<RNE,

;f Kobe University Repository : Kernel

R
4ope

PDF issue: 2025-07-20

AT 4 — RNy DEHBLEY 77 LY ZAANT
ERWAN—RT 4 27 DY— 7§l

=, &R
AH, B=
B, =R

(Citation)
HERERERIZAER - AT LABEREFERHCE, 3:68-73

(Issue Date)
2011

(Resource Type)
departmental bulletin paper

(Version)
Version of Record

(URL)
https://hdl. handle. net/20.500. 14094/81003818

KOBE

\j].\]\'l:lihl'[ Y
J

%)



WP RFERAGE LAWITERE - > 27 L ERAVIZERHCE. 3% 68~73 H 2011 4

doi:10.5047/gseku.j.2011.010

godddddddddddgogooooouuoououuo
goddooooogoood

O oY .oo

oot

.00 ot

l0pooO0o0oO0O0D0O0o0oOo0ooo
(O O : February 2,2012 0 0 O : March 23,2012 O O O : March 29, 2012)

g0oO0o0o: ooboooooOoOo00 OD0O0O0O0 boooOO0o0O OoOooo

ooooo,0000000000000000C0OCO0O0O00O0O0O0O0O0O000O0CCOOOOO0OO0O0O0O0O0O00000O0
goo0ooooooooooOOOOO0OObOO0000000oooooooooOOOOOOOOO0bOO000O00O0OooOoOo
goooooooooooooOoOoOOoOobbOO0o0ooooooooooooOoOOOOOOOObOOUOOoOooooooo
gooooO0O0000000oobo0o0o0oooooooooooOoOo0OO0oOoOoO0oOoOooOobooooOooOOOOOOOOOOOO
goooooo0oooo0oo0oO0oOo0ooO0oOO0o0OO0OO0o0O0O0DOO0DO0O0DOO0DOO0DOO0OOO0 (OO
0o0)oooooo0o00DOo000DOO0000O0000000000000D0O000000000O00O00DOO
(FFSCO)OOO0O0OO0O0 FSCOOOODOO0OD 10[track] 000000000 0.538ms] 0000000000 0.496[ms]

goooooooooooooooOoOoOoOooo

1 0000

0000000000000 O0O000ooooooon
00000000 00000000000000000
gooooooooo L23450g

0000000000000 O00000000oon
000000000000 0000000000000
000000000000 0000000oooooDo
0o0O00o0oOooooooooooon 7»89%101L120
0000000000 000000000O0O0DO0ODD
000000000 0D0000000000ooonoo
000O0000000000000000000000
0000000000000 00000000000nO
00O000DDO00000000000oooooo
0000000000000 0000000ooooo
0oo0O0o0o0oooooooooon

000000Do00000000000oooooon
0000000000 000000000000DoO
0000000000000000000000000
00000000000 DD000000000onoo
000000000000 0O0Oooo 'Yoooooo
000000000000 0000000000000
000000000 D0000000000OooooDn
000O0000000000000000000000
0o V0000000000000 ooooooon
0@O0000)000000D00O00ooooooo
0000000000 7, 0000000000000
00000000000 D0D000000000oono
0000000 (FFSCO)® 0000000 FSCY 0OoO
0000 10[track] DD OO0O0DDODOO 0.538[ms] OO

00000000 049ms] 000000000000
gooogoooogo

2 0O0OOOOO

21 0000
Ooo000oD0oooooooo*oooooooo
Jjo0000oO0DO0DO0oDOoDOoDOoDoOooOoOoOooOo
0000000 Pu(s)DDD0OOOOO0OODODOO
K, Ky

P

0000000000000000000000000
00000000 Cp(s)00

am$ + 27F,,
s+ am2rFy,

000O00000000K,, =5.67x10"%0y, = 2.65x
10?0 F, =4211 00000000000 P,(s)00
00000 Cn(s) 000000000 T, = 3.7879 x
107°s§|0000000000000000000

Cm(s) = (@)

z[k+ 1] = Az[k] + Br[k], z[0] =z

T R ®
0D000000000000k € Zy ={0,1,2,---}
0000z e RPOODODOCOODOODO2zo0DOOOOO
ye ROODODODOOreROOODOOOOOOOOO
goooooooooooco Uoooooooooo
gooooooooooobobooboo

(Al) ADDDODODDOOO00

*lppopooooooo Voooooooo



B ST RFRAGE AR - > 2T AEHRAAERACE 5 3% 68~73H (2011)

(A2) (A,B)0D0D0O00000
(A3) 000 #eRODDO0ODO0O0O00O0 2(7)
oooooo

oooooooooooooooo@ooo) o

2[k] = La[k] + Drlk] € ZC RN Vk € Z, (5

00000000000 ZCRN-000000000
ooooooooo

Z={z:hjz<1,i€{1,2,--- ,N.}} (6)

000000000:00000000 «0000ulk]| <
010000000000000000N, =20k = 100
he =—100000

000000 oo0Og (Reference Governor) O 0 0O 0 O
00000000000oo0oooooooo 3)00
O0rk000D0O00DOO00G) 0000000000
0oo0000oO0oooooooooon 7o
22 00OOOOOOO

0000O000oooooo0o0ooooa ™o
001 00000000 (MAS) Qu(f) 000 x
00000000 0000007k =+000000
000 @000 afk; 2,7 000000 0z[k; 20,7 =
Lalk;zo, 7]+ DF 000000000000 3)000
00 () 0000 MASODOOODOOOOODOO

Qoo (1) = {xo € R" | 2[k; 20, 7] € Z,VE € Z4}

001 0000000 +00000000 3000
00 2(F)00004(F) = La(F) + DF 000 Oelk] =
xlk;xo, 7] —2(F) D000 Delk+ 1] = Ae[k] 0000
00 00e[k] = A*el0] = AF(zg — &(7)), 2[k; 20, 7] =
LdM+ﬁﬂDDDDDDDDDDDDDD

Qoo () = {x0 : €0 + &(F), eg € U ()}
= QL (7) + () 7
QL (7) ={eo: LA*eq+2(7) € 2, ke Z,}  (8)

0000D000000000000000000000
000000000000000000%(7) =000
00000000000Q, (70000 +000000
Q (A =2.(000000000 Qu(?) 0 &) 00
00 Qu(®) = (0)+ & 0000 QL (0)0000
00000000
00000000000000#00000%(7) =0

000000000000000000
Qoo () = Qoo (0) + 2(7) )

00000Q,(0)00000000000000000OO0
ogobooooooooooooooboo

69

23 00O0O0DOOOOOOOOOOO

00o00oooooooooooooog 219g
001 00000000 3)00000000000
000 zo000000D00 v eRODOOOOOOO
(5)000000000000000000D0O00

J({rlk}o; w0, 77)

(Iylk] = % + w?|r[k]
k=0

—r*?) (10)

0000000000 {rk}Y,00000

0010000 {7k}, 000000000000
00000000000 (Reference input Shaping” 0 O
000 RSOOO0)0ODOO0OOO 100200000
00D00000000000000000000000
Or*N3) 000000000000 RNDOODDOOD
000r 02000000000200000000
0000000000000 000000000000
oooDooooooooooooooo 'Yoooo
0000000000000000000000000
00000 ?000000000000000000
ooooooooooog

U0 1)0OO00Fg 100000000000000
oooooooog

r* Plk] - . r[k] p— ylk]
RG +T ystem
K,
K, é x[k]

Fig. 1. Block diagram of the control system us-
ing outer feedback, where K, = (I — A)7'B,
K, = YQi1 and (£,Q,Y) is the optimal solution
of LMI 1) .

ooooooooooo g

O IZI 1 (LMI 1: Linear Matrix Inequality) 0 0 0O 0O O

(,Q,Y)0000
min e
£,Q,Y -
subjectto Q@ =0Q',Q —1I >0,
(LMI 1) : Q (x21) T (#31)7
(*21) @ 0
(*31) 0 el

—(AQ+ BY)D #3 = —(SQ + RY)

>0

*21 =

0ooo0S=[CT 0]"TOR=[0 w, |TOODODOOOO
M»-0000000 MOJODDO0O0DO00000
Fig. 100000P=Q 0OK,=YPOOOO

rlk] = K [z[k] — 2(F[K])] + 7[K] (1n



B ST RFRAGE AR - > 2T AEHRAAERACE 5 3% 68~73H (2011)

ooooooooooooo

xlk + 1] = Glz[k] — z(F[k])] + z(r[k]) (12)

00000000G=A+BK, 0000000000

0000#k=000000000000 2,00
000000 (3)000 (G)000000000000
0000000000

Tk lg; o, 7™) < élag — &(r™))? (13)

00D00rk0001)O0 (12) 0000007k =r*
0000000000

00000 (12)0000 r[k] =#000 Oefk] = x[k] —
#(f) 000000000 efk+1]=Gelk]00DDOD
000 z[k] = Le[k]+4(7) € 200000000000
000 MASOOOOO0000 Qu(?) = Q. (0) + &(7)
O000D00Fig 10000 RGOOzk]00OODODO

Alk]= max{\ € [0,1] :
$[I€] — i(/\(?”* — To) + 7”()) € QLO(O)}

000 Akl OOOORK = AE(r* — 7)) + 70 00
00000000z € Qo(fo) 000000000
0000000 kDDODD #flk]=r*0000000
z[ko] € Voo(r*) 0D0DO0ODOODO0D0O0ODORK =0
000D0zk] € Qoo(r*) 0000000001 OO0
0000 {rfk]} 0000000 k0OOOO0 k) O
00000000 100000000

(14)

3 000000 O0O0oooopDoooogo

oooooooooooo hpoooooooooo
oboooobobooooboboooboobooooboOooooo
3.1 0DO0U0OoOooOooooo

0000000000 00000D Py(s)DO0DO
oooood

Py(s) = (Pua(s) + Ky Pancen(s) ) e~

O000P,(s)0 (H)00000000Phen(s) 000
00000000000 0000000O00000Dn
7 Az

Precn(s) = Z; mmwi =2rf; (16)
0000 f; 0 3kHzO 4.1kHz0O 5kHz0 7kHzO 12.3kHz0
164kH 0000000000000 DO0OOODOO0
00 Puee 000000 f; (1 =2,3,4,5,6,7) 0000
O0¢(i=5670000 4; (:1=2,3,4)000000
0000000000000 2BG4=6x3x3)00
00000000000 000000000000O0O
0000000000000 0D000D0000000n
00000 1800000000000000000
3.2 OOOOO

gobooooooobooooboooooooooon
ooboooooboooooboooooboo0oooobooooDo

15)

70

jooo0o0oo00ooooooooooooooo Ho
gobooooooobooooboooooboobooooobo
oo0123.0000000000000000000
goboooooooboooobooooboooOooooon
ooo4. 000000000000

1. 000000000

2. 000000 10[track] 0000

3.00018000000000000000000
000000000 +0.1[track] 00000000
00000000000

400000000000 |usfk]] <0.1[4] 000
ooo

33 0DO0OO0ODOO

00000000000 Fig.20000000P,(z)
0 P(z)0000000000000000000
0000D000000000D000000000 r[k
00 yk]0O0ODDO00O0 3)0000000Fig. 2
0000 K, = (I-A)"'BOD0OOOOOOOO
0000000000 K,0000 10 @MMI) OO
000 (40,Y)00000K, =V0 00000
O0000000K, =103 %052 0 0]'0K, =
[-551.67 —336.93 2.35] 0000

k saturation L
v ok
| f =17 f

Servo System

Fig. 2. Block diagram of the control system using the
reference governor with outer feedback and the model
following control .

Ni(>) 0000000000P;(2) 0000000
0000000000000000000000000
00000000000

7

Ne(s) =[]

1=2

0000000000 0w =2rf; 00000000

0000 00000004 00000000000

0000000000 00000000000000
Table lD00DOO0

s2 + d;2¢w;s + w?
82 4 2Cw;s + w?

a7

Table 1. Parameters of notch filter.



;B FRFRFBE L AR - o 27 AFRAIERRLEE 58 35 68~73 H (2011)

filHz] ¢ d; i
3000 0.56 0.7 5
4100 0.3 0.11 6
5000 0.2 0.18 7

filHz] ¢ d;
7000 04 0.10

12300 0.5 0.18

16400 0.5 0.18

=W NS

Bode Diagram

Magnitude (dB)

—20 [ nominal plant
= = = full-order plant
full-order plant + notch filter

10° 10°

10*
Frequency (rad/sec)
Fig. 3. Open-loop characteristics with and without notch
filter.

000000 30000000000000000000
0000000000000 00000000000
00000D00000Ns(2)0 Ny(s) 0000000
00 T, O'matched’ 0000000000000000
0000000 Fig.3000000000000000
000000000000 P,000000 P;0000
0000000000 (PN;)OODOOOOOO0OO00
0000000000000000000000000
0000000000000000

34 00OO0OOODOD

goboooobooooboobocooooboo

0.1 i ]

nominal plant input u[k] [A]

- reference shaping
reference governor

o 02 04 06 08 1 12 14 16 18 2
Time [ms]

10l Seek time of RS= 0.378788ms

nominal plant output y[K] [track]

ol T'Seek time of RG= 0.416667ms|
o7l 11'Max(y) = 10.001482 track

: : reference governor
9'50 0.2 0.4 0.6 0.8 1 1.2 1.4 16 1.8 2

Time [ms]

Fig. 4. Input u[k] and output y[k] of nominal plant P,
using RS or RG with outer feedback K. .

Fig.40000000000000000000000
000000000000000000000000
0P,000ukl0OOO yk]000D00 y[k]O0DO
0000000000000000000000000
042(ms] 000000000000000000000
000 w[k]0000000000000000000
000000 Matlab(R2007b) 00000000
0000000Fig 40000000 (3)0RSO00
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
Fig.400000000000000000000

L R e e e N R S E O SRR

o
°
o]

o

full-order plant input u[K] [A]

!
=4
°
]

SO

1.5 25 3
(a) Time [ms]

Seek time of RG=0.496212ms
Max(y)= 10.093514 track

full-order plant output y,K] [track]

0 05 1 2 25 3

15
(b) Time [ms]

Seek time of RG=0.496212ms
Max(y)= 10.093514 track

full-order plant output y,[K] [track]

0.5 25 3

(C)Tl:nz [ms]
Fig. 5. Input u[k] and output y[k| of full-order plant
Py and its enlargement using RG with feedback K, from
O[track] to 10[track] when using sampling period T’.



B ST RFRAGE AR - > 2T AEHRAAERACE 5 3% 68~73H (2011)

Fig. 5000000 P, 000000 uyfk] 000
y/[k] 000000 0OFg 5000000000000
000000 7, 000000000000000000
0000000000000000 P,O00C0O0OO
D0000D0D000@OO0wkODOOOOOO
0000000000000 O000000000n
00000 (b)OOD0DD0000D0D0000O0o0oon
Ykl 00000000000 0.09[track] D0 000
OO0yl 00000000 0496[ms] 0000000
000000 (FFSC) 0000000 FSCY 0000
00000000 0538ms] 0000 8% ODODDDODO
oooooooo

4 O0O0O0O

0000000000000 000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000D00000000000
000000000000000000000000
00O0oOoO000 (FFSC)® 0000000 FSCY 00O
D000 10[track] 000 D0OOOODO 0.538[ms] OO
00000000 049[ms] 000000000000
ooo

00000000 00000000 (FFSC)®0000
000 FSCYOO0000D00000000000000
00000Y0000000000000000000
0000000000000000000000000
0000000000000 000000000000
0000000000000000 NOOOOOOO
00000000000 NOODOOOOOOO0O0O0O
0000000000000000000000000
0000000000 #k00000000000O0
0000000000000000000000000
O0D0D0000Q(0)00000000000000
000000000000k 00000000000
0000000000000000000000000
00000N.(0)00000000000000000
00000000000 00000000

googd

(10000 -0000 -00000CbO0oooooog
Joomooooooogo (2007)

[2] M. Iwashiro, M. Yatsu, and H. Suzuki:
optimal track-to-track seek control by model
following deadbeat control, [EEE Trans.
Magnetics,Vol.35,N0.2,904-909,(1999)

(310000 -00000 -0000oooooog
0J0oo0ooooooooooooooog,oo
0 D,Vol.125,No.5,pp.524-529(2005-5)

40000 -0000:0000000 FSC OO
ooobooboOooDoooDbOoobooonn

Time

on

72

D,Vol.130,No.3,pp.277-282(2010-3)

goobo -0obo0o -goboo -oobg:oob

00oo0o0o0ooOo0o0oooo0ooooOo

gobooooooooooooooboooooobn

D, Vol.120,No.10,pp.1157-1164(2000-10)

0000 -0000:00000PICOOD0ODO

gobooboooboboboboobobboooboon

O00ooooo (2006-9)

E. G. Gilbert and K. T. Tan: Linear system with state

and control constraints:the theory and application of

maximal output admissible sets, IEEE Trans. on Au-
tomatic Control, Vol.36, No.9,pp.1008-1020(1991)

gooo -bobo.gooobooooboobooboo
gobooboooboboooooboooobooo

0 O Vol.120 Np.100 pp.586-595 (1999)

gooob -boboc.gooobgoooooboooboo

goobobooooobboooo,bboooooboo

000, Vol.370 No.90O pp.849-855(2001)

[10] A. Bemporda, M. Morari, V. Dua and E.N. Pis-
tikopoulos: The explicit linear quadratic regulator,
Automatica,Vol.38,3-20(2002)

[11] Y. Ohta, K. Mori, K. Yukimoto, and R. Mishio:
On-line reference management for discrete time servo
systems under state and control constraints, Proc. of
IECON,183-188(2005)

[12] T. Taguchi,Y. Ohta: A dual mode reference governor
for discrete time systems with state and control con-
strains, IEEE Multi-Conference on Systems and Con-
trol, Singapore,202-207(2007)

(5]

(6]

(7]

(8]

(9]



;B FRFRFBE L AR - o 27 AFRAIERRLEE 58 35 68~73 H (2011)

Seek Control of Hard Disk Diversusing Referene Governor

with Outer Feedback

Hao Guo! , Yuzo Ohta' , Izumi Masubuchi

!Gradute School of System Informatics, Department of System Science

Key Words: Hard disk drive, Refrence governor, Seek control, Input saturation

In this paper, we propose to use the reference governor with outer feedback to achieve
a good response for seek control of hard disk drives. In the hard disk drive problem,
the model of the swing arm consists of a double integrator, which is obtained by assum-
ing it is a rigid body, high-frequency resonant terms and delay time, and, hence, it is a
rather high order system. Moreover, high-frequency resonant terms have some uncer-
tainties. Thus, the full-order model is too complicated to use it as a model for control.
Considering the double integrator as a nominal plant, we design a stable servo system
(we call it as a nominal servosystem), and use the reference governor with outer feedback
to governs the reference input so that the constraint condition is satisfied and get a good
response. We adopt the notch filter to cancel or suppress the high-frequency resonant
modes included in full-order model. Applying this method to the benchmark problem,
we establish 0.496[ms] seek time for 10[track] seek. This seek time is about 8% shorter
than 0.538[ms] seek time achieved by the Frequency-shaped Final-State Control method,
which is the shortest seek time when a single sampling time.
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