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The present invention relates to an apparatus and nethod for "hea
positioning control executed in a disk drive, and nore particularly to an
apparatus and method for head positioning control, capable of correcting
variations in disk runout that occurs i-n 10 synchronismw th the rotation
of a spindle motor, the variations being caused by variations in the
radial position of the head on a disk. Conventional disk drives
represented by hard disk driveSITEHDDDFi TEEr PNVEN®IOGNhead positioning
control 15 system (servo system configured to position their head to a
target positi orARRPARATIS ANRI i METH®R oF0R riEADERDSIF IONING hCGNERGL eTN  an
actuator having a head nounted thereon is treated as a to-be-controlled
object, i.e. a PIFADRIWE system controls the 20 actuator on the basis of
servo data that is reproduced by the head from servo areas dispersedly

| ocated on the disk. The sy G&O&mmaﬁ' ﬁ'lﬂgmlﬁﬂ fu?ctlonk gf :
executing a seek operation for npving the head to .a targe rac

driving g%e actuatngh%HBr%S??Ecknﬁ%P¥hwmoﬁﬁ%@t%%n¥9o@nf%hBQI%hu%fan

executing a tr%ﬁgfhod for head positioning control executed in a disk

drive, and more partiéularly to an apparatus énd
method for head positioning control, capable of
correcting variations in disk runout that occurs in

10 synchronism with the rotation of a spindle motor,.the
variations being caused by variations in the radial
position of the head on a disk.

Conventional disk drives represented by hard disk

drives (HDD) incorporaté a head positioning control

15 system (servo system) configured to position-their
head to a target position on a disk (disk recording
medium). In this system, an actﬁatqr having a heéd
moﬁnted thereon is treated as a to-be-controlled
object, i.e. a ﬁlant. The system controls the

20 . actuator on the basis of servo data that is reproduced
by thé head from servo areas dispersedly located on
the disk. The system provides a seek control function
of executing a seek operation for moving the head to
.a target track by driving the actudator, and a track

25 following control function of executing a track
following operation for positioning, in a target area,

the head moved to the target track.
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foll owi ng operation for positioning, in a target area, the head noved to
the target.track. 2 In the prior art, the head positioning control

(servo systemnm
f eedback contr
position 5 err
position error

system

is generally realized by a feedback control system The

ol system mainly conprises a detector for detecting a
or, and a feedback controller. The detector detects a
n ell

bet ween a head positioB *y" and a target position

r

The target position "r" indicates a target track in the seek operation,

and al so i ndi cat es,

for exanple, a center line of 10 a target track in the

track foll ow ng operlat itdre pidfeer ettthe tlencheéad fpwsiddi arfimg remkrdiead and a
wite head, simlar to an MR (Magneto Resistive) head, the target
position in theysteek (fseldvoniswstgdr dts qrertirfaldns resthiersd by reeadi ng ti ne
time. 15 The feedback controller calculates a controlled

vari abl e Upo forfesidbackatdongncie susdian .on e dreedbackigraadined sy stiem
controlled variable Ub is supplied to a plant. The pl ant
drives the headaigit KempsiseoR Watedhnn dakdat@gtdiie aupasidmarhe

and a witing
detector. The

f eedback contr

mai n contr ol | erfIHOLh@NGyids|E

(plant) is ar
is confirmed t
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oller. The feedbaﬁk %?ntroll r.is a _nicroprocessor (CPU) as a

"y" and a target position "r". The target position
"r* indicates a target track in the seek operation,
and also indicates, for example, a center line of

a target track in the track following operation.

_Where the head is formed of a read head and a write

head, similar to an MR (Magnetd Resistive) head, the
target position in the track following operation
differs between a reading time and a writing time.

The feedback controller calculates a controlled
variable Ub for eliminating the position error "e"
detected by the detectoi. The controlied variéblé
Ub is supplied to a plant. The plant drives the head
on the basis of the controiled-variable Ub from the
feedback controller. The feedback controller is
a microproceésor (CPU) as a main controller of the
disk drive. Further, the to-be-controlled object
(plant) is a rotary actuator that includes a voice
coil motor (VCM).

It is.confirmed that the target position "r" on
the disk relative to the head position varies in

synch;onism with the rotation of the disk. It is also
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the disk relative to the head position varies in synchronismwth the
rotation of the disk. It is also 3 _ confirned that the cause of this kind
of "runout" lies, for exanple, in disk runout that occurs in synchronism
with the rotation of the spindle notor, or in radial deformation of the

di sk that results from5 the screwng of the disk to the hub of the spindle
not or. However, the aforenentioned feedaba8k eontrol system cannot detect
this kind of runout. In light of the above, Jpn. Pat. Appn. KOKAI
Publ i cation No. 11-39814, for exanple, proposes 10 a servo systemin which
the runout of tdemfBiamged st tiloen,cadse oD ahirs KimdWE mamca™i th t he
rotation of the disk, is calculated fromthe position error, and the
runout conponendtidssy efamiexemple,t Hey efisimrubearty Wwimt ccomponent i s
obtained, in the 15 formof the sine and cosi ne conponents of a Fourier
coefficient corwspuraniian twitdndthalaptatisn tdfe thaumpindly mafigmctomg t he
detected position error. to Fourier series expansion. In the servo system
(head posi ti oniify Tashialoldefoymaioe R el disk HdaD yamilitatfan . in the
track follomﬁngﬂgferatiqn, adﬁﬁgive,learning iis. utilized to obtain a

runout  conponemte iSFASES et HFhdQ thih hulh afhithe 1spimdify, the -
change i 1 Four ALl s ARy Siral A AT SO RS I RAREAF Ot or ror at
system cannot detect this kind of runout.
In light of the above, Jpn. Pat. Appn. KOKAI

Publication No. 11-39814, for example, proposes

10 a servo system in which the runout of the target
position, which occurs in synchronism with the
rotation of the disk, is calculated from the position
error, and the runout component is eliminated.
therefrom. The runout component is obtained, in the

15 form of the sine and cosine components of a Fourier
coefficient corresponding to each degree of the
runout,'by subjecting the detected position error
to Fourier series eipansion. In the servo system
(head positioning control system) described in the

20 publication, in the track following operation,
adaptive learning is utilized to obtain a runout
component in the present head position. In this
learning, the runout componeht in the present head
position is obtained by adding a change in Fourier

25 series, calculated from the detected position error at
the present time point, to the Fourier coefficient of

the runout component obtained one sampling before,
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the present time point, to the Fourier coefficient of the runout conponent
obt ai ned one sanpling before, - 4 i.e. the |earned value. The |earning

nmet hod requires an initial value for the | earned val ue. However, when
inmparting an initial |earned value to the servo system the foll ow ng nust
be considered. 5 First, the head is driven by a rotary actuator.
Accordingly, the |ocus of the head on theddisk is arcuate. This neans that
t he runout conponent .synchronous with the rotation of the disk varies in
accordance with the track position in which the head 10 is situated, i.e.
the radial positeontht flearheddvaluelheTHesReakhihgghkethbdt keguilresi s
necessary to swtch the initial |earned value fromone to another. USP

6, 002, 540 di schasdéaisibéclailgee foretbiendkbenedr vhdueed to as a "prior
techni que") for correcting 15 a runout conponent val ue, obtained by

| earning in a predetioweviead Wherk imparddog dandaiviiel tlearpesi wadme of a
target track, thereby determning the initial |earned value. In this prior
t echni que, an &fptheugerve sysitemeethe £rd lowingchust Reogansddered.t he 20
difference in radial position on the disk is calculated on the basis of a
predet erfi ned §iggte ther heesd ASIESEiVER RYt akFodAIl 8ctwa&ornowever, the
rel ati onship et we posi

on the di sk anft®CRé HG%IS%r% igaﬁﬁpsa%kggggt 388 ggskhgogasgfi%he #5 head
arcuate. This means that the runout component
. synchronous with the rotation of the disk varies ‘in
accordance with the track position in which the head
10 .is situated, i.e. the radial position of the head on
the disk. 1In light of this, it is necessary to switch
the initial learned value from one to another.
USP 6,002,540 discloses a technique (hereinafter
. referred to as a "prior technique") for correcting
15 a runout component value, obtained by learning in
a predetermined track, in accordance with the position
of a target track,.thereby determining the initial
learned value. In this prior technique, an amplitude
difference in the correction amount due to the
20 difference in radial position on the disk is
calculated on the basis of a predetermined single
formula modelf
In actual disk drives, however, the relationship
between the radial position (track position) of the
25 head on the disk and the runout does not always |
correspond to that expressed by the formula model.

Therefore, the prior technique cannot account for



correspond to that expressed by the fornmula nodel. Therefore, the prior

t echni que cannot account for 5 - variations in properties between different
apparatuses. In other words, since the prior technique uses an initial
value that is not suitable for actual disk drives, a lot of time is
required to 5 correct a difference in the runout conponent after the.
seeki ng operation, which degrades the performance of the apparatus. BRI EF
SUMVARY OF THE | NVENTI ON The present invention has been devel oped in |ight
10 of the above-described circunstances, and ains to realize head

posi tioni ng corMamiationgiich propemiies cortporemtdivEfemersiii t abl e for an
actual disk drive and corresponding to a.target position is used as an
initial adapti\aPparatusesal Uy attferiwordmblsince 1tha gtk t o fol | ow t he
target position accurately. According to an aspect of the invention, there
is provided a &Sk IRGEEPISI TN e bumttloit timmot mtikalsleeek
control, used to nove a head to a target _position on a disk, and track
fol | owi ng cont r‘%?’f AR L AIRK GEIFRY thel HeRE i Hime thy geadqwivked i@ ated to

the target position. 1Tn§;f stem conpr,ises position error. detecti

means, f&edbaclEHATRE &l ut =R TS gthe Y CIMRATAHY m,thneg
monory, and 25 TG R RS, e SR TR e
the apparatus.
| BRIEF SUMMARY OF THE INVENTION
The present invention has been developed in light
10 of the above-described circumstances, and aims to
realize head positioning control in which a runout
component value suitable for an actual disk drive
and corresponding to a target position is used as
an initial adaptive learned value, thereby enabling
15 a head to follow the target position accurately.
According to an aspect of the invention, there is
provided a system for head positioning control that
includes seek control, used to move a head to a target
position on a disk, and track following cohtrol, used
20 to situate the head in a target area related to the
target position. This system comprises position error
detecting means, feedback value calculating means,
adaptive learning means, feedforward value calculating
means, control amount generating means, a memory, and
25 determining means. The position error detecting means
detects a position error between the position of the

head and the target position. The feedback value
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detects a position error between the position of the head and the target

- position. The feedback value 6 calculating neans cal cul ates, fromthe
position error, a feedback value used to elimnate the position error.

The adaptive | earning neans acquires, by adaptive |earning, a runout
conponent that is included in the 5 position error and synchronous with the
rotation of the disk. The feedforward-value-cal cul ati ng neans cal cul ates
a feedforward val ue used to suppress the runout conponent. acquired by the
adaptive learning neans. The control anount generating neans generates, 10
fromthe feedbaskordlate ranaheans feddfulatas] \fdoe the powiition arel, used
to situate the head in the target position. The nenory stores val ues of
the runout compdieadbackhivaluer aissist dioned liminadspditte wogirtddet errror.ned
radi al positions on the disk and are used as 15 initial values in adaptive
| ear ni ng executld® Bdanid veadganniadg amanisngamemes, Thy dstapbiive ng neans

sel ects, fromthe nenory, one of. the initial values, used in adaptive

| earni ng by t heé-S2daiMdre a &ALy cqwnq it hidc died dmed udedh imhdhear get
p03|t|on and 20 S plles t he se initial value to the adaptlve

| ear ni ng Sreans. Q§+ GE§£ IgRQUsWidh ithe ratatiemoifve | ear ned

el ects 3“3??%%3@5‘?% e BBt oad S R b ndite BBt ons on a

di sk calculates a feedforward value used to suppress the
runout component. acquired by the adaptive learning
means. The control amount generating means generates,

10 from the feedback value and the feedforward value, a
control amount used to situate the head in the target
position. The memory stores values of the runout
component, which are obtained in respective predeter-
mined radial positions on the disk and are used as

15 initial values ih-adaptive learning executed by the
adaptive learning means. The determining means
selects, from the memory, oné of the.initiél values,
used in adaptive learning by the adaptive learning
means, in accordance.with the target position, and

20 supplies the selected initial value to the adéptive
learning means.

In the above-described system, an initial

adaptive learned value is changed, depending upon a
target position, to a value that reflects a difference

25 in runout component between radial positions on a disk

in an actual disk drive due to, for example, deforma-

tion of the disk. Therefore, a head incorporated in



In an actual disk drive due to, for exanple, deforma- tion of the disk
Therefore, a head incorporated in _ 7 _ the disk drive can be nade to
follow the target position accurately, wthout being influenced by
variations in runout characteristic between different disk drives. 5
Addi ti onal objects and advantages of the invention will be set forth in
the description which follows, and in-pafit w |l be obvious fromthe
description, or may be |earned by practice of the invention. The objects
and advantages of the 10 invention nmay be realized and obtai ned by neans of

the instrument ailid idislanitisamiamnibeonmdemrtd @dlardw tHOitHREout

herei nafter. BRI EF DESCRI PTION OF THE SEVERAL VI EWs OF THE DRAWNG The
acconpanyi ng dipsirgion Woairatred y nadrtfmnet dbinkp finflarthoengy tute a part
of the specification, illustrate enbodi ments of the invention, and together
with the gener atanieddans ilon winet aiGusacietiditc dettaided deffarignt on of

t he enbodi nents given below, serve to explain the principles of the

i nvention. 20 Figk Hdnxigres.bl ock diagramillustrating the structure of a
hard di sk drive according to an enbodi mnent of the present invention; FIG 2

is a bl ock di agram fFienrlqRiRGHENd RdwHagrs ¢if dheervo system
realized In th%ﬁ%%n'?%ﬁﬁd¥y¥;be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the
10 invention may be realized and obtained by means of
the instrumentalities and combinations particularly
pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The éccpmpanying drawings, which are incorporated
15 in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.
20 FIG. 1 is a block diagram illustrating the
structure of a hard disk drive according to
an embodiment of the present invention;
FIG. 2 is a block diagram useful in explaining
the concept of a servo system realized in the
25 embodiment;
FIG. 3A is a view illustrating a state in which

a RAM 18 includes an initial value area;



FIG 3Ais aviewillustrating a state in which a RAM 18 includes an
initial value area; 8 FIG 3Bis aviewillustrating a state in which a
menory section 223 includes an initial value area; FIG 4 is a graph

i ndi cating the runout conponent characteristic of a disk 1, which changes.
depending 5 upon the radial position on the disk 1; FIG 5 is a view
useful in explaining zones on the disk 18 FFG 6 is a viewillustrating an
exanpl e data structure in the initial value area; 10 FIG 7 is a flowchart
useful in explaining operations executed in the enbodinment; FIG 8 is a
view illustrating a BI@te3Bnishachiewm FROMG7aehmdoyestabeaifiwsich

nodi fication of the enbodinent includes an initial value area; 15 FIG 9
is a flowhart asedmdrynsesplen 223 neludes samfimbriectvalua dwsaned val ue
inthe first nodification; FIG 10 is a view illustrating the relationship
bet ween the | earned FiFuet bLefarerapd tmdicatimgethé ormun@ot i compandnt st

modi fication; FIG 11Ais a viewillustrating a state in which a FROM 17
enpl oyed in a SRERCEVHFEEQIODR Aishel, avibieh rehanger|derendinginout
characteﬁ%stic area; FIG l11Bis a viewillustrating a state in which 25 a

RAM 18 ertbl oyedRIP 1 HRe SRUIAL RRFFTIR i e tdisk 1;

FIG. 5 is a view useful in explaining zones on
the disk 1;
FIG. 6 is a view illustrating an example data
structure in the initial value area;
10 FIG. 7 is a flowchart useful in explaining
operations executed in the embodiment;
FIG. 8 is a view illustrating a state in which
a FROM 17 employed in a first modification of the
embodiment includes an initial value area;
15 FIG. 9 is a fléwchart useful in explaining
a process of correcting a learned value in the first
modification; | P
FIG. 10 is a view illustrating the relationship
between the learned values before and after correction
20 in the first modification;
FIG. 11A is a view illustrating a state in which
a FROM 17 employed in a second modification of the
embodiment includes a runout characteristic area;
FIG. 11B is a view illustrating a state in which
25 a RAM 18 employed in the second modification of the
embodiment includes the runout characteristic area;

FIG. 11C is a view illustrating a state in which
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enbodi nent includes the runout characteristic area; FIG 11Cis a view
illustrating a state in which 9 a nenory section 223 enployed in the
second nodification of the enbodi nent includes the runout characteristic
area; FIG 12 is a flowhart useful in explaining 5 a process of correcting
a learned value in the second nodification of the enbodinent; and FIG 13
is aviewillustrating the relationship Between the runout characteristic
before and after correction in the second nodification. 10 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON An enbodi nent in which the present invention
is applied to a riemalryisékcition 223 | émpieo yhad cim bete véédond ef erence to the
acconpanying drawings. FIG 1 is a block diagramillustrating the structure
of a hard 15 dieddfir¢atsicroof dig embadignenihddicirdesfthaheyrasent

i nvention. The hard disk drive (HDD) shown in FIG 1 includes, for

exanpl e, two d|%ﬂﬁ$§¢ﬁ&ﬁk§t¥ﬂcﬁ%%%a 1 on which data is to be magnetically
recorded. Each disk I s_ of upper_and |l ower disk surfaces, At |east one 20
di sk surface (both tﬁ% di %k %%r?a%%%w¢¥9¥%l%se%%%oﬁmn%%ﬁ}a¥ﬂiﬁﬁhch disk 1 is

a recording.surface on ch dat js to recorded. A he (magnetic
ety 98 or G RRETS Sk GPTERSy Jd??lgasfﬁ Ha8 e i b he SBCOML head 2
:_IsDDqu)(ragV;t ge\é\ﬁ:/\:lg%grf{ga,glgr?tgfl&g é)nr\bo 1mer9cmthe di sk 1. FIG 1 shows an

FIG. 13 is a view illustrating the relationship
between the runout characteristic before and after
correction in the secohd modification.

10 DETAILED DESCRIPTION OF THE INVENTION

An embodiment in which the present invention is
applied to a hard disk drive will be described with
reference to the accompanying drawings. FIG. 1 is
a block diagram illustrating the structure of a hard

15 disk drive according to the embodiment of the present
invention. The hard disk drive (HDD) shown in FIG. 1
includes, fbr example, two disks (magnetié diéks) 1 on
which data is to be magnetically recorded. Each disk
1 is of upper and lower disk surfaces. At least one

20 disk surface (both the disk surfaces in this

| embodiment) - of each disk i is a recording surface on
which data is to be recorded. A head (magnetic head)
2 is provided for each recording surface of each disk
1. The head 2 is used to write or read data into or

25 from the disk 1. FIG. 1 shows an HDD provided with
two disks 1 stacked on one another. The invention is

not limited to this, but may be an HDD provided with



two di sks 1 stacked on one another. The invention is not limted to this,
but may be an HDD provided with 10 two or nore disks 1 stacked or with a
single disk 1. A large nunber of concentric data tracks (not shown) are
provi ded on each recording surface of each disk 1. Each track includes
servo areas (not shown) 5 that have servo data recorded therein and are
arranged at regular intervals. In othrer Wbrds, in the HDD of the

enbodi ment, a'so-called sector servo type format is enployed in each disk
1. The servo data includes a track code (cylinder nunber) and servo burst
data. 1.0 The twaack: cwdee idisks rlacksaddyde o weidth teo sigmdgniddsska 1dat a
track. The servo burst data is position error data used during the track
fol | owi ng oper ati on & ckargesiunket f t¢endaitrix idatea ttraphts ainet of t he
data track. A plurality of data sectors (not shown) are 15 arranged

bet ween servo &) B REOWised ap dadnaecuiisut sunifacel offf @adh s
center to its radially _outernost portion, radially traversing the tracks.

Each disk 1 is Jtﬁ]?t]e'd'eﬁa-"ah HIRFY Pt Ul s segpich dixeafot B0y after
ot uat or . ThiTRK BAY SETH LGRS Shehehts A4 i ARpETEdn
dri ves [ he. arm GaiES: AHUSINA Hy - LI PR L Arbrte B Sdbonds o
a plant (Ps) 2%z dfoduinfts GPUd-Ud BhLU&Hod Bedkvie b Horale
is employed in each disk 1. The servo data includes
a track code (cylinder number) and servo burst data.
10 The track code is a track address used to recognize
" a data track. The servo burst data is position error
data used during fhe track following operation for
positioning the head 2 in a target area of the data
track. A plurality of data sectors (not shown) are
15 arranged between servo areas. Each servo area extends
on each disk 1 from its center to its radially
outermost portion, radially traversing ﬁhe tracks.
Each disk 1 is rotated at a high speed by a
spindle motor (hereinafﬁer referred to as an "SPM") 3.
20 Each head 2 is attached to. a rotary actuator 4. The
actuator 4 mainly comprises an arm 5 with a susbension
that supports the head 2, and a voice coil motér (VCM)
6 that rédially drives the arm 5 on a corresponding
disk 1. The actuator 4 corresponds to a plant (Ps) 23
25 as a to-be-controlled object in a servo system

described later.

The SPM 3 is powered by a driving current (an SPM



described later. The SPM3 is powered by a driving current (an SPM - 11
current) supplied froman SPM driver 7A. The actuator 4 is powered by a
. driving current (a VCM current) supplied froma VCMdriver 7B. In this
enbodi rent, the SPMdriver 7A and the VCM driver 7B are fornmed of 5 a
driver 1C 7, an integrated circuit as one chip. Each head 2 is connected
to a signal processing section 10. The signat processing section 10
conprises a head anplifier (head 1C) 11, a read/wite (R'W channel 12 and
a servo processing-circuit 13. 10 The head anplifier 11 includes a read
anplifier that cunmmEntl)i esxpplrieall Kicynain SR dnd vdre Mead The atw@tonrite
anplifier that converts wite data into a wite current. The R Wchannel
12 executes vard dus Rosmeedby @r chdssesy suntreadt afa A (Chialend’)Di gi t al )
conversion 15 process on the read signal, an encoding process on wite
data, and a deddWiHd g8 doeoss 2o V@b ivem, 7Bt c.In THhd sRiemboiddimenlt, 12 has a
pul sing function of pulsing the read signal and outputting the pul sed read
data, and a fJh& iﬁ%’l Srigiay & gy e YPLdriven 7B eae 19 @fdata in
accordance with aat.i m ngltéi nal (.a burst fimng signal) output fromthe

it~ 1

servo processi iy &Y . 2thd SEAFG iRS SR iaS QRSHIG®@ -t o the - CPU
o oSS L0 A MR ARG LR 1 R e
section 10. The signal processing section 10
comprises a head amplifier (head IC) 11, a réad/write
(R/W) channel 12 and a servo processing circuit 13.

10 The head amplifier 11 includes a read amplifier that
amplifies a read signal read by the head 2, and a
write amplifier that converts write data into a write
~current. The R/W channel 12 executes various types of
processes such as an A/D (Analog/Digital) conversion

15 prdcess on the read signal, an encoding process on
write data, and a decoding process on read data, etc.
The R/W channel 12 has a pulsing function of pﬁlsing
the read signal and outputting the pulsed read data,
and a function of extracting servo burst data from

20 servo data in accordance with a timing signal (a burst
timing signal) output from the servo processing
circuit 13. The servo burst data is supplied to the
CPU 15, which uses the data in track following control
for positioning the head 2 in a target area of

25 a target track.

The servo processing circuit 13 provides a

function of creating various types of timing signals,



The servo processing circuit 13 provides a function of creating various
types of timng signals, 12 which include the burst timng signal, froma
read pulse signal output fromthe R ' Wchannel 12, and a function of '
extracting a track code contained in servo data. The track code is
supplied to the CPU 16, 5 which uses the code in seek control for noving
the head 2 to a target track. The disk coatreller (HDC) 14 is connected to
a host systemthat uses the HDD. The host systemis a digital device such
as a personal conputer. 10 The disk controller 14 provides an interface

control functivitici imcBidé Nthd OB oW s ighL£D/MErsh @ ¥&ad command,
etc.) transferred fromthe host system and controlling data transfer

bet ween the hospul s¢ssignahdoutmatli fkomortie ®/wrcHanndseld, Fhe di sk 15
controller 14 also provides a disk control function of controlling data
transfer between furctiok df eexkraeting sk toadtk oddde dehtdimdd ima the
signal processing section 10, and a buffer control function of controlling
the buffer meno?§rvG. datr. bufhertraehreode ol Ssuppiiedito utheel GRUALGY i te
cache for_tenporarily storing data (wite data) to be transferred fromthe
host syst®m and'RFGR t&Fe$ nkhe tFrde ¥k seekmprtrehdfor somlngrthenporarily

storing data (read,data) to be read fromthe disk and transferred to the
host system 2589 %u‘?%e‘? TRAIRY YEP¢K: for exanple, a RAM (Random

The disk controller (HDC) 14 is connected to
a host system that uses the HDD. The host system is
a digital device such as a persohal computer.
;0 The disk controller 14 provides an interface control
function of receiving a command (a write command,
a read command, etc.) transferred from the host
system, and controlling data transfer between the host
system and the disk controller 14 itself. The disk
15 controller 14 also provides a disk control function of
controlling data transfer between the disk 1 and the
disk controller 14 itself wvia the signél procéésing
section 10, and a buffer control function of
controlling the buffer memory 15. The buffer memory
20 15 is mainly used as a write cache for temporarily
storing data (write data) to be transferred from the
host system and written into the disk 1, and a read
cache for temporarily storing data (read data) to be
- read from the disk and transferred to the host system.
25 The buffer memory 15 is, for example, a RAM (Random
Access Memory) .

The CPU 16 controls the entire HDD in accordance



Access Menory). The CPU 16 controls the entire HDD in accordance 13 wth a
control programstored in an FROM (Flash Read Only Menory) 17. The FROM 17
is arewitable nonvolatile nenory. The control programincludes a control
process for the servo system The control 5 realized by the CPU 16
executing the control process includes the seek control for noving the
heard 2 to a target track on the basis-of1a t+ack code extracted by the
servo processing circuit 13, and the track follow ng control for _
positioning the head 2 in a 10 target area of the target track on the basis

of burst data wkthasteshbyol herdy Vit hededd 1 Aherkdld {B1ish Respected to
the FROM 17 and the RAM 18. The RAM 18 is a rewitable nenory, and

provi des, for eSwmhplMemaryork? ar ethé oFROMEL TP 16. rbr ft4b1@ i s a bl ock
di agram useful in explaining the concept of the servo systemthat is

realized by theonvoiabileroeessy exelthe ecoblyrd hepXdytat mhelwdésn FIG 1.
The servo systemshown in FIG 2 isa head positioning control system for
posi tioni ng thed heeRtpobm@recess aferetthe esenvo tspsthmk 1Thevhcait rel
determ ned by a target position. The servo systemincludes a feedback
control system®3ahhted Puathe MRV ybe erecutrinadihe cintrol gyxoces22. The
AR e S BT G O R R
a target track on the basis of a track code extracted
by the servo processing circuit 13, and the track
following control for positioning the head 2 in a
10 target area of the target track on the basis of burst
data extracted by the R/W channel 12. The CPU 16 is
connected to the FROM 17 and the RAM 18. The RAM 18
is a rewritable memory, and provides, for example,
a work area for the CPU 16.
15 FIG. 2 is a block diagram useful in explaining
the concept of the servo system that is realized by
the control process executed by the CPU;16 shown in
FIG. 1. The servo system shown in FIG. 2 is.a head
positioning control system for positioning the head 2
20 in a target area of the disk 1, which is determined
by a target position. The servo syétem includes
a feedback control system 21 and a learning-type
feedforward control system 22. The feedback control
system 21 mainly includes a feedback controller (Fb)
25 211 and a position error detector 212. The feedfor-

ward control system 22 mainly includes a runout

detector (Ft) 221 and a feedforward controller



ward control system 22 mainly includes a runout detector (Ft) 221 and a
feedf orward controller 14 - (Fw) 222. In the feedback control system 21,
the position error detector 212 detects a position error "e" between the
target position "r" and a head position 5 "y". In the case of the seek
control, the target position "r", the head position "y" and the position
error "e" indicate a target track (targetldseek position), a track on which
the head 2 is situated, and the difference between the target track and
the 10 track on which the head 2 is situated, respectively. The track on
whi ch the head (w)s2%i2t.uated is indicated by a track code extracted from
servo data by the servo processing circuit 13. On the other hand, in the
case of the track fin Ithe rigpeciaakolcontinelpsyistieon 2dnr dhe' @ositgans

i ndi cated by the A/D conversion value of the anplitude of servo burst data
extracted fromexrnogadetsichoal 289 deserty ehposdtion ergox c€fback
controller 211 calculates, fromthe paosition error "e", a cqntrol anount

(feedback val udetueearhdhe fnraatmpesicion "25 586 & Heag PHSILIOD The node

in which the seek control is executed will be hereinatter referred to as
a "seek fode", "M e FhdhtoFEsen %itg‘? S5eR CRBET Fly| ﬁ%\ﬁ ﬁ&rcg@%t rol is

executed 11 Sl E S 0% pbad (IO W UP e Bl

error "e" indicate a target track (target seek
position), a track on which the head 2 is situated,
and the difference between the targét track and the

10 track on which the head 2 is situated, respectively.
The track on which the head 2 is situated is indicated
by a track code extracted from servo data by the servo
processing circuit 13. On the other hand, in the case
of the track following control, the position error "e"

15 is indicated by the A/D conversion value of the
amplitude of servo burst data extracted from a read
signal by the R/W channel 12. The feedback controller -
211 calculates, from the position error "e", a control
amount (feedback value) Ub that can eliminate the

20 position error "e". The mode in which the seek
control is executed will be hereinafter referred to
as a "seek mode", while the mode in which the track
following control is executed will be referred to as
a "track following mode".

25 In the féedforward_control system 22, the runout
detector 221 detects (calculates), in the track

following mode, a runout component contained in the



detector 221 detects (calculates), in the track follow ng node, a
runout ' conponent contained in the 15 position error "e" and synchronous
with the rotation of the disk 1, using the Fourier transform However, in
the HDD of the enbodi nent, since a sector servo type format is applied to
the disk 1, servo data is 5 obtained only in a discrete manner.

Accordingly, the position error "e" is degected at each servo data
sanpling time. The runout detector 221 detects (calculates) the runout
conponent of the position error "e" each tinme the position error detector

212 10 detects £58iPPSht bPPoBT 18" aRd. sPRchPEnOAS with the rdestiden error
"e" and the detection result (learned Vvalue) of the runout detector 221

obtai ned one sgfpPth8ddbekolf. ukingt e FetdSert BLahybOth. deleREPEr, 221 iS
an adaptive learning unit that obtains the 15 runout conponent of the

position error ig"thy HOUBpdfvehel embodigenthesinoous dettstoseZ?d i s used
to determine a feedforward anobunt froma position error that cannot be
conpl etely elintgpeeflobpat hiscappibedotot bke28isketipaskrvondabal s 211. The
runout conponent detected by the runout detector 221 varies dependi ng

upon the Bhar acobtainedsonlyt hn andisereyetmannehi chAicapedbagkyl, obhe
variations in the gain of the plant 23 or variations in the detection
system The gai Rositine exrerane” 23svdetestadpeahideaghup®rveadatdi ons in,

For sampling time. The runout detector 221 detects

(calculates) the runout component of the position
error "e" each time the position error detector 212

10 detects the position error "e", on the basis of the.
position error "e" and the detection result (learned
value) of the runout detector 221 obtained one
sampling before. In other words, the runout detector
221 is an adaptive learning unit that obtains the

15 runout component of the position error "e" by adaptive
learning.

The runout detector 221 is used Eo defermine a
feedforward amount from a position error that cannot
be completely eliminated by the control of the

20 feedback contfoller 211. The runout component
detectéd by the runout detector 221 wvaries depending
upon the characteristics of the entire system, which
are based on variations in the gain of the plant 23 or
variations in the detection system. The gain of the

25 plant 23 varies depending upon variations in, for
example, the torque constant of the VCM 6. The torﬁue

constant of the VCM 6 varies depending upon whether



exanpl e, the torque constant of the VCM 6. The torque

constant of the VCM

6 varies dependi ng upon whether - 16 the head 2 is positioned at the inner
radius side of the disk 1 or the outer radius side thereof. Further,

variations in the detection systeminclude variations

in the relationship

bet ween the position error of the 5 head 2 and a burst anplitude, and the

difference in yaw angl e between the i-hnekéradi us and t

he outer radius of

the disk 1, etc. Thus, the runout detector 221 does not directly detect

t he physical runout conponent of the disk 1, but calculates a feedforward
10 anpunt used tthe siddd @ eird Ipossitpjprizrs #t rileoUinnexomeaiian diltd ofannot . be
conpl etely suppressed by a control amount determ ned by the feedback
controll er 2l1kherbsictlualr fidedfartear dadimatsidld fterex dueft we dur thieftf,er ent

radi al . positions on the disk 1, on which the 15 head 2

is situated, because

of the af or emeridwiadui onarimttihe gle tpat inmaus teapiorendel sragritadd.ons
(calcul ated) by the adaptive |earning by the runout detector 221 is
supplied to thell} ddf Frevedtolashirliatwesp the, pafd tien @nrarpeE thee runout

detector 221 stops,its agdaptive |earning and outputs_t
t he runo corﬂ%%r?t a(%ﬁ%thwﬁ S F UG u Nt dhe S ifarencm

he initial value of
i

controller 222. The runoyt .conponent .synchronous Wit he 5 rotatidn of
the disk 1 difia% P ke dqqordig ioner radius and the outer

radius of the disk 1, etc. Thus, the runout detector

221 does not directly detect the physical runout

component of the disk 1, but calculates a feedforward

10 amount used to sufficiently suppress a runout

¢omponent that cannot be completely suppressed by a

control amount determined by the feedback controller

211. The actual feedforward amount differs between

different radial positions on the disk 1, on which the

15 head 2 is situated, because of the aforementioned

variations.

The runout component detected (calcuiated) by the

adaptive learning by the runout detector

221 is

supplied to the feedforward controller 222. In the

20 seek mode, the runout detector 221 stops

its adaptive

learning and outputs the initial value of the runout

component (adaptive-learned value) to the feedforward

controller 222.

The runout component synchronous with the

25 rotation of the disk 1 differs between different

radial positions on the disk 1 (hereinafter referred

to simply as "radial positions"). As shown in FIG. 4,



radi al positions on the disk 1 (hereinafter referred to sinply as "radi al
positions"). As shown in FIG 4, 17 the runout conponent significantly
differs between the -inner radius side and outer radius side of the disk 1.
In the above-described prior art, the runout conmponent obtained by

| earning on a predetermned track is 5 corrected on the basis of the
position of a target track, thereby detexm ning an initial |earned value
suitable for the head position. In the actual HDD, however, the

rel ati onship between the radial position of the head on the disk (track

‘position) and time Mardiito WonsUHAte 1 gt f iRfalREtVeEIe fidd YilediPRhe and

between different recording surfaces (heads). In other words, the

rel ationshi p thershetnsebiug sidd ameeagtssy idadivedidalof ahe ridd 1.
relationship obtained wusing a formula. 15 In light of this, in the

embodi ment, eadm dfhe tabwvecEstinidbediboss aft t Hehd wmrdivek chpostsnth
correspond to the heads #0 - #3, respectively, is divided into .a nunber n
of concentric Qhf@ineg by "Jearningdrescprastetenmingd £xeck s ) is managed
in 20 the follow ng manner. Wen activating the HDD, the runout conponent
of a predet er niGREFaFRk qre. e dassipafarkhianosiddan Af ta &@kgdatn each zone

"i" (it =0 - n-1 f each head, (recordi ng surface) of each disk 1 1is
detected by Ieaﬁ’gﬂcﬁij. t%ﬁe"'qqﬁé RS EhpdHdral g apamed gralue
predeterninedlg&%¥%ﬂf%(¥%¥1éﬁgﬂiég&'position. In the actual HDD,
however, the relationship between the radial position
of the head on the disk (track position) and the
10 runout component varies between different ﬁDDs
and between different-recording surfaces (heads).
In other words, the relationship therebetween is not
necessarily identical to a model relationship obtained
using a formula.
15 In light of this, in the embodiment, each of
the recording surfaces of the_two disks 1, which
correspond to the heads #0 - #3, respectively, is
divided into a number n of concentric zones "0O" -
"n-1", and each zone "i" (i = 0 - n-1) is managed in
20 the following manner. When activating the HDD, the
runout component of a predetermined track (e.g. a
substantially central track) in each zone "i" (i = 0 -
n-1) of each head (recording surface) of each disk 1
is detected by learning. The learned runout component
25 value of the predetermined track in each zone "i"

is stored in the RAM 18 as the initial value of

a runout component wvalue inherent in each zone "i".



is stored in the RAM 18 as the initial value of a runout conponent val ue

I nherent in each zone "i". 18 Accordingly, the RAM 18 includes an initial
value area 180a, as shown in FIG 3A, for storing an initial |earned
runout conponent value for each zone "i" of each head (recording surface).

In the enbodinent, it 5 is supposed that the nunber of zones is four; zones
#0 #3, as shown in FIG 5. The feedferwagd €ontrol system 22 is provided
with a menory section 223 and an initial value determ ning section 224, in
addition to the runout 10 detector 221 and the feedforward controller 222.

Part of the RidddEdiggly) | tEERAS 1HeiNETRaYs S&EtiRDtL2B vaPse Sgedn from
FIG 3B, the nenory section 223 includes an initial value area 223a that

corresponds tolgbe, a8ishewnvihURIG! e3A 1806 | stohbndrdh 1Bniffbelinitial 15
val ue determ ning section 224 determnes an initial value necessary for
runout det ect i beatnedptuneut | eamponent byalte fonoedckezewe o¥i®2df The
feedf orward controller 222 cal culates, on the basis of a runout conponent
val ue out put feachthead20recondingeserfacep2l, In thatewbodimemt, it
(feedforward value) Uf used to eliminate the runout conponent from the
posi ti omd er r oris esupmpsed cbliptckhe onerber s9Et epne1ipr fonteszemes pf@nt 23
with a control appunt obtained by addi ng, using an adder 213, the control
25 anmount Uf cal %ta?§d5B9W?h%nf§€@fo§mard controller 222

The feedforward control system 22 is provided
with a memory section 223 and an initial wvalue
determining section 224, in addition to the runout

10 detector 221 and the feedforward controller 222. Part
of the RAM 18 is utilized as the memory section 223.
As seen from FIG. 3B, the memory section 223 includes
an initial value area 223a that corresponds to the
initial wvalue area 180a in the RAM 18. The initial

15 value determining section 224 determines an initial
.value necessary'for-runout detection (adaptive
learning) by the runout detector 221.

The feedforward controller 222 calculates, on

the basis of a runout component value output from the

20 runout detector 221, a control amount (feedforward
value) Uf used to eliminate the runout component from
the position error "e". The feedback control system
21 provides the plant 23 with a control amount
obtained b& adding, using an adder 213, the control

25 amount Uf calculated by the feedforward controller 222
to the control amount Ub calculated by the feedback

controller 211.



x

to the control amount Ub cal cul ated by the feedback controller 211. 19
Referring nowto the flowhart of FIG 7, the. operation of the enbodi nent
will be described. First, the initial value determ ning section 224
obtains, by learning, the runout conponent of each zone #0 - #3 of 5 each
head ' (recording surface) #0 - #3 of each disk 1 when the HDD is activated
(step Al). This learning is executed by I®ving the head 2 to a
substantially central track in each zone #i (i =0 - 3) in the seek
operation. The learning itself. is simlar to that in 10 the track foll ow ng
operation, which is rxferibigaiéwertot tice hEhoweltarovetl ¥1Ga 1 atke desi gnat ed
by a read/ wite command that is output fromthe host system after the
activation of tdmedddiodhef eflve eembudimdersic rwikl doe i Geggnidreder eFinfstt he

| ear ni ng. The 15 | earned runout conponent val ue obtained in each zone #0 -
#3' of each' headth® inifsiak valnedletermining tsedtioml2R4 iobtains oby of a
table as shown in FIG 6, in the initial value area 223a of the nenory
section 223, ilearnimgi nfhe afunciccemreneyB ot reach 7008 10 203 Qfp A2).
Suppose that a read/wite command is ;ﬁgglied fromthe host systemto the

HDD af ter>the HERFR shealdt (XREREAIBGSUREACHU HY hatS refRARTR A58 eki ng
R AR SENCRR T G T Y
executed by moving the head 2 to a substantially
central track in each zone #i (i = 0 - 3) in the seek
operation. The learning itself is similar to that in
10 the track following operation, which is executed after
the head is moved to a track designated by a read/
write command that is output from the host system
after the activation of the HDD. Therefore, no
description is given here of the leafning. The
15 learned runout component value obtained in each zone
#0 - #3 of each head #0 - #3 is stored, as an initial
value in the.form of a table as shown in.FIG. 6,.- |
in the initial value area 223a of the memory section
223, i.e. the initial value area 223a in the RAM 18
20 (step A2).

Suppose that a read/write command is supplied
from the host system to the HDD after the HDD is
activated, and the CPU 16 has requested a seeking
operation for shifting the héad 2 to a target track

25 of the disk.lldesignated by the command (step A3).
In this case, the CPU 16 executes seek control (speed

.control) for shifting the head 2 to the target track,



3

In this case, the CPU 16 executes seek control (speed control) for
shifting the head 2 to the target track, 20 in accordance with the control
process included in the control program The operation executed for the
seek control will be described in detail, taking, for exanple, the 5
operation realized in the servo systemby the CPU 16 executing the control
process. First, each tine the head 2—+e@fs servo data, the position error
detector 212 receives a track code that is extracted as the head position
"y" fromthe servo data by the servo 10 processing circuit 13. The position

error detector in? B2 colrdanceC %iitds thite dontaell PRYidesen included iinf @hgation

I ndicative of a target track. The initial value determ ning section 224
desi gnat es t he coaddrolvgerogxam.node for the runout 15 detector 221, thereby
stopping its runout conmponent adaptive learning function (step A4). In this
state, the seek corthelopesradxierutestkdut adefdm|thenisegkmmondrol( sdida A5) .
The initial value determ ning section 224 reads, fromthe initial.value
area 223a in t ke gepsnibed) igedeitad 1223 aking, niforalexampdet, theponent val ue
(initial _adaptive | earned value) corresponding to a zone to which a track
(the hea@ posi OR§¥atjon xeadizegk ipeddrer seaaot isyssen bar sbe E8UoAgs. The
read value is suppli.ed to the runqut detector 221. Wen_the 25 adaptive

| ear ni ng functﬁﬁ?%&§lpﬁ't &eptIrd progess. First, each time the

head 2 reads servo data, the position error detector
212 receives a track code that is extracted as the
head position "y" from the servo data by the servo

10 processing circuit 13. The position error detector
212 also receives the target position "r" as
information indicative of a target track.

The initial value determining section 224

designates the seek.mode as a mode for the runout

15 detector 221, thereby stopping its rﬁnout'component

| adaptive learning function (step A4). 1In this state,

the seek control is executed in fhe following manner
(step A5). The initial value determining section 224
reads, from the initial value area 223a in the memory

20 section 223, an initial runout'component value
(initial adaptive learned value) corresponding to
a zone to which a track (the head position "yﬁ) with
the head 2 positioned thereon belongs. The read value
is supplied to the runout detector 221. When the

25 adaptive learning function is in the OFF state, the
runout detector 221.outputs, as a detection result,

the runout component initial value supplied from the



runout detector 221 outputs,. as a detection result, the runout conponent
initial value supplied fromthe 21 - initial value determ ning section 224.
The feedforward controller 222 calculates a digital control anount
(feedforward value) U on the basis of a runout conponent val ue out put
fromthe 5 runout detector 221. The control amount Uf is used to elimnate

t he runout conponent fromthe position-erzpr -"e", i.e. to suppress

(conpress) the runout conmponent contained in the position error "e". The
f eedback control system 21 provides the plant 10 23 with a control anount

obt ai ned by addifgig:iadlsivii i atdemidlihg 16U 14 amount U cal cul ated by
the feedforward controller 222 to the control anmpbunt Ub cal cul ated by the

f eedback controller THd.fdedfmtward donersIled R adgitdonataswt (digital
value) of the 15 control anobunts Uf and Ub is output to the VCMdriver 7B.

The addition resigittadf ddntamd dmouwmntcoffedfdward oralue)l tsigRal by a
D) A converter incorporated in the VCMdriver 7B. A negative or positive
VCM current déasim ol & mumauie comigepntsivaiale icitgupplfirsh 2hd rom t he VMC
driver 7B to the VCM 6. The'VCM 6 is an elenment included in the actuator 4
as the plPant 2Funofife dat@Rfrtor #A2be Mheedaninel ampamt At K. shyseshdat i ng

t he above-described seek control at each servo data sanpling tinme. 25 Wen
the zone to Vwﬂqﬂ+qqﬂ§qﬁ%£;qnﬁyqqqﬁ1cqpponent from the position error '

"e", i.e. to suppress (compress) the runout component
contained in the position error "e".
The feedback control system 21 provides the plant
10 23 with a control amount obtained by adding, using
an adder 213, the control amount Uf calculated by the
feedforward controller 222 to the control amount Ub
calculated by the féedback controller 211. Actually,
however, the addition result (digital wvalue) of the
15 control amounts Uf and Ub is output to the VCM driver
7B. The addition result of Uf and Ub is converted
into a voltage signal by a D/A converter incorpbrated
in the VCM driver 7B. A negative or positive VCM
current determined. from the voltage signal is supplied
20 - from the VMC driver 7B to the VCM 6. The VCM 6 is an
element included in the actuator 4 as the plant 23.
The head 2 can be moved to a target track by repeating
the above-described seek control at each servo data
sampling time.
25 When the zone to which the head position "y"
belongs is switched from one to another during the

seek control (steps A6 and A7), the initial value



belongs is switched fromone to another during the seek control (steps A6
and A7), the initial value 22 determ ning section 224 switches the initial
adaptive |learned value to be read fromthe initial value area 223a of the
menory section 223, to an initial value corresponding to a new zone (step
A8). Accordingly, 5 the runout conponent output fromthe runout detector
221 to the feedforward controller 222-ispghanged to an initial value
corresponding to the new zone. After the head 2 is noved to the target
track, i.e..the seek operation is finished (step A6), the 10 initial

val ue determ ny et%ﬁ%%wzs%&?ﬁzimtﬁiﬁéﬁé ragk {0 ¢ 00 NghdPeisyas a node

for the runout reby activating the runout conponent

adaptive |earfid¥hed WEIn@®Ntd BEPr&d - Fidhn 1S SiptEal thelid agkea f 0l | OW Ng
control is executed as below, to settle the 15 head 2 in a target area

based on a tarzEia peSith®menéry. séteieenzs, |taeawfiiheidbrgelud rack) on
the target track (step Al10). First, each tine the head 2 reads servo data,
the position ecsrxsspeidingrt@l? new erdmse t hetqpAl) on Arcardirglye”

i ndicated by the A/ D conversion-value of the anplitude of servo burst data
extract éd frontlee reagousi compongnt heuBp WY ciromethd 2ruidet rdefeetaiet ect or
221 executes adaptive |learning each tinme the position error detector 212
detects the pod21im theofeedforwand|eonteoblent?22 izaghangedate unout

conponent value . .
an initial value corresponding to the new zone.

After the head 2 is méved to the target track,
i.e. the seek operation is finished (step A6), the
10 initial value determining section 224 designates the
track following mode as a mode for the runout detector
221, thereby activating the runout component adaptive
learning function (step AS). 1In this state, the track
following éontrol is executed as below, to settle the
15 head 2 in a target area based on a target position
(e.g. the center line of the target track) on the
target track (step AlO).
First, each time the head 2 reads servo data, the
position error deteétor 212 detects the position error
20 "e" indicated by the A/D conversion value of the
amplitude of servo burst data extracted from a read
signal by the R/W channel 12. The runout detector 221
executes adaptive learning eaéh time.the position
error detector 212 detects the position error "e".
25 In the adaptive learning, a runout component value
included in the position error "e" is detected

(calculated) on the basis of the position error "e"



included in the position error "e" is detected  (calculated) on the basis
of the position error "e" 23 and the detection result (adaptive |earned
value) of the runout detector 221 obtained one sanpling before. At the
start of the track followi ng control, an initial value supplied fromthe
initial value 5 determ ning section 224 is used as an adaptive | earned

val ue one sanpling before. This is equiwvalognt £0 a case where the initial
val ue determning section 224 supplies the runout detector 221 with an
initial value corresponding to the zone to which the target track 10 (the

target position ;g kndelapderibhe Luna (@8bptive dehravecibandhgradaptive .

| earning in the I'owm ng manner. First, the runout conponent of the error

"e", which is sypehronout deirlltble 20at dbitannel bhe Gaslel ieanveEozensi dered
to 15 be a periodic function. The runout conponent can be expressed. using

a Fourier serieatexhenetett ofATher dirdelky follRmdsign@ontalbl] represents the
rotation cycle of the disk, and e(t) represents information on the

det ect ed positi @m dmidiialeMalusasupplder dxond the AGitdialf eladlme ng. fornul a
1. e(t) = al sin Tit+a2si n22T t+a3sin32T t+ +bl cos T t+b2cos2 Tit+b3cos3
Tt+ +2 60 (1) ddmramialingpBecddon 224, is2 usked as an ecapdsor 1leBomeider
coefficients and indicate the val ues and :

value one sampling before. This is equivalent to

a case where the initial value determining section 224

supplies the runout detector 221 with an initial value

corresponding to the zone to which the target track

10 (the target position "r") belongs.

The runout detector 221 executes the adaptive
learning in the following manner. First, the runout
component of the error "e", which is synchronous
with the rotation of the disk, can be considered to

15 be a periodic function. The runout component can
be expresséd_using a Fourier series expansion. .
. Accordingly, supposing that T répresents the rotation
cyéle of the disk, and e(t) represents information on

the detected position error, e(t) can be expressed by

20 the following_formula 1:

2n 2

e(t) = a3 sing;—ct+ as sin2-—T-t + a3 sin3—TEt + oo
2 2 2

+ b1 cos-—lITnt +b2c052—T1-t—t + b3 cos3-?ut + eee

1
+-—-c 1
5 Co (1)

where aj, ap, a3, **'; b1, bz, bz, **, cg represent
Fourier coefficients and indicate the values and
25 phases of corresponding runout component. The

attached numerals 1, 2, 3, ' of the Fourier-



25 phases of correspondi ng runout conponent. The attached nunerals 1, 2, 3,

of the Fourier - 24 - coefficients represent respective degrees.
(sin) conmponent am and cosi he (co0s)

Fouri er
=21
data is

2T e(t) dt

conponent bm(m= 1, 2, 3,

The sine
) of each

coefficient can be calculated by the followwng 5 fornmula 2: T am
=T J 2T e(t) sin m2T tdt

T2 m:

2T bm=TJ 2T e(t) cos m2T tdt (2)
degree In the 24DD-of the enbodi nent,
obt ai ned only dispersedly,
obtai ned continuously in tinme. The Fourier

the position error

e

2 T co
si nce servo
10 cannot be

coefficients amand bm are

cal cul ated by tdhe fmaldiQNtd rdtid8ént Feshbectivategrdbs. e(i) sin mT t(i)

1T (3 _

The sine (sin) component ay and cosine (cos)
component by (m =1, 2, 3, ) of each Fourier
coefficient can be calculated by the following

5 formula 2:

I
_ 2 2 \ 2x
ap = EI_Ee(t)51nm T tdt
2
T
27 2 2n
bm—TI_Ee(t)cosmTtdt% (2)
2
I
c =—2-j'2 elt) dt
(o] T 3 E. K

m : degree

In the HDD of the embodiment, since servo data is
obtained only dispersedly, the position error "e"

10 cannot be obtained continuously in time. The Fourier
coefficients ay and by are calculated by the following
formula 3:

_T‘_ 5
T
. 2T .

ag = 2? Y eld) 51nm-T—t(1)
i;l , (3)
Ts

by = 2Is e(i) cosmz—n-t(i)
. T
i=1 /

Ts : sampling time

15 From the formula 3, the following formula 4 can

be obtained:



Ts bm= 2Ts Z e(i) cos m2T t(i) i=1 Ts : sanpling tine 15 Fromthe
formula 3, the followng formula 4 can be obtained: 25 am k) = amk - 1)
+ 2Ts e(k) sin m2T t(k) (4) bmk) = bmk - 1) + 2Ts e(k) cos m 2T t (k)
where changes in the Fourier coefficients based on the detection
informati on e(k) obtained at the present 5 time point (k) are sequentially
added to the Fourier coefficients am-k-1s5and bnm(k-1) of a runout
conponent val ue obtai ned one sanpling before (at a tine point Further,

am k-1) and bm(k-1) represent updated 10 |earned values stored in the
runout detector 221. The initial values of anm(k-1) and bmk-1), i.e.

am k-1) and bnm(k-1) 1N t_aytyi [%Espg('k -qu-éﬁ(—jé 1), are supplied
fromthe initial vaIS@R%Zte%p(%ing)secﬂion p%ﬁ4nésrg$o¥enenéﬁfned. 15 The

t detector 221 gal gylatesat hepysi s £Tarqd) and the cosine
B e

conponent bmn(k) of al?unoutIEonponen ue o cul ar frequency
(degree = n) at the present tinme point (k), using the fornula 4 on the
basi s of the updwnsd dhemndesd ivalties Froiiay lcopffilmiEnts) based ome thesi ti on
error e(k). Thedertuer::%uj:[ond e':itnef(gr(r)r{at%%%l he_o(lk%S otbhceau'.(ilaeldC léltatt?'g rpligosliatnt
5 time point (k) are sequentially added to the Fourier
coefficients ap(k-1) and bp(k-1) of a runout component
value obtained one sampling before (at a time point
(k-1)).
Further, ap(k-1) and bp(k-1)} represent updated
10 learned values stored in the runout detector 221. The
initial values of ap(k-1) and bp(k-1), i.e. ap(k-1)
and by (k-1) obtained at a time point of. 0 (=k-1), are
supplied from the initial wvalue determiﬁing section
224 as aforementioned.
15 The runout detector 221 calculates the sine
component ap(k) and the cosine component by (k) of
a runout component value of a ﬁarticular freqﬁency
(degree = m) at the present time point (k), using the
formula 4 on the basis of the updated learned values
20 (ap(k-1), bp(k-1)) and the position error e(k).
The runout detector 221 holds the calculated runout
component as an updated adaptive learned wvalue, which
is used when a runout component value is célculated
(learned) at the next sampling time, using the formula

25 4. 1In other words, the runout detector 221 updates

‘the learned value held therein.



conponent as an updated adaptive |earned value, which is used when a
runout conponent value is calculated (learned) at the next sanpling tine,
using the formula 25 4. In other words, the runout detector 221 updates
.the |l earned value held therein. 26 The runout conponent cal cul ated by the
runout detector 221 is output to the feedforward controller 222. On the
basis of the runout conponent, the feedfpgward controller 222 cal cul ates
the control 5 anobunt U used to elimnate the runout conponent from the
position error "e". The control amount Uf and the control anount Ub

cal cul ated by the feggdb ‘ | t 213,
wher e t hey gre added t%%?gﬁﬁéﬁm%%ﬁlﬂ%webgjﬁﬁ{&% 10 of the
adder 213 is suppld@hr @41h8 PIHHAS 35 tHe CUEd R r@dRH MordtYolitter After

the head 2 reads servo data and the above- described track follow ng

control is exe@gzrd, od tite Wigliey HMatheiRidit YorRIndltEr &Hes a new
"request for 15 seek control (step All). If there is no request for seek
control, the nefdediormarthtoontraldad @Y sarloml dhesstthatgdritrdixt ract ed,
thereby executing the next track follow ng control (step Al0). On the
other hand, ifandunte US wettwa ejussinadty thee kruranttr domptdreerid) finont i al
val ue determning section 224 updates the initial |earned value
correspondi ng ttde mogidheon erngy dte't-he Theadand nedsiamicowdd B ande present
stage, and

the control amount Ub calculated by the feedback

controller 211 are input to the adder 213, where they

are added to each other. The addition result (Uf+Ub)
10 of the adder 213 is supplied to the plant 23 as

a contfol amount for it.

After the head 2 reads servo data and the above-
described track following control is executed, it is
determined whether or not there is a new request for

15 seek control (step All). If there is no request for
seek control, thé next- servo data is read and ‘servo
burst.daﬁa is extracted, thereby executing the nexﬁ
track following control (step A10). On the other
hand, if there is a new request for seek control, the

20 initial value determining section 224 updates the
initial learned value corresponding to the zone in
which the head is positioned at the present stage, and
stored in the initial value area 223a of the memory
section 223, by replacing the initial learned value

25 with the latest learned value obtained by the runout

| detector 221 at the present sampling time (step Al2).

After that, the process starting from the step A4 is



stored in the initial value area 223a of the nenory section 223, by
replacing the initial learned value 25 with the | atest |earned val ue
obtai ned by the runout detector 221 at the present sanpling tinme (step
Al2). After that, the process starting fromthe step Ad is 27 - '
executed. As a result of the execution of the step Al2, if the seek
operation is executed in the sane zone next -tine, the updated adaptive

| earned val ue obtained by 5 the above track following control is used as
an initial adaptive |earned value, instead of the initial value obtained
when the HDD i gyagbirwat.ed. This further enhances the track follow ng
accuracy. As described above, in the enbodinent, the 10 initial adaptive

| earned val ue i s chapged degna tvdfuahd R3lediiilRCloF tHhe &tidhemange iign runout
conponent between different radial portions of the disk different radial

positions) in the aekekalopddltioh isCcexedated Wit theheamenaohe weikeh the
target position 15 "r" (target track) belongs. Accordingly, the head 2 can
foll ow t he tar ¢gdmeposihie apdatedr aidalptivieulichened maliulee obidaddiedebly, initial
adaptive | earned values corresponding to respective zones are prepared for
each head (recdhdi rpover fracek faddowiag wonitaiolvdisuaszg @sr eesponding to
the head (recording surface) and zone, to which the target position "r"
bel ongs, is udadtiel pdantive legamed yalagrnilngtend ohdheg so,
initial value obtained when the HDD is activated.
This further enhances the track following accuracy.
As described above, in the embodiment, the
10 initial adaptive learned value is changed to a value
that reflects the difference in runout component
between different radial portions of the disk
(different radial positions) in the actual HDD, in
accordance with the zone to which the target position
15 "r" (target track) belongs. Accordingly, the head 2
can follow the target position accurately. Further,
in the embodiment, initial adaptivellearned values
corresponding to respective zones are prepared for
each head (recording surface), and the initial value
20 corresponding to the head (recording surface) and
zone, to which the target position "r" belongs, is
used in the actual adaptive learning. This being so,
even if the relationship of the ruhout component to
the radial position on the disk (i.e. the runout
25 characteristié) differs between different heads

(recording surfaces) in the HDD, the head 2 can follow

a target position more accurately without being



even if the relationship of the runout conponent to the radial position on
the disk (i.e. the runout 25 characteristic) differs between different
heads (recording surfaces) in the HDD, the head 2 can follow a target
position nore accurately w thout being 28 - influenced by the differences.
Moreover, in the enbodinent, if there is a new request for seek control to
shift the head 2 to a new target positiogg(new target track) while. track
5 followi ng control is being executed, the initial [|earned value for the
present zone in which the head is positioned at present is replaced with

the latest adapifMeencdd N9 Mad upi oL AdAEeLs by the runout detector 221
This updated initial valuendicates a runout 10 conponent value for the

present zone in the MBE®Fet Nein UpHat &fbSaBhént ACEPT Bhash Vis thendise of the

updated initial value for adaptive |learning enables the head 2 to follow

the new target pogidsonfomrsedic sty . té sradet tikd) hédy theeerpodiyent, a
runout conponent 15 value is calculated by Iearning in each zone of each

head (recordi ngtatgdtaqe)siatidme(newetafgaicti stk ngvhihe Ak and t he
resultant |earned values are set as initial adaptive |earned values for the
zones. this erfidlleawing dankrdl tis feimyy execurtgsd, prise timitia) accurately
in any HDD, without being influenced by inherent variations and/or _
variations with-e3Reqd (valie firmtthe mrarent zone im whicth Adre hfaccach head

is positioned at present is replaced with the latest
adaptive learned value obtained by the runout detector
221. This updated initial value indicates a runout

10 component value for the present zone in the HDD of the
updated state. Accordingly, the uée of the updated
initial value for adaptive learning enables the head 2
to follow the new target position more accurately.
In addition, in the embodiment, a runout component

15 value is calculated by learning in each zone of each
head (recording surface) at the time of activating
the HDD, and the resultant learned values are Set
as inifial adaptive learned values for the zones.
This enables the head 2 to follow a target position

20 accurately in any HDD, without being influenced by
inherent variations and/or variations with time in
a runout component value in each zone of each head
(recording surface) between HDDs.

In the above-described embodimenf, only when

25 a request for seek control has occurred during the

execution of track following control, the initial

learned value, stored in the memory sectiqn 223 for



(recording surface) between HDDs. In the above-described embodi ment, only
when 25 a request for seek control has occurred during the. execution of
track following control, the initial |earned value, stored in the nenory
section 223 for 29 the zone in which the head is positioned at present,

is replaced with the |atest adaptive |earned value obtained by the runout
detector 221. However, this structure- n@p be- nodified such that each tine
the 5 runout detector 221 obtains an adaptive |earned value, the
aforenentioned initial value is replaced with this adaptive |earned val ue,

i rrespective okhehebher i whdlch #hiee®é@ ifs0hoTaN drd @ g%%%%',
Furthernore, in the enbodinent, the initial value supplied fromthe 10

initial value det eeplaiced sdth ehe?datiestt Rrlaptivd 1edehRet 9a122l in the
seek node is also output to the feedforward controller 222. However, this

structure canobéained byd thecrunbatt eiethetorh@21ni t Bwev@irye thadt put from
the initial value determ ning section 224 15 or the runout component
detected (cal cstauedpriey malye ber modiiif ieet eciclr tat iemchupyivieedhieo t he
feedforward controller 222. To realize this nodification, it is
sufficieft if FupenEcdeteciorr @eildebtisdnsean Bideprtimeolradeedcvaiugzl and
the feedforward controller 20 222, thereby supplying the feedforward

control I er 222 thf pfogemeationed dnditanly Frdaleodispamenlased: wé thnthisl
val ue deternin%%%p%%%%iR%a%%%dp%aagg,r%Q%%%p%%g%%%e%% whether or not

a request for seek control occurs. Furthermore, in
the embodiment, the initial value supplied from the

10 initial value determining section 224 to the runout
detector 221 in the seek mode is also output to the
feedforward controller 222. However, this structure
can be modified such that either the initial value
output from the initial value determining section 224

15 or the runout component detected (calculated) by the
runout detector 221 is supplied to the feedforward
controller 222. To realize this modifiéation, it is
sufficient if a selector is provided between the
runout detector 221 and the feedforward controller

20 222, thereby supplying the feedforward controller 222
with either the initial value output from the initial
value determining section 224 or the runout component
detected (calculated) by the runout detector 221.
In this case, the initial value determining section

25 224 controls the selector so as to select the initial

value in the seek mode, and select the runout

component from the runout detectqr 221 in the track



[

detected (cal culated) by the runout detector 221. In this case, the initial
val ue determ ning section 25 224 controls the selector so as to select the
initial value in the seek node, and select the runout conponent fromthe
runout detector 221 in the track 30 - follow ng node. In the seek node, the
feedforward control system 22 may be separated fromthe servo system
thereby driving only the feedback contradgsystem2l. In this 5 case, when
t he node has been shifted fromthe seek nobde to the track foll owi ng node,
the feedforward control system?22 is driven together with the feedback
control systemfdiluicifi®ly niddd.hi s case, upon sw tchover to the track
followng node, it is 10 sufficient if an initial value corresponding to a

zone, to which a targettHe asdelbelciys tié redudvhrd IURLMA idydtedd val ue
determ ning section 224 to the runout detector 221. [First Modification]

15 A descripti @2 wiay beowdpamitesh fafora thie Serwndyistend,i ahedfedyhe
above-descri bed enbodi nent, with reference to FIGS. 1 and 2 for
facilitating tideriviegcondy dhe Ifeadback oomtdede sysdmbre@iadi mentthisi nce  a
runout conponent value is calculated by learning in 20 each zone when
activatiRg the @SB, ahedndhe modes hasedeareshid tect ificome thiee sdBR  The first
modi i cation Elittiorc]i% tt% %\ﬁ% C’]t:r%.clkon olqgevi%%t im\ézgei,or;:hp)eerlfle()e(jd'fogc\r%;cil st

control system 22 is driven together with the feedback

control system. Further, in this case, upon

switchover to the track following mode, it is

10 sufficient if an initial value corresponding to a
'zone, to which a target track belongs, is supplied
from the initial value determining section 224 to
the runout detector 221. |
[First Modification]

15 A description will now be given of a first
modification of the above-described embodiment, with
reference to FIGé.'l and 2 for facilitating the |
description. In the above-described embodiment, since

_a runout component value is calculated by learning in

20 each zone when activating the HDD, a long time is
required to activate the HDD. The first modification
aims to avoid a long HDD activation period. The first
modification is characterized in that i) the learning
of a runout component value for eéch zone 1is executed

25 while each HDD is being manufactured, and the learning

results are stored in the FROM 17, and also in that

ii) the learned value (initial wvalue) of the runout



nodi fication is characterized in that i) the learning of a runout
conponent val ue for each zone is executed 25 while each HDD i s being

manuf actured, and the learning results are stored in the FROM 17, and al so
inthat ii) the learned value (initial value) of the runout 31 conponent
for each zone of each head (recording surface) is corrected when _
activating each HDD, since it is possiblgjthat the runout conponent may
vary over tinme. 5 1In the first nodification, the FROM 17 i ncludes an
initial value area 170a as shown in FIG 8. The data structure of the

initial value g/l #Sr ﬁ%%%ol%@(gﬁaéaéﬁ%fd Qr%%ﬁir%%e initial

value area 180a (223a) int menory secti on The initia

val ue area 170a i rdd®) FROMIT SHREEWHAL adORFNethydatas Ko tdAlcyal ues)

of runout conponent values with respective predeterm ned frequencies,

whi ch wer e obt aitheits igb£$iib & oftea #0che Airedute a&din t (MPE FghNGHvdy f ace)
#0 - #3 in the manufacturing stage 15 of each HDD. Referring to the

flowchart of FItime®, the correction of the |earned value (initial value)
in the first nodification will be described. Upon activation of the HDD
shown in&%I1 G 1, theliCPthd6ftopt esodifhicdiei @), i the i BROM al Teirmrbadds80a
(223a) in the RAM 18 (nenory section 223), the |learned values (initial
val ues) obtai it kiRl trRlusmrertlit@a ofs tshowDOmMIGt & ed

The data structure of the initial value area 170a
is similar to that (see FIG. 6) of the initial value
area 180a (223a) in the RAM 18 (memory section 223).
10 The initial value area 170a of the FROM 17 stores the
learned values (initial values) of runout component
values with respective predetermined frequencies,
which were obtained in each zone #0 - #3 of each head
(recording surface) #0 - #3 in the manufacturing stage
15 of each HDD.

Referring to the flowchart of FIG. 9, the
correction.of the learned value (initial value) in the
first modification will be described. Upon activation
of the HDD shown in FIG. 1, the CPU 16 copies, in the

20 initial value area 180a (223a) in the RAM 18 (memory
section 223), the learned values (initial values)
obtained during the manufacture of the HDD and stored
in the initial value 170a of the FROM 17 (step Bl).

After that, the initial value determining section

25 224 is activated. The initial value determining
section 224 again executes the learning of the runout

component in predetermined track TRs of predetermined



in the initial value 170a of the FROM 17 (step Bl). After that, the initial
val ue determ ning section 25 224 is activated. The initial value
determining section 224 again executes the |earning of the runout _
conponent in predeterm ned track TRs of. predetermned - 32 zone #s (s is’
one of 0 - 3, e.g. 2) of each of the heads (recording surfaces) #0 - #3 of
two disks 1 (step B2). The predetermned3srack TRs is, for exanple, the
sanme as a track of the zone #s, which was 5 used for |earning during the
manuf acture of the HDD i.e. a substantially central track of the zone #s.

Subsequently, tiuhd Nidipd deldife dpf @ M M NG SECI3 0L _?e%dcd,piadnf;‘lhﬁé es, for

each head, the change rate of the |earned val ue ‘obtaine e zone #s by

rel earning 10 (isd8is Blecdiding amadad e #00di Gas 65 thp iadige rate  of the

| earned val ue obtained in the zone #s by relearning, to the | earned val ue

obt ai ned in the(stase Bzone e @rddet smiind®ag-ddiecrrdliing stgd ace) and
stored in the initial value area 180a (223a).of the 15 RAM 18 (nenory

section 223). Fxampli¢erthe feaneids al trdale atigrenizomyg #sCtittich 3
corrects, by respective anounts corresponding to respective change rates
correspordi ng tusahefor ebgmeoting dezidyy fleamesifeadtues tditthar éilabt ai ned in
20 all zones of all the heads (recording surfaces), and are copied into the

initial value dre BBoustEbiaklky qerEmal etk iaflthe zmspdksi.ng that the

| earned Subsequently, the initial value determining section
224 calculates, for each head, the change rate of the
- learned value obtained in the zone #s by relearning
10 (step B3). This change rate indicates the change réte
of the learned value obtained in the zone #s by
relearning, to the learned value obtained in the same
zone #s of the same head (recording surface) and
stored in the initial value area 180a (223a) of the
15 RAM 18 (memory section 223).
Thereafter, fhe initial value determining-section
224 correéts, by respective amounts éorrespondiné |
to respective change rates corresponding to the
respective heads, learned values that are obtained in
20 all zones of all the heads (recording surfaces), and
are copied into the initial value area 180a (223a)
(step B4). Specifically, supposing that the learned
value obtained in zone #n during the manufacturing
stage is represented by x(n), the learned value
25 obtained in the predeterminédwzoﬁe #s during the
manufacturing stage.by x(ns), and the learned value

obtained in the predetermined zone #s upon activation



val ue obtained in zone #n during the manufacturing stage is represented by
x(n), the learned value 25 obtained in the predeterm ned zone #s during the
manuf act uri ng stage by x(ns), and the | earned value obtained in the

predet ermi ned zone #s upon activation 33 of the HDD, a corrected | earned
value x1(n) in the =zone #n is expressed by the foll ow ng equation: x' (n)
= X (n) *xs/x (ns) (5) where xs/x(ns)-reyyesents the change rate of the 5
| earned val ue. The relationship between each | earned value and its.
corrected val ue, obtained in one head (recording surface), is shown in

FIG 10. In theShew giseq digretfldsd lleiart?%di RAGR! &'l (@3r ned tyal ues

obt ai ned before 10 correction (at the manutacturing stage), and the broken

l'ines indicat e zogar ped i\alekes i ald Fol16WineC e tivRen activation
of the HDD). As aforementioned, in ?ﬁg first nndi??ﬁafﬁbn, the runout

component is cal cul gieh)by= refroakRisg (n@)t he 15 predeternmingg)track TRs of
the predeterm ned zone #s in each head (recording surface). On the basis

of the relati abstep xd/3 nE)angd reated)t shadthse ehanye ralteafedhe unout
conmponent and the | earned value (initial value) in the same zone #s of the
sane head (recdredimmpd aduef.ace) as above, which is copied into the initial
val ue area 180a (223a), a |earned value obtained at the present stage in
each zone of the sahéaglationship between each learned value and
its corrected value, obtained in one head (recording
. surface), is shown in FIG. 10. 1In the shown case, the
solid lines indicate learned values obtained before
10 correction (at the manufacturing stage), and the
broken lines indicate learned values obtained after
correction (upon activation of the HDD).
As aforementioned, in the first modification, the
runout component is calculated by relearnihg in the
15 predetermined track TRs of the predetermined zone #s
in each head (recording surface). On the basis of the
relationship (the change rate) between the relearned
runout component and the learned value (initial value)
in the same zone #s of the same head (recording
20 surface) as above, which is copied into the initial
value area 180a (223a), a learned value obtained at
the present stage in each zone of the same head
(recording surface) as above is estimated. The
learnéd value in each zone of the same head (recording
25 surfaée)-as above, copied into the initial value area

180a (223a), is replaced with the estimated learned

value. In the first modification, since the runout



(recording surface) as above is estimated. The |earned value in each zone
of the sane head (recording 25 surface) as above, copied into the initial
val ue area 180a (223a), is replaced with the estimated | earned value. In
the first nodification, since the runout 34 conponent is calculated by
learning not in all zones of each head (recording surface) but in the
predeter- mned zone #s, the tine requireglgfor activating the HDDis
prevented from being | engthened because of the 5 | earning process executed
upon activation of the HDD. [Second Mdification] A description will be

g1 ven of a secarshysmslbidt o8 ATy Dt dd S RDMEIRRE HATLE O By W L

reference to Fl and 2 for facilitdting the description. I'n the

above- descri betf i ¢adh Mshid | pESdIUidFasueth ceRIBias APt gk ddetaspect i ve
zones of each head (recording surface) during the manufacturing stage are

corrected upon reiried atormm #d, tttee HIhe arstniheed Mier aarineatiery ltear ned val ue
of each zone is commonly used 15 irrespective of which track in each zone
is used as a tEDRets tprakentdodefmon mainy i reridtthexsnt beeusd ef thif | uence
of the runout conponent differs between different track positions.

Accordi ngl y, theeagting trepcesmrenarwied aiphre aqivitvad way ©f ridiec #D®.an
accurate 20 runout conponent for each track in the same zone. Therefore,
in the first moffesend iMpdifirakirn]l to nore accurately correct a change in

runout conponent, A description will be given of a second modifica-

tion of the above-described embodiment, with reference
to FIGS. 1 and 2 for facilitating the description.

10 In the above-described first modification, learned
values obtained in respeetive zones of each head
(recording surface) duripg the manufacturing stage are
corrected upon activation of the HDD, and the thus-
corrected learned vaiue of each zohe is commonly used

15 irrespective of.which track in each zone is used as
a target track. However, even in the same zone, the
influence of the runout'compohent differs between |
different track positions. Accordingly, the corrected
learned value does not always indicate an accurate

20 runout component for each track in the same zone.l
Therefore, in the first modification, in order to
more accurately correct a change in runout component,
it is necessary to increase the number of zones and
reduce the number of tracks that belong to each zone.

25 In this case, a longer time is required for the
learning process executed in the HDD mahufacturing

stage and the correction process executed in the HDD



it is necessary to increase the number of zones and reduce-the number of
tracks that belong to each zone. 25 In this case, a longer tinme is required
for the 1learning process executed in the HDD manufacturing stage and the
correction process executed in the HDD 35 activation stage. The second
nodi fication ains to nore accurately correct a change in runout conponent
due to a' change in track position, w thowsincreasing the nunber of zones.
The second nodification is 5 characterized in that runout conponent val ues
are obtained by learning in a plurality of tracks of each head (recording

surface) in thediiawEud atiayd.Ng THe a@Rord thorl iFiVAGI08 iadlsC tgndi cati ve
of the relationship between the runout conponent and the 10 track position

(radial positi areoractantatdilsk chrrectol aneld rHemuhRute Yorpdnealtues,
thereby storing, in the FROM 17, information indicative of the
characteristic dueerts rmafdhangeefier rtachdko pas i'tivmutvi thdaitadnredisitig
i nformation"). The second nodification 15 is also characterized in that the
runout char act éihe immben wifozemeson e esdonte abdificathient & upon
activation of the HDD. In the second nodification, the FROM 17 includes a
runout cRar act éhaRactefiged igh thats iawmeutn ceopRn@nt] ¥Alukse arenout
characteristic areg 170%§§tores runout characteristic information for each
ingck

head. In this MEPETARY tife anPrdip lddat iadn txagks of each

head (recording surface) in the HDD manufacturing
stage, and a characteristic indicative of the
relationship between the runout component énd the

10 track position (radial position) on each disk 1 is
-obtained from the learned values, thereby storing,
in the FROM 17, information indicative of the
characteristic (hereinafter referred to as "runout
characteristic information"). The second modification

15 is also characterized in that the runout character-
istic information for each head is corrected upon
activation of the HDD.

In the second modification, the FROM 17 includes

a runout characteristic area 170b as shown in

20 FIG. 11A. The runout characteristic area 170b stores
runout characteristic information for each head.
In this case, the RAM 18 and the memory section 223
include runout characteristic areas 180b and 223b
as shown in FIGS. 11B and 11C, respectively.

25 The contents of the runout area 170b of fhe FROM 17
are copied into the runout characteristic areas 180b

and 223b. The runout characteristic information for



i ncl ude runout characteristic areas 180b and 223b as shown in FIGS. 11B
and 11C, respectively. 25 The conténts of the runout area 170b of the FROM
17 are copied into the runout characteristic areas 180b and 223b. The
runout characteristic information for - ------------- 36 each head is
obtained by the CPU 16 in the follow ng ‘manner. First, runout conponent
values in a plurality of tracks of each3gead (recording surface) are
calculated by learning in the HDD nmanufacturing stage. 5 On the basis of
the resultant |earned values, the characteristic of the runout.conponent

values with regeachebd tikaoktaesel BYS theadipdl 1803t itaRS felillawiﬁ'gsk) i's
approxi mated using a line graph or a curve graph for each head. Function

i nformation inglagakrve Freft,t kanape’ esnpbhiedf kan@eer igURVH18FARALYS used
as the runout characteristic information. Referring then to the flowhart
of FIG 12, thef prackssodf eachr etidndreberkdéagnsdrrakceg¢sageni ti al val ues)
executed in the second nodification will be 15 described.. Upon activation
of the HDD of Er&culatedebyChearéivgpiiesthenHDPemanndattohdngcseagetic area
180b (223b) in the RAM 18 (nenory section 223), runout characteristic

i nf or mat Pon f oPNeible hegdssodr &hei wesupsantinderrordr yelluesst thearea 170b of

the FROM 17 20 (step Cl). After that, the initial value_determ ning section
characteristic of the runout component values with

respect to track positions (radial positions on a
disk) is approximated using a line graph or a curve
graph for each head. Function information indiéative

10 of the approximatibn line or curve graph is used as
the runout characteristic information.

Referring then to the flowchart of FIG. 12[ the
process of correcting the learned values (initial
values) executed in the second modification will be

15 described. Upon activation of the HDD of FIG..l, the
CPU 16 copies, in the runout characteristic area 180b
(253b) in the RAM 18 (memory section 223), runout.
characteristic'information for each head stored in
the runout characteristic area 170b of the FROM 17

20 (step Cl).

After that, the initial value determining section
224 is activated. As in the first modification, the
initial value determining section 224 again executes
the learning of the runout component in predetermined

25 track TRs of predetermined zone #s (s is one of 0 - 3,
e.g. 2) on each head #0 - #3 of two disks 1 (step C2).

Subsequently, the initial value determining section



224 is activated. As in the first nodification, the initial value

determ ning section 224 again executes the |earning of the runout
conponent in predeterm ned 25 track TRs of predeterm ned zone #s (s is one
of 0 - 3, e.g. 2) on each head #0 - #3 of two disks 1 (step C2).
Subsequently, the initial value determ ning section 37 224 calcul ates the
change rate of the |earned value (relLeanned.value) obtained in the zone #s
on each head by relearning, in the following manner. First, the initial
val ue determ ning section 224 estimates a 5 | earned val ue (runout

component) in bbg Loack1IBSsOfhe CARlnbEAARMI hBOthOeLERELANARGE LI | NG

stage on t he asis of a runout charalteristic (apprOX| mation |l1ne or

curve graph) ingdkbsahedelYvhiieyt opbaiacleihSthe zbRbOREBEHL08aERPhEAGI Nt O
the runout characteristic 10 area 180b (223b) of the RAM 18 (nenory section

223) (step C3py. réhenealihgl, ihhenkenicbil abwyabufadabel M pipgt, SEBéi on 224
cal cul ates, for each head, the change rate .of the aforenentioned

rel earned val ugntigikevheaenddteynlinéngssentiod a4t betsinapeE3a(step C4).
15 After calculating the change rate of each |earned value for each head,
the initbal valeerdetdewmiloendruseuti comp2dend)r ént thebyraekp®BEi o anounts
corre- sponding to respective change rates, the runout characteristic

i nformati on of each headsdyrdngdthe HODt mennfacturéndr ataeei oni tharea 180b

(223b) (step C5). ., Specifically, supposing that the |earned val ue
basis of a runout characteristic (approximation line

or curve graph) indicated by runout characteristic
information copied into the runout characteristic

10 area 180b (223b) of the RAM 18 (memory section 223)
(step C3). Thereafter, the initial wvalue determining
section 224 calculates, for each head, the change rate
of the aforementioned relearned value to the learned
value estimated at the step C3 (step C4).

15 After calculating the change rate of each learned
value for each head, the initial value determining
section 224 corrécfs, by féspective amounts corre-
sponding to respective change rates, the runouf
characteristic information of all heads stored in

20 the runout characteristic area 180b (223b) (step C5).
Specifically, supposing that the learned value
obtained in predetermined zone #s during the
manufacturing stage is represented by x(ns), and
the learned value (relearned value) obtained in the

25 predetermined zone #s upon activation of the HDD
by xs, the initial value determining section 224

multiplies, by a change rate of xs/x(ns), the runout



obt ai ned in predeterm ned zone #s during the manufacturing stage is
represented by x(ns), and the | earned value (rel earned val ue) obtained in
the 25 predeterm ned zone #s upon activation of the HDD by xs, the
initial value determ ning section 224 multiplies, by a change rate of

xs/ x(ns), the runout 38 characteristic (indicated by an approximtion |line
or curve graph) obtained in the HDD mandgacturing stage, thereby
correcting the runout characteristic. Accordingly, a runout conponent

val ue obtained in 5 a target track can be corrected nore accurately by

cal cul ating thenbilaYLr3QERENTThaYBLYEATBy ln! BpbEBkindRLYR inkNgrbasis of

the corrected runout character- c. In"o s, In the second

modi fication, cLbgeUgeaph)acbtBPHEACHAN RRbCHDS! Menh@hceaeingeatad, enabl es
nore accurate correcfion of a change in runout conponent due to a change

in track posititBBrewyt bodrectifige@heNguhBatNeRlebcobrighgs. FIG 13 shows
the relationship in one head (recording surface) between the runout

characteristi cactbrigehgte, andrahbat eoempeath@nvalnet bBthigedeint he solid
line indicates the runout characteristic before correction (obtained in the
manuf act Bri ng st agepget Wirekc& the beokemrkched mdireatesurhtetyr bgct ed runout
characteristic (obtained in the HDD activation stage). 20 Like the first
nodi fi cation, chdcydeting ihei rupautosonppnentl yplukeasobhodhigiptocess to
value on the basis of the corrected runout character-
istic. In other words, in the secon& modification,
‘the use of a runout characteristic for each head
10 enables more accurate correction of a change in runout
component due to a change in track position, without
increasing the number of zones.
FIG. 13 shows the relationship in one head
(recording surface) between the runout characteristic
15 before and after correction. 1In the figure, the solid
line indicates the runout characteristic before
correction (obtained in the manufacturing stage),
while the broken line indicates the corrected runout
characteristic (obtained in the HDD activation stage).
20 Like the first modification, the second |
modification may employ the following process to
secure respective initial value areas in the FROM 17
and the RAM 18 (memory section 223). First, upon
activation of the HDD, each learned value (initial
25 value) obtained in the HDD manufacturing stage is

copied from the initial value area of the FROM 17 to

that of the RAM 18 (memory 223). Then, each learned



secure respective initial value areas in the FROM 17 and the RAM 18
(menory section 223). First, upon activation of the HDD, each |earned
value (initial 25 value) obtained in the HDD manufacturing stage is copied
fromthe initial value area of the FROM 17 to that of the RAM 18 (nenory
223). Then, each learned 39 value obtained in the HDD manufacturing stage
and copied into the RAM 18 (nenory sectigg 223) is corrected, using a
correspondi ng change rate - cal cul ated during the rel earni ng process
executed 5 upon activation of the HDD. After that, a runout characteristic

|'s approxi mat ed fit AMgRe ;G g‘ﬁlt e MY BEAMAINESS dNSRARE 4y recting

M2
(updating) information store n the runout characteristi'c area 180b

(223b) on the %;J-%d)fiﬂt%f LnER RAM 118N dinfeRidr(e sRicti@nl PO FHURRUL

characteristic. a request for seek control occurs during the track

fol I owi ng cont rYrreditdd)i tisdng @ACHREEPoAIing *hRthgen it Menmory section
223 and corresponding to the zone in which the head Is positioned at

present, can beadlepllated WuringheHareileakniadapiriocedseaxeetiteal ue obt ai ned
by the runout detector 221, as in the above-descri bed enbodi nent.

Moreover 5 a ruwpor adtdrvadtien offi cheadilie apdten robiadd @sinwgoutte updat ed
contents of the nenory section 223, thereby correcting (updating)
i nformati on st ahetragtatistindis P noximediest ifgtome thee £or8@etEe@23b) on t he
basis of information indicative of the runout characteristic.
learned values, thereby correcting (updating)
informaticc stored in the runout characteristic area-
180b (223b) on the bcsis of information indicative of
10 the runout characteristic. If a request for seek
control occurs during the track following control,
an initial learned value, stored in the memory section
223 and corresponding to the zone in which the head is
positioned at present, can be replaced with the latest
15 adaptive learned value obtained by the runout detector
221, as in the above-described embodiment. Moreover,
a runout characteristic can be approximated uéing.thé
updated contents of the memory section 223, the;eby
correcting (updating) information stored in the runout
20 characteristic area 180b (223b) on the basis of
information indicative of the runout characteristic.
Although in the embodiment and its modifications,
the present invention is applied to a hard disk drive,
it is also applicable to any type of disk drive, such
25 as an optical disk drive and a magneto-optical disk

drive, etc., in which head positioning control is

- executed to situate a head in a target position on a



Although in the enbodinent. and its nodifications, the present invention is
applied to a hard disk drive, it is also applicable to any type of disk
drive, such 25 as an optical disk drive and a nagneto-optical disk drive,

etc., in which head positioning control is executed to situate a head in a
target position on a 40 - disk. Additional advantages and nodifications
will readily occur to those skilled i-n t4pe art. Therefore, the invention

inits broader aspects is not limted to 5 the specific details and
representative enbodi nrents shown and descri bed herein. Accordingly,
various nodifigatd ons may be nade w thout departing fromthe spirit or
scope of the general inventive concept as defined by the appended cl ai ns
and their equival entzddi4l onadHAdvantEodMIAd Riodh £ ikapidmymwfianl head
positioning control that includes seek control, used to nove a head to a
target positi aeadily dicciur ded thosek shillled ig chet malt,. uSderefoxeposition
the head in a target area related to the target position, conprising:
means for det edthengrevgndsion dm ertsobrivetdeseaspeaissiits aotoflitidede&d and
the target position; neans for calculating, fromthe position error, 10 a
f eedback Sval ue thse@naridiimidedied isha@nsb diepresedtedive siphodinentsar ni ng

means for acquiring, by . . . )
shown and described herein. Accordingly, various

modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



adaptive | earning, a runout conponent that is included in the position
error and synchronous with a rotation of the disk; 15 nmeans for
calculating a feedforward val ue used to suppress the runout conponent
acquired by the adaptive |earning neans; means for generating, fromthe

f eedback value and the feedforward value, a control amunt used to 20
position the head in the target positien;4a rewitable nmenory to store
initial values used in adaptive |earning executed by the adaptive |earning
means, the initial values being values of the runout conponent obtained in
respective predeterm ned radi al wWRPES tGIAMED Idwe di sk; and

determ nation neans for selecting, fromthe nenory, one of the initial

val ues, used in adapti.veAl biysteml £bk' headi pokitdod2ngl eanbrady bhathe
adaptive |l earning neans, in accordance wth the target position, and
suppl yi ng the séhetudds saeki abntudblie usetdhtoadapei achéadrhdng tengst 2.
The system according to claim1, wherein the 5 determnation neans

i ncl udes neans P@Flgéﬁpa@nng diwkn and tsaakcéatipyinguerngrohe vsadk
follow ng_control to. switch the track followng control to the seek
control f®r anFﬁgpPﬁétHQBthS Beﬁ@mFPa?gE?r§6§|?F%ﬁ related to the

target position, comprising:

means for detecting a position error between
a position of the head and the target position;

means for calculating, from the position error,

10 a feedback value used to eliminate the position error:;
adaptive learning means for acquiring, by
adaptive learning, a runout component that is included
in the position error and synchronous with a rotation
of the disk; |
15 means for calculating a feedforward value used to
suppress the runout component acquired by the adaptive
learning means; o
means for generating, from the feedback value and
the feedforward value, a control amount used to
20 position the head in the target position;

a rewritable memory to store initial values used
in adaptive learning executed by the adaptive learning
means, the initial values being values of the runout
component obtained in respective predetermined radial

25 positions on the disk; and
determination means for selecting, from the

memory, one of the initial values, used in adaptive

-
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one of the initial values stored in the menory, with 10 a | atest val ue of

t he runout conponent acquired by the adaptive |earning neans, the one of
the initial values corresponding to a present head position. 3. The system
according to claim1, wherein the deternination neans includes neans for.
replacing, each 15 tine the adaptive |earning means acquires a val ue of
.the runout conponent, one of the initial geal des stored in the nenory,

with the value of the runout conponent, the one of the initial values
corresponding to a present head position. 20 4. The system according to

claim1, furtheleagalifg ByngheontaptiveansatAingansehny, #ROAcasta¥atbon of
the disk drive, the adaptive |earning means to acquire, by adaptive

| earning, the valithsthe thegetuposttionpoandt sippliéngeshnecteyected
predeterm ned 25 radial positions on the disk, thereby storing the values
of the runout cénpbhent vadyei tedthe aHeptiweptetruéngrmdatstn ned radi al
positions, in the I"1F1T1L TEEUEL 1P 10 111t 11 1°11 CL M43 - nenory. 5.
The system accordi ng2t-o &hgi systemuackordingnpoei silagm 4, nwheokahi themenory
to prestope the values of 5 the runout conponent acquired in the
respective preleterminadipadrarngodpelydesoneane §pskrephacing, when

it is necessary, during the track following control,
to switch the track following control to the seek

contfol for moving fhe head to a new target position,
one of the initial wvalues stored in the memory, with

10 a latest value of the runout component acquired by the
adaptive learning means, the one of the initial values
corresponding to a present head position.

3. The system according to claim 1, wherein the
determination means includes means for replacing, each

15 time the adaptive learning means acquires a value of
_the runout component, one of the initial values stored
in the memory, with the valﬁe of the runout component,
the one of thé initial values corresponding to
a present head position.

20 4. The system according to claim 1, further
comprisiné control means for causing, upon activation
of the disk drive, the adaptive learning means to
acquire, by adaptive learning, the values of the
runout component in the respective predetermined

25 radial positions on the disk, thereby Storing the
values of the runout component acquired in the

respective predetermined radial positions, in the

A



correction nmeans for causing, upon activation of the disk drive, the
adaptive learning neans to acquire, by adaptive |earning, a value of the
runout 10 conponent in a predeterm ned radial position on the disk, the
correction neans also estinmating the values of the runout conponent
acquired at present in the respective predeterm ned radial positions on
the basis of the value of the runout eon@anert acquired by the 15 adaptive
| earni ng means in the predeterm ned radial position, and on the basis of

t he val ues of the runout conponent corresponding to the respective
predeter- m nedmemdrg. positions, and storing the estimated values of the
runout conponent in the rewitable 20 nenory, the values of the runout
conponent correspondi.ng The islystess pecbirddngr ¢detcdaiinad Fadicakr positions
being stored in the nonvolatile nenory. . 6. The system according to claim
1, wherein the cowpsisingti on means divides the disk into a plurality 25
of zones corresponding to the respective predetermned radial positions on
the disk, thereby naRagoRyodhsideumgmionry &b porssorseltbet vaduesr of t he
menory, 1111111111111 11131 1111 11 1111 * CL S 44 a value the runout
conponent 2cor r e§PEnIPRGUECORBOBENL: REABbKEY, 1RothRi EASPREtL¥Eget position

‘bel ongs, and using-%he sel cteg,vilue a%,one of the initial values. 7. The
syst em accor di n§*EGSEPEIPEY GAGLE{ pPositions on the disk; and

correction means for causing, upon activation
of the disk drive, the adaptive learning means to
acquire, by adaptive learning, a wvalue of the runout
10 component in a predetermined radial position on the
disk, the correction means also estimating the values
of the runout component acquired at present in the
respective predetermined radial positions on the basis
of the value of the runout component.acquired by the
15 adaptive learning means in the predetermined radial
position, and on the basis of the values of the runout
component corresponding to the respective predeter-
mined radial positions, and storing the estimated
values of the runout component in the rewritable
20 memory, the values of the runout component
corresponding to the respective predetermined radial
positions being stored in the nonvolatile memory.
6. The system according to claim 1, wherein the
determination means divides the disk into a plurality
25 of zones corresponding to the respective predetermined
radial positions on the disk, thereby managing the

plurality of zones, selecting, from the memory,

* c L M S *




5 the seek control enables one of two heads, which correspond to
respective two recording surfaces of the disk, to be noved to the target
position, the one of the heads corresponding to one of the recording
surfaces, on which the target position exists; 10 the nenory stores, for
each of the recording surfaces of the disk, the values of the runout
conponent obtained in the respective preddderw ned radial positions, the
val ues of the runout conponent being used as the initial values in
adaptive | earning 15 executed by the adaptive |earning nmeans; and the
determ nati on maawalsel ehesruhbot tbRpOREREY cor@88p6hdihg toi bhal o¥al ues
used in adaptive |learning executed by the adaptive |earning neans, the one
of the initial thel aesespr tesphiidhngheotthgetnpositibn B8lorgs) dang
surfaces on which the target position exists, and corresponding to the
target positionusiBg the sedeechedcvaluengstonel afnthe whitiah: valhesseek
control enables one of heads, which correspond to_respective recording
surfaces of 25 a pldral Fb¢ sYs§eBk3ceardingckadchgint 1) ewbereas: recording

surface, Lo be noved _to the target position, the one of_ the heads
corresponding to onet8f FREKI FPREEPL| eRRPLeS| PRe PF) Ewo| hepds, cwhighs - 45

recording surfagggreggoﬂgigg Eggpég£93é Qﬁéiiéggrdfééséﬁéfaces of
the disk, to be moved to the target position, the one
of the heads corresponding to one of the-recording
surfaces, on which the target position exists;

10 the memory stores, for eéch of the recording
surfaces of the disk, the values of the runout
component obtained in the respective predetermined
radial positions, the values of the runout component
being used as the.initial values in adaptive learning

15 executed by the adaptive learning means; and

the determination means selects, from the memory,
one of the initial values used in adaptive learﬁing R
executed by the adaptive learning means, the one of
the initial values corresponding to the one of the

20 = recording surfaces on which the target position
exists, and corresponding to the target position.

8. The system according to claim 1, wherein:
the seek control enables one of heads, which
correspond to respective recording surfaces of

25 a plurality of disks each inCluding at least one
recording surface, to be moved to the target position,

the one of the heads corresponding to one of the

R O
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the nenory stores, for each of the recording surfaces of the disk, the

val ues of the runout 5 conmponent obtained in the respective predeterm ned

radi al positions, the values of the runout conponent being used as the

initial values in adaptive |learning executed by the adaptive |earning
means; and the determ nation nmeans selects, fromthe nenory, 10 one of the
initial values used in adaptive | earnirg 4&xeeuted by the adaptive |earning
nmeans, the one of the initial values corresponding to the one of the
recording surfaces on which the target position exists, and corresponding
to the target pemecbrdinglSuffadesysbanwhachhehd pasgktopbsgtgentrol that

I ncl udes seek control used to nove a head to a target position on a disk,

and track foll oekagteentrol used to situate the head in a target area

related to the target position, conprising: 20 nmeans for detecting a

position error betweé&he mepozyt sépres,t Korheadhand the recgedipgsiti on;

means for calculating, fromthe position error, a feedback val ue used to

elininate the p8YrERERSePEokhe ddgkri ke Baluesgofethe rvnRoukquiring, by 25

adaptive Learnin a_runout,co nent that is included in the position

error andgsyncthﬁ88§eﬁgtHgﬁaFgggtFBntthrFﬁEeGFéK? predeterminedi11 (11 J)

*

UiE 1t r§d§gl positions, the values of the runout component

being used as the initial values in adaptive learning

executed by the adaptive learning means; and
the determination means selects, from the memory,

10 one of the initial values used in adaptive learning
executed by the adaptive learning means, the one of
the initial values corresponding to the one of the
recording surfaces on which the target position
exists, and corresponding to the target position.

15 9. A system for head positioning control that
includes seek control used to move a head to a target
position on a disk, and track following control used
to situate the head in a target area related to the
target position, comprising:

20 means for detecting a position error between
a position of the head and the target position; -

means for calculating, from the position error,
a feedback value used to eliminate the position error;
adaptive learning means for acquiring, by

25 . adaptive learning, a runout component that is included
in the position error and synchronous with a rotation

of the disk;

R R



means for calculating a feedforward val ue used to suppress the runout
conponent acquired by the adaptive |earning neans; neans for generating,
fromthe feedback value and 5 the feedforward value, a control anount used
to situate the head in the target position; a rewitable nenory to store
runout characteris- tic information indicative of the relationship between
t he runout conponent and a radi al positi oA6on-the 10 di sk, and obtai ned
fromval ues of the runout conponent obtained in respective predeterm ned
radi al positions on the disk; and determ nation neans for estimating a

val ue of the runoutmeanpofient cahctbetingget fpedforwardonaltie hasdstol5 of
the target position and the runout characteristic information stored in the
menory, and suppuppPngsshthe arupoutecomponeny acauired tiyt bize ezdaphied val ue
of the runout conponent as an initial value necessary for adaptive

| ear ni ng execut tB2FYinGene@dPti ve | earning 20' neans. 10. The system
according to claim9, further conprising control neans for causing, upon
activation of the dMERPEr{£QE, 9eRETabAPYT vErPBaERenGendhAckt Baluegarde, by

adapti ve learni he .val ues .of the 25 runout_conponent in the respective
pregetern$ned Egﬁig?eﬂ%g¥V?5ﬁsV% Ue he? GFRREIOhe BN CYRRTi B t he prunout

characteristic LafQLpR!{RD RO.4NEnDARESeQEq8e hobitibn}TITIT O T 11TTI
a rewritable memory to store runout characteris-
tic information indicative of the relationship between
the runout component and a radial position on the
10 disk, and obtained from values of the runout component
obtained in respective predetermined radial positions
on the disk; and
determination means for estimating a ﬁalue of the
runout component in the target position, on the basis
15 of the target position and the runout characteristic
information stored in the memory, and supplying the
adaptive iearning means with the estimated value 6f
the runout component as an initial value necessary for
adaptive learning executed by the adaptive learning
20 means.

10. The system according to claim 9, further
comprising control means for causing, upon activation
of the disk drive, the adaptive learning means to
acquire, by adaptive learning, the values of the

25 runout component in the respective predetermined
radial positions on the disk, thereby acquiring the

runout characteristic information on the basis of a

T




47 Jlearning result, and storing the runout characteristic information in
the nmenory. 11. The system according to claim9, further conprising: 5 a
nonvol atile nmenory to prestore the runout characteristic information

obtai ned fromthe values of the runout conmponent in the respective
predeterm ned radial positions on the disk; and correction nmeans for
causing, upon activation of 10 the disk drive, the adaptive |earning nmeans
to acquire, by adaptive learning, a value of the runout conponent in a
predeterm ned radial position on the disk, the correction neans al so

estimating a runedtnipnfarashet| shhd sB6keali ¥ReOtuhbBtPERSLALLELLSEEGNShI p
15 between the runout conponent and a radial position on the disk on the

basi s of the valinfoshathenr iinothe mempegent acquired by the adaptive

| earning neans in the predeterm ned radial position, and the runout _
characteristic infoliati Bhessystdmi acthedingvbbatclibaiém?29, mEuptlerand storing
the estinmated val ues of the runout conponent in the rewitable nenory. 12.
The system accof@lMRgisdngrai m 9, wherein: the seek control enables one of
two heads, which correspond to_respective two recording surfaces of 25 the
di sk, to Be noved todt RENVelgsilpoBREPEY, tohpressoref thRernagys

i f the.recordin surfaces, on _which the target
cor r espondi ng tghgggcgergsgic Enformgtion obtained from the valueg of

position exists,
the runout component in the respective predetermined
radial positions on the disk; and
correction means for causing, upon activation of
10 the diék drive, the adaptive learning means to
acquire, by adaptive learning, a value of the runout
component in a predetermined radial position on the
disk, the correction means also estimating a runout
characteristic indicative of the present relationship
15 between the runout component and a radial position on
the disk on the basis of the value of the runout
component acquired by the adaptive learning means ih.
the predetermined radial position, and the runout
characteristic information stored in the nonvolatile
20 memory, and storing the estimated values of the runout
component in the rewritable memory.
12. The system according to claim 9, wherein:
the seek control enables one of two heads, which
correspond to respective two recording surfaces oﬁ
25 the disk, to be moved to the target position, the one
of the heads corresponding to one of the recording

surfaces, on which the target position exists:;
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1111111 ME HE 1111111 IN S 48 the nenory stores, for each of the recording
surfaces of the disk, the runout characteristic information; and the
determ nati on neans estimates a value of the 5 runout component in the
target position on the basis of the target position, and the runout
characteristic information which is included in the runout character-
Istic information stored for each recordigg surface in the nenory, and
corresponds to one of the recording 10 surfaces on which the target
position exists.. 13. The systemaccording to claim9, wherein: the seek

control enabl es one ¢heheetdrywsitelrescorbespaad bg thepeetby@ingeor ding
surfaces of a plurality of disks each including at |east one 157 recording.

surface, to be sovfdces bfiethar deéskposhei sunouthehanectetisbecheads
corresponding to one of the recording surfaces, on which the target
position existénfonmakdapryasdores, for each of the recording 20 surfaces
of the disk, the runout characteristic information; and the determ nation
means estimates a vathe éertemminpgihont mesnporehimphesha valyet offioshei on on

the basis_ of the target position, and the runout characteristic 25
i nf or mat i 8n whi CHRPYE] REMBABENEniRnBheyRBGget Position on the basis

of the target position, and the runout characteristic
information which is included in the runout éharacter—
istic information stored for each recording surface in
the memory, and corresponds to one of the recording
10 surfaces on which the target position exists.
13. The system according to claim 9, wherein:
the seek control enables one of heads, which
correspond to réspective recording surfaces of
a plurality of disks each including at least one
15 recording. surface, to be moved to the target position,
the ohe_of the heads corresponding to one of the
recording surfaces, on which the target position
exists;
the memory stores, for each of the recording
20 surfaces of the disk,-the runout characteristic
information; and
the determination means estimates a value of the
runout component in the target position on the basis
of the target position, and the runout characteristic
25 information which is included in the runout
characteristic information stored for each recording

surface in the memory, and corresponds to one of the
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characteristic information stored for each recording surface in the
menory, and corresponds to one of the 1111111111211121111 ~I1~1 |1 11Il CL
49 recording surfaces on which the target position exists. 14. A disk
drive apparatus conprising: at |east one disk including at.least one 5
recording surface; a rotary actuator that supports at |east one head

provi ded corresponding to the at |east -ondeeording surface of the at

| east one disk, and drives the at |east one head in a radial direction of
the at |east 10 one disk, the at | east one head being used to read/wite

data from and i feeokli@ngt sueZaktesnen whiehdiche tuibateposidianhead
positioning control. systemconfigured to drive the rotary actuator to

t her eby execut eexdsltsl5 control to nove the at | east one head to a target
position on the at |east one disk, and execute track followng control to
position the at | eadd.ond désk drive appgerbtuseazomplraséngto t he target
position, including: 20 neans for detecting a position error between a
position of the at | @dstlegfd I08ed vk timelugiget atpdsasitoenereans for

cal culating, fromthe positian
5 recording surface;

a rotary actuator that supports at least one head
provided corresponding to the at least one'recording
surface of the at least one disk, and drives the at
least one head in a radial direction of the at least

10 one disk, the at least one head being used to
read/write data from and into the at least one
recording surface; and

a head positioning control system configured to
drive the rotary actuator to thereby execute seek

15 control to move the at least one head to a target
position on the at least one disk, and execute track
following control to position the at 1eas£ one héad in
a target area related to the target position,
including:

20 means for detecting a position error between
a position of the at least one head and the target
position;

means for calculating, from the position
error, a feedback value used to eliminate the position

25 error;

adaptive learning means for acquiring, by

adaptive learning, a runout component that is included
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error, a feedback value used to elimnate the position 25 error; adaptive
| earni ng neans for acquiring, by adaptive |earning, a runout conponent
that is included !'lI'Il11i hull! I'I'l'J] 11111 11 111 50 in the position error
and synchronous with a rotation of the at |east one disk; neans for
calculating a feedforward value wused to suppress the runout conponent
acquired by the 5 adaptive |earning nmeansg neans for generating, fromthe
f eedback value and the feedforward value, a control anmount used to
position the at | east one' head in the target position; 10 a nenory to

store val ues of 4 hend Unos + i S0 PRGN tandhd PhciF Sn oS alrnedl 4 nedesprst i ve
predeter- mned radial” positions on the at” | east one disk and are used as

initial values ¢f el@pit VEedSBrondadiskecuted by the adaptive | earning
means; and 15 determ nation neans for selecting, fromthe nenory, one of

the initial values, used meaadapbrvealtadating hyftbdfadaptrdvealearni ng
means, . in accordance wth the target position, and supplying the sel ected
initial val ue toesetietadspppress ethai rgnowancomponant acaiskedrhyetlepar at us
conprising: ataégggivgnfegégkh;rggéﬁgﬁg at | east one recording surface;
means for generating, frqm the feedback

value and the feedforward value, a control amount used

to position the at least one head in the target

position;

10 a memory to store values of the runout
component, which are obtained in respective predeter-
mined radial positions on the at least one disk and
are used as initial values in adaptive learning
executed by the adaptive learning means; and

15 determination means for selecting, from the
memory, one of fhe initial values, used in adaptive
learning by the adaptive learning means, in accordahce
with the target position, and supplying the selected
initial value to the adaptive.learning means.

20 15. A disk drive apparatus comprising:

at léast one disk including at least one
recording surface;

a rotary actuator that supports at least one head.
provided corresponding to the at least one recording

25 surface of the at least one disk, and drives the at

least one head in a radial direction of the at least

one disk, the at least one head being used to
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a rotary actuator that supports at |east one head provided correspondi ng
to the at | east one recording 25 surface of the at | east one disk, and
drives the at |l east one head in a radial direction of the at |east one

di sk, the at |east one head being used to II1TLILLE FLEREE FHELE VELLE L T
* CLMSV51 read/wite data fromand into the at |east one recording
surface; and a head positioning control sw3tem configured to drive the
rotary actuator to thereby execute seek 5 control to nove the at |east one
head to a target position on the at |east one disk, and execute track

fol l ow ng contrekaligwReskt gkat Feoat ahaashtenehbead 1Basé baeget area
related to the target position, including: 10. neans for detecting a

position error kecoedingaspeEatepnadtl the at | east one head and the target
posi tion; means.for calculating, fromthe position error, a feedback val ue

used to elimnate tha hesid positi®ndmgoconddadt isys tlemaconig omeads toor
acquiring, by adaptive |learning, a runout conponent that is included in
t he position erdeivandheymoliesyoastuwathratootherehy ekecHgeaseekast one
di sk; 20 nmeans for calculating a feedforward val ue
5 control to move the at least one head to a target
position on the at least one disk, and execute track
following control to position the at least one head in
a target area related to the target position,
including:
i0 means for detecting a position error between
a position of the at least one head and the target
position;
means for calculating, from the position
error, a feedback value used to eliminate the position
15 error;
adaptive learning means for acquiring, by
adaptive learning, a runout component thaﬁ is included’
in the position error and synchronous with a rotation
of the at least one disk; |
20 means for calculating a feedforward value
used to suppress the runout component acquired by the
adaptive learning means;
means for generating, from the feedback
value and the feedforward value, a control amount used
25 to position the at least one head in the target

position;

a memory to store a runout characteristic
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used to suppress the runout conponent acquired by the adaptive |earning
nmeans; nmeans for generating, fromthe feedback value and the feedforward
val ue, a control amount used 25 to position the at |east one head in the
target position; a nenory to store a runout characteristic I!'I111Cl IMIII
ljI HIT 11 L 52 indicative of the relationship between the runout
conmponent and a radial position on the-at sheast one disk, and obtained
fromval ues of the runout conponent obtained in respective predeterm ned
radi al positions 5 on the at |east one disk; and determ nation neans for

estimating a vahngicativBeorupndt re2aROBABhipNLERREA! 8RE PEALLEON, on the
basis of the target. position and the runout character- istic stored in the

nenory, and suppbypbgehbeandant re@idd beaLeiof GRaBEevathilthsteshémat ed
val ue of the runout conponent as an initial value necessary for adaptive
| ear ni ng execut ddsky ahd ebaépined Feemnvaguesacs. thé. rénoetheempbdnenecuting
head positioning control that includes seek control used to nove a head
15 to a target pbskined &n zedpsktiwadpredekefmlihedi ngdishtpobitsensto. -
position the head in a target area related to the target position,
conprising: preNathaei ptngeasy paardiak; @afues of a runout
determination means for estimating a value
of the runout component in the target position, on the
basis of the target position and the runout character-
istic stored in the memory, and supplying the adaptive
10 learning means with the estimated value of the runout
component as an initial value necessary for adaptive
| learning executed by the adaptive learning means.
16. A method of executing head positioning
control that includes seek control used to move a head
15 to a target position on a disk, and track followinq
control used to position the head in a targef area
related to the target poéition, comprising:'
pre-acquiring, by learning, values of a runout
component synchronous with a rotation of the disk, in
20 respective predetermined radial positions on the disk;
calculating a feedback value on the basis of a
position error between a head position and the target
position to thereby eliminate the position error, each
time the position-error is detected;
25 . acquiring, by adaptive learning, a value of

the runout component contained in.the position error, -

at least during the track following control, each time
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conponent synchronous with a rotation of the disk, in 20 respective
predeterm ned radial positi.ons on the disk; calculating a feedback val ue
on the basis of a position error between a head position and the target
position to thereby elimnate the position error, each tinme the position
error is detected; 25 acquiring, by adaptive |earning, a value of the
runout conponent contained in.the positioB3error, at |east during the
track following control, each tinme 1111221211 J010t1 10101 21212 11 1111 * CM
53 - the position error is detected; selecting an initial value, used in

the adaptive |enenpogiticamneihervakugsteétég runout conponent
pre-acquired in the respective predetermned radial 5 positions, in

accordance with the selgetipgsahi dnitiaal edlag| ngsadf eadthevaddpiatge to
suppress the. runout conponent acquired by the adaptive |learning; and
generating, frohegheihgedbuok. thel values ¢fietié ferdiibroemponahtie, a
control anount used to position the head in the target position. 17. A

met hod of execuPFApaGEREredsiki bhengespeative phedeternimed sadkalontrol
used to npve a head ,to a target position on a disk, and track follow ng 15
control Eged topﬁﬁéF%?Bﬁ'th% ﬁ%ﬁﬂrﬂﬁn63tﬁ}§%tth?eﬁarg¢ﬁlB@%Htl@nthe t ar get

osition, conprisin .
P P gcalculatlng a feedforward value to suppress the.

runout' component acquired by the adaptive learning;
and
generating, from the feedback value and the
10 feedforward value, a control amount.used to position
the head in the target position.

.17. A method of executing head positioning
control that includes seek control used to move a head
to a target position on a disk, and track following

15 _ coﬁtrol used to position the head in a target area
related to the target position, comprlslng
pre- acquiring, by learning, values of a runout
component synchronous with a rotation of the disk, in
respective predetermined fadial positions on. the disk,
20 and extracting a runout characteristic indicative of
the relationship between the runout component and
a radial positibn on the disk;
calculating a feedback value on the basis of a
position error between a head position and the target
25 position to thereby eliminate the position error, each
time the position error is detected;

acquiring, by adaptive learning, a value of
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pre-acquiring, by |earning, values of a runout conponent synchronous with a
rotation of the disk, in respective predeterm ned radial positions on. the
di sk, 20 and extracting a runout characteristic indicative of the

rel ati onship between the runout conponent and a radial position on the

di sk; calculating a feedback value on the basis of a position error

bet ween a head position and the target - 25%54position to thereby elimnate
the position error, each tine the position error is detected; acquiring,
by adaptive learning, a.value of illljllIIIhjli2121tl 111 - 54 the runout
conmponent cont athedrimnotbecpmpohent edneainedt iheghe pukiBfohherteask
follow ng control, each tine the position error is detected; estimting an
initial value, etedempstttdsradgptheetrackefiohloginfir oontbel}aegeh vahge and
the extracted runout characteristic; calculating a feedforward value to
suppress the rtheuposdhponearracqiisrddtbgtetle adaptive learning; and 10
generating, fromthe feedback value and the feedforward value, a contro
amount used to positP§himakdéngean inithalt ¥pdue,pused én. the adaptive
111111111%111111%%%1111 L 111, * CL M5 '

ning, from the target value and the extracted
runout chafacteristic;
calculating a feedforward value to suppress the
runout component acquired by the adaptive learning;
and |
10 generating, from the feedback value and the

feedforward value, a control amount used to position

the head in the target position.
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