vibration e through the vibra-
tion transfer characteristic G. The system detects
the disturbance a by the external sensor 10, makes the
disturbance go through the linear filter 12 (transfer
characteristic F) which simulates the vibration
25 transfer characteristic G, and then executes the

control by the actuator 13 to eliminate (suppress) the

internal vibration e.



- 21 is also increased, as shown in FIG 12. Therefore, in FIG 10, it is
clear that the square wave is excellent in suppressing rate of the 800 Hz

_ conponent. Incidentally, by conbining the nonlinear elenents 5 of the
limter and the half wave in the nonlinear filter 11 (nonlinear filtering
processing of the CPU 28), a case where a plurality of higher harnonics
occur can be addressed. In this case, theldrder of the adaptive filter
needs to be increased so as to 10 match the nunber of the higher harnonic
conponents required to be suppressed. In short, when the internal vibration

including a frequengy omQyiendigiifforenti ddoma dieauencyrof di sturbance
such as a higher harnonic occurs by a 15 nonlinear elenent, the internal

vibration can b aeffceeldiseliyssyipressedkt Aecar ddior Iher®ltiabl e head
positioning control can be realized. Additional advantages and

nodi fi cati ons widtuateadilldy agec wxdreddwbeassKi,| 1tack iimttdmenal tvithitersfror e, 20
the invention in its broader aspects is not limted to the specific details
and represent ate vies endpoctissEat 35 Hown fanldl adeigy i fxsdntiles el ). ¢ Accor di ngl y,
various nodifications my be made w thout departing fromthe spirit or
scope of 5the generale iThviénti i@ corcept as 25 defined by the appentled cl ains
and their equival ents. - 22 WAT IS CLAIMED IS: 1. A disk drive
conprising: a first TR rigid @D vIHTERE e tweerns Hrad  Host tomi Fgeedher of

under which a head is positioned 5 at a targe osition on, a disk di um by
feed back cont rFRTaGFETSAIG saéT%o‘?h%Wﬁ@P%é?]gc%éa%a%%ﬂg%hcegr‘gf of the

head i | ati to.t ) ition; | . which d

i ot ur bance. 10 WU/ R 10 VoL SRTERE orof et DO A B Al Ty appl i ed
. | qn - gl 99? ; trol

ggrrge?llsgtn?on S%qlueg %gsc%%@ fir s{eo]%:éolﬁ%’r %%‘%}Cg%cor d?inlgé? 0 %29%59%%%} a(r:]gg e

detecti qp si gnal pyt hohd 5 pec000 contsol | £f {acndlqw: e nopthaear filter

whi ch executes nonlinear tering processing wth respect to the
di sturbance det@gdd it st iNalc dad£edies dy) theoextres ngd 1 8€ASD2 ; banghan

adaptive filtering unit which cal cul ates the
adaptive algorithm 16 so as to eliminate the internal
vibration e (approximate 0). The adaptive algorithm
16 makes the disturbance detection signal from the
15 disturbance sensor 10 go through the filter 15 and
inputs it together with the internal vibration e.
Here, in the disk drive, the function of the
adaptive filter including the adaptive algorithm 16
and the filter 12 is realized by digital filtering
20 processing of the CPU 28. As an example of digital
' filtering operations realizing the adaptive filter,
FIR digital filtering processing will be described.
With a filter order expressed by n and a sampling
time expressed by k, a filter output y(k) is expressed
25 by the following formula (2) using a filter
coefficient Ri(k) (i =1, ... n-1), disturbances al(k),

a(k-1), ... a(k-n+l).



20 control conpensation val ue based on the disturbance detection signal
processed by the nonlinear filter and the position error detected by the
_internal sensor, and adjusts a filtering parameter according to the

di sturbance detection signal. 25 2. The disk drive according to claim1,
wherein the external sensor detects the disturbance at predeterm ned
sanpling tines, and - 23 the second-cohBrotler includes: a first filter
whi ch cal cul ates the control conpensation value at each of the sanpling
times according to the disturbance detection signal 5 processed by the

nonlinear filter; a ynkf WRehkcoe) nesri fie) Hukput ©f, the first filter and
the position error to output the result to the first controller; a second

filter which simadiatiesa ek-al+ased-1 oop 10 transfer characteristi¢.off2yhe feed
back control; and an adaptive unit which adjusts the paranmeter of the first
filter based on the Thstadbphieedelgotibhmsupgdatepr bhessedtby t he nonli near
filter and the second filter and the position error. 15 3. The disk drive
according to cleéoefiicivet cdoceohdinontenele foliewigentonmesat ka)

di sturbance detection signal including a higher harnonic conponent fromthe
di sturbante det@%%$%nt%¢gh%#ermalTﬁéb€@§k0@r?Vb according to claiml1,

wherein 20 the nonlinear f| ter operates as a limter which limts a
maxi mum anpl i t ude vaRBékst) theRYiEt vt PiRER ﬂé*bctlon signal . 5. The disk

drive according to ¢ onlinear filter generates a square

wave signal 25 fron1%ﬂéﬂ%£§tnhﬁgﬁkg HQ@%E% Y BhKS fbnal 6. The disk drive

according to cIa|n11 m@ q§ np |ne%£ ]é generates a halg wave
Fﬁe g e g ki g%al+ ) 50

signal from - bance ect1o A di sk*drive

conprising: a head Wik el pﬁr§§§9§ﬁéﬁ@9'9ﬂ ?ggpﬁ%b%egglﬂf ¢ala, il respect

to a disk medium 5 an attuat whi'ch ™~ nmoun ahd oves it in a
radi al digectiogoREtihe SisKePBghUBh allows the filter coefficient to

converge 1s selected.
(Nonlinear Filter)

With respect to the above-mentioned system, a
nonlinear element such as a mechanism in particular is

15 included in the actual disk drive. Therefore, the
internal vibration (head position error e) having a
frequency component (particularly, higher harmonic)
other than a frequency of the disturbance is
generated.

20 The system according to the present embodiment
generates the higher harmonic from the disturbance
detection signal measured by the external sensor 10
(acceleration sensor 30), using the function of the
nonlinear filter 11. The system eliminates the

25 position error e, and executes the control which
compensates the disturbance including the higher

harmonic to suppress the internal vibration including



" a position detection unit which detects a position error of the head in

relation to a target position on the disk nedium 10 an accel eration sensor
whi ch det ects disturbance equivalent to vibration and i npact to be

" externally applied as a signal; and a controller which controls the

actuator to performpositioning control with respect to the head 15 so as

to elimnate the position error, whereinlhe tontroller includes the

function of executing nonlinear filtering processing with respect to the

di sturbance detection signal detected by the accel eration sensor, based on

the processing¢h@sulilynhd® arddohaposition error, executing adaptive
filtering processing in which a control conpensation value for controlling

t he di sturbance is cajcufdefl tarthadjtstdny enlpsdiametter tietdeismdapti ve
filtering processing according to the disturbance detection 25 signal. 8.
The di sk drive sappoisdidng toase aiharg dilsmeibantdee wicicd drsatd on sensor
detects the disturbance - 25 at predetermned sanpling tines, and the
control | er confsiimescdildelposive of e romaed fregussmy ols Gg?ﬁ%i"iis%ﬁ ih val ue
calcul ated at each of the sanpling tines by the adaptive filtering 5
processi By accdhdi mgaed eusd idins taamsnic 8 Hansk thilvh it bR TR DY t he
nonlinear filtering processing to set the result as an input of_the

posi tioni ng confAALtige Folq NGRS iy B IhRE RAFP LYWt the 10

positiont ng er ot Lhe PRLATELST, olc i adbBli e LUl L erdgg procesaing from
o P OCSILg e I 2L, 6l oR Ul BAR L Sl b ac ) o)
e Dok T Ve SO0 SN s b coio desmisntes the
10 detection signal from the acceleration sensor 30
(output of the A/D converter 32) to generate any of
the following three types of higher harmonics. |
Specifically, as the higher harmonics, a
sinusoidal wave whose amplitude peak value is limited
15 (hereinafter referred to as a limiter) 701, a square
wave 702, and a half wave sinusoidal wave 703 are
supposed in relation to a sinusoidal wave 700, as
shown in FIG. 7. Here, FIG. 7 is a graph showing
characteristics in an operation of the nonlinear
20 filter 11 (nonlinear filtering processing of the CPU
28) by time domain.
FIG. 8 is a graph showing characteristics in the
operation of the nonlinear filter 11 (nonlinear
filtering processing of the CPU 28) by frequency
25 domain. That is, FIG. 8 shows a Fourier-transformed
disturbance detection signal, and reference numerals

800, 801, 802 and 803 denotes a sinusocidal wave,



signal including a higher harnonic conmponent fromthe 20 disturbance
detection signal. 10. The disk drive according to claim?7, wherein the
_controller executes the nonlinear filtering processing to limt a maxi mum
anpl i tude value of the disturbance detection signal. 25 11. The disk drive
according to claim?7, wherein the controller executes the nonlinear
filtering processing to generate a squarelwave fromthe - 26 disturbance
detection signal. 12. The disk drive according to claim7, wherein the
controll er executes the nonlinear filtering processing to generate a half

wave from the 5)dhsterpaggeadet Reve0anai gaak. wide AinBEBeda0f whead
positioning in a disk drive including a head positioning control system
whi ch perforns headeposveigni nHeeopt the lLhdetewhBOlh anbeatlei Sgpagiet i oned at
a target position on a disk nmediumby 10 feed back control, and a feed
forward control wayst 8f2whnchudal enl atldsoadeontponbonenpiens&8hieohaddl ue with
respect to the head positioning control systemto input the resultant

val ue, the net hddveoaprispihgdalavguer BA§ anpgévdesoaneeven-ottdelfe head in 15
relation to the target position; acquiring a disturbance detection signal
of disturbance EQEPQB?QEt to vibration and inpact to be externally applied;

executing nonlinear filtering_processin i.th 20 respect t.o the disturbance
detection signal: ex&GCindradaptivé FF%tghPﬁbC%?6§€%§§ﬁﬁ”Fﬁgmhich t he
control conpensation _value_is u e position.error and

cal cul at ed hased on.th
the di st urbance®H&F8ELPBN 5P Rl VEFdc88LR41BY Fﬁglﬁoﬁpfnggpeﬁﬁg} i ng

the limiter, square wave and half wave by the
nonlinear filtering processing of the CPU 28,
10 respectively.

Firstly, referring to the flowchart of FIG. 4,
the operation steps for calculating the limiter will
be described. The CPU 28 acquires the disturbance
detection signal from the acceleration sensor 30 (step

15 S1). Here, the disturbance detection value by the
acceleration sensor 30 is referred to as an observed
value. The CPU 28 calculates a minimum value, maximum
value, average value, and offset removal value of the
observed value (steps S2 to S7). Here, in the case

20 where the observed value is above a previous maximum
value or below a previous minimum value, it is
recorded as a new maximum or minimum value.

The CPU 28 calculates the average value according
to a formula expressed by “(maximum value - minimum

25 value)/2”. 1In addition, the offset removal value is
calculated according to a formula expressed by

“observed value - average value”.



" 25 processing; and adjusting a paraneter of the adaptive filtering
processi ng according to the disturbance detection - 27 signal. 14. A

_ method of head positioning in a disk drive including a head which perforns
reading or witing of data with respect to a disk nmedium an actuator which
5 nmounts and noves the head in a radial direction of the disk nedium and a
controller which controls the actuator td%xecute head positioning control,
t he net hod conprising: acquiring a position error of the head in 10
relation to a target position on the disk nmediunm acquiring disturbance

equi val ent to vi br atFu@itnaitethdrEyacts t:0 1aeniaxtering lof appdad wsivg an
accel eration sensor; executing nonlinear filtering processing with 15

respect to thetdiestlinharee 7dat, edororxsingial, detld@ ethpiyi thite acdeleeriat i on
sensor; executing adaptive filtering processing in which a control
conpensati on vahkleulertedoricoolrddimg thre (dastimmiraned ues < @lveulaateed based on
the position error 20 and the processing result of the nonlinear filtering
processi ng; angadajelgt2)ng saepars@iet eenfe,t f&é-témmh videf i1 ity g preocessi ng
according to the disturbance detection signal. .

A& A& AS. AS. ALA ARTADRCRPSATASYAN AL o8 AR 1,0(2A&mplltude in

CACA2 AE.ACA A2 W] G Iz$

Vab} xsni d_Z] caPeaiedalteaieaidaee dhea idaidgroaltes chiadd &) ddtida el ca ca]
ca]ca]ca]ca]ca% %Fgléﬁodg({ﬁg i%luence of7observed noise easily.

In contrast, too large a limit value reduces the
higher harmonic component. Accordingly, the limit
10 value is desirably determined according to
characteristics of the control object (VCM 24).
Moreover, the CPU 28 compares an absolute value
of the offset removal value and the limit value (1/2
amplitude value), and when the offset removal value is
15 not above the limit wvalue, the offset removal value is
set as an output value of the nonlinear filter 11 (No
in step S9: S11 to S13). On the other hand, when the
offset removal value is above the limit wvalue, the
limit value (1/2 amplitude value) 1is set as the output
20 value of the nonlinear filter 11 (Yes in step 9: S10).
Next, referring to the flow chart of FIG. 5, the
operation steps for calculating the square wave will
be described.
As in the limiter, the CPU 28 acquires the
25 disturbance detection signal from the acceleration
sensor 30 (step S21). The CPU 28 calculates the

minimum value, maximum value, average value and offset
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Here, in the case of the half wave sinusoidal
20 wave, the CPU 28 sets the offset removal value as the
output value of the nonlinear filter 11 when the
offset removal value is positive (YES in step S38:
'S39). On the other hand, when the offset value is
negative, the output value of the nonlinear filter 11
25 | is set at 0 (NO in step S5S38: S540).
(Effect of the Present Embodiment)

To put it briefly, the disk drive according to
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"10%& () - WKYZ dd@p M sent embodiment, by applying the head
positioning control system as shown in FIGS. 2 and 3,
the internal vibration (position error e) including
the higher harmonic component occurring inside the
5 drive when the disturbance of vibration or impact is
applied can be effectively suppressed. In the system,
the feed forward control system generates the higher
harmonic component such as the limiter, square wave,
and half wave from the disturbance detection signal
10 detected from the external sensor 10 (acceleration
sensor 30) by the nonlinear filter 11 (nonlinear
filtering processing of the CPU 28). By inputting the
disturbance compensation value including the higher
harmonic component by feed forward in the linear
15 filter 12, the controller 280 (CPU 28) can execute the
feed back control so as to eliminate the head position
error e having the vibration characteristic by the
nonlinear element.
In other words, even when the disturbance
20 fluctuation and the internal vibration by the
nonlinear element in the disk drive mechanism occur,
the influence on the head position error with respect
to the disturbance can be suppressed.
FIGS. 9 and 10 are graphs showing position error
25 spectra with respect to the effect of the system

according to the present embodiment. FIG. 9 is a

graph showing the general characteristics in the case
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810%&' () - 96! 10MMRIC- 314 Mo nEar filter, reference numeral 903
indicates a case where the suppressing control does
5 not function. In addition, reference numerals 901 and
902 indicate cases where when the disturbance of a
frequency 160 Hz is applied, a limiter and a square
wave which are odd-order higher harmonics are
generated, respectively.
10 Furthermore, FIG. 10 is a graph which is enlarged
in the vicinity of 800 Hz when the disturbance of a
frequency 160 Hz is applied and higher harmonics of
800 Hz (5 times) occur drastically. In FIG. 10,
reference numeral 1001 indicates a case without the
15 nonlinear filter, and reference numeral 1004 indicates
a case where the suppressing control does not
function. 1In addition, reference numerals 1002 and
1003 indicate cases where when the disturbance of a
frequency 160 Hz is applied, a limiter and a square
20 wave which are odd-order higher harmonics are
generated, respectively.
FIGS. 11 and 12 are graphs showing results
(output of the nonlinear filter) obtained by the
nonlinear filtering processing with respect to
25 observed acceleration (disturbance) by time domain and

frequency domain. In FIG. 11, reference numeral 1100

indicates a case without the nonlinear filter.
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cases where, when the disturbance of a frequency
160 Hz is applied, a limiter and a square wave which
are odd-order higher harmonics are generated,
5 respectively.
In the observed acceleration (disturbance), a
160 Hz component is prominently large, and a 480
component equivalent to three times of the 160 Hz
comes next, while a 800 Hz component equiwvalent to
10 five times hardly exists. In the conventional method
not using the nonlinear filter, although the
disturbance frequency component of 160 Hz which can be
observed can be suppressed, the higher harmonic
component of 800 Hz which cannot be observed has no
15 effect on the improvement of the position error.
on the other hand, the function of the nonlinear
filter 11 (nonlinear filtering processing of the CPU
28) increases the odd-order component of the
disturbance, thereby generating an acceleration signal
20 interrelated to the higher harmonic component of
800 Hz, at which the position error is large.
Accordingly, the adaptive filter operates effectively,
thereby improving the position error in the feed back
control system. In the comparison between the limiter
25 and the square wave, although a noise component other

than the higher harmonic component is largely

increased in the square wave, the odd-order component
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Incidentally, by combining the nonlinear elements
5 of the limiter and the half wave in the nonlinear
filter 11 (nonlinear filtering processing of the CPU
28), a case where a plurality of higher harmonics
occur can be addressed. In this case, the order of
the adaptive filter needs to be increased so as to
10 match the number of the higher harmonic components
required to be suppressed.
In short, when the internal vibration including a
frequency component different from a frequency of
disturbance such as a higher harmonic occurs by a
15 nonlinear element, the internal vibration can be
effectively suppressed. Accordingly, the reliable
head positioning control can be realized.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
20 the invention in its broader aspects 1s 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

25 defined by the appended claims and their equivalents.
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a first controller which performs head
positioning control under which a head is positioned
at a target position on a disk medium by feed back
control;

an internal sensor which detects a position error
of the head in relation to the target position;

an external sensor which detects disturbance
equivalent to vibration or impact to be externally
applied as a signal; and

a second controller which calculates and outputs
a control compensation value to the first controller
according to the disturbance detection signal, the
second controller including:

a nonlinear filter which executes nonlinear
filtering processing with respect to the disturbance
detection signal detected by the external sensor; and

an adaptive filtéring unit which calculates the
control compensation value based on the disturbance
detection signal processed by the nonlinear filter and
the position error detected by the internal sensor,
and adjusts a filtering parameter according to the
disturbance detection signal.

2. The disk drive according to claim 1, wherein

the external sensor detects the disturbance at

predetermined sampling times, and
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ANN *dEMP?1 according to the disturbance detection signal
5 processed by the nonlinear filter;
a unit which combines the output of the first
filter and the position error to output the result to
the first controller;
a second filter which simulates a closed-loop
10 transfer characteristic of the feed back control; and
an adaptive unit which adjusts the parameter of
the first filter based on the disturbance detection
signal processed by the nonlinear filter and the
second filter and the position error.
15 3. The disk drive according to claim 1, wherein
the nonlinear filter generates the disturbance
detection signal including a higher harmonic component
from the disturbance detection signal.
4. The disk drive according to claim 1, wherein
20 the nonlinear filter operates as a limiter which
limits a maximum amplitude value of the disturbance
detection signal.
5. The disk drive according to claim 1, wherein
the nonlinear filter generates a square wave signal
25 from the disturbance detection signal.

6. The disk drive according to claim 1, wherein

the nonlinear filter generates a half wave signal from
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a radial direction of the sk medium;

a position detection unit which detects a
position error of the head in relation to a target
position on the disk medium;

10 an acceleration sensor which detects disturbance
equivalent to vibration and impact to be externally
applied as a signal; and

a controller which controls the actuator to
perform positioning control with respect to the head

15 so as to eliminate the position error, wherein

the controller includes the function of executing
nonlinear filtering processing with respect to the
disturbance detection signal detected by the
acceleration sensor, based on the processing result

20 and the position error, executing adaptive filtering
processing in which a control compensation value for
controlling the disturbance is calculated, and
adjusting a parameter of the adaptive filtering
processing according to the disturbance detection

25 signal.

8. The disk drive according to claim 7, wherein

the acceleration sensor detects the disturbance
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the controller combines the position error and
the control compensation value calculated at each of
the sampling times by the adaptive filtering

5 processing according to the disturbance detection
signal obtained by the nonlinear filtering processing
to set the result as an input of the positioning
control,

the controller including a unit which adjusts the

10 positioning error the parameter of the adaptive
filtering processing from the positioning error and
the disturbance detection signal subjected to the
filtering processing which simulates a closed-loop
transfer characteristic of the positioning control,

15 and the nonlinear filtering processing.

9. The disk drive according to claim 7, wherein
the controller executes the nonlinear filtering
processing to generate the disturbance detection
signal including a higher harmonic component from the

20 disturbance detection signal.

10. The disk drive according to claim 7, wherein
the contfoller executes the nonlinear filtering
processing to limit a maximum amplitude value of the
disturbance detection signal.

25 11. The disk drive according to claim 7, wherein
the controller executes the nonlinear filtering

processing to generate a square wave from the



TR109H& () -{{{{|:|9gl|xY:/ 10H
109448 () - 10944& () -f10%4&' () - 1094&' () - 9S10%&' () - mMLO%H&' () -
_10H| | }}=}p}=~dE:/ 10H
109148 () - 10914& () -910%4& () - YGLO% () -y' 10%K& ()-10%& () - =~h~~~~/ PdE: /
10H, @O0%H& ()- *10%4& ()- ):10%& ()- & 10%& () -
FOAd0%H& () - y#10%4& ()-P8hdE:/ 10H3 710%®5 ()=&6 "10%4& ()- 34F10%& () -
S2y109& () - s010%& ()-s. 10%& () - hbC
10H10%H&' () - 910%& () - 9F10%H& () - n10%4& () - 10H 10H 10H 910%4& () - Kk: dEBC
10HI10%H& () - YahQMu& Hainmdel APt d1)i-dhl QA& 1) - 10%44&' () - : 10%44& () - : r SWIELC
10Hy#10%H& () -! 109%4& () - t109& () - 109& () - GLO%H&' () - s! 109H& () - W[ dEbC
10H . " 10%&' () -, 10%2% ()The rdidMi&)ve gccording to claim 7, wherein

the controller executes the nonlinear filtering

processing to generate a half wave from the

5 disturbance detection signal.

13. A method of head positioning in a disk drive
including a head positioning control system which
performs head positioning control under which a head
is positioned at a target position on a disk medium by

10 feed back control, and a feed forward control system
which calculates a control compensation value with
respect to the head positioning control system to
input the resultant value, the method comprising:

acquiring a position error of the head in

15 relation to the target position;

acquiring a disturbance detection signal of
disturbance equivalent to vibration and impact to be
externally applied;

executing nonlinear filtering processing with

20 respect to the disturbance detection signal;

executing adaptive filtering processing in which
the control compensation value is calculated based on
the position error and the disturbance detection
signal processed by the nonlinear filtering

25 processing; and

adjusting a parameter of the adaptive filtering

processing according to the disturbance detection
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5 mounts and moves the head in a radial direction of the
disk medium, and a controller which controls the
actuator to execute head positioning control, the
method comprising:
acquiring a position error of the head in
10 relation to a target position on the disk medium;
acquiring disturbance equivalent to vibration and
impact to be externally applied using an acceleration
sensor;
executing nonlinear filtering processing with
15 respect to the disturbance detection signal detected
by the acceleration sensor;
executing adaptive filtering processing in which
a control compensation value for controlling the
disturbance is calculated based on the position error
20 and the processing result of the nonlinear filtering
processing; and
adjusting a parameter of the adaptive filtering
processing according to the disturbance detection

signal.'



