2 March 2005 Control nethod and apparatus of magnetic di sc devi ZRiarch 2005
recording nedium and inspection nethod and apparatus of nmagnetic disc
devi ce BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to a magnetic disc device, and nore particularly to
position estimation and position control of magnetic head. The invention
further relates to an inspection of magnetic disc device. Description of

t he Rel at edCMitrol o &t HEDAAH £p h S uderi magusedt discabewixteraadrdiegory
device, servo information is witten on a recording nediumin order to
control thembéatimpasid imspeddien of e shueh amelt Applsratud bé msagheticsdisgo system
This is a nmethod of causing the head to follow up an arbitrary track on the
basis of th&eiesition information fromthe servo sector provided at the
begi nning of . data region of track. The servo sector is basically conposed
of a synchronization unit for detecting the servo sector, a track nunber
unit in which the track nunber of tack is witten, and a burst unit in

whi ch the burst nunber BACKGRQKING @8 THE INVENTAOWN ng of nmagnetic head
is realized by burst signals detected by the nmagnetic head. Therefore, the
tracking 1 2 March 2005 preciBiedd deffeniisvertiche detecting precision of

burst signals. That is, magnetic noise occurring o ]
The present invention relates to a magnetic disc device,

and more particularly to position estimation and position control
of nra"g'ne’a‘“m“ "Kead. The invention further relates to: -an

inspection of magnetic disc device.

N Description of the Related Art

In a magnetic disc device used as an external memory
device, serve information is written on a recording medium in
order to control the head position.

One of such methods is the sector servo system. Thisisa
method of causing the head to follow up an arbitrary track on the
basis of the position information from the servo sector provided
at the begihn:ii;ig of data region of track.

The servo sector_j?':""éis basically composed of a
synchronization unit for detecting the ser‘}o sector, a track
nuimber unit in which the tra(;k numbef of tack is written, and a ..
burst unit in which the burst number for tracking is written.

Tracking of magnetic head is realized by burs.t signals

detected by the magnetic head. Therefore, the tracking




in the magnetic head and magnetic recordi ng nmedi um has adverse effects on
the tracking precision. It is hence an object to obtain accur at Maich 2003 ng
position informati on by separating the noise superposing on the burst
signals. SUMVARY OF THE | NVENTI ON The exanpl'e enbodi nents are devised to

- achi eve the above object. In accordance with a first aspect of the present

invention, there is provided a control apparatus of magnetic disc .device
havi rl?ﬁecé31?fhé?¥’éf‘ %Olaﬂ@é%t‘??gpacﬂ’ﬁ?&l%?&&l%‘e‘ggﬁisstf?‘%"c’é’r‘6‘? UE QR OCAHBEr s and
plural burst signals provided in plural data regions divided in the

per i phdhaimaggetice beadoand aragnatic aeconding medinmdigsvidygrse ¢féasts porthe dwekising and
reproduci ng data in said magnetic disc, conprising: a position detector
for qhedcesion. digis hetveanh ghpesi to olainfacewhie thaekidg iposititee irtfomekionibytsepardiingethe i on
fromthe burst signals, noise neasuring nmeans for neasuring noise |evel

SUpemBRE 8Gp@Posightd the BeksPaphdli.on detected by said position detector, gain
determ ning neans for determning an estimate gain corresponding to the

noi se level, and an estinmator for estimating the state of said actuator.
In accordance with a second aspect of the present invention, -there is

provi ded an inspection (?1; gﬁqﬁ;' m devi.ce having a magnetic
di sc including servo secmmio dﬂﬁ% raééﬁr ers and plural burst
signals provided in plural data regions divided in_  peripheral direction,
and an acth PW?%PH@P&%%& % evie tg AchigYedhe APRY ebiFS-epr oduci ng data in
sai d magnetic disc, wherein said inspection apparatus (i) adds anplitude
~val ues of Iibaeenrdasicgvethsa dsidaspectpasthe ippesentomvensiong thege it prowirdgd a control
(ii)cal cul ates an average, and a variance value or a standard devi ati on of
t he apsiealu? oPmbbietib dR0Aevieahhvihy dnagattitedisc mohd{ng sepvonepeed iscqding trmkinet i c
disc device by the variance value or the standard deviation. In accordance
Wt n@mbBis” shd2pREL bR HBRPPESEMI PRI @Ra EABAE dividddr BY ke Perdpliepidt 1 Ol

direction, and an actuator for driving a head for recording and reproducing data in said magnetic

disc, comprising: a position detector for detecting a head position of said head in the track width

‘direction from the burst signals, noise measuring means for measuring noise level superposed on

the head position detected by said position detector, gain determining means for determining an

estimate gain corresponding to the noise level, and an estimator for estimating the state of said

actuator.

In accordance with a second aspect of the present invention, there is provided an
inspection apparatus of magnetic disc device having a magnetic disc including servo sectors
recording track numbers and plural burst éignals provided in plural data regions divided in
peripheral direction, and an actuator for driving a head for recording and reproducing data in
said magnetic disc,

wherein said inspection apparatus

(i) adds amplitude values of burst signals used in position control of said head,

(if)calculates an average, and a variance value or a standard deviation of the added




met hod of magnetic di sc device having a magnetic disc including servo
sectors recording track nunbers and plural burst signals provi?&i@@rcihr?ooS
plural data regions divided in peripheral direction, and an actuator for
driving a head for recording and reproducing data in said nmagnetic disc,
conprising the steps of: (a) detecting a head position in the track wdth
direction. fromsaid hurst signal, (b) neasuring noise |level superposed on
t he heéﬁmﬂﬂﬂﬁaYé%?ﬁ ) determining an estimate gain corresponding to the
noi se level, and (d) estimating the state of said actuator. The recording
medi um of mdghBsPctaadmagnatic dissfdeyige be dhamyarianeaviabe orshe standagd deviatiphogr am
data for executing the control nmethod of nmagnetic disc. In accordance with
a fourth aspdecccaflarideevith astbitd aspoce of klenpresdme imventiomrtberede rawnded mepsedli on
met hod of magnetic disc device having a magnetic disc including servo

sect or sneth@t 6f ﬂiaglﬁ:ticrcﬁﬁd@wmﬁwmg%ﬂlaﬁﬁdﬂc&iis@iﬂéiﬁﬁin@i @Rl ScfOnbstamhgl thack
plural data regions divided in peripheral direction, and an actuator for

Compr i S BIERRd il SERY Sl FRUMER LA AR, S8E, WsafhdeRARE ctiony

ositiqgn,control of sald head al cul ati ng .an_aver.age, val ue, and a.variance
Dt ue IR Bl P BP' Puthh e R R fE Galtin o Miaftic'd
i nspecting the magnetic, disc device by the variance, .ue_ or the standard
dev! at (CGRPrie éfeecf‘g?mfb@gmeﬁl% 4 h@a@w%a%lﬁge@ thertrack wﬁ%@@ﬁ&m G spiddprst
there is provided a recprdigg medi um storing a conputer programdata for
execut isigpah (ebmersgringmoiigde] snpagpesedl ondhe beatepositéon, ke)vdeteymaning gh estimatgi sc
i ncl udi ng servo sectors recording track nunbers and plural burst signals
pr ovi degdin corebpmaingdatiz negd lovd, ahidydpestimanng e goe opsuid adtuador. ecti on, and an
actuator for driving a head for recording and reproducing data in said

nmagnetic di 9he MERERIENmERRINS b MEEnSRITBIE elevive 20 MHCEadPIS RILBEIMAMs stores
conprises: (a) a programfor detecting a head position of said head in the

track Vf%%?&n‘&a&%? é’&gﬂﬁ%mf ﬁgﬁhggpdéﬂgﬁoﬁhg#?{ié distP) a program for measuring

noi se | super pose positia

‘ In accordance with a fourth aspect of the present invention, there is provided an
inspection method of magnetic disc device having a magnetic disc including servo sectors
recording track numbers and plural burst signals provided in plural data regions divided in
peripheral direction, and an actuator for driving a head for recording and reproducing data in
éaid magnetic disc, comprising the steps of: adding amplitude values of burst signals used in
position control of said head, calculating an average value, and a variance value or a standard
deviation of the added amplitude values, and inspecting the magnetic disc device by the variance

- value or the standard deviation. F

In accordance with a fifth aspect of the present invention, there is provided a recording
medium széring a computer program data for executing a control method of magnetic disc device
having a magnetic disc including servo sectors recording track numbers anci plural burst signals

provided in plural data regions divided in the peripheral direction, and an actuator for driving a

head for recording and reproducing data in said magnetic disc, wherein the stored computer




(c) a programfor determ ning an estimate gain corresponding to the noise
| evel, and (d) a programfor estimating a state of said actuatdMarehg®? he
nodel of the actuator. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schemati c bl ock diagram of a magnetic disc device in enbodinent | of the
invention. Fig. 2 is a schematic block diagramof an estimator in

enbodi nent 1 of, the invention. Fig. 3 is a schematic block diagramof a
cont ABPEIAHEAPRISS of a disc device in enbodiment 2 of the invention. Fig.
4A to Fig. 4C are format explanatory di agrans of servo sector according to
the i nvera) dprogrinyforslejesting al heagh positionpifahidihegd it tatlawiidth directivnefiomhe
position of a magnetic head corresponding to the servo sector 3a 2 March
2005 saddurdieighalsst si gnal being reproduced. Fig. 6 is a flowhart of noise
measur enent and noise |level correction in enbodinent 1 of the invention.

Fig. 7 is(B) spemmt fcﬁn’iéa@ﬁﬁ@{oﬁsquv&%ﬁ%@i&% Qﬂtlféfheﬁ&’ﬁﬁi%n, signal of disc

device in embodinent 2 of the invention. Fig. 8 is a flowchart of .
eoL ) Ok Ok AN RS QAR Rl ngle 18, rent) o
e e Sk SRR PSP T T SRS AT, 1T,
Fig. 1, Fig. 2, and Fig. 4Ato Fig. 4C
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram of a magnetic disc device in embodiment 1 of the

invention.
Fig. 2 is a schematic block diagram of an estimator in embodiment 1 of the invention,
Fig. 3 is a schematic block diagram of a control apparatus of a disc device in
embodiment 2 of the invention.

Fig. 4A to Fig. 4C are format explanatory diagrams of servo sector according to the
invention.

Fig. 5 is a diagram explaining the relation between the position of a magnetic head

corresponding to the servo sector

3a




In Fig. 1, a magnetic disc 101 is rotated by a spindle notor (not shown).
As shown in Fig. 4A, plural tracks are present concentrically $Magh2005
recordi ng medi um 400 of the magnetic disc 101. Each track is identified
with a track nunber. Specifically, the outernost track 401 is nunber O,
and the |Ilargest nunber is given to the innernost track 402. As shown in
Fig. 4B, each track is alternately conposed of data sector (DATA) and
servo sector (SW. The servo sector is conposed of the follow ng parts as
shown i n Fi gdndc¢hesborapyignadoos nelyemipdasedni zati on unit 401 in which sync
signal is recorded (2). Track nunber unit 402 in which track nunber is
recorded (3) Wedgd Bufbisra dfivehanzof Rotin isagaromeddcadt nishetveals
recorded (4) Burst unjts 404, 405, 406, 407 for. detecting the position of
head 90 in tfadRcHiog H AR Radimyt i Halde vheeHi%fhe burst units 404 to 407,
burst signal A rst_signal B, bursft signal ¢ and burst signal D
differing in freggﬁéncp"y ar%e Srcgéé"r'ﬁéﬁ.h%wﬁg%ﬁ iogncagéflé?:ttl(‘if‘ igggf‘groéorrposed
of ! bgpjgggggﬁm%l & {59 d8iE09% Sh9MMmeLY: A B34 3RS er for amplifying

Fig.8 is a flowchart of estimation of sta-te\ qf the disc
device in embodiment 2 of the invention.
- Fig. 2 is a flowchart of inspection process of magnetic disc

device in embodiment 3 of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
: | (Embodiment 1)

Embodiment 1 of the invention is described by referring to

Fig. 1, Fig. 2, and Fig. 4A to Fig. 4C,
| In Fig. 1, a magnetic disc 101 is rotated by a spindle
motor (not shown).

As shown in Fig. 4A, plural tracks are present
concentrically on a recording medium 400 of the magnetic disc
101. Each track is 'E'dentified with a track number.
Specifically, the outermoéf':ﬁ track 401 is number 0, and the
largest number is given to the innermost track 402.

- As shown in Fig. 4B, each track is alternately composed of
data sector (DATA) and servo sector (SW).

The servo sector is composed of the following parts as

shown in Fig. 4C.




signal fromthe head 90 (2) An AGC anplifier for co' ntrolling the anplified
reproduced signal at a specific anplitude (3) A binary circuit 3March2005
converting the output signal from the AGC anplifier.into a digital signa
(4) A servo sector detecting circuit for detecting the servo sector from
the output signal of the binary circuit (5) A detection timng generating
circuit for generating the timng for detecting the track nunmber unit 402,
and burst units 404 to 407 of the servo sector (6) A track information

detecting circuit fior sdel@cbhihiod YRIChAR0Q8 thachr agkcnsighen and wedge
nunber fromthe binary signal (7) A position signal generating circuit for
detecting thg.oaf@ itude of the anplified burst signals A, B, C, D, issuing
the detected signals VA VB, VC, VD by AID conversion. This position

si gnal generating(®ir qyatkahseh SSUREL POSiid Grhichl Ak 8Bk i OMBPRES)s of
magnetic head in the track wdth direction fromthe digitally converted
burst signalgcofidpi se neasuring unit 110 neasures, for exanple, VA and VB
in a state controlled so that VA and VB nay be at sane |level, and adds the
measur ed - val ues. [d) s Widigki @rumbeppendisediin ircachider yorvectegtor By
statistic processing, the average of the added values, and the variance
val ue as noimembeyeb racerdedl cul ated. A gain determining unit 111
determ nes estimate position _
(4) Burst units 404, 405, 406, 407 for detecting the
position of head 90 in track width direction
In each one of the burst units 404 to 407, burst signal A,
burst signal B, burst signal C, and burst signal D differing in
frequency are recorded.

A position detector 103 is composed of the following
circuits (not shown). |

(1) A head amplifier for amplifying the reproduced
signal from the head 90

(2) An AGC amplifier for controlling the amplified
.reproduced signal at a specific amplitude

(3) Abinary circuit for converting the output signal from
the AGC amplifier into a dfigi.tal signal

(4) A servo secto;idetecting circuit for detecting the
servo sector from the output signal of the binary circuit
- (5) A detection timing generating circuit for generating
the timing for detecting the track number unit 402, and burst
units 404 to 407 of the servo sector

(6) A track information detecting circuit for detecting

(o]




gain (LCl) 117, estimate speed gai h-(LC2) 118, and estimate deviation gain
(LC3) corresponding to the variance val ue of noise cal cul at ed 3 Maich@0@poi se
measuring unit 110. The estimator 106 shown in Fig. 2 is explained. A
subtractor 210 subtracts nodel position (XEP1) from head position (POS),
~and cal cul ates estinmate error (ESTERR) 220. A nmultiplier 227 nultiplies
estimate error (ESTERR) by estinmate position gain (LCl). An adder 237 adds
nodel position (XEP1l) to nultiplies the result of this multiplication,
“and cal cul atlestestkd mateb posntdi wad¢XE U ber Kee wht 005 2y weignadl i er 228
mul tiplies estimate error (ESTERR) by estimate position gain (LC2). An
adder 238 adds npd& <peeditipxXERE)at genheatiogutircufit foi defastinprPeati on,
and calculates estimate speed (XE2). A nultiplier 229 multiplies estimte
error (ESTERRnpbitudesef wheexpplifisdohugsi aignads) A, A @d&eris93&dhe nodel
deviation (XEP3) to the result of this nultiplication , and calcul ates
esti mate devilatacond sXE8R!s Mér.eY Baftlor VDt bie Afdt KBAVOFSi€Rt cul ation is
specifically explained about nodel position (XEP1), m)dei speed ( XEP2),
nodel devi ation (XBA3)  resitiomt 61§HRAY t #ome iR LETIFU test Sﬁat’e%“é?éeed gai n
(LC2), and estimate deviation gain (LC3). First, the ﬁ'lsti matewpﬁzi]tion and
the esti nmat ePepdinn aﬁéﬂrlﬂéi@ﬁnf(b@@? ofHR2ERAEIC BERR 1IN KERS "4 t he model

speed (XEP2) are determned_ in the foll ow J'%Jr%rﬁnsli”gga .

direction from the digitally converte

A noise measuring unit 110 measures, for example, VA and
VB in a state controlled so that VA and VB may be at same level,
and adds the measured values. This addition is operated 1n
each servo sector. By statistic processing, the average of the
added values, and the variance value as noise level are
calculated.

A gain determining unit 111 determines estimate position
gain (LC1) 117, estimate speéd gain (LC2) 118, and estimate
deviation gain (LC3) corresponding to the variance value of
noise calculated in the noise measuring unit 110.

The estimator 106 shown in Fig. 2 is explained.

A subtractor 210 subtracts model position (XEP1) from
head position (POS), and}r; calculates estimate error (ESTERR)
220. |
- A multiplier 227 multiplies estimate error (ESTERR) by

_ éstimate position gain (LC1). An adder 237 adds model position

(XEP1) to multiplies the result of this multiplication , and

calculates estimate position (XE1).




d( XEP) dt =FXEP+Q&UJ (1) where XEPI XEP = XEP2 ,F= 0 1 0" 0 ,&G 0, Kpis a
constant. Kp In the sanpling control system formula 1 can be e&&ﬂ«g@bé’r@% in
an equation of discrete tine systemas shown in formula 2. XEP(k+l) = PHI
- XEP(k) +GAMVA- U(k) (2) Using PHI and GAMMA:in formula 2, estinate position
gain (LC 1) and estimate speed gain (LC2) are determned in fornmula 2
March 2005 3. P = ((GAMVMA) Q GAMVA) )-"+[1 0] R'[1 Q)
P2=(PHI ) P(PH )" +( GAMVA) Q GAMMA) © LC=P2[1 0] "(R+[1 O] P2[1 O] )" where LC1
LC = (3) LLC2 A multiplier 228 multiplies estimate error (ESTERR) by
estimate position gain (LC2). An adder 238 adds model speed
(XEP2) to the result of this multiplication, and calculates
eétimate speed (XE2).

A multiplier 229 multiplies estimate error (ESTERR) by
estimate position gain (LC3). An adder 239 adds model
deviation (XEP3) to the result of this multiplication , and
calculates estimate deviation (XE3).

Hereinafter, the method of calculation is specifically
explained about model position (XEP1), model speed (XEP2),
model deviation (XEP3), estimate position gain (LC1), estimate
speed gain (L.C2), and estimate deviation gain (LC3).

First, the estimate position and the estimate speed are

~determined. The model position (XEP1) and the model speed

(XEP2) are determined in the following formula 1.

d(XEP)dt=F-XEP+G-U (1)
where _ .
XEP1 | 0 1 0
XEP = , F = ) , G = , K-p is a constant.
XEP2 _ﬁ) 0 Kp

In the sampling control system, formula 1 can be expressed in an

efjuation of discrete time system as sﬁown in formula 2.
XEP(k+1) = PHI-XEP(k)+GAMMA'U(R) (2)

.Using PHI and GAMMA in formula 2, estimaté position gain

(LC1) and estimate speed gain (LC2) are determined in formula

-1




In formula 3, Ris a noise variance matrix prelimnarily neasured in the
noi se nmeasuring unit 110, and Qis a noise variance matrix to Jbbklarch2005
super posed on the control input U The estimte position and estinmte speed
are calculated by using XEP1, XEP2, LCl, LC2 and POS obt ai ned above.
However, when the estinmate position and the estinmate speed are cal cul ated
in such nethod, due to effects of disturbance or nodel error occurring
bet ween the nodel and actual actuator, a deviation occurs in the
cal cul ated wal ue. .Considering this deviation, the algorithmof calcul ation
is explained bel ow. Suppose to determ tne nodel positiom(XEPl), nodel
speed (XEP2), andProdalAdEMiAG(GMANXERS) '+ MssWifRG[t he)estli mate position
to be XE1l, estimate speed to be XE2, and estinmate deviatijon to be XE3,
then XEP1, XEP2, god(XEPEP@EBIde({€AMMedQ(CAMMAN a 4. d(XEP) 88=F XE+G U
(4) 2 March 2005 where XEP = XE - XEP1 XEP2 XEP3 XE1 , = 010

LC=P2[1 O]*(R+[1 OJP2[1 0]H"

where
LC1 RN

LC =

LC2
In formula _3_, R—i_s a noise variance matrix preliminarily
measured in the noise measuring unit 110, and @ is a noise
variance matrix to be superposed on the control input U.

The estimate position and estimate speed are calculated
by using XEP1, XEP2, LC1, LC2 and POS obtained above.

However, when the estimate position and the estimate
speed ‘are calculated in such method, dﬁe to effects of
disturbance or model error occurring between the model and
actual actuator, a deviation occurs in the calculated value.
Considering this deviation, the algorithm of calculation 1is
explained below.

Suppose to determiﬁ:é’ model position (XEP1), model speed
(XEP2), and model devia{tion (XEP3). Assuming the estimate
position to be XE1l, estimate speed to be XE2, and estimafe
deviation to be XE3, then XEP1, XEP2, and XEP3 are detrer_mined

in formula 4.

d(XEP)dt=F-XE+G-U (4)




00K 000, GGOKp O, Kpis a constant. XE2 XE3 In the sanpl i ng control
system fornula 4 can be expressed in an equation of discrete £ em
as shown in forrmula 5. XEP(k+ 1) = PH - XE(K) +GAMVA U(k) (5) Using PH and
GAMVA obt ai ned herein, XEP1, XEP2, and XEP3 ' are calculated in fornula 6.

By the algorithmshown in fornmula 6, estimate position XE1, nodel position
XEP1, estinmate speed XE2, nodel speed XEP2, estimate deviation XE3, and

nodel devi at| 0 XEP3 are calculated. (1)
XE1( k) =XEP1( K-£) $LC1( POS. XEP1(k-1)) 2)

§E§E B :éEE:ZaE E B 1&4._%&5?%&5 13’)11)? (4)uli € cdl cul ated. (5)
B R Pl R N g i 20
XEP3 000 0
[ xE1 | .
"XE= | XE2
XE3

In the sampling control system, formula 4 can be expressed in an
equation of discrete time system as shown in formula 5.
XEP(k+1) = PHI- XE(k)+GAMMA - U(k) (5)
< Using PHI and GAMMA obtained herein, XEP1, XEP2, and XEP3 -
are calculated in formula 6.
By the algorithm shown in formula 6, estimate position
XE1l, model position XEP1, estimate speed XE2, model speed

XEP2, estimate deviation XE3, and model deviation XEP3 are

calculated.
® XE1(k)=XEP1(k-1)+LC1"(POS-XEP1(k-1})) )
@ XE2(k)=XEP2(k-1)+LC2-(POS-XEP1(k-1))
® XES(k)zXEPS(k-1)+LC{§:-,->(POS-XEP1(k-1)) '
@ U is calculated. (6)
® XEPl(k)=XE1(k)+XE2(k)+PHI(1,3)--XEB(k)+GAMMA(1)-U>
- @h XEP2(k)=XE2(k)+PHI(2,3) - XE3(k)+GAMMA(2) U~ -
@ XEP3(k)=XE3(k)
k=k+1 _ )




9 2 March 2005 As for the estimate deviation gain (LC3), an initial value
is determ ned depending on the speed of response of control. Thiarch2005
dependi ng on the size of neasured noise, it is set in a range of 0.5 tines
to 1.5 times of the initial value. Herein, LClL and LC2 are the val ues
determned in fornmula 3. Noise neasurenent in the noise nmeasuring unit 110
is specifically explained below The relation between the position of a

magneti c head corrgsponding to the servo sect.or t burst .sigpal
reproduced at this ﬁﬁ%rgées SR AR ﬁé?ggF a”%ﬁ%Qﬁ)iggﬁﬁggégf%gg?st units
500, 501, 502 03 are i $posed. anong.{racks , 2 the Ly ack
width of the % %ﬁgﬁgméﬁf)? %%1?“ JF i°d ﬁ'b\? %’ueresdlts%gi Enﬁunﬁé %arcst g%{jnal B,
bur st signal and, burst. signal, D are r r N ur ypi;t,s ,500,
501, 502, and9§6§JC¥3§ﬁééP@v Py¥h%ﬁ%2%66ﬁ%%5gsgggdnggﬁfg%rodﬁceg t he bur st

Sgnal | corresponding 91008 BOPI 8N Of¢ ey ek ud Merian wedth

di rection. si gnal’'s Teproduced e magnetic head 90 are sent

o the posi tion,debectary, A1) LD0%E AL LidESoRhcla ot ected. As a result,
ep t he

f correspondi ngto osition of t nagneti c ead, signals VA VB, VC,
VD shown in Fig. 5gre. deleqiedhe il 9n Bd Sids | QWERALInPTudIRl $80 is

nmeasur enment and noi'sé |eve correction 1n enbodi nent 1. ‘According to the

fol | ow ng lspecifically explained below.

The relation between the position of a magnetic head
corresponding to the servo sector and the burst signal
reproduced at this time is shown in Fig. 5.

As shown in Fig. 5, burst units 500, 501, 502, 503 are
disposed among tracks 520, 521, 522. The track width of the
tracks 520, 521, 522 is TW. Burst signal A, burst signal B,
burst signal C, and burst signal D are recorded in the burst units
500, 501, 502, and 503, respectively.

The magnetic head 90 reproduces the burst signal
corresponding to the position of the track in the track width
direction. The burst signals reproduced by the magnetic head
90 are sent to the position detector, and those amplitudes are
detected. As a result,;'-:corresponding to the position of the
magnetic head, signals VA, VB, VC, VD shown in Fig. b are
~detected. |

Fig. 6 is a flowchart of noise measurement and 'n'oi'se'l.-e-vel" :
correction in embodiment 1. According to the following

flowchart in Fig. 6, measurement of noise and its correction are

10




flowhart in Fig. 6, neasurenent of noise and its correction are 10 2 March
2005 explained. < Step 600 > The position of the magnetic head2§@rdhg2005
controlled so that the values of signal VA and signal VB nay be equal to
~each other. |In this state, the noise neasuring unit 110 nmeasures signal VA
and signal VB in each servo sector, and adds the measured values. The
average and vari ance val ue of the added values determ ned in each sector
are calculated. < Step 601 > On even-nunber tracks, the position of the
magneti ¢ hea®®P0ned- control l ed so that the values of signal VA and signal
VC may be equal to each other. In this state, the value of signal VA
(ACH) is neasurede$FH#¥5¥Fy, on odd- nunber tracks, the position of. the

magneti c head 90 is contraqlle o that the_ values. of signal,6 VA . and signal
VC may be equal toT%%l@HSHtlﬂ%rOf} e pRisgedighgadiHpis GoR 2 L §P4RAF VA

(ACLO) is nmegsured. The difference of A and ACLO caqrrespagnds, to 0..5
track width. *Re gpdpese S%’@F\E‘gr"‘ '%&_“ﬁgs}o?d?%bteoe%‘t?ﬁrﬁﬂ AR ST ect on
value (HOSHJ b3k @%%,?%%%iéeh%ga%rdrqg%eugiatl YEo Gt sruned; Al Shgp 600 1

and signal VB in each servo sector, and adds -kth\e\ measured
values, The averége and variance value of the added values
determined in each sector are calculat;ed.

< Step 601 >

On even-number tracks, the position of the magnetic head
90 is controlled so that the values of signal VA and signal VC
may be equal to each other. In this state, the value of signal VA
(ACHI) is measured.

Similarly, on odd-number tracks, the position of the
magnetic head 90 is controlled so that the values of signal VA
and signal VC may be equal to each other. In this state, the

| value of signal VA (ACLO) is meaéured.'

The difference of ACHI and ACLO corresponds to 0..5
track width.

< Step 602 > ;

Calculating according to formula 7, correction value
(HOSEI) for correcting the variance value determined at step
600 is obtained.

GAIN=2%+(ACHI-ACLO)

HOSEI=(N/CAIN)® .' (7)

11




HOSEI =(N CAIN)2 (7) 11 2 March 2005 where N is the nunber of bits per track
width (TW. < Step 603 > The variance val ue deterni ned at step2Be®hj2805

di vided by the correction value obtained in formula 7. As a result,
corrected variance value (Noise) is determ ned. Herein, as the noise |evel,
cal cul ation of variance value is described, but standard deviation may be
al so calculated as noise level. In such a case, HOSElI in fornula 7 is
HOSElI =N GAI N. (Enbodi nent 2) Fig. 3 is a schematic bl ock di agram of control
appar at us of Whared devheen i benipddr it e rat tgfc kt Wadtmy&Mion. I'n Fig. 3, same
constituent elenments shown in enbodinent 1 are identified wwth sane
reference numeral &£ SHMEDS Their explanation is omtted. As shown in Fig.
3, in enbodinent 2, the follomﬁT constituent elenments. are added to the
constitution of e v ABHA 92 “a‘%bﬂﬁﬁﬁﬁPé?e%dﬁ;FUﬂ’gﬁﬂchéPPﬁﬁ e8¥i mat e

position (XE fromtarget position (DESP - ltipljer 310 for
mul ti pl yi ng t?HEFFHﬁnrégﬂBF gprta rﬁbﬁgﬁnﬁbgyby s %i?i6955§$ficient -

Multiplier 312 for |tiplying, estimate speed (XE2), by specific
coet {1 i ent SORGFIDPFERTEEATRBEE (AT J ) sig aueea o dovi ation (XE3)
Herein, as the noise level, calculation of varia\nce value is
described, but standard deviation may be also calculated as

noise level. In such a case, HOSEI in formula 7 is

HOSEI=N/GAIN.

(Embodiment 2)

Fig. 3 is a schematic block diagram of control apparatus of
disc device in embodiment 2 of the invention. In Fig. 3, same
constituent elements shown in embodiment 1 are ide.ntified with
same reference numerals. Hence, their explanation is omitted.
As shown in Fig. 3, in embodiment 2, the following constituent
elements are added to the constitution of embodiment 1.

- Subtractor 300 for subtracting estimate position (XEL)
from target position (DESPOS)

- Multiplier 310 fqr multiplying subtraction result of
subtractor 300 by specific coefficient |

- - Multiplier 312 for multiplying estimate speed (XE2) by
specific coefficient

* Multiplier 314 for multiplying estimate deviation (XE3)

by specific coefficient




by specific coefficient 12 2 March 2005 Adder 315 for sunmming up -

mul tiplication results.of nultiplies 310, 312, 314, and issuinéﬁ@ﬁﬁﬂﬂ&
signal (U) In this constitution, the drive circuit drives the voice coi
notor (VCM of the drive nmechani sm 102 according to the control signal
(U. As a result, the magnetic head 90 is driven to follow up a specific
track. The procedure of cal culation of control signal ( U in this

700 > Detecting thebipt i{ike 41 BoPEE arh b la B8 R Gl ot 5 1L oP)
. . J 1 ] Yy e

magnetic head 90, ..t he amljJ ude, v - A onver. and position

signals VA, ,IQEfS%B arei@e%g%a?égséﬁggfgfhgk%%3¥¥?€%q§PgnalspVA, VB, VC,

VD, the position ;infornation, (R afile Neadid £ribls thieasdicwidin
d.

direction i.s generate n ordinary recording or reproducing, the position

| nformat | On.ll:écl)at@(t\}é (:"otfearhrgi @Piqfeqxeaﬂgnfgnflfl%rzez{‘@&rﬁfin%itgrt@esco%roland VB. <
Step 710 > IS step consists of steps 601 to 603 in Fig. 6 explained in

embodi ment 1., Thi sypr 068SS b Sy faHRedSakRe GINALIATBOL s iriaBAl toifbBoexpl anat i on
is omtted. éggge§3220_> on t%e’bagisa%fefornula 313x5faine3 inoengodinent

1, estinmatg, pgsifdOfcad.ak(LCl) and estimate speed gain (LC2) are
The procedure of calculation of control signal E£J) in this
eml;odiment i_s explained below by referring to Fig. 7 and Fig. 8.
< Step 700 >
Detecting the amplitude of burst signals A, B, C, D
. | detected by the magnetic head 90, the amplitude values are A/D
N converted, and position signals VA, VB, VC, VD are generated.
From the position signals VA, VB, VC, VD, the position '
information (POS) of the head in the track width direction is
generated. In ordinary recording or reproducing, the position
information (POS) is determined by the difference of signals VA
and VB.
< Step 710 >
This step consists of steps 601 to 603 in Fig. 6 explained
in embodiment 1. This pr;).lcess-is same as in embodiment 1, and
its explanation is omitted. | |
- < Step 720 >
On the basis of formula 3 explained in embodiment 1,
estimate position gain (LC1) and estimate speed gain (LC2) are

caleulated. Estimate deviation gain (LC3) is first determined

13




calculated Estlnate deviation gain (LC3) is first determned 13 2 March
2005 according to the response speed of the control system and?March2qgh
.set to a specified value corresponding to the variance -value of noise
measured at step 710. < Step 730 > This is a step of calculating the
control signal U This step is described in detail below by referring to
Fig. 8. < Step 731 > This is a step of calculating esti mate nodel position

XEP1), estimte nodel d ( XEP2 t devi at XEP3
Spoci 11 cal | yroaoRay e LR Ul ot eabR T b gt 1 R 4r RLIA 6 B ned in

enbodi nment 1 < Ste 732 >. fra t| XEPl firom head position..P
estimate errg} I@@peCI % Ht e rESp%fdln%§§%% NE lﬁkfglﬁg§§STERR by

LC1, XEP1 is dded I tion result, and estinate position
(XE1) is caléﬁ?a ﬂ%?e%“?%%ﬂg&ﬁﬁ]tiplying ESTERR by LC2, XEP2 is added

to the nultlpllcq; N Lt, and estimate speed (XE2) is calculated. <
-Step 735 > I\/UltlplylrfglJ ERR by LC3, XEP3 is added to the nultiplication

result, and esti npitlﬁsdl%vhagiie%nof%ﬁ%&uﬂa&in&%h@%@ﬁﬁ%i signal U. This
step is described in detail below by referring to F‘jg; %
< Step 731 >
" This is a step of calculating estimate model position
(XEP1), estimate model speed (XEP2), and estimate model
deviation (XEP3). Specifically, they are calculated according to
formula 6 explained in embodiment 1.
- < Step 732 >
Subtracting XEP1 from head position POS, estimate error
(ESTERR) is calculated.
< Step 733 >
Multiplying ESTERR by LCi, XEP1 is added to the
multiplication result, and estimate position (XE1) is calculated.
< Step 734 >
Multiplying ESTERR by LCZ, XEP2 is added to the
multiplication result, andwestunate speed (XE2) is calculated
< Step 735 >
- Multiplying ESTERR by LC3; XEP3 is added to the
muitiplication result, and estimate deviation (XE3) ‘is .
calculated.

< Step 736 >

i4




< Step 736 > 14 2 March 2005 Subtracting XE1 fromtarget position (DESPOS),
the subtraction result is nmultiplied by constant KL. XE2 is niMaighl208% by
constant K2, and XE3 is nmultiplied by constant K3. Sunm ng up these

mul tiplication results, the control signal Uis calculated. Constants K1,
K2 are val ues determ ned dependi ng on the response speed of control. In
thi s enbodinent, K3 is 1. The control nethod of the disc device of the

invention is explained hy r rring to Fig. 7 d Fi dth

recording nedi unjséltbGF?ﬁﬁjntgthgbnﬁU’?%_r tBF%%_r a‘?ﬁsfe}g’r‘me;((g%%gﬁ)r??t hgéeg st eps
appar at s, RANGECHAR rEeUTH: Ho THUAIRI G ot nEORAGHEL i & 1di s BF fhe

i nvention are ca le of . allow t ti d t foll

at i ghpr ccnafBRTg bhaopafet Rsoarty SHOURdR  Geofd Py caRa s toRsauc ng
the data etecti t.h i tj.on. inf ti L Vi o ! i f i

i s super pog u’Br‘?”tn!r?ggBo%ll%tsl ?}ﬁhglégizf:a?m% g??dlggsflg?r' %gﬁgé’ééﬁo%l E}%té L:[ ?15 t Ihe netse

actuator for Vi the magnetic head, it is possible to control the
magneti ¢ heac&lqgi}i%?’&h speed fol lowup, precisely and stably. (Enbodi nent

) o200 TR R SRR B gL o, et o
i nspection q%%ro?lggssp%fedtp@cm?“ Gn this embodiment, K3 is 1.

The control method of the disc device of the invention is
explained by referring to Fig. 7 and Fig. 8, and the recording
medium storing the computer program for executing these steps
is also included in the scope of the invention.

~ Thus, the control apparatus, method and recording
medium of the magnetic disc of the invention are capable of
‘allowing the magnetic head to move and follow up at high
precision to the target position wh;en recording and reproducing
the data by detecting the position information correctly. That
is, if noise is superposed on the position signal, or if disturbance
occurs in the actuator for moving the magnetic head, it is

" possible to control the magnetic head by high speed follow-up,

precisely and stably. ?

- (Embodiment 3)
This embodiment relates to-inspection apparatus -and . .
inspection method of magnetic disc device in production process.

The structure of the inspection apparatus of the magnetic




15 2 March 2005 disc device of the invention is same as in enbodi nent 2
shown in Fig. 3, and the expl anation of operation is omitted. ZMearch2005

i nspection .apparatus of magnetic disc device of the enbodinent is designed
to inspect the performance of the device by the variance value or standard
devi ation explained in enbodinment 1. Referring to Fig. 9, the inspection
procedure of the magnetic disc device is explained below < Step 900 >

This step consists of steps 600 to 603 explained.n. embodiment 1. This
process is <Hig d&é"?%ogﬁngPffﬁﬁ{”oﬂ "V lo pu ?%”é)?brf%ondalﬂeglﬁ ?ss’hgr‘?rir} %ned. < Step

901 > If the,varj anc al ue .obt aj ned,at - st 600 or..the corrected ari ance
T G SPECT RGP BF SPREACR™ B BLLE A for

val ue obt ai a pre erm ned val ue (for
Cram e, St HELand U RIS AP ATE sllipp ST e,
e o e SR AR LRR B SeTAEE  F b B ety 1
processed. llIy tpt?e Sgg}/&nsc%(:t\parluies o0t L AW Gt &L Y &liont hﬁp‘ﬁ?ﬁ@&siﬂoes
embodiment 1. Vo

Referring to Fig. 9, the inspection procedure of the
magnetic disc device is explained below.

< Step 900 >

This step consists of steps 600 to 603 explained in
embodiment 1. This process is same as in embodiment 1, and
its explanation is omitted.

< Step 901 >

If the variance value obtained af step 600 or the corrected
"variance value obtained at step 603 is greater thap a

predetermined value (for example, 5% of average), the process

goes to step 902.

When the variance value is smaller than a predetermined
value, the disc device is judged to be normal. The inspection is
over. ;
< Step 902 >
- The inspection history is checked.
- Depending on the result of checking, the following action ...
is processed.

- If the servo sector is not rewritten yet, the process goes

16




16 2 March 2005 to step 903. At step 903, the information in the servo
sector is rewitten, and the process goes to step 900. |f the &Mgigh2d®ct or
s already rewitten, and the disc is not replaced, the process goes to
step 903. At step 903, the magnetic disc 101 is replaced, and position
information is newly recorded in the servo sector. Then the process goes
to step 900. If the servo sector is already rewitten and the nedia is

laced, th t 904. . At st.ep 904, th jc head 90
<1 apl aced odaP G pr SLasebgbE e SpayeBusR i e Eep FROEE LG, T

already rewitten and t medi a__and neti c ad are replaced, it is
judged to befea’e‘f%téf‘i’\?é‘,fi@fm prt°ﬁ85?ﬁé’ﬁggt%i %ﬁpi %6]§'\/er. 17 2 March 2005 Wiat

is clained is: 1. ‘Alcfic&net E%v?%@@&frt us ., ofe d d?g‘uﬁtghsgn@ IcqQihayd ng a

magneti c di.sc includi hg Servo sectors reco ng track nunbers and plural

bur st si gnal s&pg%/%gzgg itr}'mpl %g‘%srs:j%%gsr&gisgg% ﬂ%géi ded sidy, tdis pexd pheral

direction, am uator for ing a h r recordi ng and

reproduci ng data j.n sai ' i3S o Lt Sk REForoda 8RS 1l KW Het ect or
for detecti a%“#elﬁdﬁ%%gﬁdt?%?% 1Q‘atscgidél(‘:ir’ﬁlé:‘ia griBn Track W dth dir ectiggn from

the burst SIQnglpsq 09188 JHAIUNGr PRIl Ao FRASS! 108 SEed QUG
super posed on he”hea position detected by said position

- If the servo sector is already rewritten and the media is

replaced, the process goes to step 904. At step 904, the

magnetic head 90 is replaced, and the process goes to step 900.

- If the servo sector is already rewritten and the media

and magnetic head are replaced, it is judged to be defective, and

the inspection is over.




detector, gain determ ning neans for determ ning an estimate gain
corresponding to the noise level, and an estimator 'for estinat?N@“@@gQ% of
said actuator. 2. The control apparatus of nagnetic disc device of claim
1, wherein said estimator includes: a nodel ‘of said actuator, and a
subtractor for calculating an estinmate error, that is, the difference

bet ween the head. position detected by said position detector, and a nodel
position cakggggted frogh%%id nodel . 3. The control apparatus of nagnetic
di sc device &M Y%A ein said estinator 18 2 March 2005 (i)

P ES e Sl I oL o o AIVRSLE R £, A28 k0 ALY HIRK ST ned by

sai d gain determ ni ng neans, position to the

mul tiplicat i on,hestldis8l indil8;fe!ddIbes &IbPL ABHLlNR GFRLKTL EmBOSI ti 0N
e contro

gain. 4. Th | “apparatus of nagnetic disc device of claim2, wherein

said esti Malalg bhdedUbLHY L5 4105 8310 0RYS ﬁugaﬁ_doa;fa:%bdgg%hisrmwd@doeed gai n

r
determ ned by s gal n determ ni'ng neans, and (i1 a nodel speed

cal cul ated fiLop S3iedi JTDSlSl1 &8ebBRn, WA i laCRbh Uy EoSuUriviale hhge /St Mate
error and the estimate speed gain. 5. The control apparatus of magnetic

di sc device f QL@Jming and reproducing data in said m’a;gnetic dise,
comprising:

 a position detector for detecting a head position of said

head in track width direction from the burst signals,
noise measuring means for measuring noise level
superposed “on the head position detected by said position

: detector,

gain determining means for determining an estimate gain

corresponding to the noise level, and

an estimator for estimating state of said actuator.

2. The control apparatus of magnetic disc device of claim
1, wherein said estimator includes:

a model of said.actua_tor, and

a subtractor for caléﬁlating an estimate error, that is, the
difference between the héad_position detected by said position

detector, and a model position calculated from said model.

3. The control apparatus of magnetic disc device of claim

" 2, wherein said estimator

18




2, wherein said estimator (i) nultiplies the estinmate error by an estimte
deviation gain deternined by said gain determning means, and {Mgichgfefs a
estimate nodel deviation calculated fromsaid nodel to the nmultiplication
result of the estimate error and the estimate deviation gain. 6. The
control apparatus of nmagnetic disc device of claim2, wherein said
estimator (i) nultiplies the estimate error by an estimte position gain
determ ned by said gain determ ning. neans, 19 2 March 2005 adds.the nodel
“position to the rrm>tinp1|1rl@étfi50ﬁh?é§gwa6? STRAT dot PRaf S G PAMY the
estimate position gain, thereby, calcylating.an estimte position, (iii)

mul tiplies t&dnedeiorati@edpphrapd gﬁ‘ﬁne‘gettieﬁﬁ’tlg‘lgﬁerﬁaanaaf‘ﬁddet ermned by said

- gai n determ ning ns,, (i.v) adds a npdel speed | cul at.ed from sai d nodel
to the multipli ca?ﬁgﬁdrdé‘s'ih% m(?ge?t?é’ségf)?ﬁé’t eeﬂ"@?mglﬁﬁlaiilﬁg reesstuirﬂrrgfle speed
gain, thereby calcul ating an estjmate. speed, (M) nultiplies the estimate
“error by an & ??Fdfneaatﬁe‘?hg'gfia&hfttbgieﬁ%b‘ggg? ROFEHO P82 4i d gain det er mi ni ng

means, (vi) adds a nodel deviation calculated fromsaid nodel to the

multiplication result of the estimate error and the estimate deviation

ain, thereby calculatjng an est.i pat.ion,. a he
gS![i mat e postti ik‘,euf%%éré)gt?pn%ztlreatlsuggég,rgg%ggsﬂtchglSé:s{aigr‘{%%léelogeegg%i %h by a

predet ermi nevghé%ianSaid estimator

- (i) multiplies the estimate error by an estimate spee-d gain
determined by said gain determining means, and.

(ii) adds a model speed calculated from said model to the

multiplication result of the estimate error and the estimate

speed gain.

5. The control apparatus of magnetic disc device of claim
2, wherein said estimator

(i) multiplies the estimate error by an estimate deviation

gain determined by said gain determining means, and

(ii) adds a estimate model deviation calculated from said

model to the multiplication result of the estimate error and the

estimate deviation gain. %

6. The control apparatus of magnetic disc device of claim

2, wherein said estimator
(i) multiplies the estimate error by an estimate position

gain determined by said gain determining means,
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7. The control apparatus of magnetic disc device of any one of clains 1 to
6, wherein said noise neasuring neans (i) adds anplitude val ues2dfarghi€05
burst signals used in position control of said head, and (ii) calcul ates
an average value and a fluctuation value of © the added anplitude val ues,
and the fluctuation value is obtained as the noise |level. 8. The control
apparatus of nmagnetic disc device of claim2 March 2005 7, wherein the

fluctuation val ue '(%i Sp[Iected b &SQ@%dnasé)?h%inqgltqgh%guelqp g’u@,ofand t he

corrected fluctuatiion val tie i's obtal ne nol se 1l eve The control

apparatus of RANGLEG (1 36, Aeviee ofe CLaiMad: MNRLELN 3 X3r iiARegyval ue or

a standard d 100 O e fluctuation value is t ai as the noise

| evel . - 10. Aﬁﬂk@??ﬁ%&igﬁeﬁ@ﬂﬁﬁﬁé %Sgﬁoﬁggnetic di sc device having a
' u

magneti c disc 1nc i'ng servo sectors recording track nunbers and plural

burst signals pr OV(iiquqnhf‘tim%’r’sa‘ahgae_ts@irﬁﬁgéOerl%orcﬂsyiaqgisitfhlg% igphaeaal

direction, and an ‘actuator riving a head for recording and

reproduci ng é‘%rﬁghﬁe | £k BNk laCe S et o MART lgnmSaind | npecti on appar at us
(i) adds ampfitude values o burs% signals used in position control of

said head, (ii) calpuhalies, abANS ARG c AR 1Rt ARGRMahYEeDhoahest andard
devi ation of the added anplitude values, and (iii) inspects said magnetic
di sc device Ry thRiddibANESsulabia Y ckbEnstandand daui ehéosstimate
speed gain, thereby calculating an estimate speed,
(v) multiplies the estimate error by an estimate deviation
gain determined by said gain determining means,
" (vi) adds a model deviation calculated from said model to
~ .the multiplication result of the estimate error and the estimate
deviation gain, thereby calculating an estimate deviation, and

(vii) adds the estimate position, the estimate speed, and

the estimate deviation by a predetermined ratio.

7. The control apparatus of magnetic disc device of any
" one of claims 1 to 6, wherein said noise measuring means
(i) adds amplitude values of the burst signals used in
position control of said he%ad, and
(11) calculétes an a;erage value and a fluctuation value of
the added amplitude values, and the fluctuation value is

obtained as the noise level.

8. The control apparatus of magnetic disc device of claim

20




11. The inspection apparatus of magnetic disc device of cIa|n110 mhereln
t he average and variance value are corrected by a head p03|t|o%N@§?8

gain. 21 2 March 2005 12. A control method of magnetic disc device haV|ng a
magneti c di sc including servo sectors recording track nunbers and plural
burst signals provided in plural data regions divided in peripheral
direction, and an actuator for driving a head for recording and

repr oduci ng dat olDL.S BQ RGN t'18ﬁ(1)a§ge lsdﬁpggb%dﬁgvtgqle tdeB§51QTon (a)

detecting a hed posi i on I T ac ction from sald burst

signal s, (D)qJRASUL NG U RE:hEYBL: SURRIBASES ik aPubead PRSI &0, (C)

determ ning an estinadte galn corresponding to the noise level, and (d)
estlnatlng st f Fgeqfvggld actuator. 13. The control nethod of nagnetic
di sc device g# aim1 wherein said step (c) determ nes an estimte
position gain, an estimate speed gain, and an estimate deviation gain, and
said step (d) conprising the steps of: (dl) calculating a nodel position, a

model speed,- and @ mRgdeloAevdialf Por £i5eMitige APERIdiQt daiide actLAROr, (d2)
calculating an estimate error, that is, the difference between the head

posi tion andgt ke, Jmdg] aPOSELAAN W) W'é'iﬁaﬂd’lﬁdthﬁvﬁﬁtiomatoe gig or by the
estimate position gain, and adding the nodel position to the

fluctuation value is obtained as the noise level.

10. An inspection apparatus of magnetic disc device
haviﬁg a magnetic disc including servo sectors recording track
numbers and plural burst signals provided in plural data regions
divided in peripheral direction, and an actuator for driving a
head for recording and reproducing data in said magnetic disc,

wherein said inspection apparatus

(i} adds amplitude values of burst signals used in position
control of said head,

(ii) calculates an average, and a variance value or a
standard deviation of the added amplitﬁde values, and

(ii1) inspects said magnetic disc device by the variance

value or the standard devi}a:tion.

11. The inspection apparatus of magnetic disc device of
claim 10, wherein the average and variance value are corrected

by a head position detection gain.




multiplication result to calculate an estimate position, (d4) nulti Iéing
the estinmate error by the estimte speed 22 2 March 2005 gai n, 2 Mgrehd ?%g
the nodel speed to, the nultiplication result to calculate an estimte
speed, (d5) nultiplying the estinmate error by the estinmate .deviation gain,
and addi ng the nodel deviation to the nultiplication result to calculate
an estimte deviation, and (d6) ‘adding the estinmate position, estimte
speed, and estimaye deyialiopi BYefhff edehekMePRdqi &l liQvidé -nARnknspection
nmet hod of magnetic disc device having a magnetic disc including servo
sectors recondibfgtilcr @fde MRS g SN oPhediRdlrs DWcstash gnabsk Pt ovibded in
plural data regions divided in peripheral direction, and an actuator for
driving a heagq 10hral 860§dE Nh ARG FRAREEAUGH PO 1At tiaNr SFlod sNeBgn@éd ¢ di sc,
~conprising .the steps of: adding anplitude values of burst signals used in
position caont petipdferadi dirbeadn, Gl CUMmbich@a®? BMEAANE n\Eah UeadIfdr @

variance value or a standard deviation of the added anplitude val ues, and
i nspecting theomapgnet iaqdi sepdeyicig by dabe Viari aate ahpfedic tdiscstandard

deviation.:: 15. The inspection nethod of magnetic disc device of claim 14,
- wherei n the aoaipaRces takuseps dthe standard deviation is corrected by the
head position detection gain. 23 AN

(a) detecting a head position in track width direction from
said burst signals,
| (b) measuring noise level superposed on the head position,
(c) determining an estimate gain corresponding to the
noise level, and

(d) estimating a state of said actuator.

13. The control method of magnetic disc device of claim 12,
wherein said step (c) determines an estimate position gain, an
estimate speed gain, and an estimate deviation gain, and
said step (d) comprising the steps of:
(d1) calculating a model position, a model speed, and a
- model deviation from the model of said actuator,
{d2) calculating an ;e_;timate error, that is, the difference
between the head position'and the model position,
. (d3) multiplying the es'timaté error by the estimate
position gain, and adding the model po§ition to. the

multiplication result to calculate an estimate position,

(d4) multiplying the estimate error by the estimate speed




2 March 2005 16. A recording nedium-storing a conputer programdata for
executing a control nethod of magnetic disc device having a negMeche0ei sc
i ncl udi ng servo sectors recording track nunbers and plural burst signals
provided in plural data regions divided in-:the peripheral direction, and
an actuator for driving a head for recording and reproducing data in said
magnetic disc, wherein the stored conputer program conprises: (a) a
program for detecting a head position of said he ibn the tr wi dt h
direction fe8irsand dtane shgfmpde! ?Hﬁeda%ﬁhﬁr‘&ﬁ&&é’#“ﬁéé%‘h%?Sn‘gﬁnkto"i se | evel
super posed on_the head psition,(gc) a programfor determning an estinmate
gain correSpdhdiatg atbef W Hidi $B®Fevel , and (d) a program for estinmating a
state of said actuator from the nodel of the actuator.,17. I ecor di ng
medi um of claim1 ,5)\/\H8Pi'i1ml%’eﬂ% gt HAPAH iegrSEWpSSéBéOFS%;Qg?%egr am f or
determ ning an . estinmate. position gain, an est]ate spe aicp, apd an
estimate de\ﬁea’(t‘fib‘r?ngagﬁl,rﬁanﬂngaiao“qﬁpggrghn’? (c?glo?%icl Sgglsaﬁg?lgl)tga program f or

calcul ating aagggilcﬁfxg)glir %%ﬁolplgrtao gz?l%%:laftesngeéjstiﬁmrlﬁeadmg?ﬂonqea\ﬂ@ti on from

said nmodel , % calcur ati an estinmate error, that is, the
difference betweep,the fcad pRs!ddPHaB0dENe:1dWICk: ARSI spBed 2hnd
LY

estimate deviation by a predetermined ratio.

14. An inspection method of magnetic disc device having
a magnetic disc including servo sectors recording track numbers
and plural burst signals provided in plural data regions divided
in peripheral direction, and an actuator for driving a head for
recording and reproducing data in said magnetic disc,
- comprising the steps of:
adding amplitude values of burst signals used in position
control of said head,
calculating an average value, and a variance value or a
standard deviation of the added amplitude values, and

inspecting the magnetic disc device by the variance value

" or the standard deviation.i-

- 15. The inspection method of magnetic disc device of

ciaim 14, wherein the variance value or the standard deviatienis .

corrected by the head position detection gain.
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2 March 2005 (d3) a programfor nmultiplying the estimte error bxithe
estimate position gain, and adding the nodel position to the 2 March 2005

mul tiplication result to calculate an estimate position, (d4) a program for
mul tiplying the estinmate error by the estinate speed gain, and adding the
nodel speed to the nultiplication result to calculate an estimte speed,
(d5) a programfor nultiplying the estimate error by the estimte

deviation gaig. angadding k0, apdelo eyl atiaobo.d BgogPut ibld aot | on

result to calculate an estimte deviatidn, and a program for adding

the.estinmat & Qogitid PN doh@roPShiiREL sPeRMknARd N8 gelilmhavdgyiation by a
"predetermned ratio. 25 2 March 2005 Control nethod and apparatus of

magnetic di sg,gdQutcedidcetididngs fBdicURRcRRY 1IREEE & QR aFRHOM baRM
apparatus of magnetic disc device ABSTRACT Noise |evel superposed on the

head positi %@?ﬁﬁ?&ﬁgupé/t i ddpsist p Jvidel a6t PruHldidtn rEASWsediviyed noi se
measuring unit 110, and an estinmate position gain corresponding to the

neasured nNoipS@hb §RliphsrAel ¥t A D) d G Palchudes LTHE Mirdginat hddd. An
estimator 106 adds the logically cal cul ated nodel position, and the result

of the diffef@ncgacheiingenddersitaticedzpasithi @8 andd RaaletPpOSAiscon
multiplied by the estinmate position gain, so that the estimate position is
calcul ated akhbr&ih PiectSic@Ncomputer program comprises:
" (a) a pi'ogram for detecting a head position of said head in
the track width direction from said burst signals,
(b) a program for measuring noise level superposed on the
. head position,
(¢) a program for determining an estimate gain
corresponding to the noise level, and

(d) a program for estimating a state of said actuator from

the model of the actuator.

17. The récording medium of claim 16, wherein said
program (c) is composed of a program for determining an
estimate position gain, an estimate speed gain, and an_esti_mate
deviation gain, and %

said program (d) includes:

- (d1) a program for calculating la model position, a model
spe:ed, and a model deviation from said model,

(d2) a program for calculating an estimate error, that is,

the difference between the head position and the mode!l position,
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FIGURE 1. 26
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2 March 2005

(d3) a program for multiplying the estimate error by the
_estimate position gain, and adding the model position to the
multiplication result to calculate an estimate position,

(d4) a program for multiplying the estimate error by the
estimate speed gain,_ and adding the model speed to the
multiplication result to calculate an estimate spe_gd,

(d5) a program for multiplying the estimate ;I:ror by the
estimate deviation gain, and adding the model deviation to the
multiplication result to calculate an estimate deviation, and

(d6) a program for adding the estimate position, the

estimate speed, and the estimate deviation by a predetermined

2 ratio.
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