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Technical Field The present invention rel ates thﬁ_é lgO( \ 8
recordi ng/ reproduci ng apparatus for recording or reproducing!information
in or froma recordable and reproducible nediumby a head, particularly to
a disk drive for recording or reproducing information in or from a
magneti ¢ recordi ng/ reproduci ng | ayer : i.cal recording/reproducing

| ayer fornmed on the surface of a %ﬁgéiﬁﬁgéﬁﬁbprate made of al um num

glass, or plastic by a recording/reproduci ng head such as a magneti c head

or an optical pickup. Background Art Di sk drives including optical
di sk drives and @Qﬁ&i%T Kk g ¥a s external
menori es because ggrsona c&ﬁpﬁ?grga%ave %eﬁegéﬁea g%% ggﬁged in

recent years. Therefore, it is requested that these disk drlves serving as
external nmenories have a l|large capacity because conputer software has been
swol | en and t&8ehedpad tyi@iddata to be handl ed has been increased.

Mor eover, a disk drive making the nost use of high speed and | arge
capacity is bei nqThusedrasenanlinfention relates to a

recording/reproducing apparatus for recording or
reproducing information in or from a recordable and
reproducible medium by a head, particularly to a disk
drive for recording or reproducing information in oxr from
a magnetic recording/reproducing layer or an optical
recording/reproducing layer formed on the surface of a
discoid substrate made of aluminum, glass, or plastic
by a recording/reproducing head such as a magnetic head

or an optical pickup.

Background Art

Disk drives including optical disk drives and
magnetic disk units have been frequently used as external
memories because personal computers have been spread and
advanced in recent years. Therefore, it is requested
that these disk drives serving as external memories have
a large capacity because computer software has been
swollen and the capacity of data to be handled has been
increased.

Moreover, a disk drive making the most use of high

speed and large capacity is being used not only for



- 2- conputers but also for digital AV units for recording or reproducing
i mges and sounds by enploying digital techniques and therefore, a

| arge-capacity disk drive is desired inorder to record and reproduce
digital AV information including a ot of data. Particularly, a request
for increasing the capacity of a high-speed nagnetic disk urltdhasdbeen_
enhanced nore_and re .because the disk drive is w,dely applied an

posi ti oned zﬁ?@?%gg§§ bUt %f%%nEBEtﬂ%%%t%%g%gtrFl&%ﬂ€§ﬁﬂ¥eﬁPFﬁﬂﬂih
described b Fi.qure. 16 is a_schematic illustration show,n e
conventionalq%gg%%?ng&4§£5nﬁT§g R APQURERUEIS XbSWp%PXEQ%ta%S&t netic
di sk, 2 denot ti 830 r.ec i r r i i nf.or.nmt i on
in or fron1tﬁ§§ﬂ%%gﬁgggcagrgk i,£§fagﬁét§£qan %ptﬁéggfgﬂgf %gﬁknarfﬁg
magnetic head & @dsitedf ianbrerd Q) RIESEM AT LePHdMic@tad i?atl' %T'Q;a'
radius position of the magnetic disk 1, 5 denotes a head anpfifier for
detecting androfprndyiog indepaodgcad 19W0net @hthhe magratd el hgag 24 4
denotes a controller for outputting a control signal for detecting a

rel ative positdqurest fbe nagnet¢asihgadh2 tenpabetagretd ch gk sbden
accordance with an output of the head anplifier 5 and setting the actuator
3to a pred@agyehed gosik iwnionhékebesgnetnicadicek mommndafd gemet es a

driver for supplying the current correspondi ng . o
because the disk drive is widely applied and positioned

as a core.

A conventional magnetic disk unit will be described
below.

Figure 16 is a schematic illustration showing the
conventional magnetic disk unit. In Figure 16, symbol
1 denotes a magnetic disk, 2 denotes a magnetic head for
recording or reproducing information in or from the
magnetic disk 1, 3 denotes an actuator for having the
magnetic head 2 at its front end to perform positioning
at an optional radius position of the magnetic disk 1,
5> denotes a head amplifier for detecting and amplifying
a reproduced signal of the magnetic head 2, 4 denotes
a controller for outpﬁtting a control signal for
detecting a relative position of the magnetic head 2 to
the magnetic disk 1 in accordance with an output of the
head amplifier 5 and setting the actuator 3 to a
predetermined position on the magnetic disk 1, and 6
denotesfidriverforsupplyingthecmrrentcorresponding

to the control signal to the actuator 3. Moreover,



to the control signal to the actuator 3. Mreover, _

- 3- though not illustrated, the follow ng are provided: a spindle notor
for rotating the magnetic disk 1, an intgrface section for transferring
digital information to and froma host conputer, a buffer and its control
section for storing the digital information and efficiently recording or
repr oduci ng the informati or fromthe magnetic disk 1, and a

i nf or mati on Le9Ri ng régRHé&ﬁqﬁfgirEB?tfOllﬁ:i:gW%Eed%épgégfﬁg of th?
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en & actuator 3 and°

suspension 3b provided for the fron of " the _ e
working forceedtibe @bk fdiyr Degwesr aiyjiwdel inrednmaiethnWahh @

not-illustrated magnetic head 2 and the magnetic disk 1 are ﬁalanced.

Posi tional i effiffieténolforecdeldacty ke e rdrui@lh§nhé orp £36Ma0fH czoReent ric
tracks (one track is shown as synbol a by a broken line in Figure 16),

that is, serwa ififannaheomaghominebyiskntigl dndina Engwrend)ohs previously

recorded on each track of the nmagnetic disk 1. The servo information b is

recorded on necwkdiegérgpomdudingntémyalitand t hereby, the magnetic

Then, operations of the conventional magnetic disk

unit will be described below. When the magnetic disk 1
records and reproduces information, it is rotated by a
not-illustrated spindle motor at a constant speed. In
this case, the magnetic head 2 is positioned onto the
magnetic disk 1 and held by the actuator 3 while levitated
at a position where the pressure of a suspension 3b
provided for the front end of the actuator 3 and the
working force of the air flow between a slider integrated
with a not-illustrated magnetic head 2 and the magnetic
disk 1 are balanced. Positional information for
detecting the deviation from each of concentric tracks
(one track is shown as symbol a by a broken line in Figure
16), that is, servo information (shown by symbol b in
Figure 16) is previously recorded on each track of the
magnetic disk 1. The servo information b is recorded on
tracks every certain interval and thereby, the magnetic

head 2 reproduces the servo information every certain

time in accordance with the rotation of the magnetic disk



head 2 reproduces the servo information every certain time in accordance
with the rotation of the magnetic disk -4-
1. Aregion in which the servo infonnﬂi4nLis recorded is referred to as
servo region. Thus, information is recorded or reproduced in or from
regions other than the servo region and the regions are referred to as -
data regions. A reproduced signar of the magnetic head 2 is detected
and anplified- byA tHRO AL ANPrE Ehekhs aRgVT Rafenyna hpant 8 ¥ocepeed
controller 4, The controller 4 discrimnates servo information in,
accordance w3 hrEREILShU? eVSSPERAIC TSt es BPSsi tirdiREM3F L8P £ t he
target track a of .the magnetic head .2, noreaver conpute a ntrqlled

Var Pabl e neciasaF7eRop Tar POFRGUTR dct Ay bEonar e ian s §tnsh, EAA dne
positional e .Ut p cqnt 1.0 [ I ' se, tro
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a necessary_ﬁgﬁ §At to a driving coil 3c of the actuator 3 in accordance
with an inputt control signal. Thereby, a driving force is generated by

the driving coi |l Baaitoqacper g1 nBgneh3hafie t9canela@ fAacest he coil
3c and the actuator rotates centering around a point ¢ to always position

the magneti cidreadtadomridhearhpl g€t el aok tohe Undad dntiel Bbowe St alred
information is recorded or reproduced in or fromthe data region by the
magnet i ¢ heath@rebVhénphdrtesd & pdadid icamitgotoarrél syseéeovotraldlexsed | oop
discriminates servo information in accordance with the
inputted signal, computes a positional error to the
target track a of the magnetic head 2, moreover computes
a controlled variable necessary for driving the actuator
3 so as to reduce the positional error, and outputs a
control signal. 1In this case, a control system for phase
compensation or the like is used. The driver 6 supplies
a necessary current to a driving coil 3c of the actuator
3 in accordance with an inputted control signal. Thereby,
a driving force is generated by the driving coil 3c and
a permanent magnet 3d set so as to face the coil 3c and
the actuator rotates centering around a point c to always
position the magnetic head 2 on the target tracka. Under
the above state, information is recorded or reproduced
in or from the data region by the magnetic head 2.
Therefore, a positioning control system of a closed loop
for positioning a magnetic head on a target track is

adopted to record or reproduce information.



for positioning a magnetic head on a target track is adopted to record or
repr oduce infornmation. -5- However ,

t he above configuration causes the foLIgang probl ens. That is, to
increase the capacity of a magnetic disk™ unit, it is necessary to increase
the information volunme which can be recorded in one track, that is, to -
inprove the track recording density or-to formtracks in one nagnetic

di sk as many as pdewebke, ttat abpveodamfoyerathent caoks@enshey. In this
case, when the track densit is inmproved, in other words, when the

di stance bet ieddowidjacehebiledses (that is, decreasing the track pitch) is
decreased, it is inpossible to correctly record,or reproduce |nformation
unl ess pi eces of ThRetihfortRtiMredpaclhaBR2ELEYKRL & 8FFNKeRESH FFom

interferi h her wh [ I t he .inf ion.
Ther of or . 1 A matoLEd TS PRRY e RESAOH £ 0 et ey Dr TR
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of the positioning r ol € “conventi-ona

et hod, " expapgEOn Al 2 -8R AL SNl o t A3kl B SHRANSY 0B the

cutoff frequenc an open-1o ns restricte ue to

Lhe vi brat | opcRda 1€SPaRtaETRIHENGY pifs RALle 0T Lhikst Of ddigngtimsect | on
a, suspension-3b, or driving coil 3c of an actuator. Fi'gure 17(a) shows
the track density. In this case, when the track density
is improved, in other words, when the distance between
adjacent tracks (that is, decreasing the track pitch)
is decreased, it is impossible to correctly record or
reproduce information unless pieces of the information
in adjacent tracks are prevented from interfering each
other when recording or reproducing the information.
Therefore, it is necessary to improve the positioning
accuracy of the target track of a magnetic head and to
expand the control bandwidthwidth of the positioning
control system.

In case of the conventional method, expansion of a
control bandwidthwidth_, that is, expansion of the cutoff
frequency of an open-loop transfer function 1is
restricted due to the vibration mode resonant frequency
of bend or twist of the arm section 3a, suspension 3b,
or driving coil 3c of an actuator. Figure 17(a) shows
the frequency-response characteristic of the actuator
and Figure 17(b) shows an open-loop transfer function

when applying phase compensation to the controller 4.



t he frequency-response characteristic of the actuator and Figure 17(b)
shows an open-loop transfer function when applying phase conpensation to
the controller 4. 6 - - 6- As shown in Figure
17 (b), because a phase delay occurs due to resonance nearby 2 kHz of the
actuator, a control bandwidthwidth is up to 400 Hz. Actually, it was
possi ble to increase the control bandwidthwidth only up to 1/5 to 1/15

wi th respect Asoshige'ly ddbriak@ureeqidhdy hﬁCQ¢@€v@b?%@§§ndm&ﬂ¥(ﬁcqwﬁﬁ

act uat or becguse the control bandw dt hwi dt h st be set to a value | ower

than 400 Hz 9B§ EBnEFEEFART ANSFETRY on Xatfd O GECuACTOR tohe RO TOL

[ t of th i.tioni f ti head |imted and
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above problens and its object 7S to provide an 1 nformation

recordi ng/ r epL0quGy NG, appasaty H'Yé%ﬁ%@ﬂ @om%%giﬁéﬁpﬂéﬁE ?@éﬁuéﬁ% h

makes it possible to increase the capacity of rive by 1nproving

the positionp®gth@GEUHAEY 18h BoABUWBE e RRAd1ator be¥h @PPARE Worfrd e
present invention conprises an information recording/reproducing nmedium a

head for repahdiwigittiwid&phoglusitndel BEQr mat boraWid & owmnt tthaned@0iNely to
the information recording/reproducing
by considering dispersion and fluctuation. Therefore,
improvement of the positioning accuracy of a magnetic
head was limited and resultantly, it was difficult to

increase the capacity of a disk drive.

Disclosure of the Invention

The present invention is made to solve the above
problems and its object is to provide an information
recording/reproducing apparatus including a magnetic
disk unit, which makes it possible to increase the
capacity of a disk drive by improving the positioning
accuracy.of a magnetic head.

An apparatus of the present invention comprises an
information recording/reproducing medium, a head for
recording or reproducing information while moving
relatively to the information recording/reproducing
medium, an actuator for supporting the head and movable
in accordance with a command, and a control section for
controlling movement by supplying a command to the

actuator in accordance with a signal reproduced by the



medi um an actuator for supporting the head and novable in accordance with
a command, and a control section for controlling novenent by supplying a
command to the actuator in accordance_wyth a signal reproduced by the

-7- head, in which the actuator has at |east one vibration node in
addition to the novenent node as a rigid body, the control section is
configured by an internal nodel including at |east one vibration node of
the actuatori€agndi® gthueh dslhe nﬁ@?ﬁét@erct%acﬁl Forleastnapeny i@ tion

gquantities of a%ates of . vi bratjon pode and ri gi d-bod node of the_ actuator
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Drawings — anfl Quisk éh@%;ﬁa%q%éagg%ﬁ%ﬂ a0 et ifg Megelic di sk

unit of a first embodi nent of the t invention; gure 2 shows
an il lustratyeantart i@l 3 nk8d thhe o £apfh B4 E abind e aaﬁanﬂg'i'derbdﬁ the

first enbodi nent; Figure 3 shows frequency-response characteristic
di agrams of modectofattthe ofictheatlor sin esbedirtmice with a reproduced
signal of the head and a controlled variable
corresponding to a movement command to the actuator and
a controlled-variable generating section for generating
a controlled variable in accordance with each estimated

quantity of state estimated by the state estimating

section are included.

Brief Description of the Drawings

.Figure 1 shows a schematic block diagram of a
magnetic disk unit of a first embodiment of the present
invention;

Figure 2 shows an illustration for expiaining the
configuration of a controller of the first embodiment;

Figure 3 shows frequency-response characteristic
diagrams of an actuator of the first embodiment;

Figure 4 shows frequency-response characteristic
diagrams of a closed-loop characteristic of a magnetic
disk unit of the first embodiment;

Figure 5 shows an illustration for explaining the

configuration of a controller of a second embodiment;



Figure 4 shows frequency-response characteristic diagrans of a closed-|oop
characteristic of a magnetic disk unit of the first enbodi nent;
Figure 5 shows an illustration for expLagnLng the configuration of a
controller of a second enbodi nent; - 8-
Figure 6 shows frequency-response characteristic diagranms of an actuator
of the second enbodi nent; Fi gure 7 shows frequency-response
characteristic dfagnass Garahewsi fcegespongserdspgnad ofharatbeed-sitoap
characteristic of a magnetic disk unit of the second enbodi nment;
Fi gure 8 shoddagirans uafran astfurtexppdi tihey s9eondoamogdiatedh; of a
controller of a third enbodinent of the present invention; , Figure 9
shows st ep-r esponSeIBESr dctEHP%T i &L e afsl 8PPAREY et E2aFSK1FHAC of the
third enbodi nent; Fi.gure .10 shows an il Jl.ustratiop for_ explaining the
conf i gur at | oFLGE ARG FeF 184 § HoPt ACe G TARIObr @ CAE R LsEATD
i nventi on; Fi .11.sh a .i.c hl i agr.am etic
cgaﬁaf%&g%%%aé Q5 & n?ﬁggggr&c Hek, i param.Qfy asengB

di sk unit of odirnment “of esen i NVent 1 on; are 12
shows an il ushtig,for explaining the configuration of a controller of
the fifth enb%%inent; ’ Figure 13 shows step-response characteristic

di agrams of a magreghieedigskrsid £ 1Deukiiddt 8WodbFeBkplaining the
configuration of a controller of a third embodiment of
the present invention;

Figure 9 shows step-response characteristic
diagrams of a magnetic disk unit of the third embodiment;

Figure 10 shows an illustration for explaining the
configuration of a controller of a fourth embodiment of
the present invention;

Figure 11 shows a schematic block diagram of a
magnetic disk unit of a fifth embodiment of the present
invention;

Figure 12 shows an illustration for explaining the
configuration of a controller of the fifth embodiment;
Figure 13 shows step-response characteristic
diagrams of a magnetic disk unit of the fifth embodiment;

Figure 14 shows a schematic block diagram of a
magnetic disk unit of a sixth embodiment of the present
invention;

Figure 15 shows an illustration for explaining the

configuration of a controller of the sixth embodiment;



Figure 14 shows a schematic block diagramof a nagnetic disk unit of a

si xth enbodi nent of the present invention; Figure 15 shows an
illustration for explaining the conngqgallon of a controller of the sixth
enbodi nment ; -9- Figure 16 shows a

schematic bl ock diagramof a conventional magnetic disk unit; and

Figure 17 shows frequency-response characteristic diagrans of t he

open- 1 oop transf ELGHER zﬁeﬁhwsc pfs¢hemagdsy &M ThafllAggast if dd sk unit.
(Description of synhols) netj.c disk, 2 Nagneti c head 3

Actuat or 4 COTEHR Fépﬂél Wﬁgn$ﬁg Sk f4it/ eandpr ver Accel eration

sensor Best Nbd for Cﬁgfy the | nvention i,nents,.of the
present inventio %ﬁqﬁe %Qé%?i%Eﬁq&QQﬁVtﬁﬁ?g?gFFl 53ﬁ§Q?ﬁféég&ﬁbanylng
draw ngs. dlacéfgxagdem %en log%qn%%néfégo%ﬁa?ﬁa%@%ﬁtc @f?%lﬁ di agram

of a magnetic unrt ng an € presen
conventional magnetic disk unit.

(Description of symbols)
Magnetic disk
Magnetic head

Actuator

> oWw N

Controller
Head amplifier

Driver

~ oy WO

Acceleration sensor
Best Mode for Carrying Out the Invention

_Embodiments of the present invention will be
described below by referring to the accompanying
drawings.

(Embodiment 1)

Figure 1 shows a schematic block diagram of a
magnetic disk unit showing an embodiment of the present
invention, in which symbol 1 denotes a magnetic disk,
2 denotes a magnetic head for recording or reproducing
information in or from the magnetic disk 1, 3 denotes
an actuator mounting the magnetic head 2 at its front
end to performpositioning at an optional radius position

of the magnetic disk 1, 5 denotes a head amplifier for



invention, in which synbol 1 denotes a magnetic disk, 2 denotes a magnetic
head for recording or reproducing information in or fromthe magnetic disk
1, 3 denotes an actuator nounting the gﬁgqetic head 2 at its front end to
perform positioning at an optional radius position of the magnetic disk 1,
5 denotes a head anmplifier for - 10 - i
detecting and anplifying a reproduced signal of the nagnetic head 2, 4
denot es a cometekitémd crnduappitifiving gonepalodicpdl signadetettimg t he
relative position of the magnetic head 2 to the magnetic disk 1 in
accordance MROARSAA Dgad »f 4 HéehehasSaapronitero kel séeti Ay tPmd tidkd uat or
3 to a predeterm ned_positiaqn on the nmagpetic . and 6 denotes_a

di sk 1,
iriver Tor “sugshyFAg adanent oo ielonmingheor et pol il oTo ne
u . Vv . u | us ) W Vi .
e e et oF Rer Ry b Rem Aok hhEhbghetid bE ifn S Q8B Giafls
t f i Lai | i i t ' Y- T t . f d
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recording orarepLedHCiNgG d he J @ RS Red HdY 1 {1 8M bher fRIAGHe A SK 1,
/ t

and an infornmation recording/reproducing circuit. Operati‘ons of the
magnetic di siigRi tt, Wallg e ddesessbgdabelew Athensihel pragetl eudirdnd

records or reproduces information, the magnetic dis gﬁis rotated by a
not-illustratedrepipad®im®tos aheacoattdIn sSipedl to the actuator 3.
Moreover, though not illustrated, the following are
provided: a spindlemotor for rotating themagneticdisk
1, an interface section for transferring digital
information to and from a host computer, a buffer and
its control section for storing the digital information
and efficiently recording or reproducing the information
in or from the magnetic disk 1, and an information
recording/reproducing circuit.

Operations of the magnetic disk unit will be
described below. When the magnetic disk 1 records or
reproduces information, the magnetic disk 1 is rotated
by a not-illustrated spindle motor at a certain speed.
In this case, the magnetic head 2 is positioned onto the
magnetic disk 1 and held by the actuator 3while levitated
at a position where the pressure of a suspension 3b
provided for the front end of the actuator 3 and the
working force of the air flow between a slider integrated
with a not-illustrated magnetic head and the magnetic

disk 1 are balanced. Positional information for



In this case, the magnetic head 2 is positioned onto the nmagnetic disk 1
and held by the actuator 3 while levitated at a position where the
pressure of a suspension 3b provided_fgr the front end of the actuator 3
and the working force of the air flow etween a slider integrated wth a
not-illustrated magnetic head and the magnetic disk 1 are bal anced. :
Positional information for detecting the deviation fromeach of
concentric tdatkstifonehe atkviastsbowd ras sadiolofa dynaebtoken tirawks n
Figure 16), that is, servo information (shown by synbol b in Figure 16)
i s previousl yonecbraed oa heWNtFASKIOL Ikebynadneekendl ske 1.0 Thigusea vo
information b is referred to as a servo signal and recorded on tracks
every certaih%)inttéyafal1ands erdre B L FRa FagRetlisvEade? PERPOdudesint he
servo information ev%{y,certain_tine in accorqsnce with the rotation of
the magneti cFdB8¥eL 1N rejiRFe Y HOWAILYh T AIRF LAV sFRAI treGhe X detf i s

referred 1o ASGRENG Aol A0 HMS S ULOU ML A0 SoRGeaIE0 oL regrgguced
1o o0 12,83 TR e, e RERGRRIERH Bk aoh s mRanl g e
s o AL, M SRR St i s 2 bl =
positional ege@kd OnirRami D6k dvask deptatBetiM@Nehi Sccordance with
the rotation of the magnetic disk 1. A region in which
the servo signal is recorded is referred to as servo
region. Thus, information is recorded or reproduced in
or from regions other than the servo region and the
regions are referred to as data regions.
A reproduced signal of the magnetic head 2 is
detected and amplified by the head amplifier 5 and
thereby inputted to the controller 4. The controller 4
discriminates that the signal is a servo signal in
accordance with the inputted signal, computes a
positional error to the target track a of the magnetic
head 2, moreover computes a controlled variable
necessary for driving the actuator 3 so as to reduce the
positional error, and outputs a control signal. The
driver 6 supplies a necessary current to the driving coil
3c of the actuator 3 in accordance with an inputted
control signal. Thereby, a driving force is generated

by the driving coil 3c and a permanent magnet 3d set so

as to face the coil 3¢, and the actuator rotates centering



head 2, noreover conputes a controlled variable necessary for driving the
actuator 3 so as to reduce the positional error, and outputs a control
signal. The driver 6 supplies a neceSSféy current to the driving coil 3c
of the actuator 3 in accordance with an-Tnputted control signal. Thereby,
a driving force is generated by the driving coil 3c and a pernmanent nagnet
3d set so as to face the coil 3c, and-the actuator rotates centering

- 12 - ar aurdirad pai poiat @ dt eveybwpgsi piomi t hen mhhpetagritestatic Reed t he
target track a. Under the above state, information is recorded or
reproduced i2n @y thentemgadattrackghon Bpdere thenabpvehsddte, Therefore, a
positioning  control systemof a closed |oop for positioning a magnetic
head on a tdfgrBaheRn 55 FRMPEACHPF eEREPBRCelebh sHudE IthESendetan.
Then, the internal configuratiaon of the controller 4 will be described

bel ow i n det&HILOERPUIEDIEHARE 1 heeaD i gdPRATDPEE/ thETohtIOREBS 4. In

Fi 2, nhal _da_d - Si | d ' .Sect | f
detecti ng a COBVER LI GRAIESOh Ahed neOREECE TR TonEoSanudl t 1 t i nto a

digi tal_ st gl YR 40 NGt 5. oA.C00Lal et arl ebh e sopmUL Lao gect o

for conputing “a contro varrabFe T or "positioni e nmagne ead 2
on a track idyaceendanes fMidydesgcted servo information, which is

realized with a mcroconputer and software in which an operation algorithm

i's described. Then, the internal configuration of the controller
4 will be described below in detail. Figure 2 shows the
configuration of the controller 4. In Figure 2, symbol
4a denotes a servo-signal detecting section for
detecting a servo signal on the magnetic disk 1 and
converting it into a digital signal. Symbol 4b denotes
a controlled-variable computing section for computing
a controlled variable for positioning the magnetic head
2 on a track in accordance with detected servo
information, which is realized with a microcomputer and
software in which an o?eration algorithm is described.

| Symbol 4c denotes a digital—analdg converting section

for converting a digitally-computed controlled variable
into an analog control signal. Because a servo region
is radially formed as shown in Figure 1, servo
information is detected at a constant frequency fs by
the magnetic head 2 and the controlled-variable
computing section 4b computes a controlled variable
whenever a servo signal is detected, that is, every cycle

Ts of the frequency £s. In case of this embodiment, the



Synbol 4c denotes a digital -anal og converting section for converting a
digitally-conputed controlled variable into an anal og control signal
Because a servo region is radially forpgd_as shown in Figure 1, servo
information is detected at a constant frequency fs by the magnetic head 2
and the controlled-variable conmputing section 4b conputes a controlled -
vari able whenever a servo signal is detected, that is, every ¢ycle Ts of

the frequencyf¢Quengycdse 16t s&ii £ enboth ek  aRfethe cycle Ts 1is set

5. The di o1t Dagdl 85 colil (F 5L EBLTPOIA A FOPaE T DS T) OBout ed
L S B
Figure 3 sﬁgaégg?éqﬁﬁu%ﬁ?%éggﬁgeFE aﬁgﬁéégggﬁiég%ﬁc$ﬁg§og§%%gtor 3. As

shown in Fi ges 1 the AGHUALOEA3 Hamnofs 0BLY3 MDdRe apsa rigid body but

also-a first vibration avi ng resonance at "a frequency close to 2.2
kHz ~and a seconend kyliton; SRALI BB viRGd ofe88RaREE thifAQUeRCYar@hpl.ed kHz.
When a controlled variable is conputed by using a phase conpensation
filter servid@mpatangCerveniidmnad wIPET ald ¢ calgaribem belovhe Begwater 3,
it is already described that a control bandw dthw dth can be expanded up
to only 400 Hzsdoest d idmpigmegenespainddecharacteristics of the

actuator 3. As shown in Figure 3, the actuator 3 has not
only a mode as a rigid body but also a first vibration
mode having resonance at a frequency close to 2.2 kHz
and a second vibration mode having a resonance frequency
of 3.9 kHz. When a controlled variable is computed by
using a phase compensation filter serving as a
conventional operation algorithm for the actuator 3, it
is already described that a control bandwidthwidth can
be expanded up to only 400 Hz due to the presence of the
first vibration mode. Therefore, this embodiment
considers up to the first vibration mode of the actuator
3, which is the largest factor for preventing expansion
of a control bandwidthwidth. The state equation of the
actuator 3 in the above case is shown by the following
(Equation 1) by assuming a state variable as xn and an

input current as u.




first vibration node. Therefore, this enbodinment considers up to the first
vi bration node of the actuator 3, which is the largest factor for
preventing expansion of a control band dthwﬁdth. The state equation of

the actuator 3 in the above case is sh _by the followng (Equation 1)
by assuming a state variable as xn and an input current as u.
- 14 - (Equation 1) [err]

(Equation 1)

, t
X"=(y 0 g ‘h)
Xa= A, Xa+b u
Y = CpuXa
(0 ky 0 0
A |00 kb, b,
10 00 1
0 0 - "2_‘:1“)1)
{0 )
0
m O
e
cm=01 0 0 0)

In the above equation, symbol y denotes a
radius-directional position to the magnetic disk 1 of
the magnetic head and symbol 0 denotes a rotation angle

of an actuator, which are shown by a relation of y = kyx0.

Moreover, a ruby “+” (dot) denotes time differentiation
and gl denotes the state variable of a vibration mode.
Moreover, as for the equation kv = kt/J, kt denotes a

torque constant of a motor configured by the driving coil



In the above equation, synbol y denotes a radius-directional position to
the magnetic disk 1 of the magnetic head and synbol O denotes a rotation
angle of an actuator, which are shommngg a relation of y = kyx[err].
Moreover, a ruby "." (dot) denotes ti differentiation and gl denotes
the state variable of a vibration node. Mreover, as for the equation kv =
kt/J, kt denotes a torque constant of -a notor configured by the driving
coi l 3c and the permanent madiet 3d 3Imand ddmopesnmahennomegret 3d
and J denotes the nonent of inertia of an actuator about the rotation
center. Sympbl snpetrjal cfhdaf eackiadenotabautampieng coxfiovi esntan. a
resonance angle frequency of the first vibration node and bll and bl2
denot e trans¥enbedef Lilciagst 91 dencAesystdampbngi wee hHiidighti zinty a he
above state equation with a sanpling cycle Ts fromwhich a servo signa

i s obt ai ned 12SSRBHACHPINEE f BF EBHLRGY Eh@a’f%nflﬁ)?t VPREREEBR BPde T[err]

and bll and bl2 denote transfer coefficients.

A system obtained by digitizing the above state
equation with a sampling cycle Ts from which a servo
signal is obtained is shown by the following (Equation
2).

(Equation 2)

Xali +1] = A Xa[i]+ b, qu[i]

y[i]= conXali]
Apnd = eXp[ApnTS]

bpnd =jojs eXp[ApnT:kh: 'bpn
Cpn = (1 0 O O)

In the above Equation 2, the subscript [i] of each
variable denotes a sampling time (= ixTs).

A state estimator (observer) shown by the following
(Equation 3) 1is configured by the contrecller in
accordance with the state equation (Equation 2). In the

following Equation 3, symbol “denotes each state

variable or anestimated value of a state variable vector.

Moreover, symbol k denotes an observer gain.



In the above Equation 2, the subscript [i] of each variable denotes a
sanpling tinme (= ixTs). A state estimtor (observer) shown by the
following (Equation 3) is configured byeéhe controller in accordance with
the state equation (Equation 2). In the 1§ ol | owi ng Equation 3, synbol
Adenot es each state variable or an estimated value of a state variable -

vector. Moreover, synbol k denotes an observer gain. (Equati on
3) [err] (EquatioThgh, a state-feedback controlled variable is
conputed by the first vibration node and rigi d-body node estinmated by the
observer in accordance with-the followng (Equation 4) . In (Equation 4),
synbol f denotes a state feedback gain. (Equation 4) [err]

Fi gure 4(a) shovﬁn[lhq_ 1] @ﬁgﬁmffmrbsndu[ ]+ k(y[ ] [ D
P[] = ConXa[i]

. Then, a state-feedback controlled variable is
computed by the first vibration mode and rigid-body mode
estimated by the observer in accordance with the
following (Equation 4). In (Equation 4), symbol f
denotes a state feedback gain.

(Equation 4)

ulf] = fy - (r[i] - P[i]) ~ fe - Rulf]
Xali] = (P[1], Zaefi])
f=(fy.f)

Figure 4(a) shows the frequency response
characteristic of a closed-loop transfer function when
the controller is configured as described above. Figure
4 (b) shows a characteristic when a conventional phase
compensation filter, for reference is used. .Though the
control bandwidthwidth is 400 Hz in case of the
conventional method {Figure 4(b)}, it is expanded up to
800 Hz in case of this embodiment {Figure 4(a)}. This

is because a control input corresponding to the vibration



characteristic of a closed-loop transfer function when the controller is
configured as described above. Figure 4(b) shows a characteristic when a
conventi onal phase conpensation filter,1for reference is used. Though the
control bandw dthwidth is 400 Hz in case of the conventional nethod
{Figure 4 (b)}, it is expanded up to 800 Hz in case of this enbodi nent

{Figure 4(a)}., This _is because a contreol input corresponding to the
vibration  state of an actuator can be generatgfyeyedty diPmeRtabdr can

Vi brat on o o LOPRETAcE (2P B SR RO neie BRSSP §6HonG T

stat e- f eedbagh, £onti gL QySLAm 451 Y-8 SLAl G yaci abley diek eby, est) mat ed and

thereby, it is possible to r “expand a control” bandw t han

ever. Theref g telh8ebibath fQbALWLNT s cYs Phqt e tyorhepd el is
THE .

i nproved and the capacity of a nagneti uni t “can e I ncrease

For this enbadidmesby i inbeedahnAodebrens, Uditngs ©psyipne vbbrattannode
is configured as an observer. However, if is also possible to include a

plurality of expdridta amonodesd bandwedbigeidth than( BRkad) nBHe 23 fore,
Then, the second enbodi nent of the present invention wll be described
bel ow. The sddond embbdfoRidowing dddereanty ol yhien ntayn«siontrhebad2vasi abl e
conputing section 4b, internal configuration, and operations of

improved and the capacity of a magnetic disk unit can

be increased.

For this embodiment, an internal model including
only one vibration mode is configured as an observer.
However, it is also possible to include a plurality of
vibration modes in the model.

(Embodiment 2)

Then, the second embodiment of the present invention
will be described below. The second embodiment is
different only in the controlled-variable computing
section 4b, internal configuration, and operations of
the first embodiment. Portions of the internal
configuration of a controller 4 different from those of
the embodiment 1 will be described below in detail.

Figure 5 shows the configuration of the controller
4. Similarly to the first embodiment, symbol 4a denotes
a servo-signal detecting section for detecting a servo
signal on a magnetic disk 1 and converting the signal

into a digital signal, 4b denotes a controlled-variable

computing section for computing a controlled variable



the first enbodinment. Portions of the internal configuration of a
controller 4 different fromthose of the enbodinent 1 will be described
bel ow i n detail. Figure 5 shows theganfiguration of the controller
4. Simlarly to the first enbodi nent, synmbol 4a denotes a servo-signal
detecting section for detecting a servo signal on a magnetic disk 1 and-
converting the signal A, into a digital signal, 4b denotes a

g .
control | ed- vAPraBP a1l LdGHIRT B3 ERELES h@ﬁdc%r?ﬁhﬁiw@a%kcldhtaﬁtﬂqw%‘?i abl e
- 18 - for itionin magneti c head 2 .on a track in accordance wth
det ect ed sengﬁiﬁdﬁ%%fE8a,s U eRore %QHUi%?SaEQa NRfFToHnderting
section for &on%_rt'ggnglodi itq}l -conputeq?contfolled %erQBAe gnto an
anal og cont oi9s agllha : 9 %t'e?’ggi S A Jgoor?i R 5P 9

control | ed'Vé&?{i@ﬂ%gg%ﬂhh%cfe&éﬁ@oﬂe 15 D8, e CihlEgdg?F'tﬁ‘élslﬁggure 6

shows frequency-response characteristics of an actuator
embodi ment  (thetaciuat pgnd10f this enbodinment is different fromthat of
the first enbodinment in” characteristics) . In case of the digital control

system [|ike thisreabegeramtiontd1dfd st Mnksatds dmeerboh ded vairi # Ngqui st
frequency fs/2 which is 1/2 of the sanpling frequency fs appears due to
the rel ati oncbaipweaeimd heect £sanabcweifiielgeedey chel e kselnph | ngFf gegeebcy fs
of the wvibration node (in case of this enbodinent, fs = 5400 Hz). In
Figure 6, a sbovisnfoesidemeyshemponise ghisgiamieristics of an actuator
3 of this embodiment (the actuator 3 of this embodiment
is different from that of the first embodiment in
characteristics). In case of the digital control system
like this embodiment, an alias vibration mode folded at
a Nyquist frequency fs/2 which is 1/2 of the sampling
frequency fs appears due to the relation between the
resonance frequency fl and sampling frequency fs of the
vibration mode (in case of this embodiment, f£s = 5400
Hz). In Figure 6, a continuous line shows the original
frequency-response characteristic of an actuator, and
a broken line shows a frequency-response characteristic
digitized due to sampling. Though the .original
resonance frequency of the vibration mode is close to
3.9 kHz, an alias vibration mode occurs at approx. 1.5
kHz due to sampling. The controller 4 is designed for
the digitized frequency-response characteristic.
However, when a digital phase compensation filter

serving as a conventional operation algorithm is used,

a phase delay occurs due to an alias vibration mode nearby



frequency-response characteristic of an actuator, and a broken |ine shows
a frequency-response characteristic digitized due to sanpling. Though the
original resonance frequency of the vipgation node is close to 3.9 khz,
an alias vibration node occurs at approx. 1.5 kHz due to sanpling. The
controller 4 is designed for the digitized frequency-response -
characteristic. ~However, when a digital phase conpensation filter serving
as a conventl onakHgpefattifsh a¢geptormand (sk@reby  pRastomeray occurs due to

an alias vihration de arb - 19 - 1.5
kHz of the g’cﬁ%‘t’b?iggw&‘ftﬁbr%%?,bﬁ esRETsied MYV BPhUEPREAN: be 688panded
only up to gﬁfrox. 600 Hz. Therefore, this enbodi nent considers an

alias vibr on node corresponding to the original vibration node of the

actuator 3 servipgds id.| aqesl SAGKQInERE RUEAYRNEDOG Canlol

bandwi dt hwi dt h from expandl ng. ~ “Fi € 'State equation o € actuator 3

I's shown by hihe, fobhophae %%%é;?&néln%yﬁésﬁﬂgi BY 1& it evi’@fii@@b?x '

vector as xp and an 1 nput current "as u. °“(Equation %) err]
mode of the actuator 3 serving as the largest factor for
preventing a control bandwidthwidth from expanding.
First, the state equation of the actuator 3 is shown by
the following (Equation 5) by assuming a state variable
vector as xp and an 1lnput current as u.

X*‘:(y 6 q ‘h)t

(Equation 5)

Xp=Apxp+bpu
Yy = CpXp
(0 ky O 0
A - 0 0 kvby, kvby,
Plo 0 O 1
0 0 -’ -2
[ 0
b 0
P10
chy

=01 0 0 0)

In the above (Equation 5), y denotes a radius-
directional position to the magnetic disk 1 of the
magnetic head and 06 denotes a rotation angle of an

actuator which is shown by a relation of y = kyx8.



In the above (Equation 5), y denotes a radius- directional position to the
magnetic disk 1 of the nagnetic head and O denotes a rotation angle of an
actuator which is shown by a relation_of,y = kyx[err].
- 20 - Moreover, a ruby "." (dot) denotes tine differentiation and ql
denotes the state variable of the original vibration node of the actuator
3. Furthernore, as for the equation kv = kt/J, kt denotes a torque
const ant of Marfgeve@r.ceénfivy eéd ‘bydeie deingtrs doime Zh HRereRd 1agardmnent
magnet 3d and J denotes the nonent of inertia_ of an actuator, about the
rotati on centBfl. A3y AYIOtesr e fditesvardadicnd boerei erdminil t he
original vibration. node and [e 1 _denot.es responance_angl e frequency of
the’ Mode. i S LT MRS 96 ERE! BE AT R o H1orGFEROT el O Eht
A syst em obt aj pe Qi tjzing.t V. e [,an wi t l'ing
cycle Ts froﬁ$§hggﬁ%§qégiégz s%&ﬁgﬁ ?@90’?§éﬁég ?sgggé&% Sghfﬂﬁﬁ?%l oW ng
(Equation 6).motor configured by the driving coil 3c and the
permanent magnet 3d and J denotes the moment of inertia
of an actuator about the rotation center. Symbol (1
denotes a damping coefficient of the original vibration
mode and wl denotes a resonance angle frequency of the
mode, and bll and bl2 respectively denote a transfer
coefficient.

A system obtained by digitizing the above state
equation with a sampling cycle Ts from which a servo
signal is obtained is shown by the following (Equation
6) .

(Equation 6)
Xp[i + 1] = Apd Xp[l] + bde[l]
Yl = eoxeli]
A, = exp[A Ts]

b, = [ exp[A,tkz b,
=01 0 0 0)

In the above (Equation 6), the subscript [i] of each

variable denotes a sampling time (= ixTs).
The digitized state equation (Equation 6) already

includes an alias vibration mode (frequency fa = fs-



(Equati on 6) [err] In the above (Equation 6), the
subscript [i] of each variable denotes a sanpling tine (= ixTs). The
digitized state equati on (Equati on 6)_@I£fagy i ncludes an alias vibration
node (frequency fa = fs- - 21 - f1) fol ded at
a Nyqui st frequency (fs/2) instead of the original vibration node .
{frequency f1 = [err]1/(2[err])}. Therefore, a state estimator (observer)
shown by ~ (E&dat feddgdiat contygutetl fneghencont(fsl/2y dimstesdoofanibe with
the state equation (Equation 6). In the above (Equation 6), symbol ~
denot es eachOdi& & hr Vabretisn imedest ifmecsenvey uélof ©lst 62®) vari abl e

Lo S e o TR Rk kMBS IR GHPFADRECWD 1BBrpUt ed by
using state %@Q&g%f no%)agéﬂééﬁkféBEQEig% the controller in
accordance with the state equation (Equation 6). 1In the
above (Equation 6), symbol ” denotes each state variable
or the estimated value of a state variable vector.

Moreover, symbol k denotes an observer gain.

(Equation 7)

Soli +1] = Apati] + bpatt[i] + K (¥[i] - §i])
P[] = coXe[i]

Then, a state-feedback controlled variable is
computed by using state variables of an alias vibration
mode and rigid-body mode estimated by the observer in
accordance with (Equation 8). In the following
(Equation 8), symbol f denotes a state feedback gain.
(Equation 8)

uli]= fy-(r[i] - J[i]) - £ Zaeli]
Xali] = (J[iL Zeeli])
f =(f,f)

Figure 7(a) shows frequency-response
characteristics of a closed-loop transfer function when

configuring the controller as described above. Figure



node and ri gi d- body node estimated by the observer in accordance with
(Equation 8). In the followng (Equation 8), synbol f denotes a state

f eedback gain. (Equation 8) [err] oo — Figure 7(a) shows
frequency-response characteristics of a él osed-loop transfer function when
configuring the controller as described above. Figure

-22 - 7(b) shows characteristics when-using a conventional phase .
conpensation i} ephowsr ahefmaeheeisTHaghwheée usdimyg ol dendehdtilsat h is
600 Hz in case of a conventional nethod {Figure 7(b)}, the control

bandwi dt hwi dtf3 %€ eRPRRGES alpl ¢ é@@tﬁzAerhereigeaﬁceifﬂ%?@m@hdﬁhﬁntd
Figure 7(a)}. Mbreover, though  positions of a target track are change
fjuegto d(ec)e%ﬁ(?éﬁ]ﬁ@ aR@ A J‘%?‘tﬁh‘,itf‘hésprﬁ%rlﬁzréflatqaﬁfaloﬁyﬁc conponent

[ he.f i.ncl udi d tering and vibration in
general . 1 n CRUE S e RPET BRGH h LOFHE 17 Bqubnoy it GRATERL 00 A
5400/ 60). Fi ; : . pasj.tloning error he, netic hea o]
atar ge% t ralc e_%dgﬁ)é”?r]cﬁlvngrsi ef}&(f%%ﬁg% aP%s%?c%Og%éh i Bct8ati Ghi s
added. The camnentiapahiaRR 'frigure 7(a)}. Moreover, though

positions of a target track are changed due to
decentering and vibration, the primary rotational sync
component is largest among the factors including
decentering and vibration in general. In case of this
embodiment, the frequency is set to 90 Hz (= 5400/60).
Figure 7(c) shows positioning errors of the magnetic head
2 to a target track when the primary rotational sync
position fluctuation is added. The conventional case is
shown by a broken line and the case of the present
invention is shown by a continuous line for comparison.
As shown in Figure 7 (c), it is found that the positioning
error is reduced. This is because a control input
corresponding to the vibrational state of an actuator
can be generated every moment by configuring an observer
including the vibration mode of the actuator in the
controlled-variable computing section 4b of the
controller 4 as an internal model in the form of an alias
vibration mode and moreover configuring a state-feedback
control system by using a state variable estimated by
the observer and thereby, it is possible to further

expand a control bandwidth than ever. Therefore, the



shown by a broken Iine and the case of the present invention is shown by a
continuous line for conparison. As shown in Figure 7 (c), it is found that
the positioning error is reduced. This js because a control input
corresponding to the vibrational state of an actuator can be generated
every nmonment by configuring an observer including the vibration node of -
the actuator in the controlled-variable conputing section 4b of the
control | er 4tzgckr it beWanonsdgturacyhefs ¢ha graanehiicasiead b atfon node

and noreover conéﬁgurrng gtate f eedback _ control sy sten12¥ using a state
vari abl e est LHE& th8s SARACHRY PhePeBRINetis go8&K Mre & o©2%rt her

expand a con%rol bandmﬁdth than ever. Therefore, the
- 23 - traBR- ARGINFRGD accuracy of the magnetic head 2 is inproved and

e orbact 1Y of, et Sl BLeRY aRSshRRLSaRSodns s S IRRLNT S

enbodi nent, an |ntern frodel I nc one i as Vi i'on node is

confi gured agnay dfeesygss WWﬂmhtmbaepqssﬂg%gﬂghrﬁ dgtggnal nodel

to include a pI vi bration nodes or ‘inc ura ity of alias

vi bration W@%%e%"vérhe q{éﬁé{?ék YVt Qrabban ide Fohavhad b & £RQ1EEe 1
frequency equal to or lower than a Nyqui st frequency). (Enbodi nent

3) Thego e ltddd dy dhmerty off thig i €56At mbae@NdrO ndl hdle be
descri bed below. The third enbodi nént is
plurality of alias vibration modes or the original
vibration mode (having a resonance frequency equal to
or lower than a Nyquist frequency).

(Embodiment 3)

Then, the third embodiment of the present invention
will be described below. The third embodiment is
different only in the controlled-variable computing
section 4b, internal configuration, and operations of
the first embodiment.

That is, in case of the first embodiment, the sate
estimator (observer) and state-feedback controlled-
variable computing section performs the above operation
whenever a servo signal_ is detected, that is, at the cycle
Ts of the frequency fs. Thereby, the observer is able
to estimate a state variable by including a vibration
mode having a resonance frequency fs/2 or lower in an
internal model in accordance with the sampling theorem
and perform the state-feedback control based on the
estimated value. However, to configure an observer for

a vibration mode having a higher resonance frequency as



different only in the controlled-variable conmputing section 4b, internal
configuration, and operations of the first enbodi nent. That is, in
case of the first enbodi nent, the sate stimator (observer) and

st at e-feedback controll ed- variable Eoﬁguting section perforns the above
operation whenever a servo signal is detected, that is, at the cycle Ts
of the frequency fs. Thereby, the observer is able to estimte a state
vari abl e by amciotermgad widzial i amongodebaviing ano@dssnafcenf aequericyr f s/ 2
or lower in an internal nodel in accordance with the sanpling theorem and
perform t he st apsdededisackutbherokexpagedl dnconsrodstiandwddihl ud.t However ,
to configure an observer for _a vibration node having a hi gher resonance

f requency asimpossible to estimate the state vaxriable wf gt é-hsR GHUe]

i brati d f t uat j d t d trol
bandwi i . ITORe BOABIsAoT ECGH SBEN it &Y e Okt AN PRSATT & VIR at | on

‘mode having a &E?g%%ngﬁgbfréﬁl21\{%’%%@9@? Pﬁg?:gsfsoaf gtr%eblﬁlﬁ‘ A’P%I}%eio; em

Mor eover, th%?e em t ha eStrnmation” aceuracy | s Towere

the resonancgstgﬁlgc&%gfyagéugag riastilocsuggga havi aréé?ﬂﬁ?f&@/ fs/2 or

lower is close to fs/2 and resuftantly, e contro performance is
deterioratedfrfBaknicsy dHa PPSLLLRAIJH nEEEURAGY nigS d AeE§Feflyt & /2

transi ent response is deteriorated. This problem™an be avoi déd by rai sing
a servo-si gnal 1grkectisor fgRguencys f 3. ahavwevenl faitsiPg the control

performance is deteriorated, that is, the positioning
accuracy is lowered or the transient response is
deteriorated. This problem can be avoided by raising a
servo-signal detection frequency fs. However, raising
the frequency fs only increases the number of servo
signals for one round. As a result, the rate of a servo
region occupying a disk increases and the size of an
information-recordable/reproducible data region
decreases, conflicting with the request for capacity
increase.

Therefore, this embodiment accurately estimates a
vibration mode by confiquring a multi-rate sampling
system for estimating an observer and computing a
controlled variable while signals are detected without
increasing the number of servo signals.

Figure 8 shows an illustration of the internal
configuration of the controller 4 of this embodiment.
Similarly to the case of the first embodiment, symbol

4a denotes a servo-signal detecting section for



the frequency fs only increases the nunber of servo signals for one round.
As a result, the rate of a servo region occupying a disk increases and the
size of an infornation-recordable/repr? uci bl e data regi on decreases,
conflicting with the request for capacity increase. Therefore, this
enbodi nent accurately estimates a vibration node by configuring a
multi-rate sanpling systemfor estimating an observer and conputing a
control |l ed dgtebtenghid essfgnabsgasd de ethedmapmieduic dhakedsiangl t he
nunber of servo signals Figure 8 shows an illustration of the

i nt er nal mﬁﬁW@%Fgﬂﬂ&1%ﬁ %%Eocén@@ﬂqQﬁl4sbgn?ﬁus4?ﬂﬁﬁWﬁ§ﬁ§ aSinilarly
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accordance wt detected servo ormatl1 on, eno
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controlled vari e int'o an anal og contro
different froue£ienf £t cogiRed iinta idyd i@él@y’ %ﬂgﬁﬁ@édCHdhﬂkBQl%@Ptlon

is used which outputs a timng clock at™ a cyc
variable into an analog control signal.

This embodiment is different from the first
embodiment in that a frequency dividing section is used
which outputs a timing clock at a cycle 1/5 the
servo-signal detection cycle Ts at the detection timing
of the servo-signal detecting section. The
controlled-variable computing section 4b operates in
accordance with the output of the servo-signal detecting
section 4a and that of the frequency dividing section
4d. 1In case of this embodiment, Ts equals 0.027 ms.

The operation algorithm of the controlled-variable
computing section 4b will be described below. This
embodiment also uses an actuator 3 showing the
frequency-response characteristics in Figure 3 the same
as the first embodiment does and considers up to the first
vibration mode. Moreover, an observer for performing
estimation at the clock timing of the frequency dividing
section 4d is configured to accurately estimate an
actuator state variable including the vibration mode.

That is, a system obtained by digitizing the state



servo-signal detection cycle Ts at the detection timng of the
servo-signal detecting section. The «controlled-variable conputing section
4b operates in accordance with the outggt of the servo-signal detecting

section 4a and that of the frequency di ¢Pding section 4d. |In case of this
enbodi nent, Ts equals 0.027 ns. The operation algorithm of the
control | ed-variable conputing section-4b wll be described below This

enbodi mrent a&goatsesn arf st uatbunaloshaid niEdhetibneduersty-& espoige of
characteristics in Figure 3 the sane as the first enbodi nent does and
consi ders upl365t he fsihaun Bybehei éio lnodeingbrBonarticem dbserver for
performng estimation at the clock timng of the frequency dividing
section 4d i EEBAFLQI &Y to accurately estimate an actuator state variable

including the vibration nodg. r -fhat\is, a sgystem obtained by digitizing the
state i[]]-z pnd2 Za(ai'bm dz&ﬁ[]ﬁit uat or of
(Equation 1) at - a cycle of Ts/5 is shown by the Tollow ng (Equation 9).

(Equation 9) [err] y[j] = Cann[j]
A =exp[A Ts/5]

5/S
bpndz =J;7 _ eXp[Apn’ryT‘bpﬂ
=1 0 0 0)

In the above (Equation 9), the subscript j of each
variable denotes a sampling time (= jxTs/5) based on the
frequency division cycle of a servo signal.

A state estimator (observer) shown by the following
(Equation 10) is configured in the controller in
accordance with the state equation (Equation 2). Symbol
k denotes an observer gain.

(Equation 10)

When j = 5'm (m: integer)
%af j +1] = Apnaze] /] + bpnazu ]+ K(y[ /] - ¥[ /1)
When j # 5'm
ﬁn[] + 1] = ApndZin[]] + bpnlel[j]
$Li1= cotl ]
As shown by (Equation 10), a configuration is used

in which estimation is performed by using the estimation



In the above (Equation 9), the subscript j of each variable denotes a
sanpling tinme (= jxTs/5) based on the frequency division cycle of a servo
si gnal . A state estimtor (observerj,shown by the followi ng (Equation
10) is configured in the controller in "accordance with the state equation
(Equation 9). Synbol k denotes an observer gain. (Equation 10) When |
=5 m(m integer) {err] When | f[err] [err] As shown by
(Equati on 1®Lrer cohftharabservier wed the epnthoddigdmtd whabsepadfior ned by
using the estimation , . ' - 27 - _error of the
observer an®ihe WwWen dsiiewt vagiasiee ] SR ol i WiTehxBetett i ytagssrvo

ol (] T TRy O Db PR U PR ©
Vari abl o whid% S GbhEToMIAn ores "aBPGR aree TZ6REN. 278 o Teedback
Vibration ol Raar ol TRty R dR R R B & B e bl F by
estimate a state variable while servo signals are
detected.
Then, a state-feedback controlled variable is
computed by using state variables of the first vibration
mode and rigidity-body mode estimated by the observer
in accordance with the following (Equation 11). In the
following (Equation 11), symbol f denotes a state

feedback gain.

(Equation 11)

ulj1=fy-(rlj1- 91D ~ - el j]
Xal /1= (9Lj1, %ael )
f=(fy.f)

Figure 9(a) shows_a step response waveform when the
controller is configured as described above. Figure
9(b) shows the response characteristic for the first
embodiment of the present invention, for reference.
From Figure 9(b), it is found that the transient response
characteristic is extremely preferable.

In case of this embodiment, the operation cycle of

the observer is set to a value 1/5 the cycle of a servo



in accordance with the following (Equation 11). In the follow ng (Equation
11), synbol f denotes a state feedback gain. (Equation 11)

[err] Figure 9 (a) shows a stgp response waveform when the
controller is configured as descri bed above. Figure 9(b) shows the
response characteristic for the first enbodiment of the present invention,

for reference. FromFigure 9 (b), it is found that the transient response
char act eri st f&9nglext HEHEE Ve br derapgEation cygleads BP L RESCSRsIh hent

t he operation cycl.e of he observer-is set to value 1/5 the cycle of a
servo TeS¥Titlea 8 the above _vague. g%g&ﬁ.p?%ﬁépgﬁ, operation

cyele 13 1oL BESFRVE NG, LERFELSLRI AR Ner LB NALUEn [pd proidl e o

estinmate the€sta avib i on hode rresonance

frequency asatHEgﬂ%%“?éégh%%ﬁéefkéé%ggg%%gﬂﬁf%%JPﬁésggﬁﬁodtc'élégfégb'e

to select an operation cyc In ac ormance o

B e e L L

present Invegpe@dtion cycle in accordance with the performance of
a microcomputer used and a control bandwidth or control
performance required.

(Embodiment 4)

Then, the fourth embodiment of the present invention
will be described below. The fourth embodiment is
different only in the internal configuration of the
controlled-variable computing section 4b and operations
of the second embodiment.

The operation algorithm of the controlled-variable
computing section 4b will be described below. The
actuator 3 of this embodiment shows the frequency-
response characteristic same as the characteristic shown
in Figure 6 (different from the first and third
embodiments in the characteristic of the actuator 3).
In case of the digital control system like this
embodiment, however, an alias vibration mode folded at
the Nyquist frequency fs/2 which is 1/2 the sampling
frequency fs appears due to the relation between the
resonance frequency f£1 and sampling frequency fs (= 5400
Hz) in a vibration mode. That is, as described above,

though the resonance frequency of the original vibration



wi |l be described below. The fourth enbodinent is different only in the
internal configuration of the <controlled-variable conputing section 4b and
operations of the second enbodi nent. The operation algorithm of the
control | ed-variable conputing section 28 wi Il be described bel ow. The
actuator 3 of this enbodi nent shows the frequency- response characteristic
sane as the characteristic shown in Fi-gure 6 (different fromthe first and
third enbodhagst $si applrexchar.drtkétd starc adfiahevderattion 8pde beause of
the digital control systemlike this- enbodi nrent, however, an alias

vi bration nodg aolfa@@%ncyr@fwam@% f eduéity dag staneamplsng 2 tHe

sanpl i ng frequen ears due to the relatlon betmeen the resonance
frequency f1 thpg §éﬁﬁ? ERedbenSF3e (255286 %) (PRSGIVREY atd nmode

That is, as des bov t the reso ce frequency of the
original vib?gﬁg —%%eébacﬁ cont éi e FI A CO@@Sgln mﬁﬁ??%oapprox
3:9 kHz, an ali 28 #{Q¥h qn node Qccuy fre pprox. 1.5 kHz

due to sanpl?ﬁ 25 cas% R EﬁglgﬁﬁQS uenC%Fv%o%§%Hé;) 3nd
state feedbaghpaant (alaledsyankaphe QMU g, %eEth@reE@refrﬁéefnfgwta}?@

oper ati on when ve( a servo 'sign i nput, that cycl e Ts of
the frequencypkarvidie i Pbsgikerd S APIRatE %%@'B%é%éh€a§ﬁ@ﬁiéﬁﬁfag|e of a

vi brati on node having a resonance frequency f s/2 | ower or that of an
al i as node byibreludimgiodle havang Atr¥dhance frequency fs/2 or lower

or that of an alias mode by including it in an internal
model because of the sampling theorem. However, to
further expand a control region, an observer capable of
estimating a more high-speed and accurate vibration mode
is necessary. This can be also realized by raising the
servo-signal detection frequency fs. However, raising
the frequency fs only increases the number of servo
signals for one round of a track. As a result, the rate
of a servo region occupying a disk increase and the size
of an information recordable/reproducible data region
decreases, conflicting with the request for capacity
increase.

Therefore, this embodiment accurately estimates a
vibration mode by configuring a multi-rate sampling
system for estimating an observer and computing a
controlled variable while signals are detected without
increasing the number of servo signals.

Figure 10 shows an illustration for explaining the

internal configuration of a controller of this



nodel because of the sanpling theorem However, to further expand a
control region, an observer capable of estimating a nore hi gh-speed and
accurate vibration node is necessary. gBIS can be also realized by raising
the servo-signal detection frequency f However, raising the frequency
fs only increases the nunber of servo signals for one round of a track.- As
aresult, the rate of a servo region occupying a disk increase and the
size of an émbodameindn r &doridebtbyr bpr ddiei bt pedafa thegismcodecr eases,
conflicting wth the request for capacity increase. Therefore, this
enbodi nent ReediBepntostsyiiles 42 deneaEsoa ﬁﬁ@@%ysmalg@uetﬁgtang
multi-rate sanpling systemfor estinmating an observer and conputln a
control | ed BR¢&bPE Exﬂaﬂc&e%qf@hapg AISE THEP 6k PR WATh&ie MpFBedds A St

nunber of sefvo é gnals , gure 10 shows an il,lustration for

expl ai ni ng t EPYAT TR i bErépFﬁ14ﬁ 1LotbAtr 6Ho&aor 1) denotes

symbol 4a63be&ﬁ§<f§§ soadift- Gttt el ot P e Bt R er o
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controlled Vz,ar?lﬁb!aetfr%rclp%th%b@giatﬂ@e Wﬁﬂﬁﬁt B%t@?@edz 891%1tdr?é31< in

accordance wth detected positional 1nformation, and 4c denotes a

di gi tal - anal pgreen¥erildmdand 4c denotes a digital-analog converting
section for converting a digitally-computed controlled
variable into an analog control signal.

This embodiment is different from the second
empodiment in that a frequency dividing section for
outputting a timing clock at a cycle 1/2 the servo-signal
detection cycle Ts in accordance with the detection
timing of the servo-signal detecting section is provided.
The controlled-variable computing section 4b operates
in accordance with the output of the serxrvo-signal
detecting section 4a and that of the frequency dividing
section 4d. Therefore, the controlled-variable
computing section operates at a second sampling
frequency f£s2 (= 2xfs). 1In the case of this embodiment,
fs2 is set to 10.8 kHz.

The operation algorithm of the controlled-variable
computing section 4b will be described below. This
embodiment also uses an actuator 3 showing the
frequency-response characteristics shown in Figure 6

similarly to the case of the second embodiment. In this



section for converting a digitally-conputed controlled variable into an
anal og control signal. This enbodinent is different fromthe second
enbodi ment in that a frequency dividing section for outputting a timng
clock at a cycle 1/2 the servo-signal “détection cycle Ts in accordance
with the detection timng of the servo-signal detecting section is
provided. The controll ed-variable conputing section 4b operates in

accor dance widasé¢ hethet pontofol hedseavdadilghatomgatealy g setdén oapdasand
that of the frequency dividing section 4d. Therefore, the

control | ed- vatilablte esdripua e d sectiion nperatlesa af oa medendesanpld nhe
frequency fs2 (= 2xfs). In the case of this enbodinment, fs2 is set to
10. 8 kHz. fremeenpr afi @pPaFor iBt-timkdtz t(fe epwenol| £4) vafi bbeemode
conputing sectiaon 4b wi|l be described below. This enbodi nent al so uses an
actuat or 3 sHoW RI'¢Rethepeghendy Tuesponseeangnsst e sti4skEnbwafi Khei gure
6 simlarly to thg case .aof the second enbaodinment. In this

- 31 - cas&CGHE cBATPIHINEH- VaF ARBPE Yo dput | TtP'$R¥EFonLATaUse abhe to
ceL) e U sk ghogl o aLign o heeeuse Lheeo oenueney of amvege 39
) oot e, TSR STRCRASPOLETCL G Y e, RO 00 oy
fs (= 5 4 kKHalod@bRIdASr ¥k Pr 8L EORHz in which the original vibration
mode is folded at a frequency (Nyquist frequency) which
is 1/2 the sampling frequency fs also appears. Therefore,
an observer including the original vibration mode (3.9
kHz) and its alias vibration mode (1.5 kHz) to perform
estimation at the clock timing of the frequency dividing
section 4d is configured in the controlled-variable
computing section. First, the actuator state equation
digitized by the cycle Ts shown by (Equation 6) is
temporarily inversely-converted into a continuous time
system to obtain the continuous time representation of
an alias vibration mode. The following (Equation 12)
shows a system to which the alias vibration mode is newly

added and which is adjusted to a DC gain equal to the

original DC gain (= kvxkv) of the actuator 3.




node of approx. 1.5 kHz in which the original vibration node is folded at
a frequency (Nyquist frequency) which is 1/2 the sanpling frequency fs

al so appears. Therefore, an observer %udlng the original vibration node
(3.9 kHz) and its alias vibration nDde % 5 kHz) to perform estinmation at
the clock timng of the frequency d|V|d|ng section 4d is configured in the
control | ed-vari abl e conputlng section. "First, the actuator state equation
digitized by tHmuayepa 12)shown by (Equation 6) is tenporarily

i nversely-converted into a continuous time systemto obtain the continuous
time representation of an alias vibration node. The follow ng (Equation
12) shows a systemto which the alias vibration node is newy added and
which is adjusted to a DC gain equal to the {lglnal DC gain (= kvxkv) of

t he actuator 3. Xh—-(y 9 q. qa 4 q1)32- (Equation 12) [err]
Xa=A_ Xa+b u
Y = CpnXn
[0 ky 0 0 0 0
0O O kvb,, kvb_, kvb11 kvb12
0 O 0 1
A . 0 0
P 0 0 W, 28,0, 0 0
0 0O 0 0 0 1
0o 0 0 0 ~w 22w, )
[0
0
0
bl’“ ) wlaz
0
2
\ @1 )

In the above (Equation 12), symbol gl denotes the
state variable of the original vibration mode of the
actuator 3 and ga denotes the state variable of an alias
vibration mode. Symbol {1 denotes a damping coefficient

of the original vibration mode and w1l denotes a resonance



In the above (Equation 12), synbol ql denotes the state variable of the
original vibration node of the actuator 3 and gqa denotes the state

vari able of an alias vibration node. égbgl [err]1 denotes a danping
d

coefficient of the original vibration e and [err]| denotes a resonance

-33 - angl e frequency of the node, synbol [err]la denotes a danping
coefficient of an alias vibration node-and [err]la denotes a resonance
angl e frequeamyl of f tbguendy; odndh§ enadd, i syrdooallla decdred af dampd reerr] 1a
is equal to 2[err]x(fs-f1l) Mor eover, synbols bl1l', bl2', bal, and ba2
denot e transteef faeafemitcichtan vihl ths avebadjtistrethaxte asnd gobe dqoaltam t he
DC gain (= kvxky) of the actuator 3. The follow ng (Equation 13) shows
a syst em obtRiGRIPNHPCEi JNOLL HfSANE TSP Afd Ed S rdke e Ukt mglnl(SEaaaltailon 12)
Py & reauengy gy el PR "9s ety 1S ok eI SuodSb e,

symbols bll’, bl2’, bal, and ba2 denote transfer
coefficients which are adjusted so as to be equal to the
DC gain (= kvxky) of the actuator 3.

The following (Equation 13) shows a system obtained
by digitizing the expanded state equation (Equation 12)
by a frequency-divided sampling cycle, that is, the cycle
Ts/2.

(Equation 13)

X"[.]] = Apndxn[j] + bpndu[j]
y[J1= conXa[ j]
A =exp[A Ts /2]

bpnd =j;rS/zeXp[ApnTﬁT.bpn
cm=(1 0 0 0 0 0)

In the above (Equation 13), the subscript j of each
variable denotes a sampling time (= jxTs/2) based on the
frequency division cycle of a servo signal.

The state estimator (observer) shown by the
following (Eqguation 14) is configured in the controller
in accordance with the state equation (Equation 13).

Symbol k denotes an observer gain.



(Equation 13) [err] In the above (Equation 13), the
of each variable denotes a sanpling tinme (= jxTs/2) based on
iignal. The state estimator

subscri pt |

the frequency division cycle of a servo

(observer) shown by the follow ng (Eqﬁagloﬁ 14) is configured in the

controller

14)

in accordance with the state equation (Equation 13). Synbol
denotes an observer gain. : - 34 - (Equati on
VWheigpatignml@n i nt eger) [err] As shown by

(Equation 14), a configuration is used -

When j = 2'm (m: integer)

Xa[ ] +1} = ApnaXal j ] + bpnau[ j]+ K(y{j]-¥[/])
When j # 2'm
Xof j +1] = ApndXa j | + Dpnatt] j]

Y1j J= ConXal /]

As shown by (Equation 14), a configuration is used
in which estimation is performed by using the estimation
error of the observer and the controlled variable ulj]
only when detecting a servo signal (j = 2xm, m: integer)
and by using only the controlled variable u[j] in the
cases other than the above case (j#2xm). This
configuration makes it possible to accurately and stably
estimate a state variable while servo signals are
detected.

Then, a state~-feedback controlled variable 1is
computed by using state variables of the first vibration
mode and rigidity-body mode estimated by the observer
in accordance with (Equation 15). In the following

(Equation 15), symbol fn denotes a state feedback gain.

(Equation 15)
uljl= for - (r[j]1= $[1) — for - R ]
Xa[ 7] = L/ 1, %ael 1)
fa = (foy, Fur)

k



in which estimation is perforned by using the estimation error of the
observer and the controlled variable u[j] only when detecting a servo
signal (j = 2xm m integer) and by Q§ﬁgg_pnly the controlled variable
u[j] in the cases other than the above se (j#2xm. This configuration
makes it possible to accurately and stably estimate a state variable while
servo signals are detected. Then, - a state-feedback controlled

variable is conpByedobyfiugimngtahe venitakllese ofathgebickribad gsien node
and rigidity-body node estimated by the observer in accordance wth
(Equation 15}t ish pdesibleowionggcCEgateilgn ) imayabalp foo denotes a state
f eedback gain. (Equation 15) [err%_ . . - 35 -
By confi guri Ré e threaBeney a&lkmes tPBefiogifovey the ibssusetbl eveo
accurately estimate up to a, higher-frequency vibration node by the

obser ver eveauQ%HQr% S2WRAP I F XL e2BAD TMRKVR the tramniesmt

char acteri st andtgﬁsit'onin ccura As-for this enbodi nent, the

oper ati on cy%ﬁgﬁﬁc S bbSet R%S%g¥bP&QQ\ﬁﬁ%%r§F§'the cycle of a serxo
kI b R N B S AT
mode having ogshi-gher i1esepanse FLeaueNsy ¥ %&peeh%tjaosrércxyglselg'nsal .
However, the operation cycle is not necessarily
restricted to the above value. It is possible to
estimate the state variable of a vibration mode having
a higher resonance frequency as an operation cycle is
further shortened. Therefore, it is possible to select
an operation cycle in accordance with the capacity of
a microcomputer used and a control bandwidth or control
performance required.

- (Embodiment 5)

Then, the fifth embodiment of the present invention
will be described below.

Figure 11 shows a schematic block diagram of a
magnetic disk unit showing an embodiment of the present
invention. This embodiment is different from the first
and third embodiments only in that an acceleration sensor
7 for detecting the acceleration of an actuator in the
rotational direction is provided, and in the internal
configurétion of a controller 4. Therefore,

description of common portions is omitted.



further shortened. Therefore, it is possible to select an operation cycle
in accordance with the capacity of a mcroconputer used and a control
bandwi dt h or control performance requ;ﬁ?:_ (Enbodi nent 5) Then,
the fifth enbodi ment of the present inv ion wll be described bel ow
Figure 11 shows a schematic bl ock diagramof a nagnetic disk unit show ng
an enbodi nent of the present invention. This enbodinent is different from
the first andtrﬁiguEHbdmlﬁhwwsoalﬁdhemdm&cahlaCQHdﬂ&qtam sEngdre 7 for
detecting the acceleration of an actuator in the rotational direction is
provi ded, an@onfncilelentér naln Eb@ﬂrguiableymhbhﬁ(ﬁﬁurQﬂAeand-4dh£refore
description of comon portions is omtte

36 - FFBGr gamg apgviRose héhe ieémcbiékeﬂta%r arfiBloohdle ganateser 4.
In Figure 12a nbo 4a, .4c, and 4d are the sane as.those of the
embodi ment  32°s a5é98t§§g' aCeBVELrAith $PghiPcdRerting section

or el o kgl @+era (SR EEL IRl Angp BBl o senser T

mat}eﬁﬁyzrgﬁg.e&;é%faféfgzsaas%%bz;w;@ YR

to a control tad- v@yi £01 Sn&QMRHH L SECEhOR ARrator, which performs
conversion at the timing of the clock signal of the
frequency dividing section 4d. Moreover, the converted
value is outputted to a controlled-variable computing
section 4b.

The operation algorithm of the controlled-variable
computing section 4b will be described below. This
embodiment also uses an actuator 3 showing the
frequency-response characteristic shown in Figure 3
similarly to the case of the first and third embodiments
and considers up to the first vibration mode. Moreover,
to accurately estimate an actuator state variable
including the vibration mode, a vibration mode observer
for estimating only the vibration mode at the clock
timing of the frequency dividing section 4d and a
rigid-body mode observer for estimating a rigid-body
mode at the servo-signal detection timing are
configured.

First, the vibration mode model of an actuator is
shown by (Equation 16) and the rigid-body mode model of

the actuator is shown by (Equation 17).



The operation algorithmof the controlled-variable conputing section 4b
w Il be described below. This enbodinent al so uses an actuator 3 show ng
the frequency-response characteristic shown in Figure 3 simlarly to the
case of the first and third enbodi nents™ and considers up to the first

vi bration node. Moreover, to accurately estimate an actuator state
variable including the vibration node, a vibration node observer for
estimating offfguakeow bréat i on node-at the clock tinming of the frequency
di viding section 4d and a rigid-body node observer for estimating a
rigid-body node at the servo-signal detection timng are configured.
First, the vibration nodggsed 1of¢ﬁ£3actuator is shown by (Equation 16)
and the rigi d-body node nodel t actuator is shown by (Equation 17).

- 37 - (Equation 16) XdL%-LrAandn'Pbdnu

ya ==é.==Candn

A 0 1
dn — _ a)lz _ 2:10)1
0
bdn:= 2
W,

can = (kvbu  kvbiz)

(Equation 17)

x=(y 6)

Xr=A_Xr+b_ya

V =CrXr
_(0 &
o o0
0
b, =
1
Cr==(1 O)

Symbol xdn denotes the state variable of the

vibration mode and xr denotes that of the rigid-body mode.



(Equation 17) [err] Synbol xdn denotes the state
vari able of the vibration node and xr denotes that of the rigid-body node.

- 38 - Mor eover, yd denotes an anguLarsaqpeIeration corresponding to the
out put signal of an acceleration sensoﬁ. O her synbols are the sanme as the
case of the enbodinent 1. The vi bration node observer is configured-as

showmn by the follow ng (Equation 19) by using the following state

equat i on ( EqMareowel8) yordehetfds sin vabgatliaon amokelepétawnact uat or

digitized with a cycle Ts/5. (Equation 18) [err] .
corresponding to the output signal of an acceleration
sensor. Other symbols are the same as the case of the

embodiment 1.

The vibration mode observer is configured as shown
by the following (Equation 19) by using the following
state equation (Equation 18) for the first vibration mode
of an actuator digitized with a cycle Ts/5.

(Equation 18)
Xan[ ] +1] = A g Xan[ J] + b gpgte[ /]
ya[ ] = CanXan] ]
A,y =exXp[A,T5 /5]
s/5
bos = [, exp[AqTHE by,
Cin = (kvbn kalZ)

(Equation 19)

Xan[ j +1] = Adndh[ j]+banau] j ]+ Kk(ya[j]- 34 j])
ol 1 = cant] ]

Moreover, the rigid-body mode observer is
configured as shown by the following (Equation 21) by
using the following state equation (Equation 20) for the
rigid-body mode of an actuator digitized with a cycle

Ts.



(Equation 19) [err] Moreover, the rigid-body node observer is
configured as shown by the followi ng (Equation 21) by wusing the follow ng
state equation (Equation 20) for the jijy d- body node of an actuator
digitized with a cycle Ts. - 39 - (Equati on 20)
[err] (Equation 21) [err] .

(Equation 20) :
xdi +1] = A x[i] + b, y4[i]

y[i] = exdi]
A, =exp[A Ts]

b, =jojs exp[ArT T - b,
=1 0)

(Equation 21)

%[ +1] = Avakei]+bra- ya[i]+ K(y[i] - $[i])
li1= exkeli]

According to the above configuration, it is possible
to accurately estimate a vibration mode every moment in
accordance with the signal of an acceleration sensor even
while servo signals are not detected and resultantly,
it is possible to expand a control bandwidth and realize
a preferable control characteristic.

A state-feedback controlled variable is computed
and output by using estimated values of the above state
variables in accordance with the following (Equation
22) .

(Equation 22)

ulj1= 1~ (r[i]=S1) - fo-6[i]~fa - Ranl /]
f=(f fi fa)



According to the above configuration, it is possible to accurately
estimate a vi bration node every nonent in accordance with the signal of an
accel eration sensor even while servo_s'gngls are not detected and
resultantly, it is possible to expand a control bandwi dth and realize a
preferable control characteristic. A state-feedback controlled variable
is conputed and output by using:estinated val ues of the above state

vari abl es in accédfddit® aperet HEFW 1 bR ng2( Eqaiitonls 22) and Equat i on 22)
[err] , - 40 - , In the above (Equation
22), synbol £§SRAALLVeldsfiRAPVRl ¢ geRbtleing shivpei A SO sEPTHESS or the
first and third enbodi pents and the val ue of variable _shown b he tine
12 updat ed LosE AR T daARDPRITTE S R T A LRBWATDY YRELEPHE | 1 &
updat ed every tine Tsl5. ,Moreover, s I denaot es .a feedbac in.
Figure 13 sﬁ%ﬁgd?hgyt%5ﬁ%ﬂ%ﬂ?er%sb8n§%£8§ﬁ3$é%Y%FVs?F@E?ﬁﬁihﬁnébgsgﬁtase.
From Fi gure I u a referabl.e .t %&ﬁ r -
characterisfﬁgﬁfgﬁ) %?%%dgng?|g#ﬁ;ﬁbeﬁﬁ%péﬁéé!o %ﬁ%deﬁggggﬁgﬁpes
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i nproving a transient response characteristic is shown.

. Figure 13 shows the transient response
characteristic in the above case. From Figure 13, it is
found that a preferable transient response
characteristic is obtained similarly to the case of the
embodiment 3 {Figure 9(a)}.

As for the embodiments 3 and 5, the result of
improving a transient response characteristic is shown.
At the same time, there is an advantage of improving the
positioning accuracy. Moreover, as described for the
embodiment 3, a frequency division ratio is not
restricted to 5. It is possible to determine the ratio
by considering a necessary performance and the capacity
of a usable hardware resource.

(Embodiment 6)

Then, the sixth embodiment of the present invention
will be described below.

Figure 14 shows a schematic block diagram of a
magnetic disk unit showing an embodiment of the present
invention. This embodiment is different from the fourth
embodiment only in that acceleration sensors 7a and 7b

for detecting the acceleration of an actuator in the



At the sanme tinme, there is an advantage of inproving the positioning
accuracy. Moreover, as described for the enbodinment 3, a frequency
division ratio is not restricted to 5. ,Lt is possible to determ ne the

ratio by considering a necessary performance and the capacity of a usable
har dwar e resource. (Enmbodi nent 6) Then, the sixth enbodi nent- of
the present invention wll be described bel ow Figure 14 shows a
schemat i ¢ bl nokatiiagramddfret hogreate ¢ edipdcunvelyhoet mp an astoditaht of
the present invention. This enbodinentis different fromthe fourth

embodi ment odl §n¢natihasea8ctPerhiichn tden St FBOENY 7B POV IECectdTY t he
accel eration, of an actuator_in the , - 41 -
rotational diRe&RCoAHrerRadpeoniiigIyrakionofn B GMtbP118 aft a base 8 to
whi ch the actuator. 3 is provi in the internal copnfi un%%kg of a

ded,. d
fgptroller 4The?ﬁéﬁ§%ﬂ 3eﬁ%E&%%&éﬂ;P%fc%%WﬂBnﬂ&ﬁﬁ%?ﬂﬁ T2 Bt I'n
Is case, the acceleratiop, sens 7 7
ignsitivity fﬂ g?ﬁﬁs?aﬁﬁe Egﬁeaagéié?ﬁﬂﬁﬂDHé%%@%?{%Sf?y?ﬁ?ﬁﬁoEﬁ%%%%%t?a and
are set s t t i LWV [ : atl
direction of §)Ot _ e tg%?’%\é’feoé ggﬁgﬁ&%ﬁ;ﬂigﬁgg@ﬂ%ﬂt?@p%ggggfﬂlgtﬁebgﬁ?enu.t ral
posi tion, thgbgb £iIEM T he Rt 9613 18 HESRNE L st bbagk thethweas the

out nost trac nd the 1 nhernost track. Figure 15 shows a schenatic

bl ock di agraphefmbR@mum sensitivity in the rotational direction of
the actuator 3 when the actuator 3 is present at a neutral
position, that is, when the actuator 3 is present at a
track between the outmost track and the innermost track.

Figure 15 shows a schematic block diagram of the
controller 4. In Figure 15, symbols 4a, 4c, and 4d are
the same as those used for the embodiment 4. Symbol 4e
denotes an acceleration-signal converting section for
converting the signal of the acceleration sensor 7a or
7p from an analog to digital value, which performs
conversion at the timing of the clock signal of the
frequency dividing section 4d. Moreover, the cbnverted
value is outputted to the controlled-variable computing
section 4b.

The operation algorithm of the controlled-variable
computing section 4b will be described below. This
embodiment also uses the actuator 3 showing the
frequency-response characteristic shown in Figure 6 the
same as the fourth embodiment does. The frequency

dividing section 4d generates a timing clock at a



controller 4. In Figure 15, synbols 4a, 4c, and 4d are the same as those
used for the enbodi nent 4. Synbol 4e denotes an accel erati on-signal
converting section for converting the_s%%ngl of the accel eration sensor 7a
or 7b froman analog to digital val ue, ich perfornms conversion at the
timng of the clock signal of the frequency dividing section 4d.
Moreover, the converted _value is outputted to the controlled-variable
conputing s&&ETGA-3bgnal defeciolenr atyoheal gbwaitt Him ofa tthigne interval
controll ed-varjable canputing section 4b will be described bel ow. This
enbodi ment  alidd® GsE€MHE REGHE b SLBhOAMAY ERether egaened- teepbassth
characteristic.shown in Figure 6 the s as the fourth enbodi mrent does.
The frequency ¥ HAEA §§ﬁﬂ€h?4ﬁoﬁgﬁgﬁgf TRERAPHE QueRIBing

- 42 - er \LQ- | ,de tiqn cycle,. . that. is,.a tinme.inter 1/2 a
sanpl i ng iyc%%%%a?ﬁygg%%#ee%g%é 5pe %&Hi‘%u]r?)ﬁelrgﬁﬂloo(i k ahd the

trol |l ed- j i j t the tj i nterva
C0m005 e i nnen R E0BRL G SREOl P O I e P b A i b it on

mode of the @@@gggg@ntﬂgdgrbgi@g%_%&y€§ﬂ§@, ERQGO%§§%ﬂ9vai %%%éna;ias

vibration node (1.5 kHz) are considere n" case of thi's enbo
vibration nedeieobs®ryeknkor sest i®d i 89108l ¥ i VAP shl ﬁgdbféogﬁ a kﬁ?z cl ock
-bo S

timng of the frequency dividing section 4d and a rigi y node observer
for estimati ageaconsidered. In case of this embodiment, a vibration
mode observer for estimating only a vibration mode at
the clock timing of the frequency dividing section 4d
and a rigid-body mode observer for estimating a
rigid-body mode at the servo-signal detection timing are
configured in order to accurately estimate an actuator
state variable including these vibration modes.
First, an actuator vibration mode model is shown by

the following (Equation 23) and an actuator rigid-mode

model is shown by the following (Equation 24).




ri gi d-body node at the servo-signal detection timng are configured in
order to accurately estimate an actuator state variable including these
vi brati on nodes. First, an actuator,.vibration node nodel is shown by
the follow ng (Equation 23) and an actuator rigid-node nodel is shown by
the foll ow ng (Equation 24). - 43 - (Equation 23) [err]

(Equation 24) .
(Equation 23)

. b
an:( a qa ql ql)
Xn = Ay Xin + b u

yi=0 = ki(cta — cosO - o) = CanXdn

[ 0 1 0 0

A. = - wlaz - 2§1awla 0 0

do 0 0 0 1
0 0 ~o -250, )
(0 )
W 2

b — 1a

dn 0
Lo

-Cdn=(kaa1 kvbaz  kvbu kalZ)

(Equation 24)
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[err] - 44 - Synbol xdn denotes the
state variable of a vibration node and xr denotes that of a rigid-body
node. Moreover, synbol yd denotes an angul ar accel eration generated due
to the operation of an actuator. The acceleration sensor 7a set onto the
actuator 3 detects not only the acceleration generated due to the
operation of the actuator 3 but also the acceleration generated due to
the novenent of tHA¥EMES Kelnddsrodeisyehe sbateveariahde afcelveiid bhosensor
7b set to the base 8 detects onl t he accel erati on generated due to the
movenent of &S 8RG FE RRREAS %;lé@t of a phaAadphadbEOCE f | MATRPYRE,
detecting dir n sensor 7a to that of the

i th | erati
accel erati ons%g@?)ryoéﬁer}‘%ggc%bgaﬁﬂ AE A oBEAPH SHIGN O &k EREr AHFON

dd h ti f th t uat 3 b roducing the
G111 erence borupl THEr RELBE T hED BEFEE B, THE hicd LERat 1 PR TIEREL | ng

g ections, o Wi 265ELeRal) O aemest s BN 7B LR Bl Lfed Lo e

ot her due to the actuator position o t

in the radi uscdidnRoi 0RO Gl Kisky dubs (OPtESedbLEAmIE 4 ¢ apkenuber

included in a servo signal” detect y the magnett . Therefore, the
rotational ape@teifothe BGtUalYo I & oarbhe hase & i §enabbaidiedy@lde o

t hereby, the shift of an acceleration sensor in the detecting direction is
obt ai ned. Thehehifdvémehheof the entire disk drive. Moreover, the
acceleration sensor 7b set to the base 8 detects only
the acceleration generated due to the movement of the
entire disk drive.

When previously fitting the detecting direction of
the acceleration sensor 7a to that of the acceleration
sensor 7b, it is possible to obtain only the acceleration
generated due to the operation of the actuator 3 by
producing the difference between the detecting
directions. In this case, the detecting directions of
the acceleration sensors 7a and 7b are not fitted to each
other due to the actuator 3. waever, the position of
the magnetic head 2 in_the radius direction of the disk
1 is obtained from the track number included in a servo
signal detected by the magnetic head 2. Therefore, the
rotational angle of the actuator 3 from the base 8 is
obtained and thereby, the shift of an acceleration sensor

in the detecting direction is obtained. The shift is the

rotation angle 8 of the actuator 3.



rotation angle O of the actuator 3. - 45 -

In case of this enbodi nent, the acceleration sensors 7a and 7b are set so
that their detecting directions are fitted to each other when the rotation
angle 0 of the actuator 3 is equal to 0. Moreover, synbol kd denotes a
conversion coefficient for converting a translational acceleration ;
obtai ned fromthe accel eration sensor 7a or 7b through operation into an
angul ar accel er at Torcasedfefhgpneobsdamenthe thenacee iy lebep sSEN$AES

enmbodi nrent 4. Then, the vibration node qbserver is .configured as

shown by t he7BofPw/Rg2FEqeRE D7 D83 tiFhaeEofahRES WNG K1 Gt FONFoR Rg

(Equation 25) serving as a_state equation.  for the, original %%bration node

of an act uat 6 tdied t¥eeBachi otheeyehenTshe TQRLaPRoATSS)E G & the
(Equation 26£ctuato£e§ris equal to 0. Moreover, symbol kd denotes

a conversion coefficient for converting a translational
acceleration obtained from the acceleration sensor 7a
or 7b through operation into an angular acceleration.
Other symbols are the same as the case of the embodiment
4.

Then, the vibration mode observer is configured as
shown by the following (Equation 26) in accordance with
the following (Equation 25) serving as a state equation
for the original vibration mode of an actuator digitized
with a cycle Ts/2.

(Equation 25)
Xan[ j +1] = Ay g Xan[ j ]+ D gae[ j ]
ya[j] = canXan[ j]
Adnd = eXp[AdnTS/z]
s/2 |
L =jj eXp[AgTHT by,

(Equation 26)

Zaal j +1] = AdanaSan] ]+ banau] ]+ K(ya j]- §a[ j])
$al j] = canfaa] j]



- 46 - Mor eover, the rigid-body node observer is configured as shown
by the followi ng (Equation 28) in accordance with the follow ng (Equation

27) serving as a state equation for tjmangid-body node of an actuator
digitized with a cycle Ts. (Equation 273 [err] (Equati on
28) [err] According to the above configuration, it is possible.

to accurately estimate a vibration node- every nonent in accordance with
t he signal of an Mcrebeeat,i drthsensqgideverdy whodle serexrwignass are not
detected and resultantly, expand a control bandwi dth and realize a
preferabl e contfrigurddrast enosti @y the following (Equation 28) in

accordance with the following (Equation 27) serving as
a state equation for the rigid-body mode of an actuator
digitized with a cycle Ts.

(Equation 27)

i +1] = Ay %ei] + by yeli]
yli] = exxeli]

A _, =exp[A, Ts]

b, =j;'s exp[ArTd7 'b,
=1 0)

(Equation 28)

%efi +1] = Arakefi] +bra- yali]+ K(y[i] - ¥[i])
yli] = exXei]

According to the above configuration, it is possible
to accurately estimate a vibration mode every moment in
accordance with the signal of an acceleration sensor even
while servo signals are not detected and resultantly,
expand a control bandwidth and realize a preferable

control characteristic.



- 47 - A state-feedback controlled variable is conputed by wusing
these state variables in accordance with the follow ng (Equation 29) and
outputted. (Equation 29) [err] - 47 4 n the above (Equation 29),
synbols i and | respectively show a sanpling tinme described in the _ _
enbodi nent 2. It is shown that the value of a variable shown by tge thne i
i's updated ever Ts variable shown by the tinme j is update
everS time Ts/ 2y %r% T Eﬁ‘&ﬁ CPRtIHot @G VR 5t 3l bef b dbsaaku gafoy

B th e .configuration i brati on nod of the actuator 3
|%crﬁhpgg aeH ﬁy gﬁﬁgﬁc§£ tt&néﬂar BRedl PERECRNGCaMd Heckhat el y

esti mat ed mﬁgglgcgg n% SHagﬁ%%_ %éélo_&%&#hﬂ%?at a high speed and

the rigid-bo resrng -a equency signa
conponent |s(g§hlqu h a rlgld body ﬁnde observer operating at the
normal sanpling frequency Therefore, it is possible to accurately
estimate the state varlable of the actuator 3. Thereby, an advantage is

obtai ned that the si g ons aractersstlc and p03|t|on|ng
= T (RIS

accuracy are i ~fur - EMn[]]
o= (fdy fé fdr)

In the above (Equation 29), symbols i and
respectively show a sampling time described in the
embodiment 2. It is shown that the value of a variable
shown by the time i is updated every time Ts and a variable
shown by the time j is updated every time Ts/2. Moreover,
symbol fd.denotes a state feedback gain.

By using the above configuration, the vibration mode
of the actuator 3 including a high-frequency signal
component is quickly and accurately estimated with a
vibration mode observer operating at a high speed and
the rigid-body mode comprising a relatively-low-
frequency signal component is estimated with a
rigid-body mode observer operating at the normal
sampling frequency. Therefore, it is possible to
accurately estimate the state variable of the actuator
3. Thereby, an advantage is obtained that the transient
response characteristic and positioning accuracy are

improved.



- 48 - Mor eover, as described for the enbodinment 4, a frequency
division ratio is not restricted to 2. It is possible to determne the
ratio by considering a necessary perforggnce and the capacity of a usable
har dwar e resource. I ndustrial Applicability As descri bed above, the
present invention nakes it possible to expand a control bandw dth up to.
1/5 or nore the resonance frequency of -the vibration node of an actuator
and resultantly, MegeoReXheaposiesiconitRd Aesutdsy bedimghst io head and
decrease a track |nterval . Therefore, an advantage,is obtalned that t he
capacity of T& StH§REYcA 44 InN e BeS INRF e rl%?@o@é’r -by Ltappl yi ng

t he present |nvent of her _information  recording/ ﬁ odUC|ng appar at us

fog recordi n§ pgﬁr ¥R |054ﬁﬁ?eﬁﬁrﬁp g sePvé
! . t
'so obt ai nedt Cﬁeat]g?ﬂxa SRR Ar e R MU R ARRGTE e o 37 FERFoduci ng

appar at us CalPl P r%
REPL ACEMENT sﬁ%EjTWé &rse3¥fhrce. CLAI VB

Industrial Applicability

As described above, the present invention makes it
possible to expand a control bandwidth up to 1/5 or:ﬂore
the resonance frequency of the vibration mode of an
actuator and resultantly, improve the positioning
accuracy of amagnetic head and decrease a track interval.
Therefore, an advantage is obtained that the capacity
of a magnetic disk unit can be increased. Moreover, by
applying the present invention to other information
recording/reproducing apparatus for recording or
reproducing information by returning the servo
information of a head and thereby positioning the head,
an advantage is also obtained that the capacity of the
information recording/reproducing apparatus can be

increased.



1. An information recording/reproduci ng apparatus conpri sing: a head
for recording or reproducing information while noving relatively to an
infornatioqhbggﬁgthaTMmd oduci ng nmedi y@ — an actuator for supporting

t he head and ccordance with a comrand; and a contro

section for E mmand to the actuator in accordance with a

signal repro y the head to contrql the nove act uat or

the actuator having at |east one vi-bratfdNmde in ﬁsggﬁg enment
e

node as a rigid body, and the control section [i ncl uBEB| arrsit
estimating sqction for estimating quantities of states -

node and ri gi d- body ' Wt |

repr oduced by thgphearﬁgggﬁl?oaﬁp%%%§bgf%gér\ggpiggéfegég%@ﬁg%\# ngPﬁa%tag&gg
novenent comggﬂgri%qj{ £ actuator by using an internal nodel including at
| east one vibration e of the actuator and a controlled-variable

generating secti o fO540€Be' AldWrdiNg NI &y ¥ahiyallfrd Ainaecandance
with each estimated quantity of staté estinmated by the state estinmating

section. while moving relatively to and®@nformation

recording/reproducing medium;

an actuator for supporting the head and movable in
accordance with a command; and

a control section for supplying a command to the
actuator in accordance with a signal reproduced by the
head to control the movement of the actuator,
characterized in that

the actuator has at least one vibration mode in
addition to a movement mode as a rigid body, and

.the control section includes a state estimating
section for estimating guantities of states of the
vibration mode and rigid-body mode of the actuator in
accordance with a signal reproduced by the head and a
controlled variable corresponding to a movement command
to the actuator by using an internal model including at
least one vibration mode of the actuator and a
controlled-variable generating section for generating
the controlled variable in accordance with each
estimated quantity of state estimated by the state

estimating section.

) A R



char act er i Z&ig Shagt en ®di brati on node included in the internal nodel of
the state e tﬂ i on has a natural frequency within 15 tines the
control band y of the actuggor. THIS Shect

nif gr t~pn
recordi ng/ reproduci ng apparatus according to EPL gﬁ i$EENl
characterized in that as for the vibration node int uded’ -ACERe i ntlerna
nodel of the sta%e es%%gati section, - the frequency characteristic of a
transfer function* s Y alaeray SHRFALREY FSRIOHEEEBY a nat ur al
vi bration frequency. 3.._The infor.matjon_recordi ng/reproducin
appar at us actoratf uPo%ﬁ%ﬁ?ﬁﬁfgcﬁgrgééém ; ?ﬁaFﬁggeéaﬁsgoh?rghagection
s provided yid b a0 apaladadigi §al) o0y eri LAg PEELI AN f Aol 8Gl ing a
servo signal out "of ~signal s reproduced by the head and converting the
servo  signaledd o dhdkidly sbonalo@nthd (gl Al Pl adicABYVEE Lhid
section for converting a co trolleé>var|ab_e Into an analog~signal at the
conversi on frequepeythe bntibe ﬁaﬁh%n@rgf&r@hw%tﬂ BHeS&SEhQBorand the
state estimating section and the controlled-variable generating section
perforns digital operations every cycle Ts (= 1/fs) of the frequency fs.
-51-

.3. The information recording/reproducing
apparatus according to either one of claims 1 and 2,
characterized in that as for the vibration mode included
in the internal model of the state estimating section,
the frequency characteristic of a transfer function
shows a phase-delay characteristic nearby a natural

vibration frequency.

4. The information recording/reproducing
apparatus according to claim 1, characterized in that
the control section is provided with an analog-digital
converting section for detecting a servo signal out of
signals reproduced by the head and converting the servo
signal into a digital signal and a digital-analog
converting section for converting a controlled variable
into an analog signal at the conversion frequency fs of
the analog-digital converting section, and the state
estimating section and the controlled-variable
generating section performs digital operations every

cycle Ts (= 1/fs) of the frequency fs.

* [« L M S *



4. The informati G phahRedie ela‘ig(rioducing apparatus according to claim 3,
characterized in ruﬂﬂﬂ[l ﬁﬂ ﬁuency of a vibrati on—sode-included in the
i nt ernal nodel of i mating $ection is 1/ THIS tSMEEE dAEeBBE O
frequency fs of an analog-digital converting sectijon or RERIVIED 5.
The information recordi ng/ reproduci ng apparatus actordrng—to—ettter of -
claims 3 and 4, characterized in that-as for the vibration node included
in the internal fedefhef 1nEe Eialt E0BstRRRLHG $EEEPERIUAINY f r equency
characteristic of a transfer functien- shows a phase-delay characteristic

nearby a nafBPRAL2WAHrAFFEF Fmuehcylaim 4, @langetprigSratibnthat

di ng/ ' t di t laim 3, terized
that the stife WRTMELINgOLed IGRoRas 80 MY HRELENE THithSt | on mode
o0 5 1 SRS bR LA L00e ARG, RaRpEEI L ppvency

hi gher than™a qui's uency a equency o

conver si on reqﬁﬁgy f ]ﬂgg% g=di gi C Il { on anong
vi bration n%ggé of t gggg ué%%%qls glg%dgg%q%hégﬂ%§%gigg4$$%%%ency as an
internal mdghverting $ecti®d LI 18N recording/reproducing apparatus
according to claim®6, wherein the frequency

—

6. The information recording/reproducing
apparatus according to either of claims 4 and 5,
characterized in that as for the vibration mode included
in the internal model of the state estimating section,
the frequency characteristic of a transfer function
shows a phase-delay characteristic nearby a natural

vibration frequency.

.7. The information recording/reproducing
apparatus according to claim 4, characterized in that
the state estimating section has at least one alias
vibration mode having a frequency in which a vibration
mode having a natural_frequency higher than a Nyquist
frequency (fs/2) serving as the frequency of a conversion
frequency fs of the analog-digital converting section
among vibration modes of the actuator is folded at the

Nyquist frequency as an internal model.

8. The information recording/reproducing

apparatus according to claim 7, wherein the frequency

R O



of the alias vibramgsmmmmdeﬁnmewuﬂed in the internal nodel of the state

estimating section nversion frequency fs of the
n or _| gyer. —8—the-niormat
g u

anal og-di gital conv

recor di ng/ r epr oduci appara s according to eithefHIGNSHEAT dASIBFEN and 7,
characterized in that as for the alias vibration npde Rf¢lucied in the
internal nodel of the state estimating- section, the freguency- —

characteri st?£ §heaaﬂﬂdﬁ%f%1brﬁ@ﬁ@ml@Hxﬁﬁoﬁécéuﬁﬁéééiﬁeth9 éndreactatistic

nearby a natural vibration frequenc he | nformati on

recor di ng/ r prS8ticPig t%p%FﬁFﬁs eéc’?dé‘%%ﬁ%%gt 5e€ltd19ﬂ 1S cﬁé?a&n@rl zed in

t hat the contral ction I s proy 3§1 | gnhal 0g- ,
converti ng SSRATBRSAS GECAUR Y & ot S8 LPAL ohtPe - Fdnbauced

by the head @@g canv :%lngépe servo S|gnal into a digital signal and a
di gi tal -anal'0g” "converti'ng Section for converting a controlled variable

i nto an anal og signal at the conversion frequency fs of the anal og-digital
converting section; and the controll ed-variabl e generating section

performs digital gpperaid oin £¥efmk tasH eréféoﬁalh/gf/sae;pffodubgny equency fs and

perforns digital operation every cycle Ts2 (=71/fs2) of a frequency fs2

different frogppaaatiequercyrfishg to either one of claims 7 and 8,
characterized in that as for the alias vibration mode
included in the internal model of the state estimating
section, the frequency characteristic of a transfer

function shows a phase-delay characteristic nearby a

natural vibration frequency.

10. The information recording/reproducing
apparatus according to claim 1, characterized in that

.the control section is provided with an analog-
digital converting section for detecting a servo signal
out of signals reproduced by the head and converting the
servo signal into a digital signal and a digital—analog
converting section for converting a controlled variable
into an analog signal at the conversion frequency fs of
the analog-digital converting section; and

the controlled-variable generating section
performs digital operation every cycle Ts (= 1/fs) of
the frequency fs and performs digital operation every
cycle Ts2 (= 1/fs2) of a frequency fs2 different from

a frequency fsl.

A A



- 53- 10. The information recording/reproducing apparatus according
to claimy, characterlzed in that the frequency fs2 is higher than the

f r equeAbiy Skiest Has Been Replacgd 1o |nfornat|o$ recordi ng/ reproduci ng apparatus
accordin mmm l characterized in 17"1 the re ?Hﬁ;? E,I u_t,_.”*
frequenc frequency fs is shomn as fs2 ﬁ%thﬁ“Pﬁ¥éﬁ r of 2

or nore). 12. The information recordi ng/reproduci ratu
according to claim9, 10, or 11, characterized in that If a servo
signal is detectﬁg betmeen the present tine. apd the ting t-Ts2 and
converted into a |g|t§ﬁ d} v aB}°Ph§Qﬁﬁﬂ%bna §ﬂEQOQRﬁ&%9tlng section
when the state estinmati ng section rate h cle Ts Ee£ﬁorns
digital opeﬁﬂﬁ%ﬁl PHedSEEL Q¥ﬁ? %%ma quS Qﬁrk%% 1Bythefng t he

digital sig eC%K%H§Fﬁ§wasf;ggahlgwgfaéﬁg%rghle%re u@@%gt%ng|ng as an

out put of t € con var nerating section a and
If a servo signal is not detected betmeen the present tinme t and the tine
t-Ts2, the state estinating section estinmates a quantity of state by using

the controlled yariabke %Efff’éﬂgaﬁiohh%é&ﬂlp&ingf/r@ﬂﬁ:é‘cﬂi’éiﬂb' ed- variable
generating section as an input

apparatus according to claim 10, characterized in that

the relation between the frequency £s2 and the frequency

fs is shown as fs2 = Nxfs (N: integer of 2 or more).

13. The information recording/reproducing
apparatus according to claim 10, 11, or 12, characterized
in that

if a servo signal is detected between the present
time t and the time t-Ts2 and converted into a digital
signal by the analog-digital converting section when the
state estimating section operated at the cycle Ts2
performs digital operation, the section estimates a
quantity of state by using the digital signal of the servo
signal and a controlled variable serving as an output
of the controlled-variable generating section as inputs,
and

if a servo signal is not detected between the present
time t and the time t-Ts2, the state estimating section
estimates a quantity of state by using the controlled
variable serving as the output of the controlled-

variable generating section as an input.

TR A



- 54 - 13. The information recording/reproduci ng apparatus
according to any one of clains 9 to 12, characterized in that the
frequency of a vibration node included_ in the internal nodel of the state
estimating section is 1/2 the frequeﬁc94f§2 or | ower —d4. . The

I nformati on recordi ng/ reproduci ng apparatus accordi &HﬂbSHEyTgmg[)chlains
9 to 13, characterized in that as for -the frequencyj of aFM#@Agﬁéon’
included in the internal nodel of the state estimting ~Bh
frequency characteristic of a transfer function shows a phase-del ay
characteristic Adarbyie naieapatilpnatiesordéggdmeproducingls. The

I nformati on recordi ng/ reproduci ng apparatus according to claim.J@9,
charact eri zetPRHLEREE AGROLKIBRE £5t iamat iR seét e 1mss BP Feads.one alias

et ural fr cGUGHEGCRPGHEEd Hah CB o Ot L SGRRRAEY( S EOHEEF 45PoT008: vi ng
f . [2 the f f t, of i ti d f th
et nator 1< 10 adathEn: REEIURERPAGE uReReT: ofu BB, BB R S e OrAkt oode

section is 1/2 the frequency fs2 or lower.

15. The information recording/reproducing
apparatus according to any one of claims 10 to 14,
characterized in that as for the frequency of a vibration
mode included in the internal model of the state
estimating section, the frequency characteristic of a
transfer function shows a phase-delay characteristic

nearby a natural vibration frequency.

.16. The information recording/reproducing
apparatus according to claim 10, characterized in that
the state estimating section has at least one alias
vibration mode having a frequency in which a vibration
mode having a natural frequency higher than a second
Nyquist frequency (£s2/2) serving as a frequency 1/2 the
frequency fs2 out of vibration modes of the actuator is
folded at the second Nyquist frequency as an internal

model,
This Sheet Has Been Replaced
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- 55 - 16. The information recording/reproducing appar at us

accordi ng to dhiaSheetltis B ®rized in that the fr, —+-s2—-i-s—hi-gher
than the freque f 17. Theé%¥fornation r ¢ JbHSISHGET ¢fSoBiiN hg
appar at us accor 1

6, char erized in that  RERLACEDati on
bet ween the frequency fs2 and the frequency fsis as 52T ="Nxfs. (N
I nteger of 2 or nore) 18. The information recordi ng/reproduci ng
appar at usaccor di hgt ocThemihForitst bonl7ecchatiany Arepeddudimg hat when

a state estinmating section operating at the cycle Ts2 performdigital
operation, apparafdsaacepvdisighal dlaidetlett echaranteritzrd presemt tinme
t and the time t-Ts2 and converted into a digital signal by an

anal og- di gi the doirevenay $6c iloh hidber $&dan ohestrpaivenay qb@ntity of
state by using the digital signal of the servo signal and a controlled
vari abl e serving as an output of a controlled-variable generating section

as inputs, and | f a rvo signal is npt detected between the present

time t and the tifre tT#EZ}&%%¥Q&%%8Bnr§§ﬂﬁéiQ%F56pﬁﬁﬂﬂq%%gof state by

using a controlled varjahle servin S. ut f..the .

controll ed_%g%lagba} euge‘%éﬁ?gf:fjﬁzlg gggtqlgar%@glgh &g‘%ﬁgfzterlzed in that
the.relation between the frequency £s2 and the frequency

fs is shown as fs2 = Nxfs (N: integer of 2 or more).

19. The information recording/reproducing
apparatus according toclaim 16, 17, or 18, characterized
in that

when a state estimating section operating at the
cycle Ts2 perform digital operation,

if a servo signal is detected between the present
time t and the time t-Ts2 and converted into a digital
signal by an analog-digital converting section, the
section estimates a quantity of state by using the
digital signal of the servo signal and a controlled
variable serving as an output of a controlled-variable
generating section as inputs, and

if a servo signal is not detected between the present
time t and the time t-Ts2, the section estimates a
quantity of state by using a controlled variable serving
as an output of the controlled-variable generating

section as an input.

[



- 56 - This ShBet Haslit@n Répleddmat i on recordi ng/ reproduci ng appar at us
according t ' 17, or 18, characteri ILn that the frequency
of the ali a§!ll’tmwﬁ'mwﬂ4)de i ncl uded_igl the intermgd op @" state
estimating i i t he frequency 52 or ) . e
I nformati on recordi ng/ reproduci ng apparatus acc |
15 tol9, characterized in that as for-the frequency of the alias

vi bration node i Afl.ud8fda nnfrernatéenalramuediog/re@roateeendgsti mating

section, the frequency characteristi-c_ of a transfer function shows a
phase- del ay 2RRFabR8r REGE Hed blCaChatid® al S vi brat ilén f9%qlincy. 21

The recordi ng/reproducin aep ratus accordin to claim1l, fharacterized I n

that a vi br S SERS O Forih dehebt FHE CHEIRBREY 6 dS Laefuat or | s

[ | uded d..th t at tiat ] ti t i pat it f tat

of the vi br GEI WbdE. GRS i TG RAR) ABIC T TREC TRRLUARIS T nohctidance.
it h : I o o . di

Yo the mover Comaid T e SECant ar i B8 Gracudtel. o B e

vibration sansp«. 22. The information recording/reproduci ng
apparatus according to claim2l, characterized in that

21. The information recording/reproducing
apparatus according to any one of claims 16 to 20,
characterized in that as for the frequency of the alias
vibration mode included in the internal model of the
state estimating section, the frequency characteristic
of a transfer function shows a phase-delay

characteristic nearby a natural vibration frequency.

.22. The recording/reproducing apparatus according
to claim 1, characterized in that a vibration sensor for
detecting the vibration of the actuator is included and
the state estimating section estimates quantities of
states of the vibration mode and rigid-body mode of the
actuator in accordance with a signal reproduced by the
head, a controlled variable corresponding to the
movement command to the actuator, and a signal output

from the vibration sensor.

23. The information recording/reproducing

apparatus according to claim 22, characterized in that

* [ L M S *



- 57 - This SheB@1a6B&h ReYlac&eCt | on has an anal og-digit converting section

for det ectimgmmﬂlgmnal out of signals reproduced by the head and
converting t nal into a digital signa | = apnalqg
converting i converting a con%?ol | ed v:ilﬂgﬁl %gﬂﬁgéﬁgﬁ%ral 0g
signal at the conversion frequency fs of the an ng-diﬁflg -'converjti ng -
section, and a second analog-digital converting section for converting a
si gnal out put fr&%QJQPWW%@étﬁ@ﬁgééﬁkoQaFn?B andilpgafigitgdal at a
frequency fs2 different fromthe frequency. fs, the state e tigating
section hmsQP%Y%FEFPSnSﬁﬁiio%S@?ﬁa ?Fﬁcgé@ﬁ<ﬁ1%ﬁﬁﬁﬂi§%@%ﬂ oPYan nt er nal

del includi I L b ' ' dof.th I gi.d- bod
Tode of 1 he S40ATbr - SRECSUTG (b gy MGTe S KL LBgt FBR SBRPPour ed
b i nt ] . i ncl ydi I.qi d-.bod 1, nst | brati
mde, | CRETIRNC FBIRa VBT SERL GORE RN 1 So0ton GRPERE. 1i gl or body

mode esti matddigy seethonsBREL N Obb Rl e DRI RN EHET Vel YeA £1TB1E= 1/ TS)

of the frequency e vibration no stimating section perfornmns
di gi tal Operiqst@rhﬁvﬁylég%@?iﬁéa &t %b%s_%bn%fexté‘ﬁonffﬁélgﬁaﬁ){:ﬁ §3 aad
estimates the quantity of "statfe of the vibration node of the actuator by
using the cati¢ odhedogvariigit £1 sebviveg tlish@ns@gtpwh ,ofaridlea second
control |l ed-variable generating section and the digital signal of the

vi brati on sensmtogsdigputasl, converting section for converting a

signal output from the vibration sensor into a digital
signal at a frequency fs2 different from the frequency
fs,

the state estimating section has a vibration mode
estimating section constituted of an internal model
including at least one vibration mode instead of the
rigid-body mode of the actuator and a rigid-body mode
estimating section configured by an internal model
including a rigid-body mode instead of a vibration mode,

the controlled-variable generating section and the
rigid-body mode estimating section perform digital
operations every cycle Ts (= 1/fs) of the frequency fs,

the vibration mode estimating section performs
digital operation every cycle Ts2 (= 1/fs2) of the
frequency fs2 and estimates the quantity of state of the
vibration mode of the actuator by using the controlled
variable serving as an output of the controlled-variable
generating section and the digital signal of the

vibration sensor as inputs,

* c L M S *



t he rigid-body $ Boab Reptpegglect i on estimates the quantity of state of
the rigi d- body uat or by using the % Lo P gqaggmf t he
vi bration sensor aI signgh of the sgr Sggg ﬁs nput s,

and t he controlled vari abl e generating secti¢n 5¢ fhn
controlled variable in accordance with estimted quantities of states -of
the vibration node estimating section and rigid- bodé node estimating
secti on. Ihe THES A Bosat itnae e@éﬁdﬂﬁdﬁﬂt@r%@lg LRg cEppEnates
according to cla|n122 characterized in that  the frequency fs2 is higher
than the frigtRiedBpnftsty of stake ofhef BiFaM &?qﬁédﬁ?@?nﬁlfr etﬁ}%dum ng

d I d h N
bet veen theitT °éate%c§?‘if SR Ere” Fieiat, S Theals e atipEatiatir s (n
it eger of e, dig3tsle o 1B o, SeRrgh gLt %e,[lhd%gc' ng

appar at us accoralng Characteri zed t he
frequency cgnﬁhgébrgﬁkpn nDde included in the internal nDdeI of the state
estimating section is 1/2 the frequency fs2 or |ower.

REPLACEMENT SHEEhe controlled-variable generating section

generates the controlled variable in accordance with
estimated quantities of states of the vibration mode
estimating section and rigid-body mode estimating

section.

24. The information recording/reproducing
apparatus according to claim 23, characterized in that

the frequency fs2 is higher than the frequency fs.

.25. The information recording/reproducing
apparatus according to claim 23, characterized in that

the relation between the frequency £s2 and the frequency

fs is shown as fs2 = Nxfs (N: integer of 2 or more).

26. The information recording/reproducing
apparatus according toclaim 23, 24, or 25, characterized
in that the frequency of a vibration mode included in
the internal model of the state estimating section is

1/2 the frequency fs2 or lower.

TR 10 )



- 59 - sﬂwe The I nformati on recordi ng/reproduci ng apparatus
accordlng lmcdalns 22 to 25, charactef !' that—asy for the
frequency node i ncl ud_ed%% n the int &'gﬁi"t%dﬂs BEEN he state
estinating frequency charatteristic{of a Ptfldd&EPer fuhction
shows a phase delay characteristic nearby a natural vibration fréguency.

27. The information recording/reproducing apparatus according to any one
of claims 22 to 28,. Charadctfrimetdion teatordenyy bepticghigiote sensor is an
accel eration sensor. 28. The i-nformation recordin%{reproducrng
appar at us aé@Rad agusoaclcHinding char asvednedf nCLRams 23 BOfEpst

vi bration sensor for detecting the vibration of the actuator and a second
vi bration s&@%ﬁaﬁﬁﬁrlééﬁeéﬂl t 176 FioBr hRPoRr 8AUENSas B fse v ir a hbORet uat or

are included, e st te estimti se on nates gquantities
of states oft %9%}3?? And g 1mﬂﬁ£%%d8f Qrﬁa%E?uator in

accordance - w th a roduceﬁ8b¥8ethe head., a_contral l.ed vatri abl e

correspondlﬁfH%W%flﬁgvgﬁg 2 HM?Q%XLER%Facﬁﬁf%ﬁﬁﬁ%u% olt put

frgg1_the Firsh, 8ad, - seaand M. PréhbQe seRidse-delay characteristic

nearby a natural vibration frequency.

28. The information recording/reproducing
apparatus according to any one of claims 23 to 27,
characterized in that the vibration mode sensor is an

acceleration sensor.

29. The information recording/reproducing
apparatus according to claim 1, characterized in that

.a first vibration sensor for detecting the vibration
of the actuator and a second vibration sensor for
detecting the vibration of a base set to the actuator
are included, and

the state estimating section estimates quantities
of states of the vibration mode and rigid-body mode of
the actuator in accordance with a signal reproduced by
the head, a controlled variable corresponding to a
movement command to the actuator, and signals output from

the first and second vibration sensors.

* c L M § *



29. The i nfraik gRkLi 0 BEARRFIEN]/ r epr oduci ng apparatus according to claim 28,
characteriz ' the control section has—an_anal og-digital
converting ;Emniﬂllﬂm UHMecti ng a servg si gnal qUHISTSHEST ga QEEr\f roduced
by the head the servo signal intg a digggaloepi gnal| a
digital -anal og converting section for convertin -ed-vari abl e-

i nto an anal og signal at the conversion frequency fs of the anal og-digital
converting secti®®, ahdeaisdcomktipal vgcdingirg/ cepveduiaigngection for
converting signals output fromthe - first and second vibration sensors

i nto di gi t aRPPPRGR %S AACGOF HéfdeOy CHaa i er@m ractemitard freduedty fs,
the state estinmatjng section has a vibration node estinating section

configured by anift EPRHT ModECTiRB BRiShPat 2Neasd GHdvEdtati on node
ins_tead_ of the _ri i d- body, node .of tc{éﬁi actuator and_a rii%liﬂd_ odly _rmge
estimating S8EYS f‘T’%%Féﬁan)gn & AP nBdeF L VNS Qi GF d- body
de i nst . . : J " Ry G
rode, 15t ead g6 VLA SNCIRGE, oo pL0R SN EBLLE oy e dengtat i no

oper ati ons g_gﬁﬁ)élcyﬂgng ﬁljg%grgsas]) ?%?hgg,frae C¥alSanalogthe vibration

node estimating section per d tal operation every cycle Ts2 (=

1/fs2) of thenvidratiuenedsisndrestddmbestthey uedhty1afestaire b1 é&he
vi bration node of the actuator by using the controlled variable serving as

an out put ofntheastoah=dldedikpisdBlie the conversion frequency fs of

the analog-digital converting section, and a second
analog-digital converting section for converting
signals output from the first and second vibration
sensors into digital signals at a frequency £s2 different
from the frequency fs,

the state estimating section has a vibration mode
estimating section configured by an internal model
including at least one vibration mode instead of the
rigid-body mode of the actuator and a rigid-body mode
estimating section configured by an internal model
including a rigid-body mode instead of a vibration mode,

the controlled-variable generating section and the
rigid-body mode estimating section perform digital
operations every cycle Ts (= 1/fs) of the frequency £fs,

the vibration mode estimating section performs
digital operation every cycle Ts2 (= 1/fs2) of the
frequency fs and estimates the quantity of state of the
vibration mode of the actuator by using the controlled

variable serving as an output of the controlled-variable

A LR L



-61 - eneratﬂhgsaedmsﬁamanﬂmﬂd gital signals of the first and second

vi bration sensors mu u 't the rigi d-body node_estinmating section
estimates the qu e of thegyigid-body qQ;gﬂggpgagqggﬂ or by
using the digital signals e first and second bratggp apepsor s

the digital signal of the servo signal as inputs,

and
control |l ed-variabl e generating section- generates the.controlled varlable
i n accor dangengratingt seatdpyaat diigstal stamessopLtheevibrati andnode

estimating section and rigi d-body node estjimting section. 30. The
|nfornatlonsﬁéaﬁﬁﬁlHgbﬁéﬁﬂdﬂhc$%@50£§péﬁhﬂﬂ§¢%€§ord|ng to claim29,
characterized in_that uency fs2 i s hi.gher thap the frequency fs.
31. The infornath ég &QQéuﬁﬁﬁlméﬁ %&Hﬁﬁ?%ﬁ%ﬁr&ﬁﬁj £&$ ai m 29,

charact el 2edd gty &L‘%é%'taéké”s%e T DG LRI et e
The '”for”agd¥hééﬁ?r ? §ﬁ£?§ﬂ§' 9%1€QEaE§ %b%9%9f4hﬁ95§f£§£”3§d 30, or

31, characterized requency of a ration no I ncl uded in

]Efs‘g 'Opt leg\r,‘\g'r sdrsleh \‘PIbEQ%l%trﬁtsPer%%tEaéhagtﬁ%Ch iRt S dnbheokr eguency
servo signal as inputs, and
the controlled-variable generating section
generates the controlled variable in accordance with
estimated quantities of states of the vibration mode

estimating section and rigid-body mode estimating

section.

31. The information recording/reproducing
apparatus according to claim 30, characterized in that

the frequency fs2 is higher than the frequency fs.

32. The information recording/reproducing
apparatus according to claim 30, characterized in that
the relation between the frequency f£sZ and the frequency

fs is shown as £s2 = Nxfs (N: integer of 2 or more).

33. The information recording/reproducing
apparatus according to claim 30, 31, or 32, characterized
in that the frequency of a vibration mode included in
the internal model of the state estimating section is

1/2 the frequency fs2 or lower.
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- 62 - 33. The information recording/reproducing apparatus

according to any one of claims 29 to32, characterized Hﬂm p%ﬁiag %qﬂ%gf
.

frequency of a vibration node includedg4n_the internal

estimating section, the frequency characteristic of a

shows a phase-delay characteristic nearby a natural V|br

34. The information recording/reproducing apparatus according to any one
of clainms 29 to33, characterized in that the vibration node sensor is an

accel eration seng 35. The, i-nformation recordi ng/ reproduci ng
appar at us accor dPfig t 8NEny THRITPAtLPRI RECOFALRY/ repK; Pzed in that

ngdl im‘so(;mat I on ]?%ecordl n%/ rdelprgé)dggl g%yrr%dr{ém%lfsc?ari%%negd Ctgl §§’and t he

characterized in that as for the frequency of a vibration
mode included in the internal model of the state

estimating section, the frequency characteristic of a
transfer function shows a phase-delay characteristic

nearby a natural vibration frequency.

35. The information recording/reproducing
apparatus according to any one of claims 30 to 34,
characterized in that the vibration mode sensor is an

acceleration sensor.

36. The information recording/reproducing
apparatus according to any one of claims 1 to 35,
characterized in that the information
recording/reproducing medium is a magnetic disk and the

head is a magnetic head.

THIS SHEET HAS BEEN
REPLACED
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