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M4-51cWL— 7 EEBoENELZ RS, b—RF (X4 2 Z AW
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WBZehnhrd. K4-6 (DI @EREES (MFEES) Ot AT Z 4
2R, CORMEOAEESE, 20.72um (3 ofl) ZEHLWTWVWBE I &M
HhB. COMICEMNBESOMESLIOMBICIDIIERIINLMLERD M
M, A Y Rk, =R — > ORI E T FICRINT S AE RO R
ADGENRTWS . EETHEEZN (4-1) Ko TR OB LRI S
2, +0.38um (Sp-p/Np-p=33dB) %% (TW:17um).
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IODLVCMOBE,d2bbAy FOBEIEFX0.5umlFTHBI LN
5. HihofiEkOHERORHEHE DAY FOBHEOMOMEX, T4 27
DB ETIZ Y FHBLERLTVWDED, T4~y FOMMEEL LT
Bl @M EREIAY ROBE LD /NI RreEILNRS.
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4.3 PMERDEAEL T v I EEOBEK

FRARER P o v 7 HEE, BRI 2 v 7 BRHERADON EBHROEEN SR
5O TRV, TITE, PO IEEERDD LTIROERERD, (LE
pHBELEEANY F My I7RiOHEE, kOB BEILEZT -2 V1 Y FY—
U OWL RS DS BUE TS K DR UL B T ONEDHEIZIT o .
F—AOEMHFRER BRI MwesRDE (1, 7) RLLa—F, HEESEE
i (4-2) e hsn—LryyREoER® DY, EHESE Y-
— 2 7 bREEOF—4 (7 1010000000” ofFEHERER L), £/, fiEROHH A
LXHWMULEL T2 XM nE S L.

a
(1) = A
o) a*+1°
-9
2 [1-J1—1¥J (4-2)
a = —_ln —_—
W, R

e(t) : WH/EAR S WIE, R:MAESGE, o BEESAREBERK

M 4-TICRT I, ATWOLIERDEELD 2HA, HLALEIRET2 A
TWELS. 2789 =R Ko, KON ERDBEIT TR &R DD,
7= OWINA EE RO SO N AL ORFREYMICT 52 2 L ITNETH
2. CCTCRETHREONEEEZL, i@ kD#HEEDCA 7y PeRET .
ULEoffod T, HEESODLE—2Y 7 Ve 24XV v IDHERD, il
BRI R3O F—2 Y9y VR —Y Vv 2EHELE. B, 2T5—L A b
3107 °¢%#%5%.

K4-8ik, ittt s (ATW/ TW, TW:~AvFObMZv7id)
T 27— D4V R =Y DG RHERE, BEESOOMER E IV A —
HELTERLEDDOTHS. AL, HMAEERIENX (4-3) TEHT .
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TV THREBPE NS A~y FIIERDHIEZZBELTWS. ZThICHL,
AMETEHMBSRICL 2V —RAREFA T 2HBELTVWDEED
LOBENREY > 7Y D VEAEBTOXRFTHROMILEZHAIELTWS., /-,
SO EHIEIE XA ERDEEREOHRIIOVWT, IBESDR XY MR
e RSB AIC KD ZRIICTHEM L, RERZVS»ICT 3.
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5.2 H_E@EGEBEHIC LI~y KBRS

5.2.1 /NEHDD A~ FAL#EID ¥ X7 LD

MEHDD T 78— idniIunshTBh, 7x—<v bhEDOH
M s —he 2B, ThbbY LT VTR ENWY Y TV HE
MR R>TWS., ZOLH5B/NEHDDOAy A ERDEEARE XE T 5
LTRHEITREMNEETLIEUTOLIERS.

< S S ROk ) (RRO X 43 ) Ko T8 JK 17 491 Bk 43 (NRRO B& 43 ) D 4101

< T Wk o> O H

- AR B - fi R o e

- S g (VEM) o — kMR EE NS KT S
NSO HESTER L, 2ETHA KD &l M 0 T & < il 25 o &
FAETROICEDPROOMBPELBEE L, EREZTOMDELICK 2 HESR
HOBWAAD LA LD, DT &S HHHIGOMMA T~y ML E R
DR EREXKTTHIEELEN - TENICEKDOH L THD. £z,
ChETRROUMICL>TwWiERmRoMBRORBELVPERD LD, ZhIZLD
MERDKIEDOEE S W TES.

W LA D JEBRIE, 139tracks/mm(3500TPI) - ¥ —F o2 ¥ #, 50- 7 1+ R 7
iz 4200rpn @ HD D Cork o7z . @&l LGS IE A — K 2 EBIC &L b H#E#
L, 40PN ZF N7t v B (IMS320C31)ICER L. £/, (E5 0 AH
JIZiE 12bit @ A/D - D/A s A AW /= .

5.2.2 WKL X 5 H 8 &5

CITENY FOMT Yy 7 BREEHMHARICBW TRENERNYEOREL %R
FREERETKRA L, ZoMEREWIS»ICT 5. I5-11, b3 v Z@EREHIE
FOTD Y VRETH LS. TR, EmEBEICT 200 EMR P, HilHS
CEHEZHEMRBRLELTHEID LB, 7S RMBE T (s)ZAMLCRRB T 5. EE



d2 di

+ e + ++
r #Q B C(s) —‘ﬂ}——"‘P(S) -—Pé)—ﬁy

C(s) - EHI#H{ERR (HooHlH28) P(s) : HilfHxtER (VCM)
rrBEE e fmE v HEE  dl,d2:4F

M5-1 FSvyBfsEEoIovsE
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&, fidoES>/MEHDDO~NYy FiEkORERE, 22 P —RAHRXEK
MT B, KAMNICT I NVHERER>TVWS ., #E>T, FIAEXKS-11
g AL , NP>~ BOlMEEy 2 Y 7Y T LEHIEEY
(kKTW(T : o7y o7 LcHillanhsZeichsd. F-84E925XD12
Ho Hlfes 2RO 2 E, ¥ TV R 2 W — R Z L8002 XD dif R
WL T 2T 5 .

Lo X>icHid. &, P rE-~®olHay & LTHMETH
558, AELd IZHNELd o & 3 8 T H il (7 2 5 0 A %S R TS Kb A @ B
WERDDH}NUNELZOND. 22T, AILd  pofiliEy, b LEH
BAir P ofite ETCOREMABMS OEREIERZPLICEZ,KME-2RTHK
RIS WIS 2RI T 5.

WS

< 5-1
wT (5-1)

W, W, AR > SRS > T AR

Thbbh, REANB2EE L, HoX (5-1) 2wz dhEGEEzRkD2. THhiZ

b, [ EkZ kU TAHBBW,, W, Z28ETH2ET, MEOHAILINAE
e N2 bt ez dMMaiCakd 2 eMTcEL. 22T, RMEL
L7zl R P EHABMBW,, Wzl TS ICREARATEBT S, HL,
MESRP Y 7N T THBCRE U CBM I N 2 08 8% 8= /2 R — &
WZ AW LDl ROT UL DEMENT S.

Pis) ix,=A X +Bu =C,x,+D u

prp ptp
Wi (s) - Xy, = AW,xW, '*'Bwle » 2 = CW,XW, '*‘Dw,e

W,(s) =ApXy, +Byy, oz, = Cy Xy, +Dy y, (5-2)
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B Wi(s)

—pz1

w—EQ r» P(s)
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Pt W2(s)
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Wi(s),W2(s)  EHEAH

WISVERES 21, 22: i

P (s) - it &
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A (5-2) TROLEFEAOKE/iEALLEKS-2KRTIHAROTO Y Y
MaEd el —KIE75 >y bORELEREBZRDD X (5-3) KUK (5-4)
LB, 20 72> b6, K.Glover 50 7 )V T ) X L2 HE o THIH SR

Cekd 5.
X, A, 0
Xy |= —BWle Ay
Lsz_ LBW2Cp 0
0 B,
+/B, -B,D,
0 B,D,
_q— __Dm CWl
z,|=1C,Dy, 0
|V ___Cp 0
PDWI “DmDp
+ 0 D,D,
_1 ﬁDP
- o,

ar n
0 X,
0 | xy
AWZ__xwz_
w
U
0 X,
Cy, || Xn,
0 1 Xw, |
w
U

(5-3)

(5-4)

FEC A BT S50 Tl fig Pl & i 7o 7= o o fil e R M & Bt 4 5 .

(5 -3\ CPEAE L i N ET o o R LK & AT

1



o L C| AR

I 1 X 22

w Y EL—
G(s)
u il
K(s)
AN

y  BE

Gn

N

|

.
121

"
x12

G22
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M5-3CBN TG Z7 v b, KEfl#EGsTchs., 22 TGN (5-5)
OREH BN TREIND.

d = Ax+ Bw+ Byu
dt -
z=Cx+D,w+D,u (5-5)

y=0C,x+D,w+Dyu
ZZz(nyeR”, y(n)yeR!, w)eR", u(t)eR’, x()eR"&L L, SbHLICINE&EF

ALORPETERTEX (5-6) &m5.
A| B B

, G, Gn) |+t——— Al B
G()=| , =16 Dy D, |= __«,;_\»;_1_ (5-6)
G, G, , } c| D
) - ¢, D, D,
TREY, COK Ty s T
] A B, ) 1
Gy(9)= (’I - 1)“ =C/(sI -4) B, +D, (5-7)
ThHDH., 2 —FKEBREKREHARRILRD 7 7 AR,
A, | B
K@=l (5-8)
C, | D,

B, winh 2 ~OML— 7GR, 1R

A+B,FDC, B,IC, B, +B,FD.D,,
L,=|  BIC, A, + B,ED,,C, B,ED,, (5-9)

C +D,FDC, DLFC, | D, +D,FD,D,

THALND. B @B, M — 7% GK) &NIBREI L

T

ow

|

EWTZ TGS OMFMEERM LT, fFAET2EETXCORMEEKE2KYD %R 8E

<y (5-10)

THDH. LRI WEMEC S T ML T 7200 EETUTO
Loz n @,

(I 1) (B, (C,,A)»5 ik
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(%1F2) m=zpTrankD, =p (D, 7 NVT 7))

(% 3) gq<rTrankD, =q (D, BT 7 07 7))

(A1)

(%4 5) r‘ank(

(A - jol B,
rank

1 ]:n+p, \/a)e[O,oo] BNz nZ )
C, D, :

A-jol B,

; j:n+q, Vo e[0,0]  (AT7 17 7)
("2 DZ]

FERUEOEWRTDLIAFUTOLINLELEDDIIENTED.

(%t 1) HGHELENLWNRTHD I EEARIMTIOILETHD. BER
LOH. /7 VAFARTHDLINS, ZOFREPEHIZs T HoICKRE Ry
et LT <y il &nsd. Zofcs (FIF1) BB L TEFRICKRE
Ryl LTI FHET S, £, ZTOXRMFEIEBRORNBN RN ALE, W
BRILTEABEPELZEE VW) 2 EICEMTHD.

(%M 2) OomzpiitlEEEI»BEER LYV ZVW 52, 72,
D,=G, ()75 D, RNFI 7T v s iZ G, R E S TES LAV
(% 3) Og<riFAEBEPBMELIVZ 2%, £z, D, =G, (0)2 b
DyfF 7 Vv 73 G, BIERE R CTERAE RN EEBERT .
(ZM4) G, WEMECEREZR_RZ2VWIE2E%TS. AL, (4 C)
DOETEMES G, OBEHERD.

(&KM5) G, WM ECEREFZ VW EE2ERT S, BL, (4 B)D
RS G, O BE LR D.

2T (5-3), X (5-4) 2FEXHET &

x A 0 0 | x 0 B

d g r P r

| X (= -B,C, A, 0 |x, |+|B, w+|-B,D, u (6-11)
xw’ BM‘Z (wp 0 Aw;’ wa 0 BwZ Dp

- X

2, -D,, C, O d D,, -D,,D, (5-12)
= + ) + —

Z?. (erl)w?. O ("Vw2 xM:l 0 i DWZI)IJ !

xw2
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y:[—-('l) 0 0] X, |[+w=D,u (6-13)

ERD.EIAT, ML THDET 7 Fax— 2 FKE5-1 0WRT &5 728K
MAGIEREA4A LTS, 70 Hz Wi IR EIZ 7 7 Fax— 22X FELTW
HR—=ARTY 7 OnE AR EEICREM L TS, 72, 3 kiz BLEO AR
g ioi@mmodiike—RFEALTWDEN, B2 —RERIZLD~y FLE
Wb HIE T, A XA MK 17500z TH D Z E0s Z OEKET KO € —
FioB U IR R 0 2 Em bR R P OETFTAICITE £, B,
D,O7 w7 &l X5 TTMELL POREMEKEX (5-14) &F
5.
$* —63x10%s* =57 x10"s+45x10"

P(s)="— — - —x22x107 (56-14)
s7+72x10°s" +16x10°s+16x10

ERAE L EIWCHENERLEZEPOREIFRELOZEXTA—2FTIXX (5-15) TH X
HALD.

~717x10°  -156x10° -164x10° 285% 107
A,={997x10" -651x10" -803x10°|, B,=| 139x10™"

487x107 1.00 112x10™ -194x107"
C,=[-536x10" -447x10"° 347x10"] , D,=220x10" (5-15)

I TCHABBWOW,()E LT T o A—REEREERIRT 5. B,
K (5-16), & (5-17) &95.
318 x107°s* +107s+220 % 10°

W (s8) =—
() s +620x 10" s+628x10™
-629x10" -628x107* 1
Awl: . ’ Bwl: (5—16)
1.0 0 0
C, =[642x10* 132x10°] , D, =191x107

75



253 x10 %52 +159%x10*s+250%x10"
633x107°s* +159x10%s+10

W) =

- M F 1

4 |2s1x10t —1s8xi0 B = (5-17)
10 0 S Lo
D,, =4

C,. =[-754x10" -592x10"]

ULl 2 =424 (5-5) ZRIGS T fiEst2/KRi+ 5.
(%PF1) b,

A 0 0 B

P r
~B,C, A, O 0 (5-18)
Bw?_(‘p O Aw2 0

DA ENE, RO

A 0 0

P

[—(wl’ 0 O] —BM’IC]J Awl 0 ( 5-19 )
sz("p O A 2}

ORRIMESER SN D, ik, B RAEE - TRl THhD 2 &, HA
I ZERbOERBAUILE I EDLRNT D E1, &3 T A= b/ ZEMN -
ATRRIED T 7 RIFEAF L THLHATE 5.

(FM-2) o, m2pT rankD,=p DB EFHINDD, m=2,p=1&X (5-1 2)
K0 rankD, =170 2 LKL T 5.

(R(F3) 0B, qsrT rankD, =g ¥Eili Shdn, g=lr=1&X (5-1 3)
KXY rankD, =185 2 &SI+ 5.

(RMEA) oo, AT u & HE Rz £ TOBEBRG, ()2 E i i B &%
PR epERFianD. X (5-7) 2> TG,) k5 ER (5-20)

A,

88x107s” —S0x 1075° —84x10's® +23x10°s* +20x 10 s* +39x 10752 +25x 107 s+25x 10"
s7+32x10'5° +34x10°5* +12x102%5* +29x10* 5> +26x107 5% +16x 107 s+16x 10"

—42x10°5" +17x10"s° +13x10°s° +38x10°s" +33x 107 s* —36x 10552 —LIx 10" s—21 x 102“}

Gy(9)=




(5-20)
A (5-20) LGN EM LICBELAR ALV ENTND. LoTIDOR
frixmir- S s
(&MF5) o, AilwhrHBIME yFE COREBKG, () EE EICELE R
Nz EpEEEhS. HE-2 K, X (5-7) S TG, )&k D &KX
(6-21) &45.
Gy (s)=1 (5-21)
K (5-21) k0 (RIF5) Qi shs.
BBICE VIS -2 Tl X bius ¥ X7 A MWM&MtT.
KoM G ZRDZ2 7NV T XLOWHEIZIE, MATLABoBO/NZX MY
~wﬁvaxWm%&&mmrﬂﬁﬁ%.uLmﬂéx—&&ﬁtﬁﬂth@
tCxNA (5-22) w7
1Bx 1025 +826x 10°s* +2B3x10°5° +301x 10" +118x10%s* +980x 10”5 +3%6x 107 s+ 164 x 10°
§ LR X105 28410 4368 075" +246x 1075 +705x 10°s” +4483x 1075 +583x 10
(5-22)
it,TﬁMMW(gtmmW“%ﬁT%MS4pwtﬁﬁﬁw(gt@ 3 B

()=

SEMS-5ICRY (UL, KM5-5TWEw'(s) £S(s)dM40 0 He £TIIE—
BLTWD)., KRTE OB CEMN - IRZABICE D b LTEREL .
ORI ANKIEBIBT Z WML LB 25 -6I12/53 .20 KD I K%L B &
T, MEek (g CRaEnN2)eiETERERS. £, CORBRTO
MEESOERMN S LA P VOEJUHEERIS-T, K5-8IXrRd. (i@
rHEEF 0. 28um(3ofli)TcH o/,
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5.2.3 ALUATLZE HHE Uk Ho @4

5.2.2 Tlx, ~v Fi@ROHHIMFORBEHR; THEE U THRAGBRERBEIC X
%@E@ﬁ@%ﬁ%%@ﬁbtﬁ,@@@%ﬁﬁﬂvFﬁ§%®E AlBE,
UFOLS M@ SMBROEEOR LA+ ACEDBRNWIEHEIOGND.

DY ELresinBZN hEF coEBEBICEAEZMITER(5-1)TEIT 5
B, A P NVE—YOMIEFICL D ERORENIC X 2 VCM 0 A J7 AL 8L (hn 3 5
AEL)D BB LA EZEEI NV,

2) WA ROREm, KEFHEMBBROBH, BICX>THBEMET S LD
CHIMEE SR TN 287, BRBOLIRFABEBPZD L LE G, MEMKELZE

FTORME—FEBMNICHAhTLES . £/, FLAVCMO | RILREMOZ T
W BB L LT, ANUARLHELET 2 L HEHN RO E— F
WIIBENTUES 2B . o7, HEBERITBICRLDEVAR
MR ERTILEDND S .

3) HIEEASHEL R BBERLEL, BOMZoREREEERT 2 L5 10
Btah pl, BIMESERTIEABBRIESEERERICRS. 208, Y4710
a2 bO—=F L COERBPIEMICKHETDH 5.

PLED &S S 28E L WS 2R csniE, Mol TcHiiERD
WHErmlblcEsl M liFTEs.

M5-1icBnWT, d, ik, ALY FVE—YBRDRLES - AE Y K)IVE
=0 1| IRFBHE—F - NRRO, d, &, 2> kK LVE—FY DilEIC L % EK
DS - NP SMA SN ZIRE - ES5r—7VFL L0 NE2ELTVSE. —
o, Ao miohsAilick-ThE L2 EEREL, ALoMEB L UH
W—THREBMBOERZTICL > TEIRES T, ARLOAZBICL>THEL S

2. WoT, WNV—TEHEEEBOT A L B2RELLT BRI CEARLICLDER
ﬁ%%¢é<f%%tum%&m.@5—1£Dﬁ%eéﬁitﬁ(5—23)m
A R
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1 P(s)

O = e O T e Y
] 1
POICE) g (e CO (5-23)
PR bl
P(s)C(s) P(s)C(s)

K(5-23)RT LI, AL g B 2 IERIEBL — T2 E BB ps)C(s))
OJH BB L > TR E D, AL g, IBIT B I RGPV — T @ B BE O
TR, BIMEONBEBURERE (Cu) KEoTomEZ e D. M
2, AALEMET 2010, ALOABMBLDHOGEENIOT 1 v EXE
<T%:tﬁﬁ@f%%.T&b%,%ﬁ@ﬁﬂbfﬁ,%ﬁ%ﬁ#ﬁfh%%
&ﬁ%ﬁt%m1w®qq€k%<b,ﬂﬁ@ﬁ%bf@,%ﬁ%ﬁ%ofm%

JAE W BUL I BWT

QQ€k%<?%:tﬁMgf@5.

Pl Zens, i ALz &R L7z Ho il gs 23332 C
EEBRFILE. THhIEMENICBEBBETFMT 22 8icRr%. 20O HMIHES
ERS-9WRKRITIAROICE ST TS, KIS5-9IB0wT, A
wi=[w, w] oW o =]z 2] FTOEEMBGI g @A (5-24)

DEIHIICLINSD. .

z, YW.0, -TW,0, [w,

z, SW.0, —-RW,0, |w,
::T,y@lh%%ﬂﬁ%%(%ﬂﬂ%wlﬁM%ﬂéb%ﬁﬂéyiT@%
W— 7B B, RITHEMAIBEBER (BB T 202 b Etici

TAMN— T ERB), SERERER, 7 MMiRElEBcs e (5-25)
DEIICKINS.
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P PC

Y(s)= s T(s) =

&) =1 O =150

S(s) = 1 R(s) = — (5-25)
SN pC ’ Y+ PO

I, W(s)s W(s)lds BV — T EEHYEOBIZISG 2 MR EH KT, 9,
6, &, BHRFEBTHS. oL EOHLMBEEE, V-7 RELEMLL, X
(5-26) #lizdHMBCERDZI LIRS (AL, g, EX (5-24) T
HZehb).

“szlLo<1 (5-286)

M5-9DIKFZD 7Oy ZRIZENT, filflxg s EHBEBORNER 2K
il ckBRLEZ DR (5-27) IZRT.
P(s) x,=Ax,+Bu, , y =Cx,+Du,

Wi(s) * Xy = Apxy +Byw vy = Cuxy + Dy w,
W,(8) “ Xy = Ay X, +Byw, , y, = Cy xy, + Dy w, (5-27)

M5-9/ONL(5-27) 28 BLT7S> bORRERBERZRD B X (5 -
28), £ (5-29) vo&dicn 3.

x,| [A, BC, 0 ]x
Xy |=| 0 A, 0 Xy

1

_sz 1L 0 0 AW2 R4
B,D, 0 B,|w] (5-28)
+| By 0 0 |w,
0 B, 0| u]




o,D,C, 0 || x

P J2

z|=| 0 6, 0 |x,

| )V ] _—Cp _DpCWl _Cu/2 I RIA
ngWle 0 91]),; —W1— (5-29)

+| 0,Dy 0 0, |w,
;J%JMG -Dy,, -D, | u

[7 e -t

i (5-28) &R (5-29) ZAIVWCHIMIBECERD 3.
K5-10ICHBEINELPOREB=EREZRT. THhHEHIBNFETH DV
CMOAWBER M ZRHE LE, BIWcX2MANBENE 2.0.HZ2RKEL
T, M-RZEMERBUZE, ERALCPUEZITVWETVLELEDDTH L. O
K TERIBO B WEBRHIECE, 77Fa122— P RBETCHH20IC, 77/Farx—
B EEBFLTWBR= RTINS F R LD AU SRR E R
TWB7, ZoMMMEEETNVLLEEEEBPE2KX (5-30) &9 5.

153 % 10%s* =113 x 105 +9.92 x 10°
P(s) = 3.2 s 9 (5-30)
§+719%x10°s" +157 x 10" s+ 1.65x 10

FRA2S EWCRANAERLEZEPOREFBEXOERRTA—-213IX(5-31) THz
L5 .

[~719x10" ~157x10° ~165x10° 1
A4,=| 10 0 0 » B,=0
0 10 0 0
C,=[-153x10° -113x10° 992x10’] , D,=0 (5-31)

CITHBEEWG)W,()E LT o = mEBEEE2RIRT 5. B &M,
KX (5-32), X (5-33) &45%. '
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550x 1025 +121x10°s” +808 x 105 +1.97 x 10’

Wi(s) =
1(5) §+158x10%s* +209%10°s+131x10°
_158x10° —209x10° —131x10° 1
A, = ] 0 0 , B, =|0 (5-32)
0 1 0 0
(k]:djleoz 6.94 x 10* 197x101 , D, =550x107?

R (5-24) LRTESE, TopRANALIEREY (F#SR0 AN
SEd, hoREERy ETOBI— 7{EEBRK) Chh 2 HEREABERT,
NI D AT ELIE RO B 2 B IC iR 2T A e T E, 7 Fax
—H MDD 2R RO MEENL BTS2 2 L P UHTES.

877 x10's+551x10°

W,(s) =

:(9) s+628 %10

A4,,=-628x10" ., B,=1 (5-33)
C,,=-496x10" ., D, =877x10"

/-, 6,=870, 6,=667x107¢,93%. ChonZA—-%%: (5-28), X
(5-29) O—Mit7Z > MZRALT, K.Glover 57 )V ) X LIHE - THI
e CHRRD D, HlHFECOREEHEAER (6-34) IKF7.

157 x10°s +131x10"%s* +160x10%s* +132 x10"s*> +508 x 10"* 5+ 9.17 x 10*
SC4472x10%s° +967x10%s* +669x10%s* +123x 10" s> +136x 10" s+855x 10"

C(s) =

(5-34)
B5-11(a)ld, kopizililss COMPBLERNETHSL., A NVE—FOD
RAGLAEMIET 2720107 OHzBFHEOMBIRKELL RBLIDICHR>TNVS.
Flo, BRETCIEERELZNMTET2-DICHEIRMEMPERIATWS. Gl
RORENZRILT 572D NHEARENER IR TWS . X512, HIHH 5
LLEDEEBRETE, B5HECHMOBRE—FREORBR2 NI T Bk
DIZT—=NZAREERS>TVWE ERTEI OB C(s) 2N —RZEWIZXD
BERGIL LR L, K5-1 1(b)d, #HMasCcezERLCMELEBEL—7F
WBEERYTH 2. RERBICELTE, UMHRE40E, MERH6dBH
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e Tcnwad., £/, TOHzEFHEORB I+ RKRELB>TWVWBH I LHoH
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e
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=0
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pbrocedure detect_track_section (varlLP,...)
begin

end,

procedure detect_head position ( var LB,PP,PB,V, .. ..
begin .

detect_track_section (LP,....)
I V>16 then {V: head velocity
begin { (tracks/sector)
I£ LP>LB then {LP: track section for
PP:=PB+(LP-LB)+16; { present sector
else {LB: track section for
PP:=PB+(LP-LB)+32; { previous sector
end {PP: head position for
else { present sector
begin {PB: head position for
1f LP>LB then { previous sector
PP:=PB+(LP-LB);
else
PP:=PB+(LP-LB)+16;
end

end,

BB 2-2 ~v REE@ERHE7ILIT)XL
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A summary of the thesis

Head Positioning Control System for Magnetic Disk Drives

Using Sector Servo Method
Takehito YAMADA

Magnetic disk drives have a lot of merits such as the non-volatility of the record
information, the high record density, the low bit cost and so on. However, because the
access to the record information depends on the mechanical motion, record density is
limited in the positioning precision of the magnetic head to the magnetization (récord
information) on the magnetic record medium. Therefore, to position a magnetic head in the
high precision is important problem. In the high precision positioning mechanism,
there are X-Y stage for the semiconductor manufacture apparatus and optical disk cutting
machine to require about 10-nm positioning precision. However, these equipments have the
mechanism which determines an actuator position correctly using the high resolution
position detector (e.g. the laser measuring instrument). On the other hand, relative
positioning precision between the record medium and the sensor head is required in the
optical disk drive and the magnetic disk drive. Especiaﬂy, the magnetic disk drive has a
problem for which it is difficult to make an actuator high stiffness for the specification which
1s peculiar to the magnetic record system that recording medium and the reproducing
device must be near. Moreover, when a high precision positioning control system is realized,
it has the severe condition that recording medium turns at high speed.

In this thesis, establishing a structure and a design technique to the head

positioning system using sector servo method is proposed. In the sector servo method, the



servo information is discretely formed on the disk surface which is the same as the disk
data surface. Hence the control system is essentially constructed as the digital closed loop
control system. To make access time short substantively and to achieve high precision
positioning are proposed in the sector servo system. In the following, provides a summary of
each chapter.

Chapter 1 describes the background of the magnetic disk drive head positioning
control system and the advantage of the sector servo method.

Chapter 2 describes the basic head positioning control system design procedure
using the sector servo' method which is based on the digital control theory. The head
positioning control system design technique shown in this chapter is reconsidered from the
viewpoint of the robust control theory in chapter 5.

In chapter 3, new head positioning control system applied the sector servo method
with spiral track is proposed. In case of the spiral track disk, the servo pattern is shifted at
every consecutive sector. At the spiral track following system, it is possible to follow several
tracks continuously, so this system can substantially reduce transfer time, compared with
the conventional concentric track following servo system. The experimentally developed
floppy disk drive could treat a great deal of the image data at high transfer speed as a
result of applying the spiral sector servo system.

In chapter 4, it examines relation between the position error signal hoise and the
head positioning precision which becomes a problem when realizing high precision head
positioning by the sector servo method. Positioning error characteristics is simulated in the
time domain from the viewpoint of the shape degradation with the closed loop pulse
transfer function which depended on the sampling frequency. Also, we simulated the data
window-margin decrease caused by off-track to clarify the relation between the allowable

head positioning error and the track density.



In chapter 5, optimal head positioning control system based on the robust control
theory in the sector servo method is proposed. The positioning precision improvement is
achieved by the optimizing of a head positioning control system based on the H-infinity
optimal control theory. In applying the H-infinity theory, a state-space model of an
augmented plant is constructed considering the input location of the disturbance.

In chapter 6, positioning error signal characteristics are analyzed to clear a problem
for the positioning precision improvement. From the head positioning control system design
viewpoint, the positioning error analysis becomes a key guide for the control system design.
In the positioning error signal analysis, a spectrum was evaluated using Fourier transform
method and maximum entropy method. Positioning error signal characteristics are clarified
by these spectrum analysis including investigation of time evolution behavior of the
spectrum. In the control system optimization described in chapter 5, the positioning error
which synchronized with the turn of the spindle motor which exists in the high band could
not be reduced. In this work, a control system that uses a feedforward compensation
method based on the adaptive filter theory to suppress head positioning error repeatable-
run-out components is designed. A time response characteristics of the control system is
examined by the simulation. By applying these control system and a design technique to
small HDD, it makes the effect and a problem clear in the experiment.

Chapter 7 lists the conclusion of this work and provides recommendations for

future research and development.






