; e3e#Tz H#6~#T#w A DI SK DRI VE BACKGROUND OF THE | NVENTION 5 The present
parti cul arly to & head nositioni g contr ol ?'eiEn?&'ué.esboﬁCSn{*?LﬁﬂII/I///lIII///I/II//l/II/IM/I{//m
di sk drive aﬂm\mm“\ﬂﬁﬁm\% a hard di sk drive, a head positioning contpgol =
system 10 us on a head (magnetic head) is provided at a tarﬁ%t
position (track emoeh access target) on a ?isk data storage nedium The

head executes a read/wite operation of data at the target position on the
di sk. 15 The head positioning control systemincludes a feedback control

system using a m croprocessor (%Eﬁ) aiﬁa ﬁ&nﬁgﬁller The feedback control

systemdrives and controls a voi @} an actuator havi ng

ol ative to thelEArgE: SNBePEPRIATAS BRE HERE Ss TR tG coltRbe dutem
t here has been g$§?g p@ﬁ &@ proposed a systen1inc|udipg a di sturbance '
feedf orward con gy é (Sonetines also called an "FF control systent)

as well as the 25 feedback c e | system suppresses
the influence of vibrations ggﬁéﬁ%%g?gb(§ﬁi%ﬁgmﬁﬁyﬁﬁggggnericalIy referred
to as disturbance  qne2 o RGN 130! dttk f4101) the Quside to the disk
drive. The FF control system cal cul ates a conpensat’i on val ue used to

suppress the intl yerae of HREKS deiivlld!, banee MPaee a0t idm136a8) @ation val ue
of the disturbance detected (observed) by an accel erati on sensor provided

in the disk driweheddepheadipasng edntgcQonldcdhigyst.em uses the
conpensation value calculated by the FF control system and absorbs 10 a
fluctuati on gener at eddnywente odiadtlyr,bamc e whievk parifver masnd: wohief ifeal low- up
control over the head in the feedback control system The FF control system
i ncl udes a cont pohkad Eidskcrivel lse healde posd tieondf dagoRt rodntsysitiesy 15
hereinafter) having a predeterm ned transfer characteristic (determned as
a transf &P functised tp. Pedtipncantesd dmagpeticedeaddi dist romiddest i ng

cal cul ati on usin% t he accel eratign val ue of the di sturbance ohtai ned from

the accel erati oftsén$BrIgs POSAHPRp tFaf%éaﬁeéﬁ FGSESfo At getantfol syst em

dd h I, lLue, .which I [ [ ' It f
The FF control Sy Stath Sboa SEoRCEa TR0 caltin Sea By SCi Fecdback

control system .t Rarany, SHapy %?a'&%o% fol U GLHAL 150N () *&%@eﬁt? e liin error

generated due to the disturbance. Tn short, in a head ni'ng control
system i ncl udi ngyt e FRiGENtrol system conpensation relative -3 to
t he di sturbance applied during drive of the disk drive can be realized. In

t he headipositi oni ng TeRNtHeRld ddgneffiag addtirduaiysten R rdsiddspn error
generated due to the disturbance can be suppressed, 5 thereby inproving the
head positioni ng deedback cbndrpdr fsgrsimnc esdhagt lze niEle rogriooss soyrst(@PUdepends
as a controller. The feedback control system drives
and controls a voice coil motor (VCM) of an actuator
having the head mounted thereon and executes follow-up
20 control over the head relative to the target position.
As the head positioning control system, there
has been developed or proposed a system including
a disturbance feedforward control system (Sometimes
also called an "FF control system") as well as the
25 feedback control system. The FF control system

suppresses the influence of vibrations or impacts

(which will be generically referred to as disturbance



on settings of the transfer function F of the FF controller. Usually, the
transfer function F is determ ned based on a fluctuation characteristic of
10 an accel eration of the disturbance (determined as a transfer function
K), a position fluctuation characteristic obtained by the disturbance
(determned as a transfer function W, a characteristic of a plant

(determ ned as a transfer function P) and ¢thers. 15 Here, the plant neans
an actuator including the VCM as a control target. The characteristic of
the plant neans, therefore, a nechanical characteristic (rigidity,
resonance, danphpgehaglall) Obpbe 3 HRNOkn W Ge b Agkudi g sk drives,
there are 20 nmechanical irregulfarities 1n each drive product, an attachnent
angl e of an accglegration sensor, a relative angle of a head positioning

| ocation, a direction of the disturbance, an age-based change. Therefore,
the transfer functionsel r WetitddD dybteieiafcine abeyeApaasarided

el ements vary. Accordingly, it is desirable to adopt a nethod of

det ermi ni ng t hevappeopisiedt & ot sappirerssf whet iigiF Inedicet b Fhecontrol system by
- 4 nmeasuring these transfer functions when using the disk drive. If such
a met hod bs usedisstuablaeceoblseld agaiamstaodiedterahdnnesradae o€ éehecut ed, and
an i nprovenent in the head positioning accuracy can 5 be expected. For

t hese reasons, ddsdurbadceosietieatiedy (Obsteroyledly diyemn acsgdteemtiionl udi ng a
paraneter identification function used to determine the transfer function F
of the FF contr 6ensgst @movddedois. thie siiek slrdyst-emThe heashpl oyed, the
head positioning accuracy with respect to the disturbance can be inproved
by updating t hePEEdFIPELINOUFOLIESR LF SiviF tEE: d15@an EEanicomprdERddcgavalue

irregularities of each drjye produyct or .a chan i n envjronment during use.
15 Meanhi | e, i RIERIRSET £Y FOE Tl CORSEAL G o™ he el SH68% | oni ng
contr ol stem _contraql. of. the FE _contyol st e nd.t he parameter
Cdentifiddtion Br OMSHIAT ISR SREerite Ry F% Fetirbadss #ihs.

Therefore. 1n cageroifisng the dosuipapceciich an,ad seen.axchiati on

occurs, if the posi t'i oni ng accuracy I's consi eteriorated due
to an age- based thleUgldaia@k icdnt rd1Stsyitance val ue during execution of the
control, the operation of the FF control system nust be tenporarily
stopped. That 25 is, Mid &F exenidd NG idtenparimidls igeitrticlatdon
processing of the FF control system the operation to again execute the
control of the gydtiem wi liledpel redferred o las sucl¥Fa avettred,letrthe head
positioning accuracy is tenporarily deteriorated during execution of the
par anet el 5i dent hieiredtiadit g odeydingy 2 Pnededemisaedsitreasdieral gorithmto
performa swi tching operation 5 fromthe control execution to the paraneter
identification GPEFRGLET isfiCeddatEdmifing @5 @ F1Frediedmiupat iany fiar e
(program of the S C l.i.cat ed. BRI EF SUMVARY CF. . THE I.NVENTION 10 In
accor dance mﬁtthEgkggﬁﬁEﬁggﬂ e SRS i Fedita, Q4i§%§ﬁqg provi ded a
di sk drive havi 0sj_t._oni r.al . _syste i ch cut es
fol |l ow up cont r%%%ngﬁg%dzfg&%ggﬁr %I%@se}setrg%laoﬁl}dm&wsqeur fg)r%lee conpensati on
by @ feedr or war 4;aaL 0l 45 GBSl Toreatl Ao, Couidl, System
executes control over the teedforward control system and paraneter
identifioation RRHOGESRItNG WNC 3Rl Y i8SA dy aRtt8o 1f WLiHaN Qg he
feedf orward control system The disk drive according to one aspect of the
20 present invertHeordigerddtgath ReSiud, OWNIGHC A el SVisieietiged to perform
positioning control over a head at a target position on a disk. The head
posi tion contr olopgysttdmon nedsudes fronf aHeoVEFRUIEceiialols yetesd) executes a
control 25 operation in accordance with a predeterm ned servo cycl e based
on a position e’ @oriatodeeralarec wrarlentl giesd thiyorthef fidesibeedd camdt ddie t ar get
position with - 6

system, thereby suppressing a fluctuation in head

25 position error generated due to the disturbance.
In short, in a head positioning control system

including the FF control system, compensation relative



an actuator nechani sm whi ch noves the head being determ ned as a contro
"tardet, a disturbance detection unit which detects a disturbance applied
fromthe outside, a feedforward controller which 5 executes feedforward
control which suppresses the influence of the disturbance during the
control operation of the followup controller, and an identification unit
whi ch executes paraneter identification pro?esging whi ch determ nes a
transfer 10 function of the feedforward coniroller; and a head which
reads/wites data at the target position on a disk nedium BRI EF

DESCRI PTION OF T E : W NG FI 1 | [
ST S SR SIS Sy
according to thegpsggeplyi B¥eRLLON,ELG 2,1 $8 Blg%@épﬁl%ﬁ Egﬁ‘ﬁﬁgg;"‘ ng a

structure of a head positioning control systemc

enbodi ment; 20 FEGht3ol$ @hgkggggggtaf?ﬁgkkygzgﬁgthﬂg ggiggggation of the

system concerning the first enbodi nent; a view iFFEQFrating a

paramet er i dent i beathoadnahbodootnanaFEraenbisl YA SM 28,600GELRNY the
|1 arag I

first enmbodinment FIG 5 is a viewfor illustrating a c errstré of the

head posi ts oni ngthentbgl imysbedhg the hes@NpEENLNONEA§ ELEgLag(DOdI neNt;
FIG 6 is a block diagramfor illustrating a theoreticCal structure of the

system FIG 7 is a vIibw perfokhuateabifngha ¢racaateblSsisties akpanhgad
positioning control systemaccording to a second enbodi nent; FIGE. 8 and 9
are flowcharts fer $e¢tusngatpAgthepbranefer fdeatibdhcmt bonthet hpd
concerning the second enbodinent; 10 FIG 10 is a view for illustrating a
first nodificatieMbrotherpardseabtyvi dehei trenasfen fenbbionFFGisl1l is a
view for illustrating a second nodification of the paraneter identification
method; FIG 12 §&t% +%%§ BRegH aft shobi hgtuatiencehasactenbsthe btad

posi tioni control_system concer pi t he second enbodi nent; FIGS. 13 and
14 are bﬂggk did%?d%%giﬁ%ﬁ?ﬁboﬁ %Ergﬂ?u?%sB?r?ﬁ%cﬁeéﬁeb%%m%mQQi%@ contro

System Lo Which & PALATELENcbAent Ll €71 9o 0B PG, CPISEL L PR, 20 the second
characteristic obtained by the disturbance (determined
as a transfer function W), a characteristic of a plant
(determined as a transfer function P) and others.

15 Here, the plant means an actuator including the VCM as
a control target. The characteristic of the plant
means, therefore, a mechanical characteristic
(rigidity, resonance, damping factor) of the actuator.

Further, in actual disk drives, there are

20 mechanical irregularities in each drive product, an
attachment angle of an acceleration sensor, a relative
angle of a head positioning location, a direction of
the disturbance, an age-based change. Therefore, the
transfer functions (K, W and P) in each of the above-

25 described elements vary. Accordingly, it is desirable
to adopt a method of determining the appropriate

transfer function F of the FF control system by



FIG 15 is a flowhart for illustrating an operation of the head
posttioning control system concerning the second enbodi nent. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 25 Preferred enbodi ments according to the
present invention will now be described with reference to the acconpanying
dr awi ngs. _ g _ (Structure of Disk Drive) A disk drive according to this
enbodi ment has, as shown in FIG 1, a diskyj1 as a data storage nmedium a
spindle notor (SPM 2, a head 3 which executes 5 a data read/wite
operation, and an actuator 4. The disk 1 is rotated by the SPM 2. The di sk

curface 1 her cof SEAORL PR aEROT00t FREFRAGS S GF EaBe s AR R AR ERer <

surface thereof. I'nc es"a pre ermne of servo
gedr e Prede

areas 10 100 ar t 1.ned._j vals...nsa Gi erentia
di rection. Serv%ggata used to dg?g%tgtﬁge%géi?%oﬁggg't%ggﬁggg 3 in the head

posi tioning CO”&BH%réXSB§HHh§tr8§9E9§9ahEeEhEaﬁebéoﬁﬁééﬂtEQ%egHBi”9 a

regular read/ wite operafion. 15 The head 3 is usually noun on a slider

with a read heaQnaﬂﬂpﬁo%@hEﬁth@ﬁdtﬁéiHﬁaaeE@é@%@énﬁhﬁﬁh@%@ﬂa@&h%én The head
3 is mounted on the actuator 4, noved in the radial direction of the disk 1

by the drsve fopeeefpethedvoice coil nmotor (VCM 5. The VCM 5 is 20 a
control target (plant) in a narrow sense in the head positioning system
and the main el ement Fot thesacteasonspeeabani fieadFpotsiernontihe diositrdli ve has
a read/ wite channel 6, a mcrocontroller 7, a VCMdriver 8, and an 25
accel eration seayetef, FTheysteaw/ wniciledihgnaebabahesea $dgnilifpretessi ng
unit 60, included in the head 3, which processes a read signal or wite

si gnal _ ~ cofpespondi ngedoteeriobegnineothgsbiranatarr énackyonh& péad
head. In addition, the read/wite channel 6 includes a position detection
unit 61 which exPPaEfsCORETSEr F¥SESPalfr SRPYRe r é&dS¥rEndl S¥AdCHehérates a

5 iti detect | ' d.tod t.th iti f.the h 3. Th
i o7 oconf Dol | or SPPRAYSH: nt BPoBFOEcOe6r CLPUS78 CRIFERY) ¥ A i ARE Emont of

the head positigpi pgecaoLiBlnaNatemhanteds R LML lpakeGs 2nR 09r am

transfer function F in accordance with mechanical
irregularities of each drive product or a change in
environment during use.

15 Meanwhile, in general, as for the operation of
the head positioning control system, control of the
FF control system and the parameter identification
processing of the system are different operations.
Therefore, in cases where the disturbance such as

20 sweep excitation occurs, if the head positioning
accuracy is considerably deteriorated due to an
age-based fluctuation in a disturbance value during
execution of the control, the operation of the FF
control system must be temporarily stopped. That

25 is, after executing the parameter identification
processing of the FF control system, the operation to

again execute the control of the system is required.



10 (firmvare) for the mcroprocessor and various control paraneters. As
deseribed later, the CPU 70 realizes a feedback control systemand a

feedf arward control system (FF control system) constituting the head
positioning Control system The FF control system 15 realizes a function to
conpensate for a disturbance. The VCM driver 8 generates a drive current
according to a control value (including_a gonpensation value obtained by
the FF controller) fromthe CPU 70 and supplies it to the VCM 5. The

accel eration sensor 20 9 detects (observes) an acceleration of a

di sturb ' ' ' ' t | i he_ di sk
drive, and out puks bR AT s T e Rate R adate T ¢ ©

e, and out oS gridl $1° (i 5n |
init 10 has o 28 PR TpA A drathq R AR R M D8 Bl on

si gnal fron1the%?%%ﬂégég!fﬁbﬁ%gggg 1A éggg§§h&pisﬁE%ﬁﬁgkﬁg{éconverter

a . )
11 converts the "acceleration - 10 sig éﬁ Into a diglt accel eration

val ue (noted as #)ncangh Mt gkt Seird €0 gder GRY F GwitHeathdaspd oni sy Control

Systen) A structure and an operation of the head 5 positioning control

syst em corger ni N ftHsStcbesi ey 1dn ey e desednidesk- Wi th ref erence
to FIGS. 2 to 6. Atheoretical operation of this systemw | be first

expl ai ned i n conivkedit ofi ad it torF| @S r 2t fon 6is e d\si tescritbece above, this
systemis realized by the CPU 70. The CPU 70 acquires the current position
of the head 3 frampwlpbet tilot détwotdon @royrdn 64F | theyCREY os zati on with
the rotation angle of the disk 1. Additionally, a sanpled data control
systemis 15 reatomrdi¢gteade CPU 70. The sanpl ed data control system
calculates a control value (determ ned as u) inputted to a control target
21 (VOM 5) at fixed time intBRVAFNSTMARY ‘éécT CINGERTEEMEt t he maxi mum
drive current supplied to the VCM5 js pre-set by the VCM 20 driver 8. As
shown in ¥ G s, thisfgy%T%%¥QER$ﬁn%l€% He %%ﬁ?gBlofaF%%tpﬁﬂs%nEontroI

val ue cal cul ated. in redet.erm ned servo,cycle,(sanple interval) by a
ena‘if?ré’nst?}é‘?r% ulnsctpfro%vﬁe o 2@%&% ll‘f%pi‘a%“ﬁe f eedback

fol |l ow up cont r ot'F'er

control system g%%rﬁiﬁlgﬂﬂfﬁ&&cﬁ&{rﬁﬂt %rh&kb%@%i on to a

target position on't ot her "hand cont rol

system has a feetd rywpreh CM el &fy (AFSduddit BRI erdpshdip fgqan FF
controller hereinafter) 25 as a main elenent. The FF controller 25 acquires

an accel eration gpdtieriatdy @ImperthHtighang ea obsed fieklvdnyd ador@eesl er at i on
sensor 22 at a timng with which a current position of
15 system. The head positioning control system executes
control over the feedforward control system and
parameter identification processing which determines
a transfer function of the feedforward control system.
The disk drive according to one aspect of the
20 present invention has a head positioning control
system used to perform positioning control over a head
at a target position on a disk. The head position
control system includes:
a follow-up control which executes a control
25 operation in accordance with a predetermined servo

cycle based on a position error between a current

position of the head and the target position with



the head can be obtained. Description will now be given as to a paraneter
identification nmethod of determning a transfer 10 characteristic (F) of

t he di sturbance FF controller with reference to FIG 4. This nethod
utilizes a so-called |least square. FIG 4 has a paraneter identification
unit 40 (transfer function Q, an identification target 41 (transfer
function B) 15 corresponding to the FF Qon%roLIer 25, and an identification
input unit 42 (transfer function u) as el enents. The paraneter
identification unit 40 uses the identification target 41 as a discrete

system and 20 estimates .a transfer. characteristic based on.the relationship
bet ween an i nputart LBCtdfFotoarn nbetﬁﬁ}ﬂﬂls(%)“’}blfc}i Hléo‘fed%n%}ﬁ ﬁ&eﬁqﬂ]%ejt%q get 41.

This rel ationship. S I: t ing e jon (1). 25 y(k
e 8 e e ldan mmpraan (2 Y00
| £ficient ~ t i i  denti fi

42 and b i a cONT Tt it Mg Redd s B nipRa AT et 1 2

5 k is a step nuhgr afe (e SIRET &f & HEESTaFd T ddi no Ble MRKOUWN par anet er
vector 8 and an input/output vector ~(k) are defined as represented by the

fol | ow ng sexpr essicii e - fakdfd@lard -ct¥b L -whidh' dupprdddes thd k-1) .
y(k_n)u(k) ... u(k-n) ]T ... (2) Based on this definition, the expression

(1) can be repregefashas dheeldiomingaxpy edsd oy (Ble ddhtddd = 6T~(k)
(3) Here, an estimated value at a tine (k - 1) is used as an estimted
val ue of the unlkpwaipasranet ethe divd law+wentordtioeatiean modelarsuch as
represented by the follow ng expression (4) can be cal culated. 15 Y(k)
=eT(k -1)~(k) ..Ldgm)iHereatA(dk) ursltanwhsisthh reneaiitved mrena e

unknownpar aneter,and 9(k-1) is an estimated value at atinme k-1.20 An

i dentification erditichfrate aepracansdddyWhiet ole RimgssHressiass {5 . e(k)
=y(k) - k 5)An estimation of_ a rameter vector. A by the25 | east square
036/151 %)e c I<oczjl <(51t L@W%@érﬁkﬁuﬁ%ﬁdﬁ%{%‘%ﬁcﬁ)qm}%omm yat’}fg tinme k basgd on

such aneval uati onfuncti.on as .represented by the.foll owi ngexpressjon(6). 30
J(k) _k ~ ~y(i) - 6T*%i§3 :ﬁpléh reaés}hrf&es data’ S % gﬁrget (6)

position on a disk medium.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a block diagram showing a primary part

15 of a disk drive concerning each embodiment according
to the present invention;

FIG. 2 is a block diagram showing a structure of
a head positioning control system concerning a first
embodiment;

20 FIG. 3 is a flowchart for illustrating an
operation of the system concerning the first
embodiment;

FIG. 4 is a view for illustrating a parameter
identification method of an FF control system

25 concerning the first embodiment;

FIG. 5 is a view for illustrating a character-

istic of the head positioning control system



- 13 Here, A which mnimzes J(k) is decided and this is determ ned as

* 6(k)y. As nethods for determning the paraneter vector A there are offline
identification, which requires 5 all past data in calculation of the
estimated value, and online identification, which sequentially perforns
estimation in accordance with each identification step of the discrete
system In determnation of the transfer function (F) of the disturbance FF
controller 10 25, the latter having a smaller anount of data is desirable.
Concretely, the follow ng expression (7) is 15 calculated in accordance

th each ident t mat r r(k) of the order
\(Mzn + 1), II"(k [CdeS%L(HIBQ%?? SR Ex-r%%l RrpieRy | 1)Ii( A T(K)r (K -

1) ~(k) An initial valpg; ofg ri(K)y 'bslocrk( N1 agdm ﬁ&seidll%&ﬂ%lé' ve constant
(y) and a unit matrix (l). An estimted vglue A(k) is calculated by the 20

expression (8) a_tHe(diertﬂeﬂai( ek 1@ r®( o fl)thk sysths) r(k - 1) ~(k) e(k)

.(g) where 8(0) =0 Here, a transfer function fromthe disturbance
det ect i on (accel er at |Rms.va7| ues A) iews fread NS0l ey radrcHa@)adtiet-he system
shown in FIG 6 can be represented as the follow ng expression (9). - 14
a W- FCP5 KP 4dstic of( @) hhall poCR t\Wberievg Ront ra 1t rsyrstferr afatrmatdiony of t he
control target 21, and Cis a transfer function of the followup controller
20. Furt her nor e,toNa sexopokietibodliBiefituct uati on characteristic of the
di sturbance and indicative of a transfer function from a disturbance val ue

(A) to a target posit§I&® f [uangatd arq rilowdhiar tsarfpat igdsigtimatimidict uati on

(r) is generated
a parameter identification method concerning the

second embodiment;
10 FIG. 10 is a view for illustrating a first
modification of the parameter identification method;
FIG. 11 is a view for illustrating a second
modification of the parameter identification method;
FIG. 12 is a block diagram showing a structure of
15 the head positioning control system concerning the
second embodiment;
FIGS. 13 and 14 are block diagrams showing
a structure of the head positioning control system to
which a parameter identification method concerning
20 the second embodiment is applied; and
FIG. 15 is a flowchart for illustrating an
operation of the head positioning control system
concerning the second embodiment.
DETAILED DESCRIPTION OF THE INVENTION
25 Preferred embodiments according to the present
invention will now be described with reference to

the accompanying drawings.



when the drive case or the disk 1 is deforned due to 10 a di sturbance and

' the*track which follows up by the followup controller 20 noves. Moreover,
K is an acceleration fluctuation characteristic of the disturbance and

i ndicative of a transfer function fromthe disturbance value (A) to an
accel eration value (d) 15 of the disturbance equivalently applied to the
control value (u) . In order to suppress t&e i nfluence of the disturbance
(A) to the head position error (e), it is good enough to set the transfer
function F of the FF 20 controller 25 as represented by the follow ng
expression (10) in such a mapnner that, the termof the nunerator in the
expressi on (9) betlometyet T PLsKyRI¥¥e)  (10) CP 25 (System I ncl udi ng
Paraneter ldentificatjon, Function) Description will now he given as to the
head positioning cont$o§l§§s$EHY%fa?ﬂ%r%hﬁ%dgﬂeﬁﬁlfneﬁbggi%gnﬁcaﬁ?dance

wi th the above-descr,ibed th ith reference to FIGS. 2.3 and 5. As
shown in FIG 2,2% h?%o"%@sjt%%o#%'s n g e%ejff?c% i%ng%%?t85¥%? clﬁe%d%lﬂ’ti fies
a paranmeter 5 used i { rans t F
control ler 25. Thit fs)%/s %ﬁnﬁ%(%%u{%@)t hzg' p%?g%ge#lgéf: Y%%?i%%%‘?f%% processi ng

as well as the C:Prﬁa{% SXEFHIE OFe %pé%@%gcgn&gﬂ%%ﬂ e c@2PatdPey

identification unit I nputs a signa obt ai ned from the di sturbance

val ue (A) through an ppenyioppltiansbesteappcteei shyco Modehe28i5R {he
i nput side. The open | oop transfer characteristic nodel 26 is a filter

function unit havisign@eghttdcinst L0 fhein®na (éhdewirideci ol ovshigpoe
controller 20 15 and the control target 21. Furthernore, the identification
unit 27 inputs spsogiddd (o) abta fede frloerdede. cHdclol tvatckiel @) t hrough t he
control target nodel 28 to the output side. The identification unit 27
inputs a result oickddknge tieedsipeminey rumbeheohostIvomP®a®rror si gnal
(e). Here, when the control target nodel Pm coincides with the transfer
function X®P) of ¢ aorardedial gerederRrpinedrErtenew ket BRistic fromthe

di sturbance (A) to the input dee%%ﬁ% of , the identification ignal can 25
be represented @& FHeCHB o5 Pk RSFHR (1158 % A3k wsed(99) Moreover,

the transfer f”ﬂSé%éEEfEﬁgnééﬁﬁtion of the head 3 in the head

positioning control system is recorded in the servo
area 101 during a regular read/write operation.
15 The head 3 is usually mounted on a slider with
a read head and a write head being separated from each
other. The head 3 is mounted on the actuator 4, moved
in the radial direction of the disk 1 by the drive
force of the voice coil motor (VCM) 5. The VCM 5 is
20 a control target (plant) in a narrow sense in the head
positioning system, and the main element of the
actuator mechanism.
Further, the disk drive has a read/write channel
6, a microcontroller 7, a VCM driver 8, and an
25 acceleration sensor 9. The read/write channel 6 has
a signal processing unit 60, included in the head 3,

which processes a read signal or write signal



- 16 disturbance (A to the output side (q) of the identification signal
can be represented as the follow ng expression (12). q = (W- KP)A (12) 5
At this nonent, the transfer function identified by the identification unit
27 can be represented as the followi ng expression (13). q W- KP - (13) a
CP 10 That is, as represented by the foll ow ng expression (10), the
transfer function identified by the identification unit 27 nmatches the
transfer function (F) of the FF contPolTer 25. FIG 3 is a flowchart

showi ng that this system 15 (i.e., the CPU 70) execute ntxedl in
accordance with a predeterm ned servo cycl| desea nk $i %52 a sanple k) in
the first half, and executes Qggaﬁrateroifdg tification, nie grder to

det erm ne (update) heat tansfer function @/vﬁf‘lﬂehéhﬁﬁ‘ controller 25, in
the 20 | astco¥d®F That i s, \& SGRY theexXécutes the fql | gwagricontrol (i nput
of a quantity of g@_trolnc?dgation U, to glimhafe the position error (e),
by novi ng thedhead to the,taggegepesn‘?’an, as indi catedygyest@p S1 25 to
step S4, in the Hiksh paﬁ#t%s eps S3 and a1AenehP§ onent | W th

appl i cati oni®C“the disturb Qa(tA)afﬁ@gllg controller ggcedidtﬂoé‘tes a
conpensati on val m@lﬂ‘%%a@:&ppr ess the s@@rm‘?ﬁ:‘é’? and executes - 17
processi ng t'%h%d%@ri hi s val E§Olt1051@@a3po‘§? ron error (e) (step S2). Then, the
CPU 70 execut e§igrlbhhdr§f3?8 cal cul ati on processing of |east sq@réﬁ, such as
repr esént ed W the 5 eaﬁxcgressi on (11) to the expressi MUrdssy per forns
the parameter ¢ defd itfd t3°on pr ocessi X(@@G@Sm%‘:?o S7). As a_result, the
CPU 70 determ hes the tra gggﬁtchh}ﬂ%&’:teri stic (F) fpggetm%%?ltrol l er 25
by using the ident Ehﬁeﬁ‘lﬁar aneter, and,updatb§ PE2FrOmthe 10 R evi ous
value (step S8). FIG 55 aaLne® ERSW ng age- basceoqecshang%§g5la t he

i dentificati ompater@t &° and the h posivth st iy accur acy when. st f or m ng
both the control executj ope@fande® FF control | er édamﬂri%‘ési%ﬁgxg\_fi fication
processing 15 ayn’a’s?}lgs?%i{b system C@gpappaﬁéﬂf romFIG 5, _wibkbs
repetition of the identififeat LR Y¢ep of the FF g@nioes] M8 T58 "t he

age- bas q) chang(dildfmwtaﬁe i dentif] csaég-lq;rgd)é\ﬁéﬁ%’er becones smaldsraind the
head positioning accur acy. | A% rﬁﬁoved. 20 ge ssabedidbove, according to
this enbodi nentpafe#™fs possi bl e }osggaéxinz’en hé head posghi OofkAg control
syst em whi ch perfaqr the coRtFBr execution sttt-lmatlipgc trol system and

t he paraneter i @erfS1 cati on r%cle@'srt@mmcgccor dance Itcﬁ tdestsd vo cycle
at 25 a tinme. Theref gre(F® i the head positd OFF rPTaccur acy is

consi derabl y det®¥7 or at ed due §PraD sgeB@8ed fluctuati ondigtﬁﬂea@?%turbance
val ue during thepositioninq co ompensate for @

15 re

20



- 18 control execution of the system the head positioning accuracy can be
‘automatically inproved by adequately changing the identification paraneter
(nanely, the transfer function F) of the FF control system 5 In short, the
head positioning control system which executes the followup control by the
f eedback control system and the di sturbance conpensation by the FF control
system adopts the node which coIIectivgJyjﬁptuﬁtes the control execution of
the FF control 10 system and the paraneter 1dentification processing which
determ nes the transfer function of the FF control system Therefore, since
the transfer function of .the EF contraol system.,can _be updated jn acgordance
with a distur baﬁ&gnﬁﬁué‘fﬁéﬁ Pofit gilgaﬁs afgeégggxi@&lo& tvc?(:1 oi (&lot%&‘#p&'sa%ﬁ ’
deterioration in_head, positi.qning,,As ult, since the disturbance
conpensati on opgpgtp ﬁ%P Sndt Fﬁt%PFug 38%§Uring execution of the head

posi tioning contkral, I L sitioning control can be
realized. 20 In(ggﬁgr%%gaégP%?%gﬁﬁﬁﬁtg%go§§%gﬁ qeven if a disturbance

fluctuation occurs dyriig.£xeGHt iy af totﬂ)%r]m%rp%éé tﬂ'ﬁiﬂ&acont rol,
[ ed Wt

paraneter identification processing can be execut out stopping
control eS?CUt'?Bsi?ﬁ%h&h@r%onk&o&ss@%%%hbb%nb%r%ﬁ%@da2§i&%%POfary
deterioration of head positioning accuracy due to a disturbance
fluctuation. embb? imehec @ind 1Efbadibee dics ci®ese At edFedici®it teoncerns a
systemincluding a paraneter identification unit which updates the transfer
function of therEEsconrt tal 6systemin 5 accordance with the di sturbance
observed, during use of the disk drive in the head positioning system
havi ng the feedback dorthegredyistadmaopedtatiorFp fcditiols ytstmemi IThée
theoretical operation of the head positioning 10 control system according
to this enmbodi mEALsits exPriaimed: dnt kRNNSC iR sidheMIGS-.udt tet éd in FIG 6.
It is to be noted that this s&;}en1n%éhadopt a nmode whi ch conpensates for

the effedf of the di SUASHTEEER 3R e ot rISTSputS waale 39D RY he

fol l troll 0 by.usi FE contr gl t In thi .

ogard 1o the t EREcFED Tlnct oA ERUm n e Caua g dhes Chetant ggsl tLoie 1"
| erati lue, A ta i d it . .of

oht term in t B Sx Heda 3° cgBR PRSI ele delon BAMERTA S D

transfer functi %r%‘/n%hcifonf[ir}%‘pglf)nc QALEROlhQr 29413 cFERGIIRALS +@f Qii_rsi#(g ht, term

in the expression (10) iIs Furthernore, the paraneter i1dentification

met hod used to deferlionl1tRe & ddmbekd WRGE @dnltho10fsyistem-ks25 control | er
25 in this systemis simlar to the nethod described in connection with

FIG 4 based onrdag iexgpr @ssitties CPUL 70 .t 0 The8 sempled d2ta Hengrdihe
parameter identification unit 40 executes an identification processing step
(k in this exanplyeltesuchalasilsiiesn ai wonfeofll sachar t(sledfermiGed &samd 9 and
estimates the transfer function (F) of the 5 FF controller 25. That is, the
par armet er i dent iipgdtiesh teniat centzeduiteegetheli e &) adndixed ddmsut ()
of the identification target 41 (step S11_or S100). Thereafter, the

par anet er i dent AEEMEGF USIEE VRO CYF1&lecutod & HataltdR FE3HUgs dxHee

expression (2) current supplied to the VCM 5 is pre-set by the VCM

20 driver 8.
As shown in FIG. 6, this system outputs to
the control target 21 a control wvalue calculated in
a predetermined servo cycle (sample interval) by
a follow-up controller (transfer function C) 20
25 constituting the feedback control system, and performs
follow-up control over a head position to a target

position on the disk.



(step S12 or S110). Then, it executes the calculation of the expression (4)
and'the expression (5) (step S13 or S120). Furthernore, it executes the

cal culation 15 of the expression (8) (step S14 or S130). Moreover, it
executes the calculation of the expression (7) in accordance with each
identification step (step S15 or S140) . Here, if the count nunber (N) of
the 20 identification step is greater Lhan%g sufficiently | arge constant
(S), the parameter identification unit 40 rmnates the identification
processing (YES in a step S16). Qtherw se, the paraneter identification

nit 40 continues the identification ste n S16,. 25 I n addition,
'ltjhia par amet elr :Jdenti fquc‘:dtt %IrPt!t}“rﬁrc I%liayﬁ]‘%gggl%?f“%ﬂl oﬁf’yﬂl@z‘l%ﬁtl fi ICG.![I on
rocessi ng based o uant i of r.at h
FheFlogevb?usTﬁa{?pl e(;kf% "‘f)r ]th Qggr%mé& Cg'é Jr#;]tgtbeq 1%l?erl tFRd shown
in at_j s, er i al ¢
fol |l ow ng expresasS ﬁl (El%éel)cp armal d')deerr%né@%]@( rb)éJ qnajll} eui l{‘eﬁé

the rate of cha f I gng} r Q%& : the
paraneter identi f\ecatl onosnu%ql teége}rﬁyc tesésfhaﬁ %r%erag%“ on pr OCESSI ng
(YES 10 im a stem)SI60)y JANIMaife (M HAFAIBIEIad dantd fdcatigp unit 40
continues the |dent|f|cat|on step (NOin a step S160, and a step S170).

(Modi fication ofsdiyameterad dertinfirgatiiah Matihed)a Rz red: J%@l@i&@kof

di agram showi ng a first 15 nodification of the paraneter tification

met hod. This fi r3ie mMudid iceat ien caraiesyabnds to a case V\/nere an input filter
204 (transfer function H) is provided on the input side (b) of the
parameter identificatDescruipti@0iRD e bapyivénl|aert@0d paranetscrete
system represented by the expression ((ﬂg The transfer function is
represent ed as titferftglfisg thigpre s tdng (d@)er@l&!y(q()a -traggdien bizn-1 ...

+ bn_1Z + bn .. u(k) Zn al Zn-1 H%%Fbre as shown in
FIG 10, L% the ql‘fﬁﬁﬁctfqult%wzo(ﬂ 50pr d%icls ]Qfﬁéce tCa e ¥I/T t he
parameter ident Iv}cll %atre eruerHc:[e %: FIGentlf i eﬁqissucnrl]et% cq u S1fleJ.rzes ‘a 22

so-called least square. FIG. 4 has a parameter

identification unit 40 (transfer function Q),

an identification target 41 (transfer function B)
15 corresponding to the FF controller 25, and an

identification input unit 42 (transfer function u)

as elements.

The parameter identification unit 40 uses the

identification target 41 as a discrete system and
20 estimates a transfer characteristic based on the

relationship between an input (u) and an output (y) of

the identification target 41. This relationship is

represented by the following expression (1).
25 y(k) = ajy(k-1) + <=+ + apylk—n) + bgu(k) + -+ + bpu(k—n) =+ (1)
Here, a is a coefficient parameter on the

output side of the parameter identifier 42 and b is

a coefficient parameter on the input side of the same.



function as represented by the follow ng expression (16). = HQ Q=B ..
(16 H5 Additionally, FIG 11 is a block diagram show ng a second

nodi fication of the paraneter identification nmethod. This second

nodi fication corresponds to a case where an output filter 205 (transfer
function J) is provided on the output side (a) of the 10 identification
target 201. The output filter 205 is a discrete systemrepresented by the
expression (1). The paraneter identification unit 202 identifies such a
transfer function as represented by the follow ng 15 expression (17). Q =

BJ ... (17) As described above,, the rameter identification unit 202 can
identify the trgms¥%raf§ﬁﬁﬁiQH#Qﬁrt%gag?%c %f%rgggt%¥?ﬁ?$ferent fromthe

identifi i 20 201 b ' ' fil 204 and
205, In general - in t R PAranebdr o AP PPEAFTBREEaLBHL B Prart ol “cquare,
[ ' t f ISt f th
25T dent 111 cat | O R4 AR5 Tarth 5 & Ul el I Yo vers e
wh h i qggﬂf 9586 i i I :
en there is a lggi enth$%§?§%?ré% tg%pp i ntegration el ement

I nf or mat i of t n target 1 can be relatively easily -
23 predicted for a | ow frequency.el ement. Therefore, constitutipg the

i dentification ifpatPout Fubof ! 1RIEF s E804=alvek-205 - Bk-TaReky  kHw®) Thf ofat i on
and estimating only the high frequency el ement by using the paraneter 5
identification unit 28254 anpkhttide +915%?BctF%6 REPRBESIEOr thér CaPn the

aranmeter identification, the amount o ithnmetic operation_processing is
R ot ved baced b taseiied Ao e rall et INE, efarbstttanrabont o by t he

expression (1), and the anount of arithmetic operation is increased by the
squar e ofid he nunber gofk)par@lifgtier estimation. Thus, the kna@n infornation
of the identification target 201 is added to the input/output filters 204
and 205 for identifi Héreatawnestimatdd oatlee as aetimed (ky-i tientifyi ng
only the unknown characteristic of the identification target 201, thereby
reduci ng a quantused ofs aantésipinatepevatveoncf Hehe, unksowh NEatapEt8m i s a
known part of the 20 identification target 201 and Bn is an unknown part of
the same, the tram@far FdertiblcH b0 thedeHefitfRi 2at FORreaeyeed 2by tge

defined as represented by the fol] ow expression, (18). - gngn ... ( 18
o5 ihen t he | HERE LIRS SHOEE S SR U o Sog hOALY el A5 Dnship as
representl® by the foll owi ng expression (19) can be obtai ned. - 24 H-=
Bm ~~~ (19) Further nofe) sat@Eikt-Het(Rut put filter 205 is ... (4)
Here, O(k) is an estimated value of the unknown
parameter, and O(k-1l) is an estimated value at a
time k-1.
20 An identification error can be represented by the

following expression (5).

e(k) = yk) - y(k) =+ (3)
An estimation of a parameter vector O by the
25 least square can be calculated by using measured
data y(k), &(k) until the time k based on such an
evaluation function as represented by the following

expression (6).

i 2
30 Jw = 3 () - 6TEw) - (6)
=)



5 provided, such a relationship as represented by the foll owi ng expression
* (20) can be obtained. 1 J = Bm ~~~ (20) Therefore, the paraneter
identification unit 202 can estimte only the unknown part Bn of the
identification target 201. Wien the known part Bmis 10 stable, as
represented by the expression (19), the nethod with the input filter 204
being provided is effective. On the other ? nd,. when the known part Bmis
unstable and "1/Bm' is stable, as represented by the expression (20), the
method with the output filter 15 205 being provided is effective. (Head

Bl ock i agr am show ng 6t 1 iy FARELG MSCED oY Gh{ | hel BeF RS n™Bar Bt or

identification 20_ uni -MQ%C utes such a paraneter identification
nmet hod as nentigﬁ% % %éﬁﬁ i£s§%§%£h1has a structure that the disturbance

(accel eration vaiue Al obseryed £detactethifynbhendi shuschance gbsepyation

unit (sensor) 82 is applied to 25 the paranete fcation unit 8

through the inpy, fiddel A (dfens{eridamel Fofathod oryhdentiddeation. O
the other hand, to the paraneter identification unit 83 is applied a signal

indicativesof a PPBipa®N data2bn €41@E14E)oRCHEERet BEL MRAHQOGAL BN and
the target position (R). Here, as the FF control system (actually, the FF

control l er 88) asn@nonhUeméifdentidicieigrl, waisyssequénailaplynpgearopne of
conpensating the control value (u) outputted fromthe follow up controller
80 is assunmed. lesthnstsystiematderdanesieithuagthondéhbifibatiopustépl ter
84 can be represented as the follow ng 10 expression (21). P Hr 1 + CP
of the discrete system. In determination of the
transfer function (F) of the disturbance FF controller
10 25, the latter having a smaller amount of data is
desirable.
Concretely, the following expression (7) is

calculated in accordance with each identification step

by using a square matrix I'(k) of the order (2n + 1).

15
T = Tk — 1y — L= LEEETGIK - 1) .
1 + Tk ~ E(K)
An initial value of I'(k) is "I'(0) = yI" based on
a positive constant (y) and a unit matrix (I).
An estimated value 8 (k) is calculated by the
20 expression (8).
Blk) = Bk -1) - - ;T(‘]({k)_rf(—k)l)g(k) e(k) v (8)
where &O)= 0
25 Here, a transfer function from the disturbance

detection (acceleration value A) to a head position
error (e) in the system shown in FIG. 6 can be

represented as the following exXpression (9).



~~~ (21) Such a relational expression as represented by the foll ow ng

‘" expression (22) can be obtai ned based on the expression (21) , the
expression (16) and the 15 transfer function "(W- KP)/(1 + CP)" fromthe
di sturbance (A) to the position error (e) of this system - B- W- KP, 1
+ CP _ W- KP... (22) H1 + CP P P 20 That is, this arithnetic operation
result (Q matches a transfer function F (f= (W- KP)/P) of the FF
controller 88. In the expression (21), the transfer function C of the
followup controller 80 is knowmn. Furthernore, the transfer function P of
the 25 control targete8l Ws—al@® -aK¥al ue which can be readi )Y obt ai ned as
conpared with the accgl eratign. fdpuctuation characteristic K'of the

di sturbance or the position fluctuation characteristic Wof the disturbance
in - 26 the disk dihere, Nbrepvertramsfée Systeivadopt thg aonbdel of
conpensating the position error (e) by using the FF control system (FF
control l er 88), tdmyat alsf eand G uiretd orrahsfer heunopienfoftehe 84 can be
represented by the foll ow ng expression (23). CP 1+ CP ~~~ (23) Such a
rel ational expr esslilow-a reprtagenta Y. 10FEHeTe PO TR iy Xp? e83$ bl ¢124)
can be obtai ned based on the expression (23), the expression (16) and the
t ransf er fﬁnunlcﬁﬂWQNNat%G%/QH?QBQ§QP1§?%%1?%e B sd1 BareaneR) ard t he

pOSI tion error

2 1 + CP
CP CP That is, (Jr{?%l t}ﬂ?fm#caofp@%ﬁ% #%%%H%X%ms t%s{ a%@ﬁ%
f t F of the FF t | 1 88 t ed 10
53 i 1 G B O AR %ugm o8l s e
1 t dent t 83
o tha R oo s %%geé‘ﬁm% e ﬂfm LI S| SROtach LAt aR T
control value (Lt)hé'-}&'tﬁ}% tgdh $d O@agéleoé O&ﬂ@%m% f@”&é@éhﬁédS&’uQYté he FF

controller 88. On the other hand, the system shown iIn 14 conpensates

the position errord{Puiyariisd Nehd hendF €08k rwhl € &811@% hu§y1§ ens have the
structure that the J - 27 identification end judgnment unit 87 controls

t he the follow-up controller 20 moves. Moreover, K is

an acceleration fluctuation characteristic of the
disturbance and indicative of a transfer function from
the disturbance value (A) to an acceleration value (d)

15 of the disturbance equivalently applied to the control
value (u).

In order to suppress the influence of the
disturbance (A) to the head position error (e), it is
good enough to set the transfer function F of the FF

20 controller 25 as represented by the following
expression (10) in such a manner that the term of

the numerator in the expression (9) becomes zero.

F o= W - KP . (L0)
CP
25 (System Including Parameter Identification Function)

Description will now be given as to the head

positioning control system of the embodiment in



identification processing of the transfer function (F) of the FF controller
* 88 by the paraneter identification unit 83 and the control execution of the
FF 5 controller 88 after identification. The operation of the system shown
in FIG 13 or FIG 14 wll now be described with reference to a flowhart
of FIG 15. Wen the head positioning control (servo control) 10 operation
of the disk drive starts, the system (nanely, the CPU 70) observes
(detects) the position error (e) between a current position of the head and
a target position (R) and a disturbance (accel eration value A) by the

| ti 9..(di st ul 1 b ti ti 82. t S200
Fere, in o 1ot SRR AIg (YT oNTET ertTas ot TG noHE of Lhe PP

control systemis d (YES A step ). In this node, as shown in
FIG 13 or FIG ﬁefesxgeg{%euti{oout Cgr%‘ma%’heflﬂﬁ%é%trol ler 88 is in the off

state. 20 Mbreover, oLkt DUt {ﬁOﬁéhe%pa{@ggtggsjﬁggnM%ig?ti on unit 83 is
er e e

in the on state. The folTow up control xecutes t ol omup control
arithnmetic operatj tgggﬁk t.he; rvede P! e

cal cul ates the glodnét)f?tojl va U%S%ut?b%gt ep S%%%ﬂ%%%?%n%ﬁa}m
identificafion ynddg 8% exedtesna fhd terdNaraF i fiMetisn opesatinh spch as
represented by the expression (21) or the expression - 28 (23) (YESin a
step S240, and a&itefIPSH0)25 . Therhid hey Pesmetecut dentihd i satdmerami t 83
executes such an identification processing step as shown in FIG 8 or FIG
9, and judges anidsdkiofiddiel parnametessng dentwéltads otheromessohg (steps
S260 and S270). Upon conpl etion of the identification processing, the

par anet er identidtectiiom unf tt1ss Updemsrehkeparanet er of the FF controller
88, and freshly identifies the transfer function (F) adapted to the 10

di sturbance (step S28bhe igemptifheatbemreprlexééutitBatfodesbgnahe(FF
controll er 88 begins, fromthe next sa , and an output fromthe FF

| e
control | é¥ 88 erffralngm orPRiRe. dist RESnvaLie ot butPFREH t he

ter identificati it, 83 is inthe off state 15 (step S290). In th
ont ol executi i MRS M F DO THl TEr R0 et U egn ot ot Tl he |

arithnetic operglfﬁsqolpt sapcgle_co %f&%%g %%éé uﬁ%%gp (131?%]%@%5&%)%9& val ue

(u) due to the ur bance’ (A tron error Ih a step

5210, and a st ep,e20)76 Addli {1 6nAtdY  £inflo 116 CONLE Oha 9XESWAON MDde, the

CPU 70 executes evaluation of the head positioning accuracy. If it
determ nes that hen@EEHr BgYct SoletEriPr&f ethe t hel péwees St S B f2@d to

re-execution of the 25 identification node fromthe next sanple (steps S300
and S310)15 As destd | tiesl adotey ] acaogelt N2l £ 0 Filnetlsymhene pfthe -i@énhtifis
enbodi ment, in the actual servo control on the
cation unit 27 inputs a signal (g) obtained from the
control value (u) through the control target model 28
to the output side. The identification unit 27 inputs
a result of adding the signal (q) and the position
20 error signal (e).
Here, when the control target model Pm coincides
with the transfer function (P) of the control target,
the transfer characteristic from the disturbance (A)
to the input side (a) of the identification signal can
25 be represented as the following expression (11).

a = ACT v (11)

Moreover, the transfer function from the



di sk drive, the paraneter identification node to determne the transfer
funetion of the FF control system and the control execution node of the FF
5 control systemare separately executed. Therefore, the transfer function
(identification paraneter) of the FF control system can be updated in
accordance wth an operating environnent of the disk drive, nechanical
irregularities of each product and othejsj_lo_ﬁs aresult, in the head
positioning control system a conpensation(%unction ef fective against the
di sturbance can be realized. In the operating environnent of the actual

di sk drive, an inprovenent in.the head si tioning cur relative to the
15 di sturbance & & §F§ﬁ1¢9ﬁsgﬁ?g%@ ﬁ%%Puf éﬁsgﬁthe of the
system and il ustrat, age- based _changes.of the ide t%{ication par amet er
(characteristi clgﬁél)%lgﬁ&atgcﬁémhg& g gsi |norlﬁen§]feé)crce§re &f’ cahq‘artglcet eristic
301). TP denote .P.QJ i I judgment of the identification
processi ng proczgéqﬁ%lggltéfﬁ?ﬁ%?é wﬁ%pﬁe FF control system |In other

wor ds, TP indicates RoOI d ke when the paraneter (tranghber function)
of the FF control syst emms upcPa)t ed. FIG 7 shows that the 35 ﬁead
positioniBg accuracy At dyiy audcbrd) e GOl Ol e e Xaed th ORBIAli Oyl of
the systemfromthe point in tine TP (characteristic 301). - 30 The head
posi tioning contyyolthsy Slemiaicad i i SN HeeXxepiteas ity pisocessi ng
to identify the paraneter which is the transfer function of the FF control
system adapt ed tthet He ldleseme éxbirsfssileancE@ X[ when the disk drive is used.
In other words, separately fromthe control execution node of the FF
control system the giranﬁteqqidentification nmode can be executed and the
par anet er can be updated. fore, the transfer characte@istic of the FF
10 control system ca_nabe updated so as to cope with a change in environnent
during usg or nmechanigalt ifd el afddiaseieLan) HOMSLLoWE, 1N the
actual operating environnment, an inprovenent i'n the head positioning

accuracy rel ati wdreddiendi gtyyrbanee wamsfebesiation asentedtied b3l WHAT
IS CLAIMED |IS: 1. A disk drive conprising: a head which readslwites data

at a target positheon demntd ficat irediuntS 2ah mettdrsdsort e dharissiamhi ch has t he
head mounted thereon and noves it to the target positions and a head

posi tioni ng contfruglctsiyst el )wifc i hse rifEoramn thredd a04% 4 oni ng control over the
head to the target position, 10 wherein the head positioning control system
i ncludes: a fol | ow uFkontd s & WpvwHhatecthasing d8rt dihishereatiah with

t he actuator nechani sm whi ch _mves the head being determ ned as a control

target iA515 acddr@ancdBs (Fh HefesHiGe FXERR AIFECHLEEF DN a

Bg:: t : 82. error Qvelttvrvme%n parec ertreer%i eoflstelr%% C)c!cyc:tlhee P(featderaxlnnlqlet east arget

a sample k) in the first half, and executes parameter

identification, in order to determine (update) the

transfer function (F) of the FF controller 25, in the
20 last half.

That is, the CPU 70 executes the follow-up

control (input of a quantity of control operation U),

to eliminate the position error (e), by moving the

head to the target position, as indicated by step Sl
25 to step S4, in the first half (steps S3 and S4).

At this moment, with application of the disturbance

(A), the FF controller 25 calculates a compensation

value used to suppress the disturbance, and executes



a di sturbance detection unit which detects a disturbance applied fromthe

‘outside 20 a feedforward controll er which executes a feedforward control to

suppress the influence of the disturbance during a control operation of the
followup controller; and an identification unit which executes paraneter
25 identification processing to determine a transfer function of the
feedforward controller. 2. The disk drive ngQ[ding to claim1, wherein -
32 the identification unit executes the paraneter identification
processing in connection with execution of the feedforward control in
accordance with the servo cycle, ./ 5.3. The disk drive according to claiml,
Sherein the di SOATRERE e doridh T Taeite T et oo | Sh Sentoh

whi ch detects an, accel gration of the disturbance. 4. The di sk drive
according to claﬁéhgﬁ erein 10 the identification unit executes a
filtering arithnetic erat] ox di e .ta n

transfer function of 2o %mfﬁ% zgngg%%ﬁ%%gbﬁgﬁg$%§£%&dé%f%?g%ﬁ%gnvalue
detected by the dj %ﬁg%e t i it ifd I nd a
control 15 val ueﬁl%éaﬁ}éé% at dpgéete%'eﬁ %@m%’upé%%%l%%%ﬂ%%@ g%%ri ve
according g o cl alp.dos 95K € M I N, frapdf oryad g cont [04) eracal il A fss @
conpensation value to absorb a fluctuation generated by the disturbance
during the contrigle gperahd 0 of ddiel 24 dOW - €HM A D! | SFepases ©h an
accel eration value corresponding to the disturbance value. 6. The disk
drive according 3D cl adnd, raderte] ntidecruwent iddétcatmitesinthe deteidiees t he
di sturbance val ue detected by the disturbance detection unit as an 25 i nput
val ue, and executlesrddieepbsahet 6F) icdenthd | CRAtcant prboess2 g pyusmiagg a
result of adding an arithnetic operation result obtained by executing the
filtering 1 - @3 idenhhbied ppanetion andrindated bh Open thwp transfer
characteristic nodel, of the control target and the followup controller, a
result oftGan ar iIRFREIFES ofek¥ i GFE9RSIF k- obt ai ned by executing the 5
filtering arithnetic fﬁera i pn accordi tp a transfer c aracteriftic of
the control target wifhCrelpb®tatbtEReSLINIPSI29aTRRSEAnG#REEHoRFti on
error value. 7. The disk drive accordi to claim,l, wherein the .
Feedf orvard ot S9S8et bt S B8F Paiien rd e IR S Lntonira

fluctuation ge”%@é&da%’%ﬁ&ntﬁ‘@r%ﬁﬁ PaAGE, d&ﬁéﬁn&ﬁ&e@f%%éﬂ%%?f@fi on

of the followup controller 1 n accordante wth the servo cycle based on an

accel eration valtig Cor r €SPORE 1 105 tdeg di15d W DEELE Vad tieon bbb des atidls t he
conpensation value to the position error value and inputs it to the

fol lowupxontrabyeisiBy Oles dspktetil VveADCLOpht gt t Oreh ar1G 1, 5 wheigh n t he
identification unit executes the paranmeter identification processing to
determ ne a transdmet 20idnunct i te ofdemtel £ el Drweas tee onf ridhé efF based on t he
di sturbance detected by the disturbance detection unit and the position
error separ at el yconlope whorthd age-haeed orhenrdge cohtfled . 1dentThel el sk
drive according to claim@8, wherein 25 the_jdentification_ unit determnes
the accel erati ont VR (RAEIR ERDIREIBLT oSHhME! di At r dckead Res+hirR1R%d

executes a filteriqg arithmetic Qgeration according to
accuracy 1s 1mproved.

20 As described above, according to this embodiment,
it i1s possible to realize the head positioning control
system which performs the control execution of the FF
control system and the parameter identification
processing in accordance with the servo cycle at

25 a time. Therefore, even if the head positioning
accuracy is considerably deteriorated due to an age-

based fluctuation in the disturbance value during the



- 34 the control target and the transfer function of the foll ow up
“controlling neans, and executes the paraneter identification processing
based on the arithnetic operation result and the 5 position error. 10. The
di sk drive according to claim1, further conprising: a judgnment unit which
judges an end of the paraneter identification processing by the 10
identification unit, wherein the judgnment f?it di sables a function of the
feedforward controller during execution of*the paraneter identification
processi ng, and enabl es updating of the transfer function and execution of
the 15 feedforward control with respect to the feedforward control]er after
the end of the AR ered BRI &t ide pY ey gle MicadrRoHi Glorkige
according to claim1, wherein the feedforward control|er executes a

f eedf or\/\grd 20 ArftHdcy &%%&M%ﬂ *9 Xla?tI?RJ?P‘fﬁfLebﬁﬁb FIRAUR 3 1¥ bance

fromthe position error. 12. The disk drive accordin o claiml, wherein
the identificatiof thitd eer%gr%tslélﬁ:agtclcoer} ](?raarta}%%?fgl {]'éal?:eolﬂf’es fhding to

t he di sturbance i 5 _exacuyt idteri ri tic operation
correspond ing t%%ﬁéogg%}qco%lﬁq @néé&%aﬁt%cfoeri%l?csﬁ}n%%w of t hﬁ
control target and t f I - o m e t he

par anet er%i denti fi camn%é%g%%?‘%%ﬁegﬁ%%wﬁ?t%%ﬁ%fo%g Ion result
and the positi oRardiplex itk ddaHeatdf 0rRang il &y SRCWE R ck

f eedf orward
control system and the disturbance compensation by the

FF control system adopts the mode which collectively
actuates the control execution of the FF control

10 system and the parameter identification processing
which determines the transfer function of the FF
control system. Therefore, since the transfer
function of the FF control system can be updated in
accordance with a disturbance fluctuation, it is

15 possible to avoid temporary deterioration in head
positioning. As a result, since the disturbance
compensation operation is not interrupted during
execution of the head positioning control, stable and
accurate head positioning control can be realized.

20 In other words, in this embodiment even if
a disturbance fluctuation occurs during execution of
the head positioning control, parameter identification
processing can be executed without stopping control
execution. Therefore, it is possible to avoid

25 temporary deterioration of head positioning accuracy

due to a disturbance fluctuation.



5 control to conpensate a fluctuation due to the disturbance with respect
to the position error. 13. The disk drive according to claim1, wherein the
feedforward control |l er executes a feedforward control to conpensate a
fluctuation due to the 10 disturbance with respect to the control val ue.

14. The di sk drive according to claim1, wherein the identification unit
determ nes an accel eration val ue corregpoqﬂgng_to t he di sturbance as an

i nput, executes a filtering arithnmetic operation correspond 15 ing to a
transfer characteristic obtained by multiplying a sensitivity function of a

cl osed | oop tranE{er c cteristic nodel of the control target and the
fol | ow up controfE%?”ﬁcﬁ%ﬁgxﬁﬂﬁﬁgver function of the control target, and
execut es the paraneteﬁ 20 ideq%ifica jon,qrocessin based on the arjthnetic

operation result and e TG SRS 5K HEthot ?%S%eé?fjo?f‘r]r‘ﬁ%l%%ad
o1 on o Cont A, DAL Lavget Mo G AL S0 < 0K

drive including%: an "actuator %aving t he

head mount ed thq:rrea%fecrorgy%c'i%ql: a5y M9 @Oggdlo;g};éoceqrprgr{ ol operation

with - 36 the actuator ani sm bei ng determnedas a control target in

accordance W t h gpnedsfe Mined 138 1 BER RS b AR LU QY §IdLT
between a current position of the head and the target position;” 5 detecting

a di sturbance apm itewk fdignm die wutisi dedWd a0 g fidd 191 Wy Lt 1 ol
operation; executing a feedforward control to suppress the influence by the
di st urbance; anthaxerytihyg feardraeikercordertl fd yeddrorany ates FMgdree AL
determ ne a transfer function of a system which executes the feedforward
control. 16. Theysdtdwod according to claim15, wherein the paraneter
identification processing is executed based on an accel eration val ue
correspondi ng to the T8 dikgandfdimsel anbrdel o f ite dreat mepbieriyg from

execution of the feedforward control ., _ , ,
10 control system according to this embodiment is similar

to that of the system illustrated in FIG. 6. It is to
be noted that this system may adopt a mode which
compensates for the effect of the disturbance (A) on
the control input value from the follow-up controller
15 20 by using the FF control system. In this case, in
regard to the transfer function from the disturbance
detection (acceleration value A) to the head position
error (e), a numerator of a right term in the
expression (9) is "W - KP - FP". Further, as to
20 the transfer function F of the FF controller 25,
a denominator of a right term in the expression (10)
is "p".
Furthermore, the parameter identification method
used to determine the transfer function (F) of the FF
25 controller 25 in this system is similar to the method
described in connection with FIG. 4 based on the

exXpressions (1) to (8).



17. The method according to claim15, wherein the accel eration val ue
"corresponding to the disturbance is determned as an input and a filtering
arithnmetic 20 operation according to the control target and the transfer
function in the followup control is executed, and the paraneter
identification processing is executed based on the arithnetic operation
result and 25 the position error. 18. The ggthad according to claim 15,
further conpri sing: - 37 judging an end of identification which is an
end of the paraneter identification processing; executing updating of the

transfer function relﬁggge Eg?hgg¥éﬁggggrT@égtggﬁggﬁhogfEﬁgttQg end of 5

identification; and enabll ng orward control ~after execution of the

dating. 19. Th i j [ ich
updat i ng ¥58£989 Qﬁc9é9h99f£9afl@h2%}§ﬁ%¥$g%§}%Fé e (RYyshep,yiic

executes the feedforward control executes rd control to

conpensate a flugiuabion guentQsthgowh stNrpaace; bnonatpg peskiten grror.
20. The nethod according to clalim15, wherein the accel eration val ue

correspondi ng tozhdeg dhsi UEDBNRLLES €t ef PhnSHeASTaRct DNt (FR bEl £BEI N
arithmetic 15 operation corresponding to a closed |oop transfer character
nodel of the conkrotohergelennzsthe foll owup control is executed, and the
paraneter identification processing is executed based on the arithnetic
operation result and Thetpbsjttba parameter identification unit 40
A, A@Af. A9a. Afr. Ar.As . AhS . Ae. A r. Af. Ahy. AhL.A{ . A{. A (. AARA@.A Ay.A
h. Ar. A {.ALe. A eapguired, the Almput Aln) Asnd Abhe poutrpui éys ¢f the
9}xsnid_Z]ca]ca]pa]ca]ca]ca]ca]ca]caéca ca] ca] ca]ca]ca caéca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ta¢eh} Ehfehlen] RIS opL 6Step S11 or 5100).
Thereafter, the parameter identification unit 40
10 executes the calculation of the expression (2)
(step S12 or S110).
Then, it executes the calculation of the
expression (4) and the expression (5) (step S13 or
S120). Furthermore, it executes the calculation
15 of the expression (8) (step S14 or S130). Moreover,
it executes the calculation of the expression (7)
in accordance with each identification step (step S15
or S5140).
Here, if the count number (N) of the
20 identification step is greater than a sufficiently
large constant (S), the parameter identification unit
40 terminates the identification processing (YES in
a step S16). Otherwise, the parameter identification
unit 40 continues the identification step (NO in S16,
25 S17). In addition, the parameter identification unit

40 may judge an end of the identification processing

based on a quantity of change (rate of change v) from
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204 is provided on the input side (b), the parameter
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5 Additionally, FIG. 11 is a block diagram showing

a second modification of the parameter identification
method. This second modification corresponds to
a case where an output filter 205 (transfer function
J) is provided on the output side (a) of the

10 identification target 201.

The output filter 205 is a discrete system
represented by the expression (1). The parameter
identification unit 202 identifies such a transfer
function as represented by the following

15 expression (17).

Q = BJ e (17)

As described above, the parameter identification
unit 202 can identify the transfer function of the
discrete system different from the identification

20 target 201 by arranging the input/output filters 204
and 205.

In general, in the parameter identification based
on the least square, a convergence speed varies
according to the frequency characteristic of the

25 identification target 202, and a convergence time
becomes very large when there is a frequency element
close to an integration element. Information of the

identification target 201 can be relatively easily



10zz 10zz 10zz! y810%z& ()-2- 10% & ()-7!~1tit ";"dEUV7 1 10!'Y fl
109 ()-Y GLO%R ()-1 109 ()- 109 ()-Y &I0%& ()-1 F '10%& ()-;
"N """ #D#dEUVY 1 10!Y fY 1109 ()-Y 109 ()-Y & 109%& ()-Y
F-109&' ()-sfs10%& ()-1 10%&' () - DHz####! $IJ$dEUV7 1 10'Y fs-109%& ()-Y +
10%& ()-1 @109 ()-Y '"109%& ()-1 940%& ()-s# 109& ()-JPu$$s$ YRVdEuV7 1
10'Y f S8s10%&k ()-s 6 109%& ()-L410%& ()-I gélO?&f()-l 010%' ()-Y
. 109& () - RYYm Y0 %p Y %08 8b @
predicted for a low frequency element. Therefore,
constituting the identification input/output filters
204 and 205 by using known information and estimating
only the high frequency element by using the parameter
5 identification unit 202 is a practically effective
method.
Further, in the parameter identification,
the amount of arithmetic operation processing is
determined based on the order of the discrete system
10 represented by the expression (1), and the amount of
arithmetic operation is increased by the square of
the number of parameter estimation. Thus, the known
information of the identification target 201 is added
to the input/output filters 204 and 205 for identifi-
15 cation, and the order is reduced by identifying only
the unknown characteristic of the identification
target 201, thereby reducing a quantity of arithmetic
operation.
Here, assuming that Bm is a known part of the
20 identification target 201 and Bn is an unknown part of
the same, the transfer function B of the identifica-
tion target 201 is defined as represented by the
following expression (18).
B = BpBp v (18)
25 When the input filter 204 is provided, such

a relationship as represented by the following

expression (19) can be obtained.
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Furthermore, when the output filter 205 is
provided, such a relationship as represented by

the following expression (20) can be obtained.

J = — - (20)

Therefore, the parameter identification unit
202 can estimate only the unknown part Bn of the
identification target 201. When the known part Bm is

10 stable, as represented by the expression (19), the
method with the input filter 204 being provided is
effective. On the other hand, when the known part Bm
is unstable and "1/Bm" is stable, as represented by
the expression (20), the method with the output filter

15 205 being provided is effective.

(Head Positioning Control System Including Parameter
Identifier)

FIG. 12 is a block diagram showing a primary part
of a system including the parameter identification

20 unit 83 which executes such a parameter identification
method as mentioned above.

This system has a structure that the disturbance
(acceleration value A) observed (detected) by the
disturbance observation unit (sensor) 82 is applied to

25 the parameter identification unit 83 through the input
filter 84 (transfer function H) for identification.

On the other hand, to the parameter identification

unit 83 is applied a signal indicative of a position
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error (e) between the head position and the target
position (R).
Here, as the FF control system (actually, the FF

controller 88) as an identification target, a system
5 adopting a mode of compensating the control value (u)

outputted from the follow-up controller 80 is assumed.

In this system, the transfer function H of the input

filter 84 can be represented as the following

expression (21).
10

H = P . (21)
1+CP

Such a relational expression as represented by
the following expression (22) can be obtained based
on the expression (21), the expression (16) and the

15 transfer function "(W - KP)/ (1 + CP)" from the
disturbance (A) to the position error (e) of this

system.

W—-KpP 14 CP W — KP
. = v (22)
1+CP P P

B
Q = — =
H

20 That is, this arithmetic operation result (Q)
matches a transfer function F (F = (W - KP)/P) of
the FF controller 88. In the expression (21), the
transfer function C of the follow-up controller 80 is
known. Furthermore, the transfer function P of the

25 control target 81 is also a value which can be readily
obtained as compared with the acceleration fluctuation
characteristic K of the disturbance or the position

fluctuation characteristic W of the disturbance in
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by the following expre551on (23).

H = cP e (23)
1+CP

Such a relational expression as represented by
the following expression (24) can be obtained based
on the expression (23), the expression (16) and
the transfer function "(W -~ KP)/(1 + CP)" from the

disturbance (A) to the position error (e).

B W-—-KP 1+CP W — KP
Q=== : = - (24)
H 1+ CP CP CP

That is, this arithmetic operation result matches

the transfer function F of the FF controller 88
represented by the expression (10).

FIGS. 13 and 14 are block diagrams showing the
structure of the head positioning control system
including the parameter identification unit 83 and
the FF controller 88.

The system shown in FIG. 13 compensates the
control value (u) outputted from the follow-up
controller 80 by the FF controller 88. On the other
hand, the system shown in FIG. 14 compensates the
position error (e) by using the FF controller 88.

Both systems have the structure that the

| REREYSE ;;Ifb G 1Y ONERE 193 HB0RE () -1 10%608
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10%Bn&f()_[JJgKkégthEhc§%§o$ processing of the transfer function (F)

of the FF controller 88 by the parameter identifica-
tion unit 83 and the control execution of the FF
5 controller 88 after identification.

The operation of the system shown in FIG. 13
or FIG. 14 will now be described with reference to
a flowchart of FIG., 15.

When the head positioning control (servo control)

10 operation of the disk drive starts, the system
{namely, the CPU 70) observes (detects) the position
error (e) between a current position of the head and
a target position (R) and a disturbance (acceleration
value A) by the acceleration sensor 9 (disturbance

15 observation portion 82) (step S200). Here, in a first
sample (servo cycle), the identification mode of the
FF control system is assumed (YES in a step S210).

In this mode, as shown in FIG. 13 or FIG. 14, an
output from the FF controller 88 is in the off state.

20 Moreover, an output from the parameter identification
unit 83 is in the on state.

The follow-up controller 80 executes the follow-
up control arithmetic operation based on the observed
position error (e), and calculates the control value

25 (u) (step S230). The parameter identification unit 83
executes a filtering arithmetic operation such as

represented by the expression (21) or the expression
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an identification processing step as shown in FIG. 8
or FIG. 9, and judges an end of the parameter

5 identification processing (steps S260 and S5270).

Upon completion of the identification processing,
the parameter identification unit 83 updates the
parameter of the FF controller 88, and freshly
identifies the transfer function (F) adapted to the

10 disturbance (step S280). Then, the control execution
mode of the FF controller 88 begins from the next
sample, and an output from the FF controller 88 enters
the on state. 1In addition, an output from the
parameter identification unit 83 is in the off state

15 (step S290).

In the control execution mode, the FF controller
88 executes the control arithmetic operation, and
compensates a fluctuation in the contrel value (u)
due to the disturbance (A) or the position error (e)

20 (NO in a step 5210, and a step S220). Additionally,
in the control execution mode, the CPU 70 executes
evaluation of the head positioning accuracy. If it
determines that the accuracy is deteriorated,
the processing is shifted to re-execution of the

25 identification mode from the next sample (steps S300
and S310).

As described above, according to the system of
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system and the control execution mode of the FF
5 control system are separately executed. Therefore,
the transfer function (identification parameter) of
the FF control system can be updated in accordance
with an operating environment of the disk drive,
mechanical irregularities of each product and others.
10 As a result, in the head positioning control
system, a compensation function effective against
the disturbance can be realized. 1In the operating
environment of the actual disk drive, an improvement
in the head positioning accuracy relative to the
15 disturbance can be stably assured.

FIG. 7 shows an advantage of the system, and
illustrates age-based changes of the identification
parameter (characteristic 300) and the head
positioning accuracy (characteristic 301). TP denotes

20 a point in time when judgment of the identification
processing process 70 is terminated in the FF control
system. In other words, TP indicates a point in time
when the parameter (transfer function) of the FF
control system is updated. FIG. 7 shows that the

25 head positioning accuracy is improved in the control
execution operation 71 of the system from the point in

time TP (characteristic 301).
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9-Z2"10%K" & () - Ia structure executes the processing to identify the
parameter which is the transfer function of the FF
control system adapted to the observed disturbance

5 when the disk drive is used. 1In other words,
separately from the control execution mode of the FF
control system, the parameter identification mode
can be executed and the parameter can be updated.
Therefore, the transfer characteristic of the FF
10 control system can be updated so as to cope with

a change in environment during use or mechanical
irregularities of each product. Thus, in the actual
operating environment, an improvement in the head

positioning accuracy relative to the disturbance can

15 be stably assured.
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a head which reads/writes data at a target
position on a disk medium;
5 an actuator mechanism which has the head mounted
thereon and moves it to the target position; and
a head positioning control system which performs
head positioning control over the head to the target
position,
10 wherein the head positioning control system
includes:
a follow—-up controller which executes a control
operation with the actuator mechanism which moves
the head being determined as a control target in
15 accordance with a predetermined servo cycle, based on
a position error between a current position of the
head and the target position;
a disturbance detection unit which detects
a disturbance applied from the outside;
20 a feedforward controller which executes
a feedforward control to suppress the influence of
the disturbance during a control operation of the
follow-up controller; and
an identification unit which executes parameter
25 identification processing to determine a transfer
function of the feedforward controller.

2. The disk drive according to claim 1, wherein
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servo cycle.

5 3. The disk drive according to claim 1, wherein
the disturbance detection unit includes an
acceleration sensor which detects an acceleration of
the disturbance.

4. The disk drive according to claim 1, wherein

10 the identification unit executes a filtering
arithmetic operation according to the control target
and a transfer function of +he follow-up controller by
using a disturbance value detected by the disturbance
detection unit, the position error value and a control

15 value calculated by the follow-up controller.

5. The disk drive according to claim 1, wherein
the feedforward controller calculates a compensation
value to absorb a fluctuation generated by the
disturbance during the control operation of the

20 follow—-up controller based on an acceleration value
corresponding to the disturbance value.

6. The disk drive according to claim 1, wherein
the identification unit determines the disturbance
value detected by the disturbance detection unit as an

25 input value, and executes the parameter identification
processing by using a result of adding an arithmetic

operation result obtained by executing the filtering
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arithmetic operation according to an open loop

transfer characteristic model of the control target

and the follow-up contrcller, a result of an

arithmetic operation result obtained by executing the

5 filtering arithmetic operation according to a transfer

characteristic of the control target with respect to

the control value, and the position error value.

7. The disk drive according to claim 1, wherein

the feedforward controller calculates a compensation

10 value to absorb a fluctuation generated due to the
disturbance during the control operation of the
follow-up controller in accordance with the servo
cycle based on an acceleration value corresponding to
the disturbance value, and

15 adds the compensation value to the position error
value and inputs it to the follow-up controller.

8. The disk drive according to claim 1, wherein
the identification unit executes the parameter
identification processing to determine a transfer

20 function of the feedforward controller based on the
disturbance detected by the disturbance detection unit
and the position error separately from execution of
the feedforward control.

9. The disk drive according to claim 8, wherein

25 the identification unit determines the acceleration

value corresponding to the disturbance as an input and

executes a filtering arithmetic operation according to
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follow-up controlling means, and
executes the parameter identification processing
based on the arithmetic operation result and the
5 position error.

10. The disk drive according to claim 1, further

comprising:
a judgment unit which judges an end of the
parameter identification processing by the
10 identification unit,
wherein the judgment unit disables a function of
the feedforward controller during execution of the
parameter identification processing, and enables
updating of the transfer function and execution of the
15 feedforward control with respect to the feedforward
controller after the end of the parameter
identification processing.

11. The disk drive according to claim 1, wherein
the feedforward controller executes a feedforward

20 control to compensate a fluctuation due to the
disturbance from the position error.

12, The disk drive according to claim 1, wherein
the identification unit determines an acceleration
value corresponding to the disturbance as an input,

25 executes a filtering arithmetic operation correspond-
ing to a closed loop transfer characteristic model of

the control target and the follow-up controller, and
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error, and

the feedforward controller executes a feedforward
5 control to compensate a fluctuation due to the

disturbance with respect to the position error.

13. The disk drive according to claim 1, wherein
the feedforward controller executes a feedforward
control to compensate a fluctuation due to the

10 disturbance with respect to the control value.

14. The disk drive according to claim 1, wherein
the identification unit determines an acceleration
value corresponding to the disturbance as an input,
executes a filtering arithmetic operation correspond-

15 ing to a transfer characteristic obtained by
multiplying a sensitivity function of a closed loop
transfer characteristic model of the control target
and the follow-up controller by the transfer function
of the control target, and executes the parameter

20 identification processing based on the arithmetic
operation result and the position error.

15. A method of performing head positioning
control over a head to a target position on a disk
in a disk drive including the disk, the head and

25 an actuator mechanism having the head mounted thereon,
comprising:

executing a follow-up control operation with
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of the head and the target position;
5 detecting a disturbance applied from the outside

during the follow-up control operation;

executing a feedforward control to suppress the
influence by the disturbance; and

executing parameter identification processing to

10 determine a transfer function of a system which

executes the feedforward control.

16. The method according to claim 15, wherein
the parameter identification processing is executed
based on an acceleration value corresponding to the

15 disturbance and the position error separately from
execution of the feedforward control.

17. The method according to claim 15, wherein the
acceleration value corresponding to the disturbance is
determined as an input and a filtering arithmetic

20 operation according to the control target and the
transfer function in the follow-up control is
executed, and

the parameter identification processing is
executed based on the arithmetic operation result and

25 the position error.

18. The method according to claim 15, further

comprising:
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judging an end of identification which is an end
of the parameter identification processing;
executing updating of the transfer function
relative to the feedforward control after the end of
5 identification; and
enabling the feedforward control after execution
of the updating.
19. The method according to claim 15, wherein the
system which executes the feedforward control executes
10 the feedforward control to compensate a fluctuation
due to the disturbance from the position error.
20. The method according to claim 15, wherein the
acceleration wvalue corresponding to the disturbance
is determined as an input, a filtering arithmetic
15 operation corresponding to a closed loop transfer
character model of the control target and the
follow-up control is executed, and the parameter
identification processing is executed based on the

arithmetic operation result and the position error.



