2015\ SH=rEaets] shA| sk 3
A AREALES AT A} dgel T F43 o
x 7)) E Kk O] =T w7 E s 7] A 2
srr A SATY sessdR RS
*hyungjong @gmail.com

Frequency Estimation and Suppression of Sinusoidal Disturbance for Linear Time

Invariant

*Hyungjong Kim  **Lee, Seung-Joon

s ek ek Korea Institute of Industrial Technology

wxxNam, Kyung-Tae

Systems

ke Jeongchang Kim

wxxx[Korea Maritime and Ocean University

as}

B mRdde & 4 o T4 Z&3k9]PHsinusoidal disturbance) S 7HAE A ¥ A E ¥ (linear time-invariant) A2

dof djs] 1 9jghe] Fug AT A E xR ste GugSS A AAE dueEe T A4S 9 4853

Z7](adaptive observer)$} &l AAE $I3F 224 7|( output regulator) & A AL} 710l Aol n]Ele] mul B3k A

of tiek A2 FA o}““i Ale7]9] Z7]%knitial value) A7gol JE3HA ¢ AR 9 TS 7RI Ak gagE

< o] FE s FAs, 1 JEE vEoR 3]"4 AA s BAE 5 olrh e AA )= A 2~g
(optical disc drive systems)oﬂ et A EdoldS Edto] 1 FE HojFEr)

T ]*1L A8 A& A 2~ E(linear time-invariant)ol og
@3} 9)PH(sinusoidal disturbance)S ¢4 3]
ANEE o] FAE Aty A oA AT
, 71 % ¥ %A (output regulation [1][2])& 7]4ko.
Gt 1 AFA = 71E 82
Fir 4 gugFoR F4H 4
AA & BolErh sA AA Hg = &
o Al =49 E(local stability) W W8 ©@io] EA13HH, o]

% A7 A Z27)%k(initial value) 24l A 2Fo] Y5}

Al

s

N

x
o
=

N

r}m 2 o

2
X

B QTE 349 QnelE RN Foie 4 dnE
ﬂw 3ol 2 29 sl Al Elglobal stablty) & W53}

H«

7] ZF AR o]] Zﬂoko] 0474] k3]

E}. 7H**5 -T—JH: -eré [71¢] 424%7](adaptlve
observer) 7|9Fo. & AAGIgoH, 7% FE2AY[B] 7172
A& HofFErh olF floto] Fr]xa AlxHl(optical disc drive
systems) o2 Hodgs Waa,
2. Bg
2.1 £A419 A9

el 2He AE ABHALTD A28t shte) FobE 2he F
71491 e RES Azs] wak

507

z= Az + Bu+Pw, z(0) =z,
e = Cr+ Quw,

w= 8w, S, = [

e At

Ye dzdd 2 Ay
224 87} (unobservahle)

BH(connected compact set)©]th.

9 we 31, e= =% 7}s(observable)
st
|_> u Pw Quw

> R(s) l

U, + + u y + + e

P O (s) > P(s) —>
a9 1. A" EEE
Fig. 1. System block.

2= 542 a9 13 22 dA 75 = (closed-loop) A2
& M43 AL E e B 028 A7) 918 27 A A7)

/\

(output feedback controller)& A= Aeolth 9714 C(s) & ¢
27F AARHA %= ] o EAEHE Alo7|E 7HAE Ao, o] uf
C(s) & o] fls(w =0) AFZE M43} Azt AR 9oll=

ze ﬂwv} g LD e 919] Al A4S st
=29 Aol R(s)E A 2 5 9
AL A %‘% st A7) Qelel Alof] Cls) 7 EA,



20156 g=rt535t3] 8l St 3]

2 = Fz + Ge,

u,=Hz +Je, 2(0)=z. @
=, [Az’i),]c l}ﬂ 7V Hurwitz shot.

M2 BE ocE X A v A& wEske 11,9 I 7F EA%
=3
1,5, =AIl, +BI,+ P
0= CII,+Q
AP\ L n o
7133 3 % ([0 ql, [ ])t BE oceX U3 #3715

(observable) 3}ttt

2.2. Ael7] A

2 wRoA AARE ACIR(s)E I F35 242 A
D715 AIBAL BY] A¥ FA2A) 2 ALY 4 F
e 7l et 2ol e

Lol

é:KE (u— 51 ), O=0,

Aol w, K Yole] FE

l—l O_u

[ :

oo SlolA AAE #5719 4B 0 7P o

e FEXANE *éﬁl?&ﬁ‘r.
_|A- K P-KQ K B]
[ + s e+{0 u, 4)

) 7} Hurwitz=| Al A2 A3k},

— K05~ K,Q
u=u,+ {OF(;]C.
A o5 K3 K= B [A_Kl P_KlQ] 7} Hurwitz£) A
— K05, K0
AAd o]l T8 SElv U 2 o]2E 74]/‘]6“’%
O 1: 7M41-3& TEahe Alz=El(D),(2)el sk, A7 (3
Aejs] 271220 WA lime(r) =02 e, ushe—iA we

t—0c0

= 7 (bound) E rh.
'8 e

2944

)3 =golEe] A&t Yste] thed 22 LG x52
CD-ROM drive?] ¥¢] (optical pick-up) @& AR&3HH3][4][5].

818.22
Pls)= s2+64.73s +166800 (m/V)

o]71A AA| t2=e] 33 F7)E tae] ¢ Ede]A] 68Hzo M
HEE Edo| A 5THzolT

71&d AAE] gl AoY7] O(s) & 7H1S wEete s oS
3} 7o) lead-lag® A A= ATk
2.43645% +17420s + 12558500

s2+97515s + 7309900

Cls) =—

508

a3 24 Fure] 27] e 60HzE AA glou] wat ojgke] F
4= 68HzE 3}

%
Fo B2 A8 245

2=
EZFY o He= 022 574 01]1\1 ko] & 2= 9l

—I\__ 2 T M

0.1

o

A

50 100 150 200 250 300 350 400
(b)

-0.1
0

0.01

f ﬂ 1
ot /\)\/ J\/\/\mf PRI S

-0.01 I I I I I I I
0 50 100 150 200 250 300 350 400

0.01 T T ((\:) T T T
Lo AT A
Wy \/ il I b‘/ \\‘ I '\/ | “J \»/ vy H Y U / \/ Uy
7: 50 1‘00 150 i;)()) 250 300 350 400
65 s 7 i I
50 160 150 “mez(‘g,?sec) 2;")0 360 3‘50 400

a9 2. BojAd Ay
Fig. 2. Simulation Results. (a) tracking error e (b) control
input w, (c) control input wu, (d) estimated

c

frequency .

A1 E

[1] B. A. Francis, “The linear multivariable regulator problem,”
SIAM J. Control Optim, vol. 15, no. 3, pp. 486-505, 1977.

[2] J. Hung, Nonlinear Output Regulation: Theory and

Applications. SIAM, 2004.

[3] H Kim, W. . Kim, C. C. Chung, and H. Shim, “Track
following controller for optical disk drives based on adaptive
output regulation,” in Proc. IFAC World Congr., 2005, pp. 1-6.

[4] W. Kim, H. Kim, C. C. Chung, and M. Tomizuka, “Adaptive
output regulation for the rejection of a periodic disturbance with
an known frequency,” /EEE Trans. Control Syst Tech, vol. 19,
no. 5, pp. 1296 - 1304, Sep. 2011.

[5] H. Shim, H. Kim, and C. C. Chung, “Design and experiment of
add-on track following controller for optical disc drives based on
robust output regulation,” in Proc Amer. Control Cont, 2004, pp.
1829-1835.

[6] L. J. Brown and Q. Zhang, “Identification of periodic signals
with uncertain frequency,” /EEE Trans. Signal Process, vol. 51,
no. 6, pp. 1538-1545. Jun. 2003.

(7] Q. Zhang, “Adaptive observer for
multiple-input-multiple-output  (MIMO) linear time-varying
systems,” IEEE Trans Automat. Contr, vol. 47, no. 3, pp.
525-529, Mar. 2002.





