1 HEAD POSI TI ONI NG CONTROL APPARATUS AND NETHOD THEREFOR o TE
‘BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON This invention
relates to a head positioning control apparatus and a nethod therefor and
nore particularly, is suitably applied to a disc apparatus.for recording
on and reproducing froma disc recording nmedium such as a magnetic disc,
a magnet o-optical disc, and an optical disc. DESCRI PTI ON OF THE RELATED
ART A magnetic disc apparatus out of this type of disc apparatus is
adapted to control the positioning of a magnetic head by sequentially

swi-t ching three kinds of operation nodes: a seek node for rapidly noving

t he magneti c heaHEAB PORITAONINGt QONTROL; APHFARAPYS | AND METHODeTHERERPRDde for
settling the magnetic head at the target position, and a tracking node for
forcing the magnetic head to track the target position, in accordance wth
a positioning state of the magnetic head. Particularly in a magnetic
di sc apparatus having a flxed medi um such as a Wnchester disc, servo

i nf or mat i oOrBACKGRDUE 7 THE_ €K greinafter, this operation is referred to
as the "servo MWIte") after t he apparatus is assenbled. A disturbance
produced (iFEERROfy SHESENVENTION rot ati on of a disc at that tine

This invention relates to a head positioning control
apparatus and a method therefor and more particularly, is
suitably applied to a disc apparatus.for recording on and
reproducing from a disc recording medium, such as a . magnetic disc,

a magneto-optical disc, and an optical disc.

DESCRIPTION OF THE RELATED ART

A magnetic.disc apparatus out of this type of disc apparatus
is adapted to control the positioning of a magnetic head by
sequentially switching three kinds of operation modes: a seek
mode for rapidly moving the magnetic head to the vicinity of
target position,.a settling mode for settling the magnetic head
at the target position, and a tracking mode for forcing the
magnetic head to track the target position, in accordance with a
positioning state of the magnetic head.

Particularly in a magnetic disc apparatus having a fixed
medium, such as a Winchester disc, servo information is often
written (hereinafter, this operation is referred to as the "servo
write") after the apparatus is assembled. A disturbance produced

in synchronism with a rotation of a disc at that time



2 (hereinafter, this is referred to as the disc rotation synchronized

di sturbance) is not so large, so that it can be suppressed by ensuring a
sufficient control bandwi dth through a closed |oop systemusing a
proportional, integration and differential (PID) conpensator, an H [err]
controller or the Iike upon tracking. However, in a magnetic disc
apparatus of a nedium exchangeable type, such as a disc pack, a
first-order conponent of disc rotation®synchronized disturbance
(eccentricity) generally varies whenever a nmediumis replace with another.
Al so, second-order and nore di sturbance conponents may often becone |arge
as conpar d@eﬁﬁmaﬁtMQrfé’Hsc igi §Ef%1$)‘iﬁ;ﬁf M§sggh? heigq xo¥atiedi um t ype,

dependi ng ’ét ngégt%tbsl on gggg aI‘?‘{}" asgﬁ IF?'%‘LG rﬁ)n%?ort E: the llaé ke during

t he servo peC| nat ur al

nunber ) %fupgkéﬁséétﬁ}'%tﬁ:}iﬁ haoaaf-@&;@n%t bREPSE BEhaWAEH' wb&rgﬁ@ di sc
suffers fromeccentricity (i=l); when a track on the disc is deforned into

an oval orcliosédf Lobpespstagre usiing) a plaport iohalpeintedrathonhianl t he disc is
manuf act ured, has been deformed (i[err]3); and so on. Further, from
the fact tdififeregtirintiil) COMPRESALRE, Ho& A Gﬁ’Pﬁ§°er%)ﬁhﬁaélbécorre
nore strict du to parrower track pitches, it is nore and nore difficult
to ensure é’gh? Fosking- suppression ratio for the disc rotation

synchroni zed dicieveRaNER a denethesalsesappardtasi ber 2dpsdiwn of a fil ter
for suppressing the
exchangeable type, such asra disc pack, a fxrst—order component
of disc rotation synchronized disturbance (eccentricity)
generally varies whenever a medium is replace with ancther. Also,
second-order and more disturbance components may often become
large as compared with a magnetic disc apparatus of the fixed
medium type, depending upon the rotation aécuracy of a spindle
motor or the like during the servo write.

More specifically, an ith component (i is a nétural number)
of disc rotation synchronized disturbance may occur when the disc
suffers from eccentricity (i=1); when a track on the disc is_
deformed into an oval or indefinite shape (i=2); when a stamper,
from which the disc is manufactured, has been deformed (iz3); and
so on.

Further, from the fact that requirements to the head

~ positioning accuracy has become more strict due to narrower track
pitches, it is more and more difficult to ensure a sufficient
suppression ratio for the disc rotation synchronized disturbance.

For this reason, the introduction of a filter for suppressing the



3 disc rotation synchroni zed di sturbance has been proposed, wherein a
“si nusoi dal wave generating nodel is inserted in a closed |loop, in an
application of an internal nodel principle, to increase the gain at its
di sturbance frequency to ensure the suppression ratio. As one of such
filters for suppressing disc rotation synchronized disturbance, an
adapti ve feedforward cancel l er (AFC Ad%Ptlve Feedf orward Cancel | ati on)
has been proposed. Here, a control system 1 using the AFC is
illustrated in Fig. 1. This control system 1l is operative when a

synchroni zed disturbance d(t) at aégredetern1ned frequency is |nguttgd to
a contr ol Pé8CoBpertion sync r%‘bﬁff‘b stnebancs hasaheent ?E‘?ﬁ?ﬁ?@y EYeHR a

digital Flrst ri S [ e d(t)
s nput tod E3RbESLSH AR astbER A BPURE fr MIUCIAER £7 Ehguad 780!
control | ed jabhgch ;Eifaaﬁx%npaevwlefhw:tnluamwmwxpma t6& RR¥readbCthe
synchr oni zed dlsturbance d(t), and sends an out put y(t) I n accordance with
t he conpongatint att ifes diahgmbenagdfanuﬁmsyAﬁc:énsung'tBe supprefsdion mgtidat
the frequency of this éﬁﬂlodlc s nchroni zed, disturbance

represent e&sbynfe?f]‘i‘} Jﬁl]"eth on Surpyessi %?rﬂ:‘fﬁ‘oﬁf’féﬂ"g‘gts%ﬁ‘%&'ﬁ&ézﬁ?t)
lb\lscg)s(?[ :ff] : ts)migl at n%fleér O\Mdt'lgt:.@gu@ééﬂ&rwarg(éanceller (ﬁ? Adaptxve
Subsequent Ipsedifdriried Afdaddllheion) Hdie beehPpiopddeda.of the
Here, a control system 1 using the AFC is illustrated in Fig.
1. This control system 1 is operative when a synchronized
disturbance d(t) at a predetermined frequency is inputted to a
controlled object P(s) to suppress the disturbance frequency
using a digital AFC filter 2. First, when a péfiodic synchronized
disturbance d(t) is inputted to the controlled é;bject P(s)
through an adder 3, the controlled object P(s) is provided with a
component of the periodic sirnchronized disturbance d(t)_:, and
sends an output y(t) in accordance with the component to the
outside and to the AFC filter 2.
Assuming that £he frequency of this periodic synchronized
disturbance d(t) is represented by ®,/27, the periodic
synchronized disturbance d(t) is expressed by the following

equation:
d(t) = A;cos(w,t)+B;sin(ut) e (1)

Subsequently, in the AFC filter 2, the output y(t) of the



4 controlled object P(s) is provided to corresponding multipliers 3, 4,
where ‘the output y(t) is nmultiplied by cos([err]it+[err]i) and sin([err]it+
[err]i), respectively. Then, the nultiplication results are supplied to
integrators 6, 7, respectively. The integrators 6, 7 integrate the

mul tiplication results of the multipliers 4, 5, respectively, to produce
AFC coefficients ai and bi, respectively. [err]i represents the phase

val ue of the frequency [err]i/2[err] in“the transfer function froman AFC
addition point (u(t)) of the controlled, object P(s) to an AFC drawin

I nt t)),. T F f.ficieng ' d _bi thus, dyced
Tl i pl | ctPEFotgd PETPTF (B, 4= PRoTLIed 69 CorgepRottil FUERPRERER o or o
ul ¢ B8 PEIPTY () Cna® p FR AP
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i nput u(tP,yp deperivedyl edihehj, cehe FaeltiplliicatibAprésul(is) are suppbbadd by
the foll ow ng equation: u(t) = aicos([err]it)+bisin([err]it)
(2) to intepyatoggch, 3T akesrestivelput Thet jntegrakonse i odi tntegrate

synchroni zed di styr.b d(t) .t or.edet er mi ned f
e o g At it 2aBEPn Giadnlkl BHR PhS R R EERoA (8 e R PR X vy
a feedf O%%@%%&%e fgi gl Hééf‘ﬂiéi%té':g*f Idd 9., Zréls%e'&grvhi?f’?d <i>§ repeated so

that the cients a and b are both conveérge to the AFC
coeffici epepreésentds Bhecphasentaihe Rft BRe pLréqitiney sy /AT dni €lsd tdiansEebance

d(t), and consequently, the periodic
i function from an AFC addition point (u(t)) of the controlled,
object P(s) to an AFC draw-in point (y(t)).
The AFC coefficients a, and b; thus produceq are multiplied by
cos(m;t) and sin(w,t), respectively, in multipliers 8, 9
corresponding thereto, and then the respective multiplication
results are added in an adder 10, with the addition result

serving as an input u(t) to the controlled 6bject P(s). This

input u(t) is expressed by the foliowing equation:
u(t) = acos(mt)+b;sin(wt) eee (2)

The adder 3 adds this input u(t) to the periodic synchronized
disturbance d(t) to suppress a predetermined frequency component
within the periodic synchronized disturbance d(t). In this way, a
feedforward control using the AFC filter 2 as mentioned is
repeated so that the AFC coefficients a and b are both converged
to the AFC coefficients A and B represented in the periodic

synchronized disturbance d(t), and consequently, the periodic



5 synchroni zed di sturbance d(t) is canceled by the input u(t) in the
‘adder 3. Actual Iy, since the cal culation processing perfornmed by the
AFC filter 2 (hereinafter, this is referred to as the "AFC cal cul ation
processing”) is generally performed in a digital signal processor (DSP),
the AFC coefficients a and b are updated in accordance with update rules

expressed by the follow ng equations, respectively: ai (kT) =
ai ((k-1)T)+giy(kT)cos([err]ikt+[err]i) 3 ... (3) bi(kT) =
bi ((k-1)T)+giy(kT)sin([err]ikt+[err]i) ... (4 where k is

an integer indicative.ot.a s | in | neg, and s, a  sanpling interval. In
this event,s¥9ﬁ95$?§fgﬁ1%féﬁﬁég§%9fta&%§f¥ﬁ caPﬁﬁIFFoﬁg the gﬁ@“ﬁFﬁf?)l’Fbr 2,
C(t) (=u(t)¢pd tadger §.expressed by the follow ng equation: [err]
(5) [err] Next, Fig. 2 illustrates a conventi onal
magnetic disc agimaldyyssifice Bhe rajjoelatidli Proeppaing Yserdrnoliaby Stk
plurality of magnetic discs 11A and |1 B at a high speed in accordance with
the rotati F®ffidtesi Ad(kexpinaites, { bhisiris ineferned) tams thentik¥@neousl y
TOVeS nagn%ééféd¥% QEnlﬁﬁbéééékﬂ%"?DQQtSﬁhé¥a11y performed in a digital

signal processor (DSP), the AFC coefficients a and b are updated

in accordance with update rules expressed by the following

equations, respectively: .

a; (kT)

a; ((k-1)T)+g,y (kT)cos (w0, kt+D,) eee (3)
b, (kT)

b, ( (k-1)T)+g,y (KT)sin (okt+®,) e (9)

where k is an integer indicative of a saﬁbling time, and T is a
sampling interval. In this event, the system function (transfer

function) of the AFC filter 2, C(t) (=u(t)/y(t)), is expressed by
the following equation:

t(cos(P;)t - cos(w;, T + Py))

Ci(t) =
< (%) £ - 2 cos(w; T)t + 1

... (5)

Next, Fig. 2 illustrates a conventional magnetic disc
apparatus 10. The magnetic disc apparatus 10 rotates a plurality
of magnetic discs 11A and 11B at a high speed in accordance with
the rotation of a spindle motor 12 for driving them, and

simultaneously moves magnetic heads 14A to 14D mounted at



6 respective tips of novable arns 13 in accordance with the driving of a
-voice coil notor (VCM 15 to align them corresponding to one face 1l AX
11BX and the other face 11AY, |IBY of each magnetic disc.11A, |1B, so that
data is recorded or reproduced by each of the nagnetic heads 14A to 14D
whi ch follows respective tracks fornmed concentrically or spirally on the
one face 11AX, 1IBX and the other facegl 1AY, || BY of each of the magnetic
discs | 1A, 11B. Servo schenmes for use in this magnetic di sc apparatus
10 include a so-called enbedded servo schenme, a servo face servo schene,
and so on._In the enbedded servo, schene, .a,plurali of .servo reqiqQns are
formed suZREPREFEYROE GEARYABIS atas panifatindaned it tik filytas
equi - angulggr byvgidé deoiatdeb2d(0at) LcS8iYGn iR dBiireQBohdi s dad

bet ween the data regions. The servo face sefvo scheng, ich is intended
for a | ar Faceapdax} y11exX) amid thedotiternfaaealldAYaViBy of elachabhadgnetdic di scs,
specifies one face of one magnetic disc anong themas a face dedicated to
servo infddssalidn, 15Bcisq thatsdatd ’r-ﬁfl&cﬁﬁ#Pngsrméé bnteadht wf over

e shect yedalBtes s noedll M3 eLUR ARG oRRoF AR L RERIA Vg, 20T VO
Lo Dase,s o e e o e aad Fort ey o @
magneti c thadothdA facd 4AL1AY, 11BY/of ggaahdwrecthei gaghetdk ddiscselildy 11B.
repr oduci ng servo information in_the respective servo regions on the
faces 11A Sexrvo schemes for use in this magnetic disc apparatus 10

include a so-called embedded servo scheme, a servo face servo

scheme, and so on. In the embedded servo scheme, a plurality of

servo regions are formed such that they radially extend from the

center of a disc to equi-angularly divide data regions, and servo

information is embedded between the data regions. The servo face

servo scheme, which is intended for a large capacity magnetic

disc apparatus having a plufality of discs, specifies one face of

one magnegic disc among them as a face dedicated to servo

information, such that servo information is embedded entirely

over the specified face.

With a servo scheme as mentioned, respective servo regions

formed on the faces 11AX, 11BX and the other faces 11AY, 11BY of

the magnetic discs 11A, 11B are formed with servo information

serving as a time base, from which positional information can be

provided for the magnetic heads 14A to 14D.

A reproduced signal S1 derived by reproducing servo

information in the respective servo regions on the faces 11Aa,



7 11BX and the other faces 1l AY, 11BY of the magnetic discs 11A, | 1B by
~the nmagnetic heads 14A to 14D are anplified by a preanplifier 15, and
converted into a digital formby an AAD converter 16 to generate a
reference signal S2 which is sent to a position error signal generator 17.
The position error signal generator 17 generates a position error signal
(PES) S3 representing how far the respegtive magneti ¢ heads 14A to 14D
deviate fromtheir target tracks based on the reference signal S2, and
sends the position error signal S3 to an adder 19 and a switch 20 in an

AFC corr ecii?ﬁ S WHY oth¥s! SG;’SB:[I(%AT!(,JU:II’.I% éﬁf Sh%o%sgéif’é‘ (;ﬁ%%g RiasSystem

18 supplies e error signa ters™21A t

respectivelys byrehiemaghBeisméads AAa eserdb efrd hapalsiedwyt iasoned AFC

cal culation processing to suppress the first-order to fourth-order
conponent spredampl iffiey A8t aahdrcenmeatsednintel alidigitiednferm hyl anhadrADadds t he
out puts of the AFCfi%Fers 21A to 21D _by an adder .22, Tge ddition result
is sent toCPRESEYRR1C &S APBRERCS & FefERen%e Alanrl RAWBIf IS SPRRato .

The swi tch?tgslgﬁi%gn%érﬁgstgg §ft§‘éhetz%t%9 PN state only in a tracking node,

and are le ale 1n"a seek node or in a settling node, other

than the trackrhRg posicichnéerot heididll geheraton IMAenevatéd &ippsdkiSh whi ch
is supplied froma control node sw tching unit 24. Assum ng herein
that the r 6FXPFoptINGY dBPEENCH3 orennesentingt hew far the respective

magnetic heads 14A to 14D deviate from their target tracks based
on the reference signal S2, and sends the position error'signal
83 to an adder 19 and a switch 20 in an AFC correction céntrol
system 18.

The AFC correction control system 18 supplies the error
signal S3 to four AFC filters 21a tof21D, respectively, through
the switch 20, executes the aforementioned AFC calculation
processing to suppress the first-order -to fourth-order components
of a disc rotation synchronized disturbance, and then adds the
outputs of the AFC filters 21A to 21D by an adder 22. The
addition result is sent to the adder 19 through a switch 23 as an
AFC output Signal s4.

The switches 20, 23 are connected tc an ON state only in a
tracking mode, and are left in an OFF state in a seek mode or in
a settling mode, other than the tracking mode, under the control
of a mode switch signal S5 which is supplied from a control mode
switching unit 24.

Assuming herein that the rotational frequency of the magnetic



8 discs 11A IBis [err]/2[err], the systemfunctions C (z) to C4(z) of
the AFC filters 21A to 21D for canceling the first-order to fourth-order
conponents of the disc rotation synchronized disturbance are expressed by
the foll owi ng equations, respectively: [err] [err]

(7) [err] [err] [err]

(8) [err] gerr] The adder 19, on the

ot her hand, adds the phase error signal S3 supplied fromthe phase error
signal generator 17 and the AFC output signal S4 derived fromthe addition
results of ,the four , AFC filters 21A to 21D to generate an AVD correction

I
si gnal Sediscs nfﬁrbéé&uéﬁﬂ"{/i’ra Fher syptemifungdaons CAB) LR CHZYi A t hree
the AFC filters 21A to 21D for canceling the first-order to

fourth-order components of the disc rotation synchronized
disturbance are expressed by the following equations,

respectively:

_ ., Z(cos(®)z - cos(aT + 1))
C (Z) g 2 — ZCOS(QE)Z + 1 s (6)

_ o Z(coS(®,;)z - cos(2wT + P,))
CZ(z) gz zz - zcos(zam)z + 1 T (7)

z (cos(d;) 2z — cos(3wT + Ps))
% - 2 cos(3wr)z + 1

C:(z) = g, ces (8)

'= . z(cos(d,)z ~ cos(4wT + P,))
C(2) = 9 7 - 2 cos(4aT)z + 1 ree )

The adder 19, on the other hand, adds the phase error signal
83 supplied from the phase error signal generator 17 and the AFC
output signal S4 derived from the addition results of the four
AFC filters 21A to 21D to generate an AVD correction signal S6.

Subsequently, a pair of switches 29, 30 each having three



9 I nput and output term nals are disposed before and after a tracking
controller 26, a settling controller 27 and a seek <controller 28. The
switches 29, 30 are switched in association wth each other based on a
node switching signal S5 supplied from the control node switching unit 24
such that an output terminal of one switch is connected to an input
termnal of the other switch at the sane position. Thus, when the
magneti c heads 14A to 14D are positione® at their respective target
tracks, the AFC correction control system 18 sw tches the sw tches 20, 23

Lo an oFr Lpae g iphdchent B St S ToRg e rBrE wd SR Ao The |

( : subsequen e dn
magneti ¢ di ek HRPHRALFS116r 26! GNadee LG Udrithloi 16 2heaf ek sgefe, the
settling node and the tracking node. In this way, the AFC out put

signal S4 centsolklem 28he Thkaswitehesn2y, i30 hlre swhtdhew impdeseoiatixn t he
adder 19 adds the AFC output signal S4 and the phase error signal S3to
gener at e t wath sgach qthex; based | gh A mede pyitrhing signal $Hsuppidiffnfrom

control e o, 26, ooy cor TG EAFKLIGLORLLObE oLo B0 (GakCUh LGS, AL, R95AL T ON

informatio e magneti c ased on't C Ccorrection

signal S6 pe gReeswitl? i3Ca8nRédtddLoSaiNPhput! tdiniRall 6£ CEHY thed i nto an
analog formby a D/A converter 31 and then sent to a voice coil notor

driver 32. shitehrasilte shive positdowi| notor driver 32 can drive a voice
coil notor 33 based on the head .

Thus, when the magnetic heads 14A to 14D are positioned at
their respective target tracks, the AFC correction control system
18 switches the switches 20, 23 to an ON state only in the
tracking mode and switches the switches 20, 23 to an OFF state in
the subsequent seek mode and settling mode as the magnetic disc
apparatus is switched seqnentiaiiy to the seek mode, the settling
mode and the traéking mode.

In this way, the AFC output signal 54 is sent to the adder 19
only in the tracking mode so that the adder 19 adds the AFC
output signal S4 and the phase error signal S3 to generate the
AFC correction signa1 S6 which is sent to the tracking controller
26.

The tracking controller 26 calculates head position
information on the magnetic heads 14A to 14D based on the AFC
correction signal S6 to generate a head driving signal S§7 which
is converted into an analog form by a D/A converter 31 and then

sent to a voice coil motor driver 32. As a result, the voice coil

motor driver 32 can drive a voice coil motor 33 based on the head



10 driving signal S7 to nmake the magnetic heads 14A to 14D follow target
‘tracks forned on the correspondi ng faces 11 AX, 11BX, 11AY, 11BY of the
magneti c discs 11A, 11B, respectively. In the seek node or the
settling node, on the other hand, the error signal S3 generated by the
error signal generator 17 is supplied directly to the settling controller
27 or the seek controller 28. The settling controller 27 or the seek
controller 28 respectively cal cul ateslthead position infornmation, and sends
its calculation result to the voice coil notor driver 32 through a DA

converter 31,as a head_drjvin I gnals S8 or, S9. Consequently, the voice
coi | not or SG}YiRG signal,s rFVg"ﬂsk?Fe i magnetiq hesds 1&Pi%r143gf85§€ﬂ on the

e O o PErgl O ach Formla dh IV RokDEPRANGY R T1A N 110k T PIREPK O

settle on tar track on the correspording faces 1l

11 AY, | 1BY11pt éheaHegiagheeidi arsesliAa, | 1Bs, nasrctively. I'n the
magneti c di sc apparatus 10 configured as described above, the AFC filters
21A to 21D exetntihe ([rReel sodaeor i thee$eAEling ahedd atonokhpr otlems ihapdhaskd on

the error signal S3 derjved b reproduci ng the magnetic discs 11A, 11B and
adds the Aﬁﬁgﬁﬁti)fﬁnaqs isanan%a'é%deBWe i‘g’fil eEF iﬁfﬁ“%és gPRe¥atethd7eifor

signal S3 | il ey Lst g?%ﬁﬁ f uepc ' occurs in
synchroni S%T]ngpf#cﬁ hdéi r ot é%i gﬁﬁﬁf%&&éﬁ%@ ?)é e r%{;‘rilgt ?g é(dllléé\/{cyse(%ﬂl 1A, 11B
derived freonthelbexr @8.Si Phéllsetling con¥dl Iidic 2nngpethe seakdeordfol Lerd 4D

are noved fromtracks, on which the magnetic heads 14A to 14D are

currently B8s¥espsrkfively calculates head position information, and. sends
its caldulation result to the voice coil motor driver 32 through
a D/A converter 31 as a head driving signals S8 or S9.
Consequently, the voice coil motor driver 32 can drive the voice
coil motor driver 32 based on the head driving signal S8 or 89 to
have the mhgnetic heads 14A to 14D seek or settle on target
tracks formed on the corresponding faces 11AX, 11BX, 11AY, 11BY
of the magnetic discs 11a, 118; respectively.
‘ In the magnetic disc apparatus 10 configured as described
above, the AFC filters 21A to 21D execute the aforementioned AFC
calculation processing based on the error signal §3 derived by
reproducing the magnetic discs 11A, 11B and adds the AFC output
signal S4 as the calculation result to the error signal S3 to
sufficiently suppress a disturbance fréquency which occurs in
synchronism with the rotational frequency of the magnetic discs
11A, 11B derived from the error signal S3.

When the magnetic heads 14A to 14D are moved from tracks, on

which the magnetic heads 14A to 14D are currently positioned



under the tracking control, to desired target tracks, the tracking
controller 26 instructs the seek controller 28 to perform node sw tching
to have the magnetic heads 14A to 14D seek fromthe currently positioned
tracks to the target tracks. In this event, the AFC coefficients as the
AFC cal culation results by the AFC filters 21A to 21D are converged val ues
derived when the tracking control was perfornmed, and the seek controller
28 is supplied with the AFC correctionldignal S6 which has disc rotation
synchroni zed di sturbance corrected on the basis of the converged val ues.
Therefore, since the seek controller 28 has the magnetic heads 14A to 14D
seek the tunrdex theytrackingreontreldi e desimedopargghctvasiiszethei st ur bance

h b I I d, .i ' i kel h [ head
lan 1o S oERaPriTy SeRe¥pRlor 44 Shsraboke ve, SRekoBREFIIIRTAB0ER com vol i s
per f or med. RZP&&:A R shiPcéniMP UL RalBatnd %Jn%%ﬁ.t:oﬁ@@géj %Q%Oiwsg%yt he

converged AFC coefficients derived in the tracking node ones hig

difficult Epohhehesanicrendly positibhednbgacis tolithe Bapgetttiacks.t fmm nedi um
exchangeabl e type, on the other hand, is likely to suffer fromvery |arge
eccentrici Episevenh, Fheohpereerifdcirnts s thhepaAFSecalowlation: resnles

rauenoy BRTBRA Sl FLitERh Fh N e P R e R 1
fllhzczFlclﬁ F?é&r%ttluAﬁ{yO%%%B&ei abdd pedieorfied] Hhd REIsedkdditldites et fPde,
supplied with the 'AFC correction signal 86 which has disc

rotation synchronized disturbance corrected on the basis of the
converged values.

Therefore, since the seek controller 28 has the magnetic
heads 14A to 14D seek the target tracks before the disc rotation
synchronized disturbance héé not been completely corrected, it is
likely that the magnetic heads 14A.to 14D fail to settle to the
target tracks even if the seek con?rol is performed. This leads
to a problem that the feedforward control using the converged AFC
coefficients derived in the tracking mode becomes highly
difficult in the seek mode.

The magnetic disc apparatus of the medium exchangeable type,
on the other hand, is iikely to suffer from very large
eccentricity so that a compensation for disturbance of a
particular frequency component is desired even in the seek mode.
However, since the magnetic heads 14A to 14D move in the radial
direction over the magnetic discs 11A, 11B, which are rotating at

a high speed, during the seek mode, the AFC filters 21A to 21D



12 cannot execute the aforenenti oned AFC cal cul ati on processi ng based on
the error signal S3 to update the values of AFC coefficients, consequently
resulting in a problemthat considerable difficulties are encountered in
conpensating for a disturbance frequency which is in synchronismwth the
rotational frequency of the magnetic discs 11 A 11B. Further, the

di sturbance frequency whi ch was not abb& to be conpensated for in the seek
node is likely to nore adversely affe t he positioning during the
settling node, causing a problemthat the nmagnetic heads 14A to 14D cannot

be positioned to desired ta%%ﬁt tracks on the magpetjc discs 11A 11B
SUMVARY OFFapnpet RyeRptenthe aforgmeptipngd AFC FB}‘ég’o?*r?g’,“ PXOGBFRAT of this

| nventi on idd onPLRY! 8Ecd A3AaR08S L0 dheCOBRE OYa ARRATGH Hocand a met hod
t her ef or I'ch can srgniticantTy inprove e head positioning accuracy

with a singlerGeikntl] atbidequently [Besd ERGPIIRTa0Pi66lerdtMatt her obj ects of
the invention have been achieved by the provision of a head positioning

control appeEidterabdrddif ficulddesharef encountexiedc in peampeansatingofosignal
generati ng_peans generates a posi,tion efror s%%nal I ndj cative of

C I he
anount of PHEYYTRARGS JEGRUED ch fgatr fEnFhreniem with fher FPERtIORY et
track on afpé‘?&x{&cg@dhﬂ? m% ey, 19®.recting nmeans generates
frequency corfectron coefficlents for corr'ecting a disturbance frequency
occurring in sypiiier) tHe\difturbance frequency which was not able to be

compensated for in the seek mode is likely to more adversely -
affect the positioning during the settling mode, causing a
problem that the magnetic heads 14A to 14D cannot be positioned

to desired targetftracks on the magnetic discs 11A, 11B.

SUMMARY OF THE INVENTION

In view of the foregoing, an object of this invention is to
provide a heéd positioning control apparatus and a method
therefor which can significantly improve the head positioning
accuracy with a simple configuration.

The foregoing object and other objects of the invention have
been achieved by the provision of a head positioning control
apparatus and a method therefor, in which position error signal
generating means generates a position error signal indicative of
the amount of positional deviation of a head with respect to a
first target track on a disc recording medium, frequency
correcting means generates frequency correction coefficients for

correcting a disturbance frequency occurring in synchronism with



13 a rotational frequency of the disc recording mediumwhen a tracking
~control is perforned on the basis of the position error signal, and head
novi ng neans noves the head fromthe first target track on the disc
recordi ng medium on which the head is positioned as a result of the
tracking control, to a neighboring position of a next second target track
based on the position error signal and ghe frequency correction
coefficients. ‘As a result, the heaé novi ng neans noves the head from
the first target track on the disc recording nmedium on which the head is
positioned as.,a,result_of a tracki cantrol . to.a _nei.ghboring position of
Phe next Sbaotatiangb, sfraleast fh Rl fasntouly AR 75l nte
derived fromdifiaqf EBALPSLYis PREESEhED b RBRS LRLES & GHe" Eskwgm_p%@ s
performed on the™ basis of a position error signal, so that a disturbance
frequency sizall,r ang head ymotingnineans\inidveishéheohead ofyom ftheqfirsty of the

di sc recording nediumcan be corrected even in an operation in which the

head novi repraednéragksen thr dssdreeoxdingmediun, con [whigh sheuradfis
dlstance, aostsabiar S Sro BeP bl et Binglol 1l UGBS |,
Gorlbnct Pttt Be AcsBRO D URleCO Ak LG S4 g PBBBLE o o
THE DRAW Néfror signhl &hé tloxr divegogncy chrwsatdon coefficients.
As a result, the head moving means moves the head from the.
first target track on the disc recording medium, on which the
head is positioned as a result of a tracking control, to a
neighboring.position of the next second target track based on
frequency correction coefficients derived from the frequency
g correcting means when the tracking control is performed'on the
basis of a position error signal, so that a disturbance frequency
occurfing in synchronism with the rotational frequency of the
disc recording medium can be corrected even in an operation in ;
which the head moving means causes the head to travel over a
large amount of distance.
The nature, principle and utility of the invention will
become more apparent from the following detailed description when

read in conjunction with the accompanying drawings in which like

parts are designated by like reference numerals or characters.

BRIEF DECRIPTION OF THE DRAWINGS

In the accompanying drawings:



14. Fig. 1 is a block diagramused for describing the principle of an

- AFC control system Fig. 2 is a block diagramillustrating the
configuration of a conventional magnetic di sc apparatus; Fig. 3is a
bl ock diagramillustrating the configuration of a nagnetic disc apparatus
according to a first enbodi nent; Fig. 4is a flowchart illustrating
an AFC cal cul ation processing procedure in a tracking node; Fig. 51is
a flow chart illustrating an AFC cal cul a4i on processing procedure in a
seek node; Fig. 6 is a flowchart illustrating an AFC cal cul ati on

processing procedure in the seek node according to another enbodinent;
Fig. 7 is a bl B%- d} ot anblPrksdtagragyuspd Eonfiqanribisg bhe primgindei c
di sc appar at.us r di o_a_second enbodi ment; Fig. 8 is a block
di agram i | Pds Pgﬁ:‘ggﬂﬁ%‘) oﬁ}'lsé?f?’at ion of a nagnetic disc apparatus

according to agifirsl £MPY18RR! diagram F19usPrafidy HHRCkodESGiAHBion of a
illustrating the“configuration of a magnetic disc apparatus according to a
fourth enbednsentional magngti¢(Odisc appleakuslj agramillustrating the
configuration of a nmagnetic disc apparatus according to a fifth

embodi nent; anfig- 3 §¥ f blpcksdiagram dldnghraking ithe copfhguyatdon of a

conf | gur at | 90,,0L; - % RO Uia ks Ca AR Y B0 2% PL LY UubBadmiles I

Fig. 4 is a flow chart illustrating an AFC calculation
processing procedure in a tracking mode;

Fig. 5 is a flow chart illustrating an AFC calculation
processing procedure in a seek mode;

Fig. 6 is a flow chart illustrating an AFC calculation
processing procedure in the seek mode according to another
embodiment; :

Fig. 7 is a block diagram illustrating thé configuration of a
magnetic disc apparatus according to a second embodiment;

Fig. 8 is a block diagram illustrating the configuration of a
magnetic disc apparatus according to a third embodiment;

Fig. 9 is a block diagram illustrating the configuration of a
magnetic disc apparatus according to a fourth embodiment;

Fig. 10 is a block diagram illustrating the configuration of
a magnetic disc apparatus according to a fifth embodiment; and

Fig. 11 is a block diagram illustrating the configuration of

a magnetic disc apparatus according to a sixth embodiment.



15 DETAI LED DESCRI PTI ON OF THE EMBODI MENT Pref erred enbodi nents of

this invention will be described with reference to the acconpanying
drawi ngs: (1) Configuration of Magnetic Di sc Apparatus According to First
Enbodi ment In Fig. 3, where parts corresponding to those in Fig. 1 are

designated the sanme reference nunerals, a magnetic di sc apparatus
according to a first enbodinent is generally designated by reference
nuneral 40, and is configured simlar tol3he conventional nagnetic disc
apparatus 10 except that an AFC correction control system4l has a
different cg di sc apparatus 40, a

v . : 1 ed.at a high speed in
accordance wit h’i‘éﬁrr@@t éﬁb&&hﬁnt@ SE'M.@ ek idf FOI1 el \ﬁlaFQri d' SCs,

while magnetic heads 14A to 14D nounted at respective tips o

arnms 13 ar ewitv e fiereace otaladthee anccbhpanyling idrgwiags at i on of a voi ce COI|
nmotor (VCM 15 to position-the nmagnetic heads 14A to 14D corresponding to
faces 11AX, (1) BRoBfigweatdiane off Magreticy MASCcAPPRERtNS] Arcondma ke First

11 AY, 11BY JE%S her side of the magnetic discs 11A, 1IB, respectively,
wher eby the nmagnetic heads 14A to 14D foll ow respective tracks forned

concent 11 cal |y f rigl 53l bitef pelkee! 862Pedldii1nblEY ofited 13 hher face

| 1AY, 11BY of the magnetic discs to récord or repro
audi ovi sual desfgnated the Samnﬂqaference/&unnrans,thlmagﬁgﬁﬂa:Hdsdlaﬁpaﬂhtuservo
|nfornat|on serving as
according” to a first embodiment is generally designated by
reference numeral 40, and is configured similar to the
conventional magnetic disc apparatus 10 except that an AFC
correction control system 41 has a different configuration.

In this magnetic disc apparatus 40, a plurality of magnetic
discg 11A, 11B are rotated at a high speed in accordance with the
rotation.of a spindle motor 12 for driving the discs, while
magnetic heﬁﬁs 14A to 14D mounted at respective tips of movable
arms 13 are moved in accordance with a driving operation of a
voice coil motor (VCM) 15 to position- the magnetic heads 14A to
14D corresponding to faces 11AX, 11BX on one side of the magnetic
discs 11A, 11B and faces 11AY, 11BY on the other side of the
magnetic discs 11A, 11B, respectively, whereby the magnetic heads
14A to 14D follow respective tracks formed concentrically or
spirally on the faces 11AX, 11BX and the other face 11aY, 11BY of
the magnetic discs 11A, 11B to record or reproduce audiovisual

data on the tracks.

Also, in this magnetic disc 40, servo information, serving as



16 time base, is forned in respective servo regions forned on the faces
-11AX, 11BX and the other faces 11AY, 11BY of the magnetic discs |1A IBin
accordance with an enbedded servo schene, a servo face servo schene or the
| i ke, such that positional information on the magnetic heads 14A to 14D
are provided from this servo information. A reproduced signal S1,
which is derived by reproducing the serygp information in the respective
servo regions on the faces 11AX, 11BX and the other faces 11AY, 11BY of
the magnetic discs [|1A, 11B by the magnetic heads 14A to 14D, is anmplified

by a preanplifier 15, dij it%LLX converted by an A/D converter 16 into a
digital si dnﬁme PBh 18 dRaReERGETivE §REYC R Casofomed on the
reference sg I 0, | l.oge t 7 _ge .

bosi 1 on orthR?! 158, 1398 WA ERECBLN VAol TELY, Fank oBPHEL Ul sc
magneti ¢ heads 14A, - 118 Qd@dcordahco withcian babgdded Iseeld Hemeawk o t he
reference signal S2, andsends the position error signal S3 to swtches 20,
29 in an AFSuywer facei serv@achemesortehn Idke, suchthite paEttionakcti on
control system4l, ,the error sign 3 enerated, fromthe error signal .
generator 17 '%ﬁb??eﬂnt?%%ﬁfg%’?i?d%li 0t9 1 £ rﬁ’&ué’ﬁ%h‘ée%vﬁsﬁ 20,
respectivelyhi 2Rd,val §fESALdL4DY applied to either one of a tracking
controller 26, a settling controller 27 and a seek controller 28 through
the switch 29.a reprodicedFéidgndll 815 wWH¥cH ds2dore¥ed by depoahoingayid oned

AFC servo information in the respective servo regions on the faces
11AX, 11BX and the other faces 11AY, 11BY of the magnetic'discs
11a, 11B by the magnetic heads 14A to 14D, is amplified by a
preamplifier 15, digitally converted by an A/D converter 16 into
a digital signal which is sent to an error signal generator 17 as
a reference signal S2.

The error signal generatof 17 generates a position error
signal (PES) S3 representing how far the respeétive magnetic
heads 14A - 14D deviate from their target tracks based on the
reference signal §2, and sends the position error signal 83 to
switches 20, 29 in an AFC correction control system 18.

In the AFC correction control system 41, the error signal S3
generated from the error signal generator 17 is applied to AFC
filters 21A to 21D through the switch 20, respectively, and
alternatively applied to either one of a tracking controller 26,
a settling controller 27 and a seek controller 28 through the
switch 29.

The AFC filters 21A to 21D execute the aforementioned AFC



17 cal cul ati on processing based on the error signal S3 to suppress
-first-order to fourth-order conponents of a disc rotation synchronized

di sturbance, and then supplies their outputs to an adder 22 which adds
these outputs to generate an AFC output signal S4 which is sent to an
adder 42. The error signal S3 sent to the tracking controller 26, the
settling controller 27 or the seek contrehler 28 through the switch 29, on
the other hand, is applied to the adder 42 through a switch 30 after
predeterm ned head control processing has been perfornmed in a

corresponding _conjroller. . The swtches 29, 30.are.controlled to be

swi t ched tgagﬁgfa% %ﬂ:lﬁﬂfeggﬁ??cﬁ D ?g,gﬁﬁegﬁﬁﬁﬁlﬁ Ga&o%?r%ﬁlﬁﬁppf753nd t he
seek cont reqhkel offeAle P rRUSLELIEAEN domPoREnbe SO PUidc"PICatsin Chi NY

signal S10 supplied froma control node switching unit 43 in the order of

| ar ger contsyakchronkzedtdiztmrbascé prandiechengsepplideatieirlddtputsi 4D, an. e.

in the order of the seek controller 28, the settling controller 27 and the

tracki ng cAddes| Perwhich pdds: heese Qutputhcte goRexahes ant REC SWURWE 20 is
2020 UGedy BESRER 3p Shek o TOSRELREL 0,7 002 10, supoled 1o
predeterm ned whieMBrP6t i HLhddds shesén€!@Pae tPadkHE) [dontTolDER 46, &he
tracking node, and otherw se to an OFF state froma seek node to the tine
t he predet eratitiddgt comtyadliead 2@ aer bisten selekpeontrollde 28cthiough thede.
The adder 42 adds_the AFC output signal, S4 and the out put _of
» switch 29, on the other hand, is applied to the adder 42 through

a switch 30 after predetermined head control processing has been

performed in a corresponding controller.

The switches 29, 30 are controlled to be switched to the
tracking controller 26, the settling controller 27 and the seek
controller 28 at predetermined timing based on a mode é%itching
signal S10 supplied from a control mode switching unit 43 in_the
order of larger control movement amounts for the magnetic-headé
14A to 14D, i.e., in the order of the seek controller 28, the
settling controller 27 and the tracking controller 26. Together
with these switches, the switch 20 is also switched on the basis
of the mode switching signal S10 supplied from the control mode
switching unit 43 to an ON state from the time a predetermined
time period has been elapsed in a settling mode to a tracking
mode, and otherwise to an OFF state from a seek mode to the time
the predetermined time period has been elapsed in the settling

mode.

The adder 42 adds the AFC output signal S4 and the output of



18 an associated controller selected fromthe tracking controller 26, the
‘settling controller 27 and the seek controller 28, and sends the sum as an
AFC correction signal S11 to a voice coil notor driver 32 through a DA
converter 31. The voice coil notor driver 32 can drive a voice coi
notor 33 based on the AFC correction signal S11 to position the magnetic
heads 14A to 14D on their target tracks fornmed on the corresponding faces
11 AX, 11BX, | 1AY, 11BY of the magnetic di$8s 1l A, 11B. In this AFC
correction control system 41, the AFC cal cul ation processing, which has

been performed fraomthe ti e redetermp ned, 11 ne r.i od _has en

ol apsbd | n hassePtrka orbrodsr, Referie Fags she ErdWindl prttalipr 26,
execut ed asgfd dettih§OsdntrdlAet bidadda E8bkSESE 01T ! gst hend\Fenlds! ters
21A - 21D from the seek node to the tinme the predeterm ned {inme period has
been el apsétk isunt as artAFC nprredeéion signddr 811F¢. a Ardildeugbi Rinmkstcr

cal cul ation_processing procedure RT1 executed by the respective AFC
filters-21/%kyer 32 Fgﬁ?‘fﬂb a D/fecrpeertatidler nined tine period has been

el apsed in the

21D correspond ﬁf\egtvt‘% icggcﬁjﬁemo‘%t%é Gga%gﬁﬁ]gg&ﬁggs ?ﬁ% "ﬁ’gtggz :°|8$1f "mds ' ©
synchroni zes diadeldl BANERe (AFE doRréction ¥idnalies1ineo PdlakiBNpRe of disc
rotation synchroni zed di sturbance) enters the calculation processing
procedur e Ridgdetdm beads SPIA H4)1ddDt be theix targetl tficks formpdtomwcklsd St ep
SP2, the procedure proceeds to the subsequent ‘
» corresponding faces 11AX, 11BX, 11AY, 11BY of the magnetic discs
11a, 11B. .

In this AFC correction control system 41, the AFC calculation
processing, which has been performed from the time the
predetermined time period has been elapsed in the settling mode
to the trackingtmode, is continuously executed as it is without
inputting the error signal 83 to the AFC filters 21A - 21D from
the seek mode to the time the predetermined time period has been
elapsed in the settling mode.

Here, Fig. 4 illustrates a calculation processing procedure
RT1 executed by the respective AFC filters -21A to 21D from the
time the predetermined time period has been elapsed in the
settling mode to the tracking mode. An AFC filter 21A to 21D
corresponding to an ith order component of a disc rotation
synchronized disturbance (i=1 to 4: i indicates the order number
of disc rotation synchronized disturbance) enters the calculation

processing procedure RT1 from step SP1l. When the error signal S3

is inputted at step SP2, the procedure proceeds to the subsequent



19 step SP3, where set values in the respective AFC filters 21A to 21D
are cleared (i=l), followed by the procedure proceeding to step SP4.

At step SP4, the AFC filter 21A calculates (updates) AFC coefficients

ai (kT) and bi (kT) fromthe aforenentioned equations (3), (4) based on the
error signal S3 represented by y(t). The AFC coefficients a,(kT) and

bi (kT) are expressed by the followi ng equations, respectively: ai (kT) =
al ((k-1)T)+giy(kT)cos(i*[err]kt+[err]i) 19 ... (10) bi(kT) =
bi ((k-1)T)+giy(kT)sin(i*[err]kt+[err]i) ... (11)

Subsequent |y, at _step SP5, the AFC fjlter 21A nmulfipl] . AF,

coerfro; eniiten BEYy “BereinaeTyoRyet ol (e FEPPSRHHY I siifrrs 71n o
respecti veljp lgdel BiSad@y . (4 63,A!Ez;liwé@rbyz_Jcﬁecgpoém&léc?raeeeamqiteoul_(t)
by accunul atlvéy addi ng respective nmultiplication results for the

di st ur bancest@plapanunber (i=l) which is to be conpensated for.

Specifically, ui(kT) is expressed by the follow ng equation: ui (kT) =
al (kT) cos(i *[ e |stpPofPAT) e BFC £11te¥ )21A calculates (update§))AFC

Subsequent | . Step SP7 he ARC filtgrs Bta 21D corresponding to the
i th order (ﬁy‘s:?a%‘cfiﬁfeﬁoﬂﬁ%ﬁ n?%éol?*_({‘ﬁg g'qun& %}’l”of‘gﬂ:ﬁ'ﬁe % ?0%,1‘2%%‘-&5
di stur bance(g;p,qmt bakbd OF'YHY QrEbP 4fdnal S3 represented by y(t). The

AFC coefficients a;(kT) and b,(kT) are expressed by the following

equations, respectively:

a, (kT)

a,((k-1)T)+g,y (kT)cos (1 *wkt+D,) ee. (10)
b, (kT)

b, ((k-1)T)+g,y (kT)sin (i*wkt+®,) ce. (11)

Subsequently, at step SP5, the AFC filter 21A multiplies the
AFC coefficients a,(kT) and b,(kT) by cos(w,t) and sin(ot), '
respectively. 1In this way, the AFC filter 21A can produce an
input u,(t) by accumulatively adding respective multiplication
results for the disturbance order number (i=1) ﬁhich is to be
compensated for. Specifically, u,(kT) is expressed by the

following equation:
u,(kT) = a,(kT)cos(i*wkt)+b, (kT)sin(i*wkt) «ee (12)
Subsequently, at step SP7, the AFC filters 21B to 21D

corresponding to the ith order (i=2 to 4) components of the disc

rotation synchronized disturbance sequentially perform similar



20 processing to steps SP4, SP5, until the order nunber of the

di sturbance becones |arger than 4, to produce inputs ui(t) (i=2to 4).
Consequently, at step SP8, the inputs ui(t) (i=l to 4) outputted fromthe
AFC filters 21A to 21D are added in the adder 22 which then sends the
addition result to the adder 42 as an AFC output signal S4, followed by
the termnation of the calculation processing procedure RT1 at step SP10.
Specifically, the AFC output signal S42% expressed as u(t) by the

fol |l ow ng equatlon u(kT) = [err]

rates a c ONn_process rocedure
RT2 ex<(acut 85°ﬁ?sﬂ’fég &8s SSEPF\/%J’%%%PV I PBT’EI 2*1 %fl Vﬁé’ﬁ' t"lfeI Eng -
coef ¢l entyshfpditle HAABhEL. 14kddle chaRIg! eemg}%%utcwn,@m qf tg {2z teae
settling mode 1S starte |nt esee S prouessn‘ﬁé cedure

RT2 is a sigy.lar processing procedure to the calculation processing
procedure RT1 illustrated in Fig. 4, except that the AFC coefficients
ai (kT) and bi ( kPpseaveentlyodatyabepSP8, theThupw=C ui(t) etis2ER £ 21D

di h he d
Cynchr oni 2 CRPEERR GEFTRL Cat BFC £4ieEe 2TA Pt uh eoedted gt 48128095 11 om
Step SP20. 25 WBLER unSFRkngs 966 AU Hied () Tnedhade N 4o dnoRréFT

state, the error signal S3 is not-inputted. In other words, y(kT
st ands. output signal 4, followed by the termination of the calculation

processing procedure RT1 at step SP10. Specifically, the AFC

output signal S4 is expressed as u(t) by the following equation:

w(kT) = Y u,(kT)

i=0to4
. (13)

Next, Fig. 5 illustrates a calculation processing procedure
RT2 execﬁted by the respective AFC filters 21A to 21D when the
AFC coefficients are not updated in the predetermined time period
after thé settling mode is started or.in the seek mode. This
processing procedure RT2 is a similar processing procedure to the
calculation processing procedure RT1 illustrated in Fig. 4,
excep£ that the AFC coefficients a,(kT) and b,(kT) are fixed
values.

The AFC filters 21A to 21D corresponding to ith components
(i=1 to 4) of the disc rotation synchronized disturbance enter
this calculation processing procedure from step SP20. At step
SP21, since the switch 20 (Fig. 3) is held in an OFF state, the

error signal S3 is not inputted. In other words, y(kT)=0 stands.



21 Subsequently, at step SP22, set values in the respective AFC filters
- 21A to 21D are cleared (i=l), followed by the procedure proceeding to step
SP23. At step SP23, the AFC filter 21A is fixed to AFC coefficients

i mmedi ately before the seek control is entered, i.e., AFC coefficients

ai (kT) and bi (kT) which have been derived when the tracking control was
performed. In this event, the AFC coeffd'e]gi ents ai (kT) and bi (kT) are
expressed by the foll owi ng equations, r&spectively: ai (kT) = ai((k-21)T)
... (14) Dbi(kT) = bi((k-t)T)
(15) ' [ h f fd il I t nd
sin([err] ts)u;%%egﬂgaﬁwg)%fsﬁégi gﬁ?ﬁ' agr"n"(;l:| ?%%F %%uﬁ?ﬁycﬁ? %ﬁ%tégjg p%Frfa t he

f ol | owi ng,£iltiefs| 21APE® TS iarg aleataDYiSR),t foRRAMd Ibyushe aprsbdduriehe

af orenenti oned cal cul ati on processing procedure RT1 in the tracking node
are executrRpcgeding Lo AWRPSER3st eps SP24 to SP29. In this way, when

or cdot or m ned AEEP BBFT ot BoEt ERUhE ™y Lene-rihin M Capeateiiiis p

the AFC coelddiaheil Shefsrd URLCEEER dohy¥dldekestdnsh val.ues arcthe AFC
filters 21A to 21D Since the magnetic discs | 1A, 1B generally exhibit

const ant asmfificiehtscagqkr)i and \b, (Kiipnwliivh hagecbeen dearivedldled ctllelD ar e
subsequently forced to seek fromthe outer

tracking control was performed. In this event, the AFC

coefficients a,;(kT) and b,(kT) are expressed by the following

equations, respectively:

a; (kT)

a,((k-1)T) ce. (14)
b, (kT)

b, ((k-t)T) eee (15)

By multiplying such coefficient values by cos(wt) and sin(wt),
the AFC coefficients are continuously ouéputted. In the following,
similar processing at steps SP5 to SP10 illustrated in the
aforementioned calculation processing procedure RT1 in the
tracking mode are executed at the subsequent steps SP24 to SP29.

In this way, when the magnetic heads 14A to 14D are
controlled for tracking, for example, at predetermined outer
peripheral positions of the magnetic discs 11A, 11B, the AFC
coefficients are converged to predetermined values in the AFC
filters 21A to 21D since the magnetic discs 11A, 11B generally
exhibit constant amounts of eccentricity. When the magnetic discs

14A to 14D are subsequently forced to seek from the outer



22 peripheral positions to predeterm ned inner peripheral positions of
‘the discs, the AFC coefficients, which are converged val ues derived when
the tracking control was perfornmed at the outer peripheral positions, can
al so be applied to the inner peripheral positions. In the magnetic

di sc apparatus 40 configured as descri bed above, when an ith order
conponent (i is a natural nunber) of a disc rotation synchronized

di sturbance occurs due to high speed ropation of the magnetic discs 11A,

| 1B, a di sturbance frequency synchronized with the rotational frequency of

t he respectj etiG.discs, 11A B_occurs, in the reference signal S2
repr oducedE’f‘a \rég hé%%(}; orselé"g'gﬁ% )i ‘f%eed%%f’ﬂg?ﬁé APRETF PETLBREFHy RO§itinRs o der
nunber of YEetREt &ised, dhel HFEBALSErFFici n rackK| ggg?a rror
signal S3 generated on the basis J?°€ﬁ§t%éfﬁ$§ﬁ%é&%i5§gf pggggggthrough
t he AFC fi ldegived 2ilert :hel Prackindecontadel @as i perfaimedcat svHelowtart he

af orenentioned AFC cal cul ati on processi ng has been executed on the error

si gnal , an®efhBReE¥HRPRIFIONE  0tADIALSEf beharplinditey theotmnen |peripBeral t he
adder 42, g.ggééggted as the AFC correction signal S11. By feedback
controllingﬂkﬁe correction signal SI1 in a tracking servo |oop

i ncluding the ghagkénGagiutiicolli8é Hhparddias L c&ﬁﬁfgfdz%heaksaéﬂéi‘b%% by the

respective AFC cal cul ation processing of the AFC filters 21A to D are
sequent i al |apoypdavken @nl itdhonvdeyexbnponeneded eisria edtuzhl esumksanseguant | y,
the rnagpetléisc rotation synchronized disturbance occurs due to high speed
rotation of the magnetic discs 11A, 11B, a disturbance frequency
synchronized with the rotational frequency of the respective
magnetic disecs 11A, 11B occurs in the reference signal S2
reproduced from servo regions on the disc faces corresponding to
the order number of the external disturbance.

B In the tracking mode, the error signal S3 generated on the
basis of the reference signal S§2 passes through the AFC filters
21A to 21D and the adder 22 in sequence, wherein the '
aforementioned AFC calculation processing has been executed.on
the error signal, and then added to the output of the tracking
controller 26 in the adder 42, and outputted as the AFC
correction signal S11.

By feedback controlling the AFC correction signal S11 in a
tracking servo loop including the tracking controller 26, the AFC
coefficients derived by the respective AFC calculation processing

of the AFC filters 21A to 21D are sequentially updated and

converged to predetermined values. Consequently, the magnetic



23 heads 14A to 14D are correctly controlled for tracking in accordance
with the AFC correction signal SI1 which has been corrected for the disc
rotation synchroni zed di sturbance. Here, when the magnetic heads 14A
to 14D currently held on tracking controlled tracks (first target tracks)
are positioned to next target tracks (second target tracks), the node is
swtched fromthe tracking node to the seek node at this tine to have the
magneti ¢ heads 14A to 14D seek fromthe c@?rently positioned tracks to the
next target tracks. In this event, the finally converged values in the

precedi ng Ki | dj ef or e S swtched are

appl i ed forﬁ%a%% ZE% g%gﬁdl crg:%n%gi%#l&eE%sréﬂgeig%rcggéﬁﬁh’ﬁo‘rF processi ng
of the AFCdddor@aticdwitl) thbDArEPEstfdcidlony s1§hdE s enibEGhdd IS 21A toO
21D have executed the AFC cal culation processing for the error signal S3

based on t lmomrestedgfor \ileuddsc rofatuidoe syd2haomiszdd disthebamie .on

processing results of the AFC filters 21A to 21D to the output of the seek
control | er 28. Here, whed thg magnehic higads i14Antadien sunrently keld mved in

the rad aldiach abaolodfie WRGOEL | Crfliacsalddy dARILY 4he sosk fods

Is very difricultto neasure the urpance guen

synchr oni sreovdelkt! Bargot Hidahal (seesnEarget tPEckIPIRRL mofdSCs 11A 11B.
However, even in the seek node in which the magnetic heads 14A to 14D

i nvol ve a |sfigehednfuem tife ttracking made $opbbei Heek mpdeontethis Hemdi o

0UaL on SIS 98k ) 2 YR Fa Y Bl e P Blally S

controller 4
positioned tracks to the next target tracks.

In this event, the finally converged values in the preceding
tracking mode immediately before the mode was switched are
applied for the AFC coefficients derived by the AFC calculation
processing of the AFC filters 21A to 21D. Specifically, after the
AFC filters 21A to 21D havé executed the AFc.calculation
processing for the error signal §3 based on the converged values,
the adder 22 adds the calculation processing results of the AFC
filters 21A to 21D to Epe 6utput of the seek controller 28.

Thus, since the magnetic heads 14A to 14D are moved in the
radial direction of the magnetic discs 11A, 11B in the seek mode,
it is very difficult to measure the disturbance frequency
occurring in synchronism with the rotational frequency of the
magnetic discs 11A, 11B. However, even in the seek mode in which
the magnetic heads 14A to 14D involve a larger amount of travel,

it is possible to correct the disc rotation synchronized

disturbance occurring in the output of the seek controller 28



24 based on the AFC coefficients derived by the AFC cal cul ation
processing in the tracking node. Also, the current AFC coefficients used
in the seek node are used to derive converged values of the AFC
coefficients in the next tracking node. According to the cdnfiguration
descri bed above, the magnetic disc apparatus 40 corrects the disturbance
frequency synchronized wth the rotati ampl frequency of disc recording
media in the seek node based on the AFC coefficients derived by the AFC
cal cul ation processing mhen the tracki ng control was perfornmed on the
basis of the error nal o, that the disc rotation synchronlzed

di st ur banc®asgq g8 E’b‘? g%f' é’d’eégéﬁl?lﬁ‘*‘dﬁeﬁﬁﬁﬁt Py the ARG EATEHRA IO et i ¢

o e, 'okdBet BYOLY S | BRIRARTUNe O ad &) Unel FubkBent HcCaSE OF he

seek node, ere ng 1t possi 0 rea t he magnetic disc

appar at us A&é&iﬁemehes oggDlia ehei 480N hbe uedCtdAsirive ddirerged acy
In a sinple configuration. The first enbodi nent has been descri bed for
t he case whalmest bé tbeg ARG coedfiiciants tim the next corackihgemode. seek or
settle on next target tracks on the faces 11AX ,11BX and the ot her faces

11AY, 11BY of tARSorgdsRetEe *d%%é’é’“ﬂ%“‘i"fs’“oé&eé&rbhe? fboKee tReSMIgRgt G s

ai (kT) and eg“?a 1‘%@% I

whi ch have #e%%g%\?gé‘gé t‘ﬁ%rkgg ca at F%%ﬁl%)? of cessin Qmﬁgf& ﬁéﬁq*d
tracking camﬂmlth\ea&oaeﬁimarne&reqirbﬁcprmentscl peestdiny nhaweven tlhie seek
limted to this manner of control. Alternatlvely, the faces 1l AX, 1l BX and

the ot her fredes basedyon 4By AFC pnefﬁégmws(: dersvsdlbﬁ,thflwﬁagawkmoal |y
di vi ded

processing when the tracking control was performed on the basis
of the error signal S3, so that the disc rotation synchronized
disturbance can be corrected even in an operation in which the
magnetic heads 14A to 14D involve a large amount of travel as is
the case of the seek mode, thereby making it ﬁﬁssible to realize
the magnetic disc apparatus 40 which is capable of improving the
head positioning accuracy in a simple configuration. -

The first embodiment has been described for the case where
the magnetic heads 14A to 14D are controlled to seek or settle on
hext target tracks on the faces 11AX, 11BX and the other faces
11aY, 11BY of the magnetic discs 11A, 11B based on the AFC
coefficients a;(kT) and b,;(kT) expressed by the equations (14),
(15), respectively, which have been derived by the AFC
calculation processing when the tracking control was performed.
The present invention, however, is ﬁot limited to this manner of
control. Alternatively, the faces 11AX, 11BX and the other faces

11aY, 11BY of the magnetic discs 11A, 11B may be radially divided



25 into a plurality of regions such that the AFC coefficients ai(kT) of
‘the equation (14) and bi (kT) the equation (15), derived when the tracking
control was performed, are assigned to the respective regions, and stored
i n storage neans (not shown), for exanple, RAM nenory or the like.

For this case, Fig. 6 illustrates a calcul ation processing procedure RT3
executed by the respective AFC filters 23A to 21D for reading fixed AFC
coefficients fromthe storage neans in a predetermned tine period after
the settling node has been started or in the seek node. This cal cul ation

processi ng, procedur i L 03 t l,cul atl I_n

procedure Y 2 %I Sﬁ"s‘farlgg gd o?né%éna{? sé')% (l:1 eg€a€ f}tal%e TA??(: egg?/g#%gige%%fs g h‘ekTAFC
coef fici enteg hékddquadibmDi(1]) aid & (Refothd leRflati6n S{E R 0AFER88 wheh t he
seek node or in the settling node. Turning back to Fig. 3, actually,
t he controltheotieacking tangrolinwas e rfoxned, hars\RSsdgakfli toetltes ai (kT) and

bi (kT) stored in the storage neans in synchronismwth the timng at which
the switclespegtive rgpgiang,i aRdSteret dnssteragr) Means: rPe showng, £8r the

ook, oorLr agieg niRC gAls bkl e correshonano settling
those in the fiFoxt tREDOSRSENFig. 62)1XdNtragdkahi e al1advaghchiscddsing
Appar atus According to Second Enbodi nent In Fig. 7, wherein parts
cor r espondiprpcedurfoRE3 exeiuged3byrthe respective AFC filters 21A to 21D
for reading fixed AFC coefficients from the storage means in a
predetermined time period'after the settling mode has been
started or in the seck mode. This calculation processing
procedure RT3 is similar to the calculation processing procedure
RT2 illustrated in Fig. 5 except that fixed values of the AFC
coefficients éi(kT) and b;(kT) are loaded from the storage means
in the seek mode or in the settling mode.
Turning back to éig. 3, actually, the control mode'switching
unit 43 reads the AFC coefficients a;(kT) and b,(kT) stored in the .
storage méans in synchronism with the timing at which the
switches 29, 30 are ‘switched to the séttling controller 27 or to
the seek controller 28, and sends them to the corresponding
settling controller 27 or-seek controller 28, thereby producing

similar effects to those in the first embodiment.

(2) Configuration of Magnetic Disc Apparatus According to Second

Embodiment

In Fig. 7, wherein parts corresponding to those in Fig. 3 are



26 designated the sanme reference nunerals, illustrates a magnetic disc
"appar atus 50 according to a second enbodi nent which is configured in a
manner simlar to the nagnetic disc apparatus 40 according to the first
enbodi ment except that an AFC correction control system 51 has a different
configuration. In this AFC correction control system 51, AFC filters
21A to 21D are not supplied with an erpgr signal S3, but instead supplied
wi th an output of either one of a tracking controller 26, a settling
controller 27 and a seek controller 28, selected by a npde sw tching
operation of a control node swi tching unit 43. In the magnetic disc
appar at us SPIgNatsdr the Samg refeperce Jymesalanchl lystatgsdarmagnetic

ot or g SOMBRENL o Slebfnd Lol UcitaBasHIR Uiy rapce occu

due to high speed” | ion o ! it ur bance
frequency somiGlyueeiazes iddhdedesinl il QRlenb RIYEOCH W‘istzhﬁ?ﬁ t:g\Se'
oduce

magnetic discs | 1A 1B occurs in a reference signal S2 rep rom
servo regi owscadingetdi the fHios: enbodingartdiexgepd thdle aw dec sowdsitionl t he
ext ernal disturbance. In the tracking node, the error signal S3

generated oiPRAHFEL FASFEMATL hae Pefiffprsptsicoriiaspatianses through the
e P L2 RVThEE L5t o R AL AT U A,
AFC cal cul azimrary aeessupplica eHeaULR lerbbrl 38 gn8il 85, Pull"ghsSdagand is then
added to the output of the tracking controller 26 in an adder 42, and
" out putted asupplis@dCwibhr awtoulput of either one of a tracking controller 26,
a settling controller 27 and a seek controller 28, selected by a
mode switching operation of a control mode switching unit 43.

In the magnetic disc apparatus 50 configured as described
above, when first-order to fourth-order components of a disc
rotation synchronized disturbance occur due to high speed
rotation of the magnetic discs 11a, 113; a disturbance frequency
synchronized ﬁith the rotational frequency of the respective
magnetic discs 11A, 11B occurs in a reference signal s2
reproduced from servo regions on the disc faces corresponding to
the order numbers of the external disﬁurbance, |

In the tracking mode, the error signal S3 generated on the
basis of the reference signal S2 passes through the selected
tracking controller 26, the output of which passes through the
AFC filters 21A tolD and an adder 22 in sequence, where the
aforementioned AFC calculation processing is executed on the

error signal S3, and is then added to the output of the tracking

controller 26 in an adder 42, and outputted as an AFC correction



27 si gnal S20. By feedback controlling the AFC correction signal S20
in a tracking servo |loop including the tracking controller 26, AFC
coefficients derived by the respective AFC cal cul ati on processing of the
AFC filters 21A to 21D are sequentially updated and converged to
predet erm ned val ues. Consequently, the nmagnetic heads 14A to 14D are
correctly controlled for tracking in agf?rdance with the AFC correction
signal S20 which has been corrected for“the disc rotation synchronized

di st urbance. Here, when the magnetic heads 14A to 14D currently held
on tracking.coqtéﬁ%ged tracks (first target tracks) are positioned to
next target tHaR econd target tracks), the node is switched fromthe
tracki ng node tg,t S5 B ' i t h neLi.c.heads 14A
to 14D seek froﬁ?tfﬁ%curre%??ﬁré%ggl ?g%egF?f%¥?%Q¥b°Phgi eX %%grbgta

t racks. tratRindiserirecbopt hicludiall ¥hé ctvidad vehees1idr bge RFecedi ng
tracki ng node i medi ately before the node was switched are applied for the
AFC coef f i crepfsiciants depived byrdec xespeckive AFSr catsulatganf prheesdding

filters 21A to 155‘5&51 i fi ca£ , a%éer the AFC filters 21A - 21D have
execut ed t h&*A tesR %go PnBrenfeaentdatly wpdated apdy
controller es 4 d t he,

cal cul ati onggﬁggigésjcil ;{g) tp’r}ggﬁﬁggy%&?%g\igé% f ﬁ°%’g§§§§‘i§%'o%§‘%g‘q$%nﬁ%§ out put
of the seekheadstl4n tar 128. are corrbtitly evRtrdXlddEogcekacidy iR Whi ch the

magneti c heads 14A ) ‘
accordance with the AFC correction signal $20 which has been

corrected for the disc rotation synchronized disturbance.

Here, when the magnetic heads 14A to 14D currently held on
tracking controlled tracks (first target tracks) are positioned
to next target tracks (second target tracks), the mode is

-switqhe@ from the tracking mode to the seek mode at this time to
have the magnetic heads 14A to 14D seek from the currently
positioned tracks to the next target tracks.

_In this event, the finally converged values in the preceding
trackiné mode immediately before the mode was switched are
applied for the AFC coefficients derived by the AFC calculation
processing of the AFC filters 21A to 21D. Specifically, after the
AFC filters 21A - 21D have executed the AFC calculation
processing on the output of the seek controller 28 based on the
converged values, the adder 42 adds the calculation processing
results of the AFC filters 21A to 21D to the output of the seek

controller 28.

Thus, even in the seek mode in which the magnetic heads 14A



28 to 14D involve a |larger amount of travel, it is possible to correct
“the disc rotation synchroni zed di sturbance occurring in the output of the
seek controller 28 based on the AFC coefficients derived by the AFC

cal cul ation processing in the tracking node. According to the
configuration described above, the magnetic disc apparatus 50 corrects the
di sturbance frequency synchroni zed mﬁtg the rotational frequency of disc
recording nmedia in the seek node based Bn the AFC coefficients derived by
the AFC cal cul ati on processing when the tracking control was perfornmed on
t he basis f e error sigpnal S3 . so that the.dis¢ rotatiqn.sypchronized
disturbancegc%éltﬁ?ﬁﬂ%??e%tgﬁ%¥V%ﬁmPHn5n° [ﬁﬁ%ﬁﬁldn1§n1§WR?ﬁ?ﬁPﬁg Qﬂagnetic

heads 14A ggriddd itrneoh_\iscaa_.-be&%@@?uehra&iéé@mktamx&e tJ&_uQ@%ﬁg ofp the
seek node, thereby making it possible to realize the nagnetic diSc

appar at us bhewutpgut DEfc &pabseelofcantrodien28 Itasedead s iARAONI Ng accur acy
in a sinple configuration, (3) Cbnfiguration of Magnetic Disc par at us
Accor di ng ceeffi¢ipnts\dsgivediby the pRCrralovyiatipar preegssingdnethendi ng to
those in Figacéi@f?ma esignated the sanme reference nunerals, illustrates a
magneti c alsc apparatus 60 according to a third enbodi nent which is

configured i n Ac88FdiHg HoTehal coeidiatBBRCadscrived aBBRE Alttie Hagnaeser di ng

to the first enbodi nent except that an AFC correction control system 61

has a diff dieqat appafatpsr §0i carrects the disturbance frequency synchronized

' with the rotational frequency of disc recording media in the seek

mode based on the AFC coefficients derived by the AFC calculation
processing when the tracking control was performed on the basis
of the error signal S§3, so that the disc rotation synchronized
disturbance can be corrected even in an opgration in which the
magnetic héads 14A to 14D involve a large amount of travel as is
the case of the seek mode, thereby making iﬁ possible to realize

the magnetic disc apparatus 50 which is capable of improving the

head positioning accuracy in a simple configuration.

(3) Configuration of. Magnetic.Disc Apparatus'nccordiné to Third
Embodiment |

In Fig. 8, where parts corresponding to those in Fig. 3 are
designated the same reference numerals, illustrates a magnetic
disc apparatus 60 according to a third embodiment which is
configured in a manner similar to the magnetic disc apparatus 40
according to the first embodiment except that an AFC correction

control system 61 has a different configuration.



29 ~In this AFC correction control system 61, AFC filters 21A to 21D
-are respectively supplied with an error signal S3. Wthin these AFC
filters 21A to 21D, the AFC filter 21A, corresponding to the first-order
conponent of a disc rotation synchronized disturbance, sends its output to
an adder 66 at the rear stage of a tracking controller 26, while the AFC
filters 21B to 21C, corresponding to tgﬁ second-order to fourth-order
conponents of the disc rotation Synchr©onhi zed di sturbance, send their
outputs to an adder 62 at a front stage of the tracking controller 26

through an addqp f4;&ntr@ MEE@i@é'contgyérgggt%%umt ei 1€ A Gl Lhers

21B to 21D, corresponding to the secon rth-order conponents

of disc roabi are pyspdvidvielgdsdpslisd Witk afk adridPlsigaalves gewivaines of
AFC coefficients derived when a tracking control was perfornmed, even in
t he seek mideserAFq fhktexs 2lAnto k. the AFgpEiler 21Ay, cofrespondings 20,

65 are swi tch on,the basis of a de swi tchi ng si,gnal S30 generated from
a control ﬁ@dg‘gesa}f%ﬁ?f? nl"f’m%%n?’gpéﬂf G\ldif'ét'é&?arté%“t fEnchrgnigzed

pr edet er m ' ergd h bg@gb | tLi th
tracki ng %%g,&gﬁgcgf héeéri,ivj\}ssgéi5 0 an %:%B:t% gt %3?%%6?% lstiég%%%ggstta%et ﬁg
time the predeuekihgecodtrallper 26¢ witidlebehe ARFepsiItdrs b8 tsedld,i ng node.

In the magnetic di sc_apparatus 60 configured as descri bed above, when
first-ordercarFerBarIing R theofpeprdriarder hodfeerth-mirderonomponsntsniofed

disturbarmx%ﬁ%pgggcdggtéékgn %gnéggggkzed disturbance, send their putputs to
an adder 62 at a front stage of the tracking controller 26
through an adder 64 and a switch 65.

This means that the AFC filters 21B to 21D, corresponding to
the second-order to fourth-order components of disc rotation
synchronized disturbance, can apply converged values of AFC
coefficients derived when a tracking control was performed; even
iﬁ the seek mode or in the settling mode.

Specifically, the switches 20, 65 are switched on the basis
of a mode switching signal S30 generated from a control mode
switching unit 63 to an ON state from the time a predetermined
time period has been elapsed in the settling mode to the tracking
mode, and otherwise to an OFF state from the seek mode to the
time the predetermined time period has been elapsed in the
settling mode.

In the magnetic disc apparatus 60 configured as described
above, when first-order to fourth-order components of a disc

rotation synchronized disturbance occur due to high speed



30 rotation of the magnetic discs | 1A, 11B, the di sturbance frequency
.synchroni zed with the rotational frequency of the respective nagnetic
discs | 1A, 11B occurs in a reference signal S2 reproduced from servo
regions on the disc faces corresponding to the order nunbers of the
external disturbance. In the tracking node, the error signal S3
generated on the basis of the referencesgignal S2 passes through the AFC
filters 21B - 21D corresponding to the second-order to fourth-order
conponents of the disc rotation synchronized di sturbance and an adder 64

xeout o0 GRCERELE (T eoRATSRe Miaorstthe f iashe PLPewPBFRgi nal orror
i gnal S3 | AR e 2kl 26.
sl gna ngé{i@?ﬁgigncﬁgonf{@d :vﬁl%‘li b8 fStadidmal’ %‘Eﬁt’f&u@%@tﬂ ght er

Si mul t aneo rror signal S3 passes throug e AFC filter 21A

corr espondirggpéétive nagnetic dister 1dappLIBbcirst Ha di Beferenaei signal
synchroni zed di sturbance, wherein the aforenentioned AFC cal cul ation
processi ngSRsrepeeducad fyamt sereq xegiongnen Wx: dise Facehderaggeanding he

out put of the,  tracking controller 26 %n thﬁ dder .66 _and out putted as an
AFC corre fi&hes?ﬁ i "E3pers © E%%f Fésgbatt WESFFFﬁg_the AFC correction
signal S31 in 3p the&CEtdiking’ ¥Oad OQhd REiud] Q%éle si3" geké P& ¥n" ehker 26,
AFC coefficients derived by the respective AFC calculation processing of
the AFC fi basis &f Alh® rkferanee seigmalt 52| pyssgxl ditadughdthe AR f§dtets

predet erm ned val ues. Consequently, the magnetic heads 14A to 14D are
correct|y @38t roPlRdoceresprrding FQ the second-order to fourth-order

components of the disc rotation synchronized disturbance and an
adder 64 in sequence, wherein the aforementioned AFC calculation
processing is executed on the error signal 83, and is then added
to the original error signal 83 in the adder 62, and inputted to
the tracking controller 26. Simultaneously, the error signal S3
passes through the AFC filter 21A corresponding to the first-
order component of the disc rotation synchronized disturbance,
wherein the aforementioned AFC calculation processing is executed
on the error signai 83, and is then added to the output of the
tracking controller 26 in the adder 66 and outputted as an AFC
correction signal S31.

By feedback controlling the AFC correction signal 8§31 in a
tracking servo loop including the tracking controller 26, AFC
coefficients derived by the respective AFC calculation processing
of the AFC filters 21A to 21D are sequentially updated and
converged to predetermined values. Consequently, the magnetic

heads 14A to 14D are correctly controlled for tracking in



31 accordance with the AFC correction signal S31 which has been
-corrected for the disc rotation synchronized disturbance. Here, when

t he magnetic heads 14A to 14D currently held on tracking controlled tracks
(first target tracks) are positioned to next target tracks (second target
tracks), the node is switched fromthe tracking node to the seek node at
this time to have the nagnetic heads 1%@ to 14D seek fromthe currently
positioned tracks to the next target tracks. In this event, while the
converged val ues derived when the tracking control was perforned are

applied toabherdiifce GAK theCA¥E ddrrereiionYsidith1AEe1CRh Ll aldsOBelhOCESSI NG
of the AFC filters 21B to 21D, the finally converged values in the

precedi ng cbraetted) fonxddhendisk atatatibef syechimmizededisturhdncened are
applied to the AFC coefficients derived by the AFC cal cul ation processing

of the AFC fil| BeFepiyhen the mpgpetiq hepds” LA Yord4D cugrentlypheddoem  af ter

executing the ., AFC cal.cul.ati.0 0C i r _the error signal .S3 based on
t he convetrt _eelﬁk%l u‘g% tot%lti%g gﬁ%‘%sogﬁsfglge%%égel%%ttﬁgifﬁa%ﬁefqr?d’s a8?e‘§i nput
the cal cul 3bl RBxPI P&LFH tdabREU[dScdnd Rad e&_&m{sgl | @he Afbad Risough the
adder 62. On the other hand, after the AFC filter 2{A has executed the AFC
cal cul ati oswitcbed sfrom ftdye thackinguiodef tbhthe sealk aoderat |his2&8imased on

t he finall&ﬁ%onverged val.ues in the preceding tracking node i nmedi ately

bef ore t he hi¥8e tha Mg tife eads nkaA, FPo 1 4B6S 2k A thE) CRFEatdY processi ng
result Of &Qgiéggied tracks to the next target tracks. .

In this event, while the converged values derived when the
tracking control was performed are applied to the AFC
coefficients derived by the AFC calculation processing of the AFC
filters 21B to 21D, the finally converged values in the preceding
tracking mode immediately before the mode waéfswitched are
applied to the AFC coefficients derived by the AFC calculation
processing of the AFC filter 21A. :

Specifically, the AFC filters 21B to 21D, after executing the
AFC calculation processing for the error signal S3 based on the
converged values of the AFC coefficients in the tracking mode,
input the calculation processing results to a seek controller 28
through the adder 62. On the other hand, after the AFC filter 21A
has executed the AFC calculation processing for the output of the
seek controller 28 based on the finally converged values in the
preceding tracking mode immediately before the mode was switched,
the adder 66 adds the calculation processing result of the AFC

filter 21A to the ocutput of the seek controller 28.



filter 21A to the output of the seek controller 28.

- 32 ' Thus, even in the seek nbde in which the nagnetic heads 14A to
14D involve a larger anount of travel, it is possible to correct the disc
rotation synchroni zed di sturbance occurring in the output of the seek
controller 28 based on the AFC coefficients derived by the AFC cal cul ation
processing in the tracking node. Acgprding to the configuration

descri bed above, the nagnetic disc apparatus 60 corrects the disturbance
frequency synchronized wth the rotational frequency of disc recording
media in the seek node based on the AFC coefficients derived by the AFC

calcul ati on [Roeseveld WRchhe meek Befe nip cdichothgmagnatisy headynidme
basi f th ' ly S3 t di ' i zed
st or bancks o BRvelvdCE 1eters SmblSt SOSAGRE [ 0 4 BESRIBELTEL O

ected even n an operation Tn magnet i c

heads 14A é&#é’é% g0 kY B¢ ardtHtdSnd rétlide@@debtdshdrce bBBusASHEy G t he
seek node, thereby nmaking it possible to realize the magnetic disc

appar at us €Re vdutput ®fcthabseekoicontpoblen P& basellean tlesiAFIConi ng accuracy
in a sinple configuration, (4) Configuration of Magnetic Disc Apparatus
Accor di ng feefHinientscApsive Ry the AFG qalrulgtigpcPEeenfsiadcdr B9 ondi ng
to those i@réﬁéknf3i%a% desi gnated the sane reference nunerals, illustrates
a magnetic 'SC golppar atus 70 according to a fourth enbodi ment which is

According to the configuration described above, the magnetic
disc apparatus 60 corrects the disturbance frequency synchronized
with the rotational frequency of disc recording media in the seek
mode based on the AFC coefficients derived by the AFC calculation
processing when the tracking control was performed on the basis
of the error signal S3, so that the disc rotation synchronized
distarbance can be corrected even in an operation in which the
magnetic heads 14A to 14D involve a large amount of travel as is
the case of the seek mode, thereby making it possible to realize
the magnetic disc apparatus 60 which is capable of improving the

head positioning accuracy in a simple configuration.

(4) Configuration of Magnetic Disc Apparatus According to Fourth
Embodiment

In Fig. 9, where parts corresponding to those in Fig. 8 are
designated the same reference numerals, illustrates a magnetic
disc apparatus 70 according to a fourth embodiment which is
configured in a manner similar to the magnetic disc apparatus 60

according to the third embodiment except that an AFC correction



configured in a manner simlar to the magnetic disc apparatus 60 according
-to the third enbodi nent except that an AFC correction

33 control system 71 has a different configuration. In this AFC
correction control system 71, AFC filters 21A, 21B, 21D, 21F, 21H are
respectively supplied with an error signal S3. within these AFC filters,
the AFC filters 21A, 21B, correspondi to first-order and second order
conponents of a disc rotation synchro ed di sturbance, send their outputs
to an adder 66 at a rear stage of a tracking controller 26, while the AFC
filters 21D, 21F, 21H, corresponding to fourth-order, sixth- order and

ei ght h or deentxpb@iveter 3t bag idifIesent | ApLigprakioRi zed di st ur bance,

send their outputs to a 62 at 0, ) o] s of Ki

controller 26 ‘hr%ﬂgﬁhg& ggggéc%%mar?&%tgg%w s’c%etuggs" I‘Féhﬁll*{s&%eggg’t hat
the AFC fibygrs; a3 Dai#lFa1flike GRISREREFE P Sugpl i€dewl onrdd e der signal

si xt h-order and ei ght h-order conponents of the disc rotation synchronized
di st urbancg3.caithipl these\AFQdidltens pcsheofAFA-Eitbers iZIMn2dBderi ved when a
tracking control was perforned, even in the seek node or in the settling

node. cogpespending Fo £ixshtoxiarhandt feconst ANdSHaroPPRRART.PEoR t he
magneti c digcs

TR0 SeEP oIt pchEbhlLl MphucBNBLEn A Chats Silids (B(E
conmponent s z@liekN66 dis G ¥dadt 588gS YO W @RacRIng Wditrohaaee26y addier essed by
the follow ng equations, respectively:
AFC filters 21D,.21F, 21H, corresponding to fourth-order, sixth-
order and eighth order components of the disc rotation
synchronized disturbance, send their outputs to an adder 62 at a
front stage of the tracking controller 26 through an adder 64 and
a switch 65.

This means that the AFC filters 21D, 21F, 21H, corresponding
to the fourth-order, sixth-order and eighth-order components of
the disc rotation synchronized disturbance, can apply converged
values of AFC coefficients derived when a tracking control was
performed, even in the seek mode or in the settling mode.

Specifically, assuming that the rotational frequency of the
magnetic discs 11A, 11B is /27, system functions C.(z), C,(z) of
the AFC filters 21F, 21H for canceling the sixth-order and
eighth-order components of the disc rotation synchronized
disturbance are expressed by the following equatioms,

respectively:



34 [err] (16) [err] [err]
Jerr] (17) [err] In the magnetic disc apparatus 70
configured as described above, when first-order, second-order,
fourth-order, six-order and eighth-order conponents of a disc rotation
synchroni zed disturbance occur due to high speed rotation of the magnetic
discs 11A, 11B, the disturbance frequency synchronized with the rotational
frequency of the respective magnetic did%s 11A, 11B occurs in a reference
signal S2 reproduced fromservo regions on the disc faces corresponding to
the order nunbers of the external disturbance. In the tracki ng node,
the error signal S3 generated on the basis of the reference signal S2
passes through the AFCzf(das(PrD—~ b6s(GaT cbrdrdpondi ng to the

fourt h- or d6s,{ %) xThSw Ter aRJ ELONLIL conppnents of the o se rod&) on
synchroni zed di sturbance #d™t hecg g‘gﬁi% r'l"niquence, wherein the

af orenenti oned AFC cal cul ati on processing is executed on the error signal
S3, and is then added to the original error signal S3 in the adder 62, and
i nputted to the tracking controller 26. Sinultaneously, the error signal S3

passes thrcc):ug(hzt)hi AFC,, (cos (Ps)Zz — cos(B8wT + Ps))
s s 2’ -~ 2 cos(8wT)z + 1

ceeeee (17)

In the magnetic disc apparatus 70 configured as described
above, when first-order, Second-order, fourth-order, six-order
and eighth-order components of a disc rotation synchronized
disturbance occur due to high speed rotation of the magnetic
discs 11a, 11B, the disturbance frequency synchronized with the
rotational frequency of the respective magnetic discs 11aA, 11B
occurs in a reference signal S2 reproduced from servo regions on
the disc faces corresponding to the order numbers of the éxternal
disturbance.

In the tracking mode, the error signal S3 generated on the
basis of the reference signal S2 passes through the AFC filters
21p, 21F, 21R corresponding to the fourth-order, sixth-order and
eighth-order components of the disc rotation synchronized
disturbance and the adder 64 in sequence, wherein the
aforementioned AFC calculation processing is executed on the
error signal S3, and is then added to the original error signal
83 in the adder 62, and inputted to the tracking controller 26.

Simultaneously, the error signal S3 passes through the AFC



35 filters 21A, 21B corresponding to the first-order and second- order
-conponents of the disc rotation synchroni zed di sturbance, wherein the

af orenenti oned AFC cal cul ati on processing is executed on the error signal
g3, and is then added to the output of the tracking controller 26 in the
adder 66, and outputted as an AFC correction signal $40. By feedback
controlling the AFC correction signal S40 in a tracking servo | oop

i ncluding the tracking controller 26, ABG coefficients derived by the
respective AFC cal cul ation processing of the AFC filters 21A, 21B, 21D
21F, 21H ar ept | al updat ed and conyerged to predeterm ned val ues.
Consequent I{/‘i,ﬁt%%g Q%%gn% B SHES §°‘_‘L§‘;€‘? ézﬁxgea?éri'b'r&&ﬁrl #nd FRGMded for
tracking idrdGCebapbaéntd (¥ the 4féc hOByx! i z2d0a b &b Adae been
corrected for the d?gc rotation synch?@ﬁ%ﬁ%&hdggﬁtr aﬁgga dY@i&ﬁ%re,'mhen
t he nmagnet ivhdredas théd afarchtitioned iy dullciilaioi Mmrddesgifignis Wlerfitleqacks
(first target tracks) are positioned to next target tracks (second target
tracks), tH® e ersorsiignted3ir 8ndtife theacrddgd ntricdheo onhput cak thede at
this tinme tg \i h eti,¢c heads 14A to_14D seek fromthe currently
posi ti oned Frac g%t 25°§ﬁlggg%ﬁ 2t%a}§e T AT 6%, ad rf"itm“gtﬁéeﬁ,awce t he
conver ged védgiewtdeh ¥eehathgaot.he tracking control was perforned are
applied to the AFC coefficients derived by the AFC cal cul ati on. processi ng
of the AFC fi |ByefeedbBrk Xidhtdlliinghthd iard lopreesvbey ad gnallussoi in tdhe

precedi ng tracking node i mediatel y before the node was sw tched
tracking servo loop including the tracking controller 26, AFC

coefficients derived by the respective AFC calculation processing
of the AFC filters 21A, 21B, 21D, 21F, 21H are sequentially
updated and converged to predetermined values. Consequently, the
magnetic heads 14A to 14D are correctly controlled for tracking
in accordance with the:AFC correction signal S40 which has been
corrected for the disc rotation synchronized disturbance.

Here, when the magnetic heads 14A to 14D currently held on
tracking controlled tracks (first target tracks) are positioned
to next target tracks (second target tracks), the mode is
switched from the tracking mode to the seek mode at this time to
have the magnetic heads 14A to 14D seek from the currently
positioned tracks to the next target tracks.

In this event, while the converged values derived when the
tracking control was performed are applied to the AFC
coefficients derived by the AFC calculation. processing of the AFC
filters 21D, 21F, 21H, the finally converged values in the

‘preceding tracking mode immediately before the mode was switched



36 are applied to the AFC coefficients derived by the AFC cal cul ation

- processing of the AFC filters 21A, 21B. Specifically, the AFC filters
21D, 21F, 21H, after executing the AFC cal cul ation processing for the
error signal S3 based on the converged val ues of the AFC coefficients in
the tracking node, input the calculation processing results to a seek
controller 28 through the adder 62. On the other hand, after the AFC
filters 21A, 21B have executed the AR®cal cul ati on processing for the

out put of the seek controller 28 based on the finally converged values in

the precedidad abpaeki ' P AFBNBSL 24 Rliknhe! 86811AE 1P e 86 SW tched, the

adder 66 adds e calculation processing results the AFC filters 21A,
21B to t healdupatioh piwcessding ofntheldArey £i8ters 21Ah2dB.even in the seek
node in which the magnetic heads 14A to 14D involve a | arger anount of

travel, it isSpesdfbralln. ther AEC: filkexns 2dDyoRF; Ay REkLENe3RINting

di st urbance ocgcurr.i I n . the output of_the seek cont.rolle 8 based on the
AFC oot e BkEL calPrlabdn) BeRdeRMad fox, Fa TS F GhisBarnfe Mhegit on

tracki ng ngle convergé CPAHlidal ofOth8CAF® ided il éRs UGS ThiDeFa PP mdale
magneti c disc apparatus 70 corrects the di sturbance frequency synchroni zed

w th the rivigatt ¢hel calegleticon pirotéesihg xresalesdtooa Edkaconttdllers@s8k node

based on the AFC coefficients derived b{ the AFC cal cul ati on processing
when t he t¥BR4ghgtgnedder ffs PR fihed¥her band, (Afker GPet*EFegiﬁﬁPr§ignal

S3, so thaél&}“if@ igvéoéégéé¥£d the AFC calcglatiqn processing for the
output of the seek controller 28 based on the finally converged
values in the preceding tracking mode immediately before the mode
was switched, the adder 66 adds the calculation processing
results of the AFC filters 21A, 21B to the output of the seek
controller 28.

Thus, even in the seek mode in which the magnetic heads:14A
to 14D involve a larger amount of travel, it is possible to
correct the disc rotation synchronized disturbance occurring in
the output of the seek controller 28 based on the AFC
coefficients derived by the AFC calculation processing in the
tracking mode.

According to the configuration described above, the magnetic
disc apparatus 70 corrects the disturbance frequency synchronized
with the rotational frequency of the disc recording media in the
seek mode based on the AFC coefficients derived by the AFC
calculation processing when the tracking control was performed on

the basis of the error signal S3, so that the disc rotation



37 synchroni zed di sturbance can be corrected even in an operation in

whi ch the magnetic heads 14A to 14D involve a | arge amount of travel as is
the case of the seek node, thereby making it possible to realize the
magnetic disc apparatus 70 which is capable of inproving the head

positioning accuracy in a sinple configuration. (5) Configuration of
Magnetic D sc Apparatus According to Fifth Enbodi nent In Fig. 10,
where parts corresponding to those in FB§. 8 are designated the sane
reference nunerals, illustrates a magnetic disc apparatus 80 according to

afifth e Kt 26 @Bst@rbdiidl caH! B8 ddkradtelNeves! {1 ladf o%w@rﬁ@fo:{rﬁgxna Ic
di sc apparatus 60 according to the third enbodi nent except that an AFC
correcti onwhictnttie magaeeie JHeddss 14Adtd f birerinvodnei guladgeoamount of N thi s
AFC correction control system 81, AFC filters 21B to 21D corresponding to
second- or dEFaYel fasurdsh tBedease G shenseekmade jitbereby makimgsihchr oni zed

di st ur bance _ar espectivyel |l ied, .w an _error signal .S3., These AFC
filters seﬁasfﬁkiﬁ 6%%8&#%2 dﬁﬁgﬁmﬁaaé%c iﬁ 4 pergﬁysgﬂgaglgg éstracking
control |l er egBablé WO impRBvoalgl¥hd hedBUpas S didhgdaccdPady ARSsifpie  he AFC
filters 21B "to 21D, corresponding to ?he second-order to fourth-order
conponent scohfidmeratiism.r ot ati on synchroni zed di sturbance, can apply

converged val ues of AFC coefficients derived when a tracking control was
performed, even in the seek node or in the

. (5) Configuration of Magnetic Disc Apparatus According to Fifth

Embodiméni

In Fig. 10, where parts corresponding to those in Fig. 8 are
designated the same reference numerals, illustrates a magnetic
disc apparatus 80 according to a fifth embodiment which is
configured in a manner similar to the magnetic disc apparatus 60
according to the third embodiment excebt that an.AFc correction
control system 81 has a different configurafion.

In this AFC correction control system 81, AFC filters 21B to
21D corresponding to second-order to fourth-order components of a
disc rotation synchronized disturbance are respectively supplied
with an error signal S3. These AFC filters send their outputs to
an adder 62 at a front stage of a tracking controller 26 through
an adder 64 and a switch 65. This means that the AFC filters 21B
to 21D, corresponding to the second-order to fourth-order
components of the disc rotation synchronized disturbance, can
apply converged values of AFC coefficients derived when a

tracking control was performed, even in the seek mode or in the



38 settling node. Al so, an AFC filter 21A corresponding to a
-first-order conponent of the disc rotation synchronized di sturbance is
supplied with an output of either one of the tracking controller 26, a
settling controller 27 and a seek controller 28 selected by a node

swi tching operation of a control code switching unit 82. Speci fically,
the switches 20, 65, 83 are switched on e basis of a node swtching
signal S50 generated fromthe control node switching unit 82 to an ON
state fromthe time a predetermned tinme period has been el apsed in the
settling npgdeeyify el r acking node, and otherwise to an OFF state fromthe
seek node to the tine thé predeterm ned tinme period has been elapsed in
the settling naliso, an AFCNfilEerrediaecoerdspandimgatat asfifstcaidegur ed as
descri bed. above, when first-order to fourth-order conponents of a disc
rotati on syruberent of &het dismrktadienr symehnapnigedhdipurbance: 48i on of the

magnetic discs_11A [ 1B,_ the disturb e fre n nghr oni ze 1{h the
rot ati onal sf’?@h%%‘ﬁc'g}ti‘f ap,gutpyty pclegc’:fe g\ggeﬁa%ee%%g tglx's@s{a ﬁi’ﬁg nggﬁ%\ﬁﬁrs in a
reference 9ggnal setid ingPcoALESTLdY @ 8REVA & ateB1ide M 30162668 by
corresponding to the order nunbers of the external disturbance. - In

t he tracki agmoddeswituhingr opesaigital of3ageomtxiledtode sSwitcloiagy sndt 82e

reference signal S2 passes through the AFC filters 21B to 21D
correspondi ng £BeERELGHIFnd+Be Vit hesodPe h6Dr BY areoApdheRd A% thRe disc

rotation S%Q%Qrsogk g (;no(HeStSWngﬁ]ﬁ?g 6§r:l|.dgntat.l‘!(;"ss0 generated from the control

mode swiéching unit 82 to an ON state from the time a
predetermined time period has been elapsed in the settling mode
to the tracking mode, and otherwise to an OFF state from the seek
mode to the time the predetermined time period has been elapsed
in the settling mode.

In the magnetic disc apparatus 80 configured as degcribed
above, when first-order to fourth-order components of a disc
rotation synchronized disturbance occur due to high speed
rotation of the magnetic discs 11a, 11B, the disturbance
frequency synchronized with the rotational frequency of the
respective magnetic discs 11A, 11B occurs in a reference signal
S2 reproduced from servo regions on the disc faces corresponding
to the order numbers of the external disturbance.

In the tracking mode, the error signal S3 generated on the
basis of the reference signal S2 passes through the AFC filters
21B to 21D corresponding to the second-order to fourth-order

components of the disc rotation synchronized disturbance and the



39 adder 64 in sequence, wherein the aforenenti oned AFC cal cul ati on

- processing is executed on the error signal S3, and is then added to the
original error signal S3 in the adder 62, and inputted to the tracking
controller 26. The output of the tracking controller 26 in the tracking
node, in turn, passes through the AFC filter 21A and an adder 84 in
sequence, wherein the aforenentioned Algg cal cul ation processing is
executed on the error signal 'S3, and i$” then added to the output of the
tracking controller 26 in the adder 84 and outputted as an AFC correction
signal S51 f a C s t téﬁn | 1in a
t racki ng sg‘ri‘\i/%rlsodggﬁ %gﬁgg?ﬁ, er??gcg%]gg%gr%{; nglii?é{,&g , Aﬁéigggée{?%lsnci ents
derived byprbeessimpedisi ¢éredhted AnC khat éoroprsig@ali 8y, &id tiwe thek ddddEr s
21A to 21D are sequentially updated and converged to predeterm ned val ues.
Consequent £9, theconiginali errop fignad AS3 oin 4ihegaddesr 62ctand doputbed b f or
tracking i ccor.dance w t he C gorrection signal S51.which has_been
corrected gg?a\"ﬂ%c'ﬁi?cc?\é\%ﬁﬁ%? éﬁchﬁb%i"é‘%&“gi g?u%b%rﬁ?@.c ing °"?—¥1ré’%'1\7\‘ﬁen

the magnet bg ipade MAckend 4SStk kUl chBEh The at eLigeL 1 acks

(first target tracks) are positioned ‘'to next target Tra econd target
tracks), tRzanmmi® ars addeirt 8heih feeqienbe, t witsdding thiedaféfendit ioned ArFcle at
this time to_ have the magnetic heads 14A to 14D seek fromthe currently
posi t i onedcplarkaticn Prechaxing difyexecnhedon the erporhsignalefd, amdlis t he

¢ ggrf;ge?(}%ﬁ'ﬁg eiﬁl_%eé PRSI of LREKEAIGAY One ¥8T1 88 I PR ©

adder 84 and outputted as an AFC correction signal S51.

By feedback controlling the AFC correction signal S51 in a
tracking servo loop including the tracking controller 26, AFC
coefficients derived by the respective AFC calculation processing
of the AFC filters 21A to 21D are sequentially updated and
converged to predetermined values. Consequently, the magnetic
heads 14A to 14D are correctly controlled for tracking in
accordance with the AFC correction signal S51 which has been
corrected for the disc rotation éynchronized disturbance. ,

Here, when the magnetic heads 14A to 14D curréntly held on
tracking controlled tracks (first target tracks) are positioned
to next target tracks (second target tracks), the mode is
switched from the tracking mode to the seek mode at this time to
have the magnetic heads 14A to 14D seek from the currently
positioned tracks to the next target tracks.

In this event, while the converged values derived when the

tracking control was performed are applied to the AFC



40 coefficients derived by the AFC cal cul ati on processing of the AFC
-filters 21B to 21D, the finally converged values in the preceding tracking
node i medi ately before the node was switched are applied to the AFC
coefficients derived by the AFC cal cul ation processing of the AFC filter

21A Specifically, the AFC filters 21B to 21D, after executing the
AFC cal cul ation processing for the erroypssignal S3 based on the converged
val ues of the AFC coefficients in the tracking node,, input the

cal cul ation processing results to the seek controller 28 through the adder

62. On the.QifflcinRd adbivia By tAEGiF¢ | dfilculdtfon Bprsedaihgdol Nend\nFe

cal cul ation processing for the“output of the seek controllé&r 28 based on

the final | gibgree2gedtvaties the fihaelly comriergetir eakuey) imdhei prechding v
before the node was sw tched, the adder .84 adds the cal cul ati on processing
resul t of txagkimgrmpde; émmedimtely: hefoxe khe apdehwas cspitchedr areer 28.

Thus, even_in i he se I n ich [ he magnetic a 4A, t 4D i nvol ve
a | arger aﬂ%‘glrﬁe‘gft% ?’Eﬁg&g gi‘f"ﬁg}'ﬁggg}f%l%eﬁlg'e%cbyrg@? dﬁé cﬁlggg?é’f%ﬂ i on

synchroni Zﬁgoégssgilggb@ﬁcghgcm rdiidekN214 he out put of the seek controller 28
based on the AFC coefficients derived by the AFC cal cul ation processing in

the tracking spsieificallyjctive ARQ) flidtehse ZIBftio) 218, | afitcke xeicheding behwe,
the magnetic disc apparatus 80 corrects the disturbance frequency
synchr oni zBBC GRlgrlatdopopreceitingr foyubhe exsor Fdgarl ST haFedi AR ¥Rl a in

the seek QQQ@epgaesf QIa(ﬂ]er hgf A{:ice %f ngkg{léise:g:%r ii\x/leghg ytzt&iélécmode_, ,
input the calculation processing results to the seek controller
28 through the adder 62. On the other hand, after the AFC filter
21A has executed the AFC calculation processing for the output of
the seek controller 28 based on the finally converged values in
the pfeceding tracking mode immediately before the mode was
switched, the adder 84 adds the calculation processing result of
the AFC filter 21A to the output of the seek controller 28.

Thus, even in the seek mode in which the magnetic heads 14a
to 14D involve a larger amount of travel, it is pdssible to
correct the disc rotation synchronized disturbance occurring in
the output of the seek controller 28 based on the AFC
coefficients derived by the AFC calculation processing in the
tracking mode.

According to the configuration described above, the magnetic
disc apparatus 80 corrects the disturbance frequency synchronized
with the rotational frequency of the disc recording media in the

seek mode based on the AFC coefficients derived by the AFC



41 cal cul ati on processi ng when the tracking control was perfornmed on the
- basis of the error signal S3, so that the disc rotation synchronized

di sturbance can be corrected even in an operation in which the magnetic
heads 14A to 14D involve a large amount of travel as is the case of the
seek node, thereby making it possible to realize the nmagnetic disc
apparatus 80 which is capable of inpreying the head positioning accuracy
in a sinple configuration. (6) Configuration of Magnetic Di sc Apparatus
According to Sixth Enbodi nent In Fig. 11, where parts corresponding

to those i gofio1afh il GrolBshhg il RReS PR BlLIRAEELD YIRS HUetrolhbt 4y 21 oS

a magnetic I SC apparatus ccording to a Si

confi gured¢hl BadPde¥ thelekdbr (£idnad BBYNSS i khall TheafRS¢ afdtatddn accordi ng
to the fourth enbodi nent except that an AFC correction control system 91

has a dif f eyechronided) distughance can bet fprreéfFied eveacin oan aperasliosydt em
91, AFC filters 21D, 21F, 21H corresponding, to fourth-order, sixth-order
and ei ght hwhighgthe RagRatda: beads L4k &0 L4Pinwive AchREST ARPWRES P bance

ar e fespewaxsiyaéwyngdgggaho@rg@ QeSS hoag! t%%rezggﬁgﬁgfgcifé Iters send

their outputs to an adde at a front stage of a tr controller 26

through an paddep164anekalizei tEé Mdgnetiics diBangppdatiust Be wieH idst ers 21D,
21F, 21H, corresponding to the fourth- order, sixth-order and ei ghth-order
conponent s c@pabhe of simproving the head positioning accuracy in a simple

configuration. .

(6) Configuration of Magnetic Disc Apparatus According to Sixth
Embodiment

In Fig. 11, where parts corresponding to those in Fig. 9 are
designated the same reference numerals, illustrates a magnetic
disc apparatus 90 according io a sixth embodiment which is
configured in a manner similar to the magnetic disc apparatus 70
according to the fourth embodiment except that an AFC correction
control system 91 has a different configuration.

In this AFC correction control system 91, AFC filters 21D,
21F, 21H corresponding to fourth-order, sixth-o;der and eighth-
order components of a disc rotation synchronized disturbance are
respectively supplied with an error signal S$3. These AFC filters
send their outputs to an adder 62 at a front stage of a tracking
controller 26 through an adder 64 and a switch 65. This means
that the AFC filters 21D, 21F, 21H, corresponding to the fourth-

order, sixth-order and eighth-order components of the disc



42 rotation synchroni zed di sturbance, can apply converged val ues of AFC
-coefficients derived when a tracking control was perfornmed, even in the
seek node or in the settling node. Al so, AFC filters 21A 21B
corresponding to first-order and second-order conponents of the disc
rotation synchronized disturbance are supplied with an output of either
one of the tracking controller 26, a settling controller 27 and a seek
controller 28 selected by a node switchi'ng operation of a control node
switching unit 82. Specifically, the switches 20, 65, 83 are swtched

on the bar%t%tqfonasgﬂgﬂr&ﬁ%rdohiﬂf-Mn 50{:?%5%&%%533?5%@53%9 g node

switching unit 82 t0 an ON state from thé tinme period

has been eimpswefificiéstsaldrived Wiéle a itratheng rcaldre] waseperfvdmeidher wi se
to an OFF state fromthe seek npde to the tine the predetermined tine
peri od hasetfierineithpseeek impdenersin ttheygerbding mode. n t he nagnetic disc

apparatus 90 cqonfig d descr.i be above, when first-order,

second- or der, ’ #E'gr ﬁgftersﬁ éllh' O?{]%rcordﬁ&pgp Hee-%9 gfé‘FSET)ﬂ’b‘iﬁ'}érﬁ"é‘ of a
di sc rot at | QibrilbaeeNE &fSbneits! u&beﬁ@%-%c%tgufo& ergucﬂt}oﬁp rotation of
the magnetic discs 11A 11B, the di st urbance requency synchroni zed with

t he rotatdistairbaneguaneyswipliied witledmd icukpaBJoLteithdirsefe 1dA\ thelB occurs

in areference signal S2 reproduced fromservo regions on_ the disc faces
cor r espondtFRFHIRG FenbFablen Afhenssetling eensrabler A7 andpanteck

controller 28 selected by a mode switching operation of a control
mode switching unit 82.

Specifically, the switches 20, 65, 83 are switched on the
basis of a mode control signal S50 generated from the control
mode switching unit 82 to an ON state from the time a
predetermined time period has been elapsed in the settling mode
to the tracking mode, and otherwise to an OéF state from the seek
mode to the time the predetermined time period has been elapsed
in the settling mode.

In the magnetic disc apparatus 90 confiéured as described
above, when first-order, second-order, fourth-order, sixth-order
and eighth-order components of a disc rotation synchronized
disturbance occur due to high speed rotation of the magnetic
discs 11A, 11B, the disturbance frequency synchronized with the
rotational frequency of the respective magnetic discs 11A, 11B
occurs in a reference signal S2 reproduced from servo regions on

the disc faces corresponding to the order numbers of the external

disturbance.



43 . In the tracking node, the error signal S3 generated on the basis
of the reference signal S2 passes through the AFC filters 21D, 21F, 21H
corresponding to the fourth-order, sixth-order and eighth-order conponents
of the disc rotation synchronized disturbance and the adder 64 in
sequence, wherein the aforenmentioned AFC cal cul ation processing is
executed on the error signal S3, and is %hen added to the original error
signal S3 in the adder 62, and inputted to the tracking controller 26.

The output of the tracking controller 26 in the tracking node, in turn,

passes thr oughzh hendidcidibg! fiodd /i1 8208 Sld®s GdubPar SPUNCRRE:

wherein the aforenenti oned AFC cal cul ati on processing™ 1s execute

error si gnbhs$8, ofirkhe sefecanceldeignal SRepasees whrotighhthé Fekifigters
controller 26 in the adder 84, and outputted as an AFC correction signal
S60. By D ettha Al GREFBFPPRALRG: Soakhe cipyrth-ordes; (@inthSevden and
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predeterm ned val ues. Consequently, the magnetic heads 14A to 14D are
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signal S60 which has been corrected for the disc rotation synchronized
di st ur banc&F¥°F SigRfl, S34n8Rd 1R theghadded nka ddiel pxiginakrexkar signglhel d

o 0 o, SO 30 il b 81 old ARk B0 R0%s.
The output of the tracking controller 26 in the tracking mode, in
turn, passes through the AFC filters 21A, 21B and an adder 84 in
sequence, wherein the aforementioned AFC calculation processing
is executed on the error signal S3, and is then added to the
output of the tracking controller 26 in the adder 84, and
outputted as an AFC correction signal S60.

By feedback controlling the AFC correction signal S60 in a
tracking servo loop including the tracking controller 26, AFC
coefficients degived bf the respective AFC calculation processing
of the AFC filters 21A, 218, 21D, 21F, 21H are sequentially
updated and converged to predetermined values. Consequently, the
magnetic heads 14A to 14D are correctly controlled for tracking
in accordance with the AFC correction signal S60 which has been
corrected for the disc rotation synchronized disturbance.

Here, when the magnetic heads 14A to 14D currently held on
tracking controlled tracks (first target tracks) are positioned

to next target tracks (second target tracks), the mode is



44  switched fromthe tracking node to the seek node at this tine to have
.the magnetic heads 14A to 14D seek fromthe currently positioned tracks to
t he next target tracks. In this event, while the converged val ues
derived when the tracking control was perfornmed are applied to the AFC
coefficients derived by the AFC cal cul ati on processing of the AFC filters
21D, 21F, 21H, the finally converged vahkpes in the preceding tracking node
i mmedi ately before the node was switched are applied to the AFC
coefficients derived by the AFC cal culation processing of the AFC filters

21A, 21B. gwitchiEronC 8hkytrddiinRolik| £&¢he? HRek2hbde 2t thdkt eimexasut i ng
the AFC cal cul ation processing for the error signal S3 based on the

conver ged haveecshefmageetAECheads {ldd &ont 34P rsadke fromckhecymatlyi nput t he

calculation processing results to the seek controller 28 through the adder
62. On t hepeshbionnd Fragksckorthe RAeats targets trarks.o18 have executed the

AFC cal cul ati o, PLEELSNAIL | Bhil &% WoBWbrgla Wi R3CHe £ NI Qhlekl ¢8E DasEd

on the finally~Converge ues in the pretedi ng tracking node | mredi ately

bef or e t he ¢FRERinyESoEMIICAS . péiforarkde ardlappiied ke €RECAF@Li on processing
results of the AFC filters 21A, 21B to the output of the seek controller

28. Toesficients Merivedcbk thaldFCncabdwlation prgressinthhefdsheaFcCt o
14D invol ve .a |l arger_anopunt _of travel,, it is possible to cprrect the disc
rotation sfﬁ&ﬁ?ﬁﬁi%ﬁRﬁcﬁ%ﬁNJ?gﬁncip?xgﬁiF}&ﬁgc? ye Qﬁg HGEﬂﬁ? {% e seek
CO”trO"erp&%cQ§§§Q £¥héﬂ¥%gAE£ée immediately before the mode was switched
are applied to the AFC coefficients derived by the AFC
calculation processing of the AFC filters 21Aa, 21B.
Specifically, the AFC filters 21D, 21F, 21H, after executing
the AFC calculation processing for the error signal S3 based on
the converged values of the AFC coéfficients in the tracking mode,
input the calculation processing resulté to the seek controller
28 through the adder 62. On the other hand, after the AFC filters
21a, 21B have executed the AFC éalculation processing for the
output of the seek controller 28 based on the finally converged
values in the preceding tracking mode immediately before the mode
was switched, the adder 84 adds the calculation processing
results of the AFC filters 21A, 21B to the output of the seek
controller 28.
Thus, even in the seek mode in which the magnetic heads 14A
to 14D involve a larger amount of travel, it is possible to
correct the disc rotation synchronized disturbance occurring in

the output of the seek controller 28 based on the AFC



45 coefficients derived by the AFC cal cul ation processing in the
“tracki ng node. According to the configuration described above, the
magneti c disc apparatus 90 corrects the disturbance frequency synchronized
with the rotational frequency of the disc recording nedia in the seek node
based on the AFC coefficients derived by the AFC cal cul ation processing
when the tracking control was perforne n the basis of the error signal
S3, so that the disc rotation synchronized'disturbance can be corrected
even in an operation in which the magnetic heads 14A to 14D involve a

| ar ge anbuebegficidibicldedived By'&HAASCObalbiel NIV PRESesd iy @RYLABKI Ng it
possible to realize the magnetic di sc apparatus 90 which is capabl e of

i mprovi ng trackiwg medsa.ti oni ng accuracy in a sinple configuration. (7)
O her Enbodi nent s ,_ _Note that,_jn the foregoing enbodi nents, the AFC
(Adaptive FeefFEPE&tne @fngBFe??nﬁWg%lﬁ?gﬁiﬁedz fpove t+he magpgtied as

the freque C | Lr | st urbance reguency
whi ch ocourarrREEREID 8T B0Pras Mle BTELLAE BeRbeREr SmchESHAERLY o
di scs 11A witB bheefotutionalefféfuentylod! ths. aildie fatesitg i@ Al iANthe

however, is not limted thereto and a variety of other filters can be
enpl oyed f seekemede rkpsed gnsthe ARG cogffichents cldrdveflr byjukhec WFCl N essence,

Pheart ety da1chi SAED YectRbbfRg ibd TR0 e 280cET; Wttt s 'pez 2med "6 *°
the basis of the error signal S3, so that the disc rotation
synchronized disturbance can be corrected even in an operation in
which the magnetic heads 14A to 14D involve a large amount of
travel as is the case of the seek mode, thereby making it
possible to realize the magnetic disc apparatus 90 which is
capable of improying the head positioning accuracy in a simple

configuration.

(7) Other Embodiments

Note that, in the foregoing embodiments, the AFC (Adaptive
Feedforward Canceler) filters 21A, 21D, 21F, 21H are applied as
the frequency correcting means fér correcting the disturbance
frequency which occurs in synchronism with the rotational
frequency of the magnetic discs 11A, 11B based on the error
signal S3. The present invention, however, is not limited thereto
and a variety of other filters can be employed for removing a
disturbance at a particular frequency. In essence, a variety of

frequency correcting means can be widely applied as long as they



46 can suppress a disturbance frequency which occurs in synchronism wth
- the rotational frequency of the magnetic discs 11A, 11B. Al'so, in the
f oregoi ng enbodi nents, the head noving neans for noving the nagnetic heads
14A to 14D to neighboring positions of next target tracks (second target
tracks) on the magnetic discs 11A, 11B based on the error signal S3 and
the frequency correction coefficients4@AFC coefficients) is conposed
mainly of the seek controller 28, the voice coil notor driver 32 and the
voi ce coil motor 33. The present invention, however, is not limted to

this partigan asupprekisgar aisairbanceh eré@achdyOwhilgh Gedfcs iansdywdhrsniaim vel y,
t he head noving neans can be conposed of the settling controller 27, the
voi ce coi | wiveh (#heclmwetimahrﬁrmncymtethﬁ)mgmﬁ-ﬁ EBcsFhlaheklB.

Soneror g § rafads di %5%"%‘%%%” Salieinre thE need ARVARG medth farar
the head n;mg@?he Ak hétf@rﬁ&%%dlﬂésw'ﬁﬁ%gb rtggﬁoﬁlyafﬁég;efo&souf mot or

driver e col |l notor or egol ng

embodi ment gex@StdddetORaatks COELDMAN Largét rhicks )l 6h MRS aGae e ol s
di sturbance, first- order to fourth-order, sixth-order and eighth-order

conponent s13A, 1He heised oot bhe cﬂrrwmhgmlzﬁéida@ﬂsth?bﬁlrme@erur in
synchronrsn1 with the r of e magpet,ic . discs 11A 11B. The pr sent
vent on. Sheteetion Rostsabh ok arRsRRER ey 53, SomnreRC AL o

di st Urba”%he*’k‘éel@%n‘%‘i—oﬁek'f@' téixec%iéétcéﬁ Wt orOCaffter f3f hhaOoLkier or

ni‘nt h-order or nore conponents ‘of di sc
voice coil motor 33. The present invention, however, is not

limited to this particular configuration of the head moving means,
and alternatively, the head moving means can be composed of the
settling controller 27, the voice coil motor driver 32 and the
voice coil motor 33. Further alternatively, a single controller
can be provided for performing the éeek control and the settling
control as a sequence of operations, such that the head moving
means is composed of this controller, the voice coil motor driver
32 and the voice coil motor 33. .

Further, in the foregoing embodiments, as ith order
components of a disc rotation synchronized disturbance, first-
order to fourth-order, sixth-order and eighth-order components of
the disc rotation synchronized disturbance occur in synchronism
with the rotation of the magnetic discs 11A, 11B. The present
invention, however, is not limited to such a disc rotation
synchronized disturbance, but can be applied to correct third-

order, fifth-order or ninth-order or more components of a disc



47 rotation synchroni zed di sturbance in the frequency correcting neans in
accordance with the nmagnitude of the disc rotation synchronized

di st ur bance. Further, while in the foregoi ng enbodi nents, the present

i nvention has been applied to the magneti c di sc apparatus 40, 50, 60, 70,
80, 90 for recording on or reproducing fromthe magnetic discs 11A, 11B,
the present invention is not [imted to the application of such nmagnetic
di sc apparatus, but can be w dely applﬂéd to any apparatus which may
require suppression of disc rotation synchronized di sturbance upon

recordi ng QrotdtiohCpyRChIiGd Qi HancRCehdtRg fesudncNcbPidctaage,
optical heads, optical pickups and so on can be w dely applied as heads

ot her t han mdamsmignacéerdanats with the mHgnitudeddf t thm disegnetakionopt i cal

di scs, optical .disgs ang. so Qn can be widely applied as the disc recording
medi a othersxqﬁ%¥°PH@e§a ﬁqé§QHF§cs | 1A, 11B. According to the present

ovention as JGagilaed ahoYe 1A PV RABSAIRSS: 2 igag Ligl @ 17t

t ar get track on a recoradl ng ne S nNow

posi tioned fiventicalhhs Béer dpplibngo AHY mAlgnet fc da1¥d Gpparhtds MBS Gioon of
the next second target track based on frequency correction coefficients

derived froff@#f ri®quéfey9e ofer tecegding en whe rephedue ik i fivgmc the rmAgnetd s

per fornmed based a position error sjgnal, so.,that disc. rotation
synchroni z€ ?ﬁssﬁﬁ‘ﬁbaﬁgg' o‘élt%lﬁrieﬁﬁnf’ni Bni& ok (Hmited FBitRS onal

frequency Ofpdiiedlisn bECSLEH MagHRULE AL diparGOhs SHBEY ANCHe ' Wi dlly

operation inwhich the head novi'fng neans '
applied to any apparatus which may require suppression of disc
rotation synchronized disturbance upon recording on or
reproducing from disc recording media. In this case, optical
heads, optical pickups and so on can be widely applied as heads
other than the magnetic heads 14A to 14D. 1In addition, magneto-
optical discs; optical discs and so on can be widely applied as
the disc recording media other than the magnetic discs 11a, 11B.

According to the present invention as described above, head

moving means moves a head from a first target track on a disc |
recording medium, on which the head is now positioned as a result
of a tracking control, to a neighboring position of the next
second target track based on frequency correction coefficients
derived from frequency correcting means when the tracking control
was performed based on a position error signal, so that disc
rotation synchronized disturbance occurring in synchronism with

the rotational frequency of the disc recording medium can be

corrected even in an operation in which the head moving means



48 causes the head to travel over a |arge anount of distance, thereby
-making it possible to realize a head positioning apparatus and a nethod
therefor which are capable of significantly inproving the head positioning
accuracy in a sinple configuration. Wil e there has been described in
connection with the preferred enbodinents of the invention, it will be
obvious to those skilled in the art thgt various changes and nodifications
may be ained, therefore, to cover in the appended clains all such changes
and nodifications as fall within the true spirit and scope of the
invention. causes the head to travel over a large amount of4@ist¥iek,!S CLAI MED
IS: 1. A head positioning control apparatus conprising: p05|t|on
error si gnahegehgrmaking ritapossiblegameranlige sa heesi poefitboniog si gnal

i ndi cative of the anount of B05|t|onal deviation of a head with respect to

a first tadpParakugianh ymegned thexnfgrnyhiehiang capable @fuency correcting

T ator Lg[}ce%%féquegﬁ’tiy SHEEAGY ng COUd GO Bob PEL dd AP AR ubOby G 2P EhhBTe 2

configuration.

While there has been described in connection with the
preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modificationms
may be aimed, therefore, to cover in the appended claims all such
changes and modifications as fall within the true spirit and

scope of the invention.



occurring in synchronismwth a rotational frequency of said disc
.recordi ng nedi um when a tracking control is perfornmed on the basis of said
position error signal; and head nmovi ng nmeans for noving said head from
said first target track on said disc recording nedium on which said head
Is positioned as a result of said tracking control, to a nei-ghbori-ng-

position of a next second target track Q sed on sai i kgl 1 si gna
and said frequency correction coefficienfs. 2. ThalﬂmH"IHailJHHEVHME '
control apparatus according to claim1, wherein: *  csal regu y
CorrECti”gnﬁﬁiﬂisgéﬁifﬁﬁbiiﬁkd di sturbance frequency into a plurality of
frequency conponents tor each predetermned |evel, and generates said
frequency aarrachead pesidfifdndngntentinl appacatus gcampgrisdager ni ned nunber of
frequency conponents within said plurality of frequency conponents.

50 3. The he®¢spbier|eNNary sdgnel oyengsriiag uearnt ofqr ggnesating @ 1,

wher ei n: .said frequenc oLl cﬁf means, conpri gin sas st or age
means for (ﬁqﬁlgﬁﬁﬁ gHF _(ﬁ%géageégsfl%é;%%e3?u§¥?rg%%u&i °gr FLF R ect i on
into a plurglyiltigh 680 Hihd #0En2PSeEHUINGo a £iAdK tolrQbtNErade f aSai d
frequency correction coefficients gener ated when said tracking control
i s perfornatisd recacding mediumgai d regi ons; wherein when said head
nmovi ng means noves said head to the )
frequency correcting means for generating frequency
correction coefficients for correcting a disturbance frequency
occurring in synchronism with a rotational frequency of said disc
recording medium when a tracking control is performed on the
basis of said position error signal; and
head moving means for moving said head from said first target
track on said disc recording medium, on which said head is
positioned as a result of said tracking control, to a neighboring

position of a next second target track based on said position

error signal and said frequency correction coefficients.

2. The head positioning control apparatus according to claim 1,
wherein:

said frequency correcting means divides said disturbance
frequency into a plurality of frequency components for each
predetermined level, and generates said frequency correction
coefficients for correcting a predetermined number of frequency

components within said plurality of frequency components.



nei ghbori ng position of said second target track, said frequency
-correction coefficient corresponding to said region I n"which said
second target track is included, is read and .out put from saird storage

nmeans. 4. A head positioning control nethod conpr . hr st step
of generating a position error signal indicative il‘i‘!ﬁgl‘&'ﬂﬂﬂllﬁmm
positional deviation of a-head with respggt to a * rack on a
di sc recordi ng medi um a second step of generating frequency

correction coefficients for correcting a disturbance frequency occurring

in synchroni.smrh¢i hbad gli&;ia;tibaﬂaé ééxﬁ&‘éﬁnﬁﬁpﬁ’faﬁ?é G b2ihg GY U18ImEdI UM
when a tracking control is perfornmed on the.basis of said position error

signal ; anethereina third step of nmoving said head fromsaid first target
track on said disc recording nedium on which said head is positioned
51 as a resuPpiff FESARLNGYaCRFFECH NG mernst gomprisifgoori ng position of a

next second target_t gﬁ Fg i ositio rror_si | —and sajd
frequency correct isot'h‘;’:g:aa ef Tl %lggelnf& S‘ﬂgq‘igﬂg %%’a‘g 5Si Ffﬁ?ﬂ?‘ﬂ’é’%ﬂ‘ﬁ??’b‘?ﬁfbt%oq
according to chagiaf ai@i®nNinto a&ﬂl&aﬁepnéf%éaqdngelmsagiphﬁihgg sai d
di sturbance frequency into a plurality of frequency conponents for €ach
pr edet er m ned ahdv&t?rtugiqn!'pécsahg freguedey ecorrmt iounbes £ ficifentguency
conponents within sald pIuraIiLX of frequency conponents based on

generated when said tracking control is performed, to each of

said regions; wherein

when said head moving means moves said head to the
neighboring position of said second target track, said
frequency correction coefficient corresponding to said region

in which said second target track is included, is read and

output from said storage means.

4. A head positioning control method comprising:

a first step of generating a position error signal indicative
of the amount of positionai deviation of a head with respect to a
first target track on a disc recording medium;

a second step of generating frequendy correction coefficients
for correcting a disturbance frequency occurring in synchronism
with a rotational frequency of said disc recording medium when a
tracking control is performed on the basis of said position error
signal; and

a third step of moving said head from said first target track

on said disc recording medium, on which said head is positioned



sai d frequency correction coefficients. 6. The head positioning control
- met hod according to claim4, wherein: said second step includes
dividing said disc recording nedium in a radial direction into a plurality

of regions, assigning each of said regions for one o”mmmu“n '
correction coefficients generated when said tracking!l® E"ﬁl#ﬂ"rned,
and storing said frequency correction efficients in stbradge "medns* and
said third step includes, when noving said head to the neighboring
position of said second target track, reading from said storage neans said
frequency @araceésalt cafshid epackiogy rceapeallj Nkp tad nedighboeing pasitibh ch
said second target track is included, and outputting said frequency
correcti onofodi pext csgcond target track based on said position error signal

and said frequency correction coefficient.

5. The head positioning control method according to claim 4,
wherein

said second step includes dividing said disturbance frequency
into a plurality of frequency components for each predetermined
level, and correcting a predetermined number of frequency
components within said plurality of frequency components based on

said frequency correction coefficients.

6. The head positioning control method according to claim 4,
wheréin:

said second step includes dividing said disc recording medium .
in a radial direction into a plurality of regions, assigning each
of said regions for one of said frequency correction coefficients
generated when said tracking control is performed, and storing
said frequency correction coefficients in storage means; and

said third step includes, when moving said head to the
neighboring position of said second target track, reading from
said storage means said frequency correction coefficient
corresponding to said region in which said second target track is

included, and outputting said frequency correction coefficient.



