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 i®speddien of e shueh amelt Appsratud 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 magnetic head Therefore, the
tracking 1 2 March 2005 Field of the Invention :

LY
The. present invention relates to a magnetic disc device,
and more particularly to position estimation and position control

of nra"gne’a‘“m“head 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




preci sion depends on the detecting precision of burst signals. That is
magneti c noi se occurring in the nagnetic head and nagnetic rec%P-@fC’ﬁ&O‘j5
medi um has adverse effects on the tracking precision. It is hence an
object to obtain accurate tracking position‘information by separating the
noi se superposing on the burst signals. SUVWARY OF THE | NVENTI ON The
exanpl e.enbqdi nents are devised.to achieve the_above object. |In accordance
wi t h POy epagﬁw ﬂ@fc?egqqgng PESERN ?ﬁl?}gf*& Sil%ﬁ?s- flﬁétr 18 EELFIGOBE PCGTESAL 1 ol
apparatus of magnetic disc device having a magnetic disc including servo
sect oi $he aeagpelihfead apdk magnathe recosdiog phesdtam asr adversegpffacts pr dbe dwgking
plural data regions divided in the peripheral direction, and an actuator
for grécisiony lis hema dharbjace cooldaingcaurdte tmpking positign debmmationdeyi separaidnpethi

di sc, conprising: a position detector for detecting a head position of said
headnb&e@ﬂ@xﬁdﬁﬁéﬁﬂmhébﬁmtﬁFﬂﬁgtiOn fromthe burst signals, noise neasuring
nmeans for nmeasuring noise [evel superposed on the head position detected
by said position detector, gain determ ning neans for determ ning an
estimate gain corresponding to the noise |level, and an estimtor for

estimating the state of '41 ance with a second aspect
of the present invention?ﬁi g@gﬁ?gﬁifggﬂhggﬁgﬁﬁﬁ?nspecthon appar at us of
magneti c djsc devi ce having a magnetic disc_including servo sectors
r ecor di ng HIF SXHOPIG sEEP imee ¢ dFiredkin Aghicw Ynabevenbisit-ded in plural data
regions divided in peripheral direction, and an actuator for driving a
“head for leewudange avith adpstoahpestng atpaesent ingentbnpdlipmets prayided, a edrdregi n
said inspection apparatus (i) adds anplitude val ues of burst signals used
i N peppdratagnofmagedt dixt device hbeiag a maghéticdibcinchilig sefvomeetaecording taack
variance value or a standard deviation of the added 2 2 March 2005
anpl inhh@ersValdUERiral st 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, 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




(iii)inspects said magnetic disc device by the variance value or_the
standard deviation. In accordance with a third aspect of the pr%g@ﬁpzmﬁ
invention, there is provided a control method of magnetic disc device
havi ng a magnetic disc including servo sectors recording track nunbers and
pl ural burst signals provided in plural data regions divided in peripheral
direction,. and . an actuator for driving a head for recordi ng and

r epr od FEFRIEUGELESA0G5i 4 nagnetic disc, conprising the steps of: (a)
detecting a head position in the track wdth direction from said burst
signal, (b) (HDmsprdthsgihwpgreticiss|devigp by thyswdianer Yahee ¢rdheistpestard deomatiope )
determ ning an estinmate gain corresponding to the noise level, and (d)

esti mati ng tlhecsirdameokitls ai thirdaspeat of theThresane dovediiong therdi isprofidedag cettrat

di sc device of the exanple enbodi nents stores programdata for executing

t he conhé¢thdd pEMAGEtRIdiSP@VRlel aviligSCmabittiR (& idaNamgWeivd Rebfiicbérdapnesk of
the present invention, there is provided an inspection nethod of nmagnetic
di sc deyinfiRr Vi fiGraPHirRo8 dl&g bidded mgiélgﬁlda% éﬁfo‘ﬁ? dﬁg&éd% eri E&Qrcg}e@ﬂ%%r ack

nunbers and plural burst Signals prov I'n pFural data regions divided in
i ph l._di ion, d f i Vi . d. for di d
e P Bt 6P i ARsRERIEFab BB PRl Bl ERREL A"

anplitude values of b signals used jn _pgsition ¢onfrol of said head,
cal cul £OMRGSAA t%/%?%ﬁ{ fﬁiﬂa@?ﬂr&ﬂjh%d@aﬂuaﬂ athg 415k e izsstion o 5 Ht i on
of the added anplitude val ues, and inspecting the nmagnetic disc device by

t he varsigiakdb) wapweng moisadewi suprapased onithe head positicre ¢Qrditevméning ah estimatet h
aspect of the present invention, there is provided a recordi ng nedi um

st or i ngam @oreppindingto dgr woisedate, dndr(dpastiensting thesstate bf $aid adredttuod of magneti c
di sc device having a magnetic disc including servo sectors recording track

nunber s and TeUkabrdfig! Sleditihd BR nfagnbiOVisdetbvicd &t Headxaffl@ chpgiipnsidbisided
in the peripheral direction, and an actuator for driving a head for

recordgggﬁﬁqugﬁgﬂgg%gl }Q%Bﬁmh%ﬁﬁ%&%fﬁﬁ§E§i8inSC’ wherein the stored

conput rogram conpri ses:

‘ 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




(a) a programfor detecting a head position of said head in the track width
direction from said burst signals, (b) a program for measuring?Narde00eyel
superposed on the head position, (c) a programfor determ ning an estimate
gain corresponding to the noise |level, and :(d) a programfor estimating a
state of said actuator fromthe nodel of the actuator. BRI EF DESCRI PTI ON OF
THE DRAW NGS Fi % 1 is a schematic bl ock diagram of a nagnetic disc device
i n edbOIPHERIPISSY the invention. Fig. 2 is a schematic bl ock di agram of
an estimator in enbodinent 1 of the invention. Fig. 3 is a schematic bl ock
di agr am of(a) progranpfor slgisating abeash pasititing sdid\tiead iri the ok widthdirectionofromhe
invention. Fig. 4Ato Fig. 4C are format explanatory di agrans of servo

sect chiddaeosignaly, to the invention. Fig. 5 is a diagram explaining the

rel ati on between the position of a magnetic head corresponding to the

Servo sectpya pgranVir dlbad@iiz i 1602 shpéhSdsed b AR heB& pHGt&EPT oduced. Fig. 6

is a flowchart of noise nmeasurenent and noise |level “correction in
cal cul at i 85 ShoEBRr e RER Al aniculinal dofy ARERAIR 6 dd RULRL, Bla | o
et o0 caf BB AU e ST AT Bl e a5, °°
~ process of magnetic disc device in enbodiment 3 of the invention.
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
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ( Enbodi nent 1) Enbodi nent 1 of
the invention is described by referring to Fig. 1, Fig. 2, and2Magh289 {0
Fig. 4C. In Fig. 1, a nmagnetic disc 101 is rotated by a spindle notor (not
shown). As shown in Fig. 4A plural tracks are present concentrically on a
recordi ng nmedi 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, eachitrtdekbpsstatigadldieing eohppddeddof data sector (DATA) and
servo sector (SW._ The servo sector i s conposed of the follow ng parts as
shown in Fig. 4C g2 Svsr2Rlonpsaiyt agienmsar2ae meRtird 28038 1$V%hi ch sync
signal is recorded (2) THS%F nunber uq&%_402 i.n which track nunber is
recorded (3)°YEGGERUIbEM AT e 03 9EthfhivYeHdPDo sector nunber s

recorded (4) Burst_ unijs 404, 405, 406, 407 for, detecti.ng the osition of
‘head 90 in track Wi@th df reSCREMEHC Eﬁcgﬁét 5t sHsufaiien &EF?&E’%& to 407,

burst si gnal sé’nal of disc device in embodiment 2 of the invention.

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.




burst signal B, burst signal C, and burst signal Ddiffering in frequency
are recorded. ‘A position detector 103 is conposed of the foll ow Mgreh2005
circuits (not shown). (1) A head anplifier for anplifying the reproduced
signal fromthe head 90 (2) An AGC anplifier for co' ntrolling the anplified
reproduced signal at a specific anplitude (3) A binary circuit for
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 &he RirBaiYaGbhCUit (401 Andatiachi @pnti Fighgigenerating
circuit for generating the timng for detecting the track nunber unit 402,
and burst yRLLsgAP4 to 407 of the servo sector (6) A track information
detecting circuit for detecting 5 2 March 2005 the track nunber and wedge

nunber fromthe bipar ywrak@nabh{tor Afi0sid: o Siigial tgeaker atimdgrcig cuit for
detecting the anplitude of the anplified burst signals A, B, C, D, issuing
the detectedcsigwmls VA, VB, VC, VD by AID conversion. This position
signal generating circuit also issues position informtion (PGS) of
nmagnetic -head in tfe twadgewirdidibedi natts or0d riem wheckdi gétval [seccanvert ed
burst signals. A noise neasuring unit 110 neasures, for exanple, VA and
number is recorded RN
(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 digital signal
(4) A servo secto;;:wdetecting 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 serk‘vo sector

(6) A track information detecting circuit for detecting

(o]




VB in a state controll'ed so that VA-and VB nay be at sane level, and adds
the measured values. This addition is operated in each servo seMash20By
statistic processing, the average of the added values, and the variance
val ue as noise level are calculated. A gain determning unit 111
~determnes estimate position gain (LCl) 117, estimate speed gain (LC2)
118, and estimate deviation gain (LC3) corresponding to the variance val ue
of noise calculated in the noise neasuring unit 110. The estinator 106
“shown in Fi gthtiskexphehoedndAwsdpt magtber Z6Omsuin baetsy Al position
(XEP1) from. head position (POS), and cal cul ates estimate error (ESTERR)
220. A nultiplier (227 Awosipbneszost ganeea timgorirCESTERRY e AP LERE {that e
position gain (LCl). An adder 237 adds nodel position (XEP1l) to multiplies
the result o&mphitsideubf theiamplified banet stenals At & esDi naeBipodPei on (XE
1) 2 March 2005 A nmultiplier 228 nul tiB| ies estimate error (ESTERR) by

esti mate posdeicstedaiianplcdB. VB, ¥ddeY D2bB AHEHsoAbaEIic8peed (XEP2) to the
result of this multiplication, and calculates estimate speed (XE2). A

nul tiplier 229 nulRhigl i eesidsan mat&ndd r 52 D¢ ESTERR) C B e iSPat ¥3H68i ti on
gain (LC3). An adder 239 adds nodel _deviation (XEP3) to th reﬁ%t of this
mul tiplicatippsitiemdnfommation: G085 of FARERAN BErBA D SEfrack wi

direction from the digitally converted burst signals.

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).




Hereinafter, the nmethod of calculation is specifically explained about
nodel position (XEP1), nodel speed (XEP2), nodel deviation ( XEPBiprch 2005
estimate position gain (LCl), estimate speed gain (LC2), and estimte
deviation gain (LC3). First, the estimate position and the estimte speed
are deternmned. The nodel position (XEP1) and the nodel speed (XEP2) are
determned in the following formula 1. d(XEP)dt=FXEP+GJ (1) where XEPI XEP
= XEP2 ,F= 010" 0 ,G0, Kpis a constant. Kp In the sanpling control
system formula lacanlbipléxpréssed:litiplans csqumbiorerobr dilSTPERE) thire system
as shown in formula 2. XEP(k+l) = PH - XEP(k) +GAMVA- U(k) éZ) Usi ng PHI and
GAMVA i n foremtimaRe pesiiivat eaposLG20n o mdderC238 ahds esedetmsreaheed gain
(LC2) are determined in fornmula 2 March 2005 3.
(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




= ((GAMMA) QGAMVA) ") -"+[1 0] "R " [1 Q)  P2=(PH)P(PH )" +( GAMVA) Q GAMWA) °
LC=P2[1 0] "(R+[1 O]P2[1 0] )" where LC1 LC = (3) LLC2 In formi2 Ma@h2005 s a
noi se variance matrix prelimnarily neasured in the noise measuring unit
110, and Qis a noise variance matrix to be superposed on the control
input U The estimate position and estimate speed are cal cul ated by using
XEP1, XEP2, LCl, LC2 and POS obtai ned above. However, when the estinmate
position and the estimte speed are cal culated in such nmethod, due to
effects of sdisturbance or nodel error occurring between the nodel and
actual actuator, a deviation occurs in the cal cul ated valye. Considering
this deviation, the al@aMMaQfs dMA) At +bh g Rekpl diled bel ow. Suppose
to determtne nodel position (XEP1l), nodel speed (XEP2), and nodel
devi-ation (XEP3). PAs¢PHIlyR(RHE) esCGAMMe) PEEAMMA)t 0 be XE1, e$di mate speed
to be XE2, and estinmate deviation to be XE3, then XEPl, XEP2, and XEP3 are
determined in fotGuP2[4. O'KEP]Ut <AP2AKE+@]*V' (4) 2 March 2005

where

LC1 L

LC2

In formula 3, R is 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)




where XEP = XE - XEP1 XEP2 XEP3 XEl , = 010 0 0 K 000 ,

Kp is a constant. XE2 XE3 In the sanpli ng control system fornﬂl\%‘mﬁze% be
expressed in an equation of discrete tinme systemas shown in fornula 5.
XEP(k+ 1) = PHI - XE(k)+GAMMA U(k) (5) Using PH and GAMVA obt ai ned herein,
XEP1, XEP2, and XEP3 are calculated in fornula 6. By the al gorithm shown
in formula 6, estinmate position XE1, nodel position XEPl, estinmate speed
XE2, nodel sg%ed XEP2, estimate deviation XE3, and nodel deviation XEP3
are

XEP1 010 0
XEP=| XEP2 | ,F=| 00Kp, G=|Kp , Kp is a constant.
XEP3 000 0
XE1 _
LY
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)2XEP2(k-1)+L02-(POS-XEP1(k-1))
XES(k)-:XEPB(k-1)+LC%:=-=(POS-XEP1(k-1)) '
U is calculated. (6)
XEPl(I«:)=XE1(k)+XEZ(k)-I-PHI(1,3)--}(E?,(k)+'(g‘uﬂd\lll\mﬁu.(1)-U>

XEP2(k)=XE2(k)+PHI(2,3) - XE3(k)+GAMMA(2) U -

O ® ® ® @ ©

XEP3(k)=XE3(k)

©

k=k+1 _ j




calculated. (1) XE1(k)=XEP1(k-1)+LC1(PCS-XEP1(k-1)) (2)

XE2( k) =XEP2( k- 1) +LC2( PCS- XEP1(k-1)) (3) 2 March 2005
XE3( k) =XEP3( k- 1) +LCA4! - (POS- XEP1(k-1)) (4)U is calculated. (5)

XEP1( k) =XE1( k) +XE2( k) +PHI (1, 3) XE3( k) +GAMVA( 1) - U (6) XEP2( k) =XE2( k) +PHI ( 2, 3)
XE3(k) +GAMWA(2) U (7) XEP3(k)=XE3(k) (8) k=k+1 (6) 9 2 March 2005 As for
the estimate deviation gain (LC3), an initial value is determ ned

dependi ng on the Spfsteg?%tgrgfess g&é%?gevgg trngg%mt'(l'll:le@) ggpi-%égll ng,aqﬂgt he si ze

of neasured noi se mes ‘'t t he’
initial val ue. re| h I
Noi se measur ehe tFﬁm{‘ﬂ% n%?%ené_l l?rniﬁ eeﬁpv%dj%z peestpeog{geeglg |dc,9a tFQ{'mJl "

expl ai ned bel gw. The relation, bel ween, goﬁe RSN B3 maneL g head

correspondi ng t He R or -~ an pars signal = reproduced at this

e (s shown,LReli®o 81 A%30ONS L E g 1B St IS S 800208 502, 503

are disposed T3heh & track width of the tracks
020, 521, 522 Iﬁ &\éa%%rgﬁed ag{f?%]d%’telblﬂ I§éd §hg£@§1nd?fa .’?.urSt signal C and

bur st signal are-recor burs units-

Noise measurement in the noise measurm\g unit 110 is
'specifically 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 noise tevel -
correction in embodiment 1. According to the following

flowchart in Fig. 6, measurement of noise and its correction are
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500, 501, 502, and 503, respectively. The magnetic head 90 reproduces the
burst signal corresponding to the position of the track in the2Magdi200f dt h
direction. The burst signals reproduced by the nagnetic head 90 are sent
~to the position detector, and those anplitudes are detected. As a result,
f corresponding to the position of the nmagnetic head, signals VA VB, VC
VD shown in Fig. 5 are detected. Fig. 6 is a flowhart of noise

measur enent and noise level correction in enbodinent 1. According to the
following feemwiaed-in Fig. 6, measurenent of noise and its correction are
10 2 March 2005 explained. < Step 600 > The position of the nmagnetic head
90 is controlled soStRBt®Y% Re val ues of signal VA and signal VB may .be
equal to each other. In this skﬁte, the_ngis measuri ng ﬁ%it 1%0 nmeasur es
signal VA and sigh¢ positinn@ddiespagaedicgrd Ahis serrod et R4St ed

val ues. The average an yariqﬂge vaLueagﬁehhe agged val ues deEernined in

each sector WevelreuPheiralyspnd HEp a2 rto $2Ek 8 e the
position of the nagnetic head., 90 is control|ed so that the. val of
D ghal CVa_antf HRATEte, e oit BHRIHBEcRRH O RdreaT i ehF S AT, °t he

val ue of _Si gzgfaild \s/f\gnal 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)
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(ACH') is nmeasured. Simlarly, on odd-nunber tracks, the position of the
magnetic head 90 is controlled so that the values of signal VA 2MaghgP¢nhal
VC may be equal to each other. In this state, the value of signal VA
(ACLO) is measured. The difference of ACH and ACLO corresponds to 0..5
track wwdth. < Step 602 > Cal culating according to fornula 7, correction
value (HOSElI) for correcting the variance value determned at step 600 is
obt ai ned. GAI N=2* (ACHI - ACLO) HOSEI =(N CAIN) 2 (7). 11 2 March 2005 where N
i s the numbethgfe By g thernemdber ofi bith qervrackewetely (893> The vari ance

val ue determ ned at step 600 is divided by the correction val ue obtai ned

informula 7. As & PERUISC3 >corrected variance val ue (Noi se) is determ ned.

Herein, as the noise |level, cal f‘lé,l% tion of variance value.is. geﬁcri bed,
I

but standard devi at1%N*FAAYe 4 PRI RE R P tastemELets 8vEded R such a
case, HOSElI in formula 7 is, HOSEl =N C&AI N. ( Enbodi nent ‘Eg
talne in a result,

the correction value o ormula 7.
‘corrected variance value (Noise) is determined.

Herein, as the noise level, calculation of varia\n\ce 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




Fig. 3 is a schematic block diagramof control apparatus of disc device in
embodi ment 2 of the invention. In Fig. 3, same constituent el efiatcs28hown
in embodinent 1 are identified with same reference numerals. Hence, their
explanation is omtted. As shown in Fig. 3,/ in enbodinment 2, the follow ng
constituent elenments are added to the constitution of enbodinent 1. -
Subtractor 300 for subtracting estimte position (XEl) fromtarget

position (DESPGS) -, Miltipli 310 for. nulti 1 m tar
)'s‘?)gg?iw‘!ﬂéerff’ﬁs“m mféu,k}%' mlyqtf'rglégél%tzo%a?umbr@fsult of

su?;raftor 308 ?y ic coerficien ltiplier for multiplying
estimate speed, (XE2 A cifjc YR N Liphi 314 for,
_gultlpIy|ng‘%%plﬁgféEﬁébfi??o%{%Xﬁ§§qségﬁ%%géﬁ¥vﬁu%gg%%#gpent 12 2 March
2005 jpoder 315 1AL RUTHDAG: B eiTH, (o %q%'cqpcmsa#msqfhe saikbicphi es 310,
12, 3346 and i ssui g control “signhal ( I'n this constitution, the drive
circuit drives, t hCE GQ bri L y hY & itsen 102
accordi ng t&gﬁﬁgq59%@béﬁt si%ﬂgl 8DF£%§&%]$EE%€$?QE%% %ggﬁgﬁ?% ﬂ%ad 90 is

driven to fqllo aAaSPEELEL G, theGka e d BB HLREIDNE difivealts UbHbiwon of
control signé% %ﬁU?Rin_thls enbodine%% iscexplainéd bérom1by referring to

iﬁgB,YC?ng FiPa ecific3@RL700 > Detecting the anplitude Pf burst signals
The procedure of calculation of control signal EU) 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




det ect ed by the magneti c head 90, the anplitude values are AID converted,
and position signal's VA VB, VC, VD are generated. From the pos?Magh 2005

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 determned by the difference of signals
VA and VB. < Step 710 > This step consists of steps 601 to 603 in Fig. 6

| d di 1, d
o 2'xB|eana't$%ch? iﬂ%?ﬁe??% rShahel 5L o idosaet b trgs s "

expl ai ned in_enbodi pent estl i.tion LC%%S § grate speed
gain (LC2) atf}e E%SI gﬁl %p%mf]f:es eeC§3§|§ P%h‘%“ } (eL lglgge ?i%r%t
det er mi ned 13f 2 Marclg % ?daactcg{ ot 0 the response speed of the control

a . .
system and is en 0 a speci ed val ue corresponding to the variance
val ue of noise rre<ats> %{Fdlﬁ>5t6p 710. < Step 730 > This is a step of
cal cul ating the con signal U This step is described in detail bel ow

by referring to F;}%E’i) s 5 sl o?%jalt?u]]-mirﬁ lg eacéﬁt%alogl ?1%'10(9” afripRg estimate

nodel position Est| rmate node spee and esti mate nodel
step is described in detail below by referring to Fig. 8.
LYY

< 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




devi ation (XEP3). Specifically, they are calculated according to fornula 6
expl ai ned in embodi nent 1. < Step 732 > Subtracting XEP1 from h2¥drgp@801 i on
PCS, estimate error (ESTERR) is calculated. < Step 733 > Miultiplying
ESTERR by LCl, XEPl is added to the nultiplication result, and estimate

~ position (XEl) is calculated. < Step 734 > Multiplying ESTERR by LC2, XEP2
is added to the nmultiplication result, and estimate speed (XE2) is

calculated. < Step 735 > Multjplying ESTERR by LC3, X ' dded to th
rrgl6ti plication re§&lbttfa%1?16ge31$haf”e°‘Be&?éﬁtori}lc(sﬁ@é’)n i&%é?l%cﬂl’ aﬁé%l. < Steep
7 > 14 2 March 2005 Subtracting XEL fr target position POS), th
subt ract i on TRYGRETE HESEHI isedgwt’é’c}h%fgh? RYnS Lt | gl'rml( Bl ilsézj by ©

const ant 1C.. 810, 7 LI Koty SRR q D RRBKIESS .
thi o enbod] RERER RS 1 et R R ST roa ST e Rred Seill i i ne”
i nvention i S.ajculated.

Constants K1, K2 are values determined dep_ex\lding on the
response speed of control. In 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




expl ained by referring to Fig. 7 and Fig. 8, and the recording nedium
storing the conmputer program for executing these steps is also2Mawhifed in
the scope of the invention. Thus, the control apparatus, nethod and
recording nediumof the magnetic disc of the invention are capabl e of
.allowng the magnetic head to nove and follow up at high precision to the
target position when recording and reproducing the data by detecting the
position information correctly. That is, if noise is superposed on the

posi tion sidHéFﬁeSEC?P?6F§HBP8355EI8%%%?? ?%1?ﬁ@ﬁ%¥ﬁﬁﬁ?§?“§§9“ﬁhvyng t he
magnetic head, it is ossihle to coptraol the magnetic head by high speed
fol | ow up, %%ﬂé ’§HF§tgﬁd”§5§BP§V”tEﬁﬁgﬁfﬁ%ﬁ¥l§39Tﬂ%§ﬁ%nbodinent relates to
inspection apparatys and inspection.nethod of m i.Cy.di pge in
producti on pr ocesé‘%‘e *r‘ﬁ%p%“tt?%‘gtaLPrpear@ftutsh%Pinh% %%ttl?gaﬁltsgp%%lgtgu%egftl t he

e S SR

enbodi nent and exp ation of operation is omtted.

The i nspection aratus_ of netic (i Vi £8:9f; L& x AgRQGE Mt s
desi gned to Ths %tv?Fﬁ?ﬁﬁgrﬁgﬁgﬁngg 5$a§%€qge0ﬁﬁggzﬁ@ tﬁ%ﬁvariance val ue or
st andard deviaéggn explained in enbodinment 1. Referring to Fig. 9, the

e

i nspection ﬁ?% e of "t he magneti c disc device is explained bel ow.

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 than a
predetermined value (for example, 5% of average), the process
goes to st;ap 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




< Step 900 > This step consists of steps 600 to 603 ‘explained in

embodi ment 1. This process is same as in enbodinment 1, and it s?MeshaPtion
s omtted. < Step 901 > If the variance val ue obtained at step 600 or the
corrected variance value obtained at step 603 is greater than a

predeterm ned val ue (for exanple, 5% of average), the process goes to step
.902. When the variance value is snmaller than a predeterm ned value, the

di sc device is judged tgébe noi(ggl The.inspection is aqver ep 902 >

<
The i nspect it8rftRPstbty 1*¢ ¢hiBc g PRI 18R Itr’h&h‘? esul't Soe]pt%]ecki ng, the
followi ng action  is pr ssed. |If thetservo tor is not rewitten yet,
t he process r@&’ééttfél’?"l\?g?gﬁ PI5G685T §°st &8 Y65, iﬁ step 903, the information
in the servo sector,dg rewitLen,, %gl{%giygw&?ﬁ%eg%idt& bgg 900. If the

servo sector is already rewitten, IsC I's not replaced, the

process goeﬁx%tgf%%lr%g{ego%hep‘tprég esj;s %Sgs goh%te%t i g dip& Idhls i end epl aced,

and positio ron’is’n corded ~the servo sector. Then the
Process 90es,LndhieRid%o01 [s HoRIAREY InPHb AR iRt AR oo Ak RN and the
l recorded in the servo sector. Then the process goes to step 300.
o

- 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.




repl aced, the process goes to step 904. At step 904, the nagnetic head 90
is replaced, and the process goes to step 900. . If the servo set 12005
already rewitten and the nmedia and magnetic head are replaced, it is
~judged to be defective, and the inspection’is over. 17 2 March 2005 What
is clained is: 1. A control apparatus of magnetic disc device having a
magneti c disc including servo sectors recording track nunbers and plural
bur st signal rovided inp.plural data regions divided in the peripheral
direction, éﬁagéﬁség?ﬂﬁfgﬁgfor driving a head for recording and

reproduci ng data in %aicglngpoqng%l%grg%c%glpdgﬁgt?%g%'ﬁcvaae&?gggsjvqg det ect or

for detecting a héad position sal direction from

the burst signghseicnelsac; {MARYAL L IBANGGOL ARAPHI N0 ROk SEuhEYR

superppsed;on position tected by said position detector, gain
det er m ni ng a!}gﬁg%mfaqrbQﬁétegmﬂlgqn%@i@éa I B 161921 dh t LCASSiBRRQNGi A t O the

noi se | evel, an estimator 'for estimating state of said actuator. 2.
The control ;appal kys, 104 JBINGLE G i $6d 48V iacuRfo Lk MridinMAek &I said

estimator includes: a nodel of said actuator, and a subtractor for
calcul ating gp estdMBhe IO regd@lcisy HBEa in said m’a;gr\letic disc,
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




- error and the esti

di fference between the head. position detected by said position detector,
and a nodel position calculated fromsaid nodel. 3. The cont rol2 ¥sishr89us
of magnetic disc device of claim2, wherein said estinmator 18 2 March 2005
(i) multiplies the estimate error by an estiimate position gain determ ned
by said gain determi ning neans, and (ii) adds the nodel position to the
multiplication result of the estimate error and the estinmate position
gain. 4. The control apparatus of nagnetic disc device of claim?2, wherein
'said estimator (i fl)nﬁlutlflﬁllieegs“Pﬁeesékrf‘iaﬁ%lteér@ifr}‘ﬁf gy e 4 RRt's' Yheed gain
determ ned. by said gain determ inqﬁgfans,,and (ii% addsda nodel speed

cal cul ated fFdm $ied " HoGe PY 2 A& TMATIPMICAREJRPREUPL%TF the estimate

t speed gain. 5.. The gontral .appar.atus o ghetic

di sc device of cl & a%él,s e?’é’i%ﬁllé)é’isbmggttio %Fl‘t't}f?lﬁg?{lioﬁlﬁeésgfl?gg estimat e
error by an estinmate deviation ¢ aintdetgrnined by said gain determ ning
‘means, and (if®) eSS IOT ARL tRESEIRAYE ROSOR B F &N ated fromsaid nodel
to the multiplication result of the estimate error and the estimate
deviation gain. 6. The control apparatus of magnetic disc device of claim

4. The control apparatus of magnetic disc device of claim 2,
N

wherein said 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

I

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,

19 | | |




2, wherein said estimator (i) nultiplies the ‘estimate error by an estimte
position gain determ ned by said gain determn ning neans, 19 2 Rdacdh 20095
adds the nodel position to the multiplication result of the estimate error
and the estinmate position gain, thereby calculating an estinmate position,
(iti) multiplies the estimate error by an estimte speed gain determ ned
by said gain determ ning neans, (iv) adds a nodel speed calcul ated from

said nodel to the. ?‘1}1!atd.[(ﬁsleh?atnixéwﬁlg%eqssg%%onoto mgs‘f.ﬁftii?@tcggﬁ’g{fé?@)Qq’ft he

estimte speed gé feby ca I'ng an e nma mul tiplies

e oot TRl CLUEl [ i N BRI TS RY! Lol O RO AEdndikyal 02l
ns, I(‘w (’:l

determ ni ng frea adds a nodel devi ationcal cul'atted from sai d nodel

to the nul téaollch?%giingnaﬁeessg[&lﬁgg _ptolg?tiGﬁEi mate error and the estimate
' er

deviation gain, by cal culating an estinmate deviation, and (vii) adds

- the estimte posi t('uq?’_/mh?tﬁg?l%ts' P &s2PRGde Adr BPeLekkmEEe dpikat i on by a

predeterm ned ratio control apparatus of magnetic di sc device of

any one of ggﬁi %Fé‘rc&?n%l bYNELQI P SAHE 10k SE nFERATUNY Means (i) adds
anplitude vafues of the burSt signals used in position control of said

head, and (ii) calgy ghas £hAMETGER AVl a1l & Jth Uslidahioas! valthe of the
added anplitude val ues, and the fluctuation value is = «.
multiplication result of the estimate error and the estimate
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




obtai ned as the noise level. 8. The control apparatus of magnetic¢ disc

devi ce of claim2 March 2005 7, wherein the fluctuation val ue i$MeGPELREt ed
by a head position detection gain, and the corrected fluctuation value is
obtained as the noise level. 9. The control ‘apparatus of magnetic disc
device of claim 8, wherein a variance value or a standard devi ation of the
fluctuation value is obtained as the noise |evel. 10. An inspection

apparat us o, magnekl.e gL ¢, dul 66 NAYENG AIBONGL bS Hised PELugiNg servo

sectors recording trac nunbers an ural burst signals provided in

plural data (8qLoR% o AlnlARH:hD BEFRDETRLCAA0H balte J0dpam Gl AL OF T OF

driving a he or Tecording and reproducing data in said magnetic disc,
wherein sai d.ingpagtiQaapparatus (i) adds anplitude val ues of burst
signals used I1n position control of said head, (ii) calculates an average,
and a variance value or a standard deviation of the added anplitude

val ues, and (iii) inspects said nagnetic disc device by the variance value

or the standard dgvi afj0Ronidol F$ad 15RE 9Fn APRATIBE W v@be BRONALI C di SC
device of claim 10, wherein the ‘average and variance val ue are corrected

by a head pogi %J}Qé’fg%t 8CL LA ORI Raldd &r Mar&fa Q8 deviation of the

s

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.




12. A control nethod of magnetic disc device having a magnetic_disc

i ncl udi ng servo sectors recording track nunbers and plural bur%P“%*&Hgis
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, conprising the steps of: (a) detecting a head position in
track width direction from said burst signals, (b) neasuring noise |evel
superposed on theheads RO}tk bPnet K&l FehBEMeP NG i &N @St L g8 N
corresponding to the noise level, and (d) estinmating a state of said

actuator. 13n,3HeticoRtdcolndRidhnd Sfrvirgaahirs Hc3ed ey it cRf n ¢hdlem 12, _
wherein said step (c) determ nes an estimte position gain, an estimate

speed gai n, A padr £5hLEBE 6 deMisal iNdeaiif, p ARG 1SR 5@@%@@1&@@@“ si ng
the steps of: (dl) calculating a nodel position, a nodel speed, and a

- nodel  devi atjin0peffpr@raheliFedsal nofa bdiah actwafr fo d2)viaal aUh&id Hgr an
estimate error, that is, the difference between the head position and the

model positi@tor{0d) md i pbyroQuéity edhiiatia eshdd hyaghetiestdnmt e
position gain, and adding the nodel position to the nultiplication result
- to cal cul at ezcaiipEsSingahe fp@pistéfon, (d4) nultiplying the estimate error by
the estinmate speed 22 2 March 2005 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_‘stimate 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




gai n, and addi ng the nodel speed to,- the nultiplication result to
calculate an estimte speed, (d5) multiplying the estimate errof Mggehi2AeS
estimate deviation gain, and addi ng the nodel deviation to the
multiplication result to calculate an estimte deviation, and (d6) adding
the estimate position, estimate speed, and estimate deviation by a
predeterm ned ratio. 14. An inspection nmethod of nagnetic disc device
having a magnetic disc inc]uding servo, sectors recgrdin trac

mb
and plural §@i8t agdgrddingf beimete] 1P IUF At hgaPa  Hedi 6y 'res%llie%dt%ui o

i Vi
peri pheral direction, and an actuator for driving a head for recording and
r epr oduci ng 3¢ W atA aPE RYHeEPEHi sc, conprising the steps of: adding

anpl i tude val ues of burst .signals ,used in position ,control of jd head,
cal cul ating an av@J%bémVlVﬁi?”B%dﬂﬁaﬁ?ﬁ?gﬁg VArGE 8 égesfgﬁ'd? devi ati on

of the added -anplitude values, angd. inspecting.the i c i sg, gevice by
the vari ancé®aptigPor stk stBfddt ’85vi§h?oﬁ?ggé Sgeiﬁg?é%sggction net hod

of magnetic disc device of claiml4 erei . ' v or the
st andar d de\}’fl'éf‘ilB ciﬁ‘%m’bﬁ??@éﬁé’dc jiﬁutlzhe gaé;sttﬁg%t}é?%énﬂggﬁgé?%dﬁ gain. 23 2

March 2005 16. A regordin L um,s ' s 0 daty for
executing a contrSﬁ&hggﬁégggfgﬁég%Z%?EéggggtgeVig% nﬁ@%ﬁgﬁgga

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.-

- 15. The inspection method of magnetic disc device of

ciaim 14, wherein the variance value or the standard deviatiopis——

corrected by the head position detection gain.
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magnetic disc including servo sectors recording track nunbers 2$F %Iﬁral
burst signals provided in plural data regions divided in the pert P
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 programfor detecting a head position of said head
in the track width direction fromsaid burst signals, (b) a programfor

measuring nojge Leyelo ARerAeaLtnoYdiae N PRRLL b¥Ber ) adiPrrORr am fof

determ ning an estimate gain corresponding to oise level, and (d) a

program for &sfd iRl N0 @2kt GnOfnSRi gt LML d1QMuet NG Mdehgof the

~actuator. 17. The recording nmediumof claim 16, wherein said program(c) is

conposed of 3,phedf-aMdOln dlkeh T NNG cRShi FRLRAPPSIthheR Y@iBerah
estimate speed gain, and an estinmate deviation gain, and said program (d)

includes: (dldqd1RFR0ham{ g FAlCHM ARG i PRAG PASi HdGBasAliWREded speed,
and a nodel deviation fromsaid nodel, (d2) a programfor calculating an

estimate errf ¢thé ri%geralt berditfd£r gRgCabaLNAR N0+ 6y eadinosi héod and the
nodel position, 24 2 rch 2005 (d3) a programfor nultiplying the estimate

error by thefor recording and reproducing data in said magnetic disc,
. NN

wherein the stored computer 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
speed, 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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estimate position gain, and adding the nodel position to the
multiplication result to calculate an estimate position, (d4) a2Mesh80h for
mul tiplying the estinmate error by the estimte speed gain, and adding the
nodel speed to the nultiplication result to calculate an estimte speed,
(d5) a programfor nmultiplying the estimate error by the estinmate

devi ati on gain, and adding the nodel deviation to the multiplication

result to calcul akgyan b Go0oh b AfimeAlfle (eim 1 PIAGL AT e addi ng

the estimate position, estimate speed, and the estimte deviation by a

predeterm ned; hafd §olpioh %aﬁﬁ,h 202 (AL Ohe "RIARY god:ARPabat S Of

magneti c di sc device, recor g nedium and inspection nethod and

appar at us QmePﬂPﬁTcBGioq{ $Esufey 681 ABXRAGTesthiai 8@ ) &Melosuperposed on the
head positi.on detected by a position detector 103 is neasured by a noise

measuring unit 11py4) aﬁsir?}a%tfbir%mtﬁpﬁﬁwgwhgaésmi;ﬁfaméessf@ef\_diynghé0 t he
nmeasured noise level is determned by a gain determining unit 111. An

estimator 10Giaddse t Bpeb@0isaah! yasal addahed tmedehopeBi sped eddthé he result
~of the difference between the detected position and nodel position

mul tiplied byulfiglieatiomiesPRSid tOR YAt ansSestiibaite dwedsti mate position is
cal cul ated at high precision. FIGURE 1. RN
(d5) a program for multiplying the estimate error 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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Jontrol method and apparatus of magnetic disc device, recording
medium, and inspection method and apparatus of magnetic disc

device

ABSTRACT
Noise level superposed on the head position detected by a
position detector 103 is measured by a noise measux:in"g\unit 110,

and an estimate position gain corresponding to the measured

‘noise level is determined by a gain determining unit 111. An

estimator 106 adds the logically calculated model position, and
the result of the difference between the detected position and
model position multiplied by the estimate position gain, so that

the estimate position is calculated at high precision.

FIGURE 1.




