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A Multi-objective Robust Adaptive Control for the Stable
Rejection of a Sinusoidal Disturbance with an Uncertain Frequency
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Abstract

This paper presents a multi-objective robust adaptive control method to stably reject a sinusoidal disturbance with
an uncertain frequency. The adaptive frequency asymptotically converges to the actual frequency in the steady state
by the proposed frequency adaptive algorithm and the effects of the sinusoidal disturbance are eliminated by the
adaptive controller. By designing a feedback controller so that eigenvalues of the entire system that change according
to the frequency adaptive algorithm exist in a specified region, the adaptive frequency has stable convergence
characteristics even in the transient state. Both the feedback and adaptive controllers for the stable rejection of the
uncertain sinusoidal disturbance are designed using an optimization algorithm that combines Linear Matrix Inequality
(LMI) method and Particle Swarm Optimization (PSO) method. The performance of the proposed robust adaptive
control method is demonstrated through the simulations on a track-following system of an optical disk drive.

Keywords
uncertain sinusoidal disturbance, robust adaptive control, frequency adaptive algorithm, particle swarm optimization

* oty AFE LS ug - Received: Jul. 15, 2025, Revised: Aug. 22, 2025, Accepted: Aug. 25, 2025
- ORCID: https:/orcid.org/0000-0002-2552-8069 + Corresponding Author: Moonnoh Lee
Dept. of Computer Engineering, Dong-eui University, 176 Eomgwangno,
Busanjin-gu, Busan 47340 Korea
Tel.: +82-51-890-1713, Email: mnlee@deu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2025.23.10.65&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

(o]
[op]
it
fot
i
e
N
&
I
1o

N

gt oJge) o
LN 2

W* 7SS e &8 AzEdAs #
HO, 9B A5 To] fhoket Yooz Y
49ﬁmlmﬁﬂq}chmD—4 %%ﬂﬂﬂ
A AE 3H SR 78 FAo] ofFuh=
A w237t SxsE AET} 9fgo] EM
gt} olgid Ady)t T2 AjHoZ A WA
37 Wzl Ao R Aofsta]l A AlxHld
nAE S A Eofof ok

I B R
‘]

a9 9Fe AAL 4 A Tt 3
F5E A% ¢ 4 glod
O_:]‘

il
£ M g oag o ¢

(Observer) H=+ Z-3{(Adaptive) A|o17]
AA ForE FAAY A3
Aoj7lel EZFstoiof gk
e o] Fukgr FAHO A HF
71E ATFEL F5y Aofrler Ag A7) &
At F271E AP Ao F2E ASSIATH
= Aoyl HA Az"E HASATL HE
AA7IG ot #F71E 3l FHrE FANAY
Hgste] AAs o] FFS AASFATHIIE].
19l &3 Aoj719}F PI #7115 AREsle] A
b AAEAA S Faar AR FaerE st
Ze YeERRAT BlAe = #57]9 9=
Ao7)1& Argste] Ag Faro FH EAS
Astal Br 23 Egto]Hel A&t [6]0A
A3y W 2l 7|9k Aloj7]1¢ A&y v
AoV71E AHEste] AR} oete] JFS AASA
A G T A"l Agstith ol
Al AR FHE B ARl A
H Ag Fuart A FaeR

b EEoluy d7} 0o

l

l

rl

[11

p

—

o

rlr l‘-{lI =

il 4£ = iﬁ R
EQL °§‘ |
RO oo
e oo Qﬁ -y
r ( _Io(t
AN '
=T
(o]
fo
s 41::
=2 _1}.
P
o

Sk AL UERRIT
U A)E ATES B Aol Fas
Ag 5Y BAS BT, IE 39 B4E 4

FAel AAE 9% 0B el 4 Ao

RO 0] offy] gEd Fue A da
g0l B APl o 54 s AT 2
43 % gick TS Aol AA) xS O
SASE AR dEd G S5 Azl
AT 0o] 92 43 YA o A

o FE, Fs Al
9 IH= %
(Bigenvalue)oll 4
FI 2GS 2
2H IHA

dHst7l= of

r\l

b b83k AlZKSettling time)
AA AzEel 347
o). =R Eeddst
<lay JJr ROl A Al

A

ftlo Jlm
o OL
o

=

] BF

o°“

B
S
N
N
=)
Er&mﬂiﬁﬂlﬁ
oﬁﬂliiiﬂ
o oo &
b = i
4y 2 AN fo
oimrﬂﬂwrlr
T oD
o W o
o_>.:o[<>i'L
bl “}FE
N
Jﬁﬂo]om
o
ST

I im
ox
o
N
Y
¥
X0
o

w
&
Y
lo -
ox
r {
&
1o
i

;
1A
K

o >

ol o
ol
12
N
N
-0,
k)
olo
2

Matrix Inequallty) gk

Optnization) W< A3 5%45} FnelEg A

g3to] AAE 4 ok a8la Frad EgolH
A

o
(m
1=
4N‘
ofN
l
l>
n&
é
hin) g
S



Journal of KIIT. Vol. 23, No. 10, pp. 65-75, Oct. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 67

a9 1€ o] =RAA ;EsE HA AxE

FHEE eIt Ao} PEE A A2de 7
Q) ekgaks TEw Ao ¢ls), A Alol]
), o A4S gugzon YAt =Y

u,(t)

Ca(Wy)

dw /dt=ef(e,5,,82)

% 1. MA A|A”S] FMHE
Fig. 1. Block diagram of an entire system

z,(t) = A, (8) + Bu(t) (1)
et ):—C’x (t)+d(t)

A, =A,+HAE, C,
A AZRE ol e(t) 7k 54 7hsstER o
8 slew F2E 7AH A AEelA o7t 0
°of =5 AojsojoF FAnt ojge] FFE A7
& & 3Tk BE 9 d(1) A (99 o] DC
ARG Fo o AR 7RI A
Fukpet 271 g A8 & 4 la At
Hag & o ok 7P

d(t) =d, +d;sin(w,t+¢,) )

Wiy = W = Wiy,
dop < dy < dyyrdy, < dy < diyg

e Aoj7] ¢(s) e ole W= FeE 7}
Am) 4 ()% o] YERd 4 Ak

=G AR, |4, <1

(t) = Az, (t)+ Be(t) 3)

Ag Fu 0,3 DC AR Ug 593 zdSs
EFBEE 2 (4 2ol TdT
& (t) 0 o 0][&®] o
&EW|=1-5, 0 o||&®) |+ |Kile(t) )
t

3\t
u,(t) =& (1) +&(t)

, &), )= As Aoz dH W
K As A7 A, u, ()= A
< Uitk o] =RedAe g4

A )Y Fo A

e X
JE

&

o do
ox g Mo

SW&WE A ()
of ol

Ru}
=
i
o
=
o

gt +e&(t)
6]
g=d Aoj7]ek A-g Ao71E 4 (1l FL3h
W A A" A (6)F 2ol YeRd 4 Ut
2(t) = A(w,)z (t) + Blw,)d(t) (6)

e(t) = Clw))z(t) +d(t)
A OIAOYAORAGIN

a:(t) = [xpT(t)

Ap — B, pyD c Q) BP C:«' 0 BP BP

-BC, A 0 0 0

Alw) = 0 0 w, 0
-KC, 0 —o 0 0

- KC, 0 0 0 0



AA A zHlo
FA7F &9 Ag 22
718 AAE & Slvka ZHAE,

e=0% W 4 ()& o, =00] HIL &S Fugis
o =w 9 B Fa) HEg A3 For)e A
g Aoz} =i AHA AzES AE
"ok J23d AEg o a(r) oA e 8F 2 (1)

A AL I Hjww)E 7€ 5 3 Y

)
‘O,
2
ol
o
b
Jfu
Y
§>
©
2
i
k1

12
>
S
<
)

4
&
}‘.r
€
ox.
fr
flo
NI
=
)
i,
)

z(t,w,) = H(j0,w,)dy + H(jw,,w, )d,;sin (w,t+ ¢,)
(7
v =0, g ®, AL FF Hijww)es 2 )
2ol 7  Qitk
H(jw,w,) = [jul— A(w,)] 'B(w,) (8)
Ay Am}i] — [An(jw) /112(jw) —
= . .\ | B
[A21 A22 (wl) A21(]U—7) AQQ(jw) (wl)
4. = jw] A+BDC' —-B,C,
" B,C, jwl,— A,
|G Gw) Gy(jw) 0 —-B, —B
4ot |t 12\J 4 :[ " ,,]
Gy (Gw) GyuGw) ] "2 o 0 0
| 0 0 jo —w, 0
Ay = [(19»0 » Ay w, Jw 0
[(QC;)O O O j(,L)
22 930 4BY T olgsle TR Y
(jw)a (CL)), AQ](jw B AQZ(j(U)l‘:—:_ é‘]' (9), é‘]'
(10), 4 (11), A (12)¢F #Zo] 7& = Utk
An(jw):(A 7A12A272]A21)7] ©)
jwl—A,+B,D.C, o
leB C KQB C —B,C,
=|t+i—= 5 >
W, —w
B,C, jwl,— A,
:w(a2 ){Qu(]w) Q (.70—7)
! o (J‘U) Dy (]a))

Q21( ) EE:]-
A 3L ol§ael 7

{0

Ol

®

W

87
o
-
A

]
2

% &
Q (j

o
i)
o
=
L8]

(]U—’) Q12 (]CU)

PEESS EE]

[N
4 =
zzv
o

Ay (jw) = A2;1A21A11 (j"-’) 10
7(1)51[(]?7362]1 (jw) *‘Ua]K]?lez (jw)
=| 'K C,Q, (jw) — jw’ K, C,Qp, (juw)
i(07 =) KGR (jw) () —o?) Koy @y, ()
Ay (j"-’) = (AQZ _14211417111412)71 (11)
—w*+jw w) — —
TAR O o Bya) ~5, R, i)
- R&w) falfjw+R2(jw)) — o + jwR, (jw) _(ff}jl(f;)
w, R, (jw) — jwh, (jw) +j(iJRl(jw)
R(jw) = (v, —*) (jw+ Ry (jw)) — R, (jw)
Rl(‘jw):[(lapG'H(j ) 11’R2(-7w) [(QNC[)Gll(jw)BI
Au(jw) = A1711A12A22 (ja)) (12)

—jww B G’H(ja))
= |G
—2 )

(a)l — wQ)BPTG'lT(]w

—]ww B G’21 (jw)
— aJQBpTG'21 (]a))
) (=) BTG (o)

21 9), A 10), A 11, A 12 A ®) F&

F gyt Ak a@) oA e W ¢ (1), &(),
(t) 744 ]

}[4(.7.0—77&1) %

Ag 3¢ H (ww,), H(jww,),
P (13)3 o] 78 & 9l

H (jw,0,) = w(w; —w?) M, (jw) — (13)
(K — (@) — o) Ky) Gy, (joo) B,R ™\ (jw)

Hy(jw,w,) = wo, K M(jw), H,(jw,w,) = jw' 5 M(jw)

M(jw,) == C,M, (jw,) + iR (jw,)

M, (jw,) = @y, (jw,) B.D,+ @, (jw,) B,

-—'_12’,

MW, A @, A (13 o183k o, = oA
)g’EH 21(15:(01); _52(15:(1)1), E(t,wl)«] DC }‘6]\"]:_]‘
4 (4 Lol 78 5 9T FAE 0, P

(158 Zo] & &+ Ut

rlo



Journal of KIIT. Vol. 23, No. 10, pp. 65-75, Oct. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 69

e(t,50) = (= Aqul(jO’aJ'Fl)do (14)
— 1 K,C, Gy, (jO) B,R™Y(j0) +1
=—R(j0)R™'(0)+1=0
&,(t,50) = Hy(50,w,)dy =0
&,(,50) = H,(j0,w,)d, =0

e(tjw) = (= C,H, (juy,w,) + 1d;sin (wt+¢;)

= w, (w0 — ) M(jw,)d,sin (w,t +¢,)
&, (tw,) = wyw, K M(jw, )d;sin (wt+é,)
&, (tw,) =K M(jw,)d,cos (w,t+¢,) (15)

Aol tid 598 2do] ¢,(t) & T3l A
s Aol 2FHBRE ¢

e(t,w,)e DC AEES EF 00

TG v =w oA € (¢

2 (159 Z2ol F », AT 7HAA "ok

)
o
U
=
>
1

Y

,@1), 2(t7a1), e(tval)%

He) 1) B Bl 2R A3 s o

o ool s AA Ajz=dlo] 7l ‘3&@’3}”& 2

ed Fo Ag duZol o) 0, v, 07 A
THoR sty A4 AN dE eltw,e)E
0°] Htk

w, =w, 0 Fi

%%) e=00l9 A Foprs
SIA

m]%l % Eu-lo]] EHOH ;q;q] /\]/\Eﬂo] 710L] o}

s —\N ISl
A=A
fo = 4> rr o

AC)
[N
1o
1:19L
_‘
=
[
=
o
=
P
=
]
.

°l Aow A AdeielA Tﬂr* A g1y
A Wets F98Ae] HER B Y
A T o v oA W "ok 18E A
4 AEONA € (twpe), & (Lwye), eltw,e)e 2
(167 Zo] Yebd F 901 § (tw), &(tw,),
e(t,w,) 9} o] T34 o, AES 7EAA Foi1].

& (twpye) = & (tw) + €&, (tw,e) (16)
ZQ(ta(;’]ae) = 22(1‘/351 ) +652(t70}]76)
E(t,c&l,e) = E(t,a] ) +eg(t,(:7],e)

YA A g IME Fis Ag dmElFl
o3l € (twpe), &(twye), eltw,e)E 2 (11T
o] vk % gk

&, (t, a)l, €) = ww, K M(jw, )d;sin (w,t+¢,)
Zl(t wy,€ €) —wf[(lﬂl(jwl)dlsin(wlt-ﬁ-qﬁl)
e(twpe) = w, (@ —w?) M(jw,)d;sin (wt+¢,)

a7

Fo AS oY v, =0, -0, 0=wt+¢ T
Aostal 4 (17)& 4 (5)ol Hgstd G el
A Fa AL dugze 4 (lg)J,]. o] Jehd

ol\:}'

-
3

El (ta(:)pe)g(ta‘:)pe)

b e Sitbenetboy )
g?(tvw1:€)+53(t,wl,e)
~2
- (wy —wi) sin’0
w, Sin29+(w?/(f)i)00529
218y FIF o, ofl gk F714Q1 grolm
2 137 o gisld HE i AL 9y
o, E A (199 Zo] 77 4 9]
~2
” (@, — 1) 1 sin0do
Wy, =€ ~ - - N 5
“la 0 sin®0 + (wi/w;)cos®d
:76((;?;@3) Gu_ -
Us]fl (w1a+w]) e
(19)

e>0012% g & HTHoZ (02 I
a3 o] Zow A FEelA o =AW
hnZ Hy ol s o & 00E FHIH.
w; = w0 F- A (ADANA etwp.e) 2 00] HTk



2 0]

\,
o
it
ot
ik
e
N
L)
=N
o,
oX
e
K2
to,
e
13
o?ti

Al 19 93] eo] 2om Aot
73]101] ,]5]] A} }‘}F/H"ﬂ/ﬂ (f)]
S g e(t,w,e) e 00] HTh ‘GWJ g 1
A5 Aol FoF o, o £ XS BAT

i_.

|

fle).&(1).6 ()= e st o2ie] g
o7 Wil HA Az"e] H= &
A fle(t),g (1).60) 2 dhdes 2 s 7
A ol &AL eoll HEAE w0

0% 233 /Rl ek she Sgel ) 2
SFEEE £(e(1).6 (1),6(0) 7 HobHA 44 4o

o

3 SAE § W 98H 97 920

TAEe] w0 w oA Holutsts T g

AA AzEe] The $v Exe mde 234
I Aw) 9 T A (@)l o8] FEFE W) o
2ol BT S8 BEXNS S0 s o
o AT 1HA A (o) 7 BER s 54 99

HUG w it Hag w, WolA Wk ool
'y-7} EA odo)| &A=

Al2=glo] QI7he 2§l {io] tigt
ool e FE, 45 AL HE3) ARt tigk &
Aol A A -(w1)7} EANoF sk 3709 54
P92 2 (2007 2ol UeRd = ATh9].

- e 23 *d?‘%

{)\—er]y z+|x|mm } (20
—{)\—er]y. |)\|>|/\|m]~n}
={A=z+jy: [0|<0,,} 0= (r—tan"'(y/x)

o7t EHESE HRE ARkl Aol
om0l 0018 AA Azl A2l ey §i%
ojo] Ak 123 ||

||

min ]

40l AAZ 9% TBA 42 42 Ao

Zko] ZopALL 6, .0 Ao oW wE} 4
ot 9o I9EL 4 2o M YHez
Ehd = 3l

0, ={z€ C: ai+zﬁi+;/6’iT<O} (21)

Fo4 A8 dnBd ofs) AS Fue o7}
Aol wet Wabr] wEo] A(w,) o LHAE A
2ol weh w@s "g a2y A% Fagt
wy = 0 < wy el e W] A(w,)9 1
SxS0] EA HHo) A ZAEEE I A
o7& AT & Utk o, & HUFH HrYgow
AE 2 2 (22)2 o] Yehd 4= Tk

w, =w, +0(t)w,,. [6)] <1 (22)

wiy = 05w+ ) wy, = 05wy —wyy)

Alw,) = Alw,,) + HAE (23)
A,~-BDC, BC. 0 B, B,
_ _B{JQ) A(,' 0 0 O
Alw,,) 0 0 0 w, O
_[(1621 0 wln 0 O
- KC, 0 0 0 0
H—BDH, 0 0
_ “BH, 0 0 | [£E0000
H= 0 Wy 0 [, E=100010
_](1}[2 O wlm 0 0 1 0 0
K50, 00
A, 0 0
A=|06() 0 |, 1Al <1
0 0 6(t)

2 29449 A Faol dis) 4 (24)
= X, >07F A8 A(w,)
ol EA st

=

o

o

>l
LA ]

o IHA A (0)E 2 @De LM



Journal of KIIT. Vol. 23, No. 10, pp. 65-75, Oct. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 71

M, = (A(w),X;) = ¥;(w,,) + 8,0 (HAEX,)
+8'® (HAEX,)"

Y (0,) = 0,®@X, + 8,0 (A, ) X,) + 8/ @ (4w, ) X,)"

24)

o W89 A=2W|AH F(Kronecker product)S
ekt A& -71“-‘”4—/?7P 2 (229} Zo] 2AHE
2 4 F BFdhe shue 24 (1119 23
sl 2 (25)«] P Redoz Yehd ¢
ot

pass m{m

Yi(w,) B®H I9uXE"
sleH —ml 0
]®:uiE‘Xi, 0 —ud

<0, X,>0 (25

4

M A (258 DEsE PE x,
po>07b EASE A(w)9 ZE LHHE0] 4
DS LMI ¥l 3 EAsHA Aok H3 F3¢
T w/F = FEolA AR FH RS 7
71 HellA e & (1), ¢
Eu} st ARk Zte
wjojof gt oM ‘ITE
l:r" 3011]_1_ =
& EE Hapow :\L—§]r 7Fs/de] Eolzith

2 2009 3708 B4 Fo= s LMl g9 L
= %*}ﬁ} Fa 2 25 9] #E FsAo] HA
= TS Alol7] gYol Fopxitk 1
] (5)°ﬂ v Hoi7] ¥4 A, B, C, D,
Aozl AN K, K FE X, >09
o] 9] W] LMl S A&
(258 Wk Al Ao7|E AAT
a4 o] AFelA= LML HE3 PSO
[12]—8: 24 HAH3 ¢ugES 75k I
I Aof7)et AE A7) AQNE Tl e
A7) AgEd AS A7l A kK, K= PSO
e AAE AL A (25)= AY 49 e
2ol ol LMI WS A&d & Stk 184 <
At AL LMl FHo 8 ARt oW FE
PSO WHollA 2 (26)3%F o] 3 FHE HA

IR CER e

>

=
>
=

o
K
e

o[o

ok

o o
g2
__Eﬁm({gﬁiJ

1B

22

1 o= )

I
=

3& rlr re

J= max (r—tan '(y,/z;)) (26)

1<i<N

19 2+ LMI W PSO WS AEs HA
3} 485 SEEE UEhiTh Alof7] FetrlE
A, A A7l A K, K, 3F 5 >05
PSO L&Y /A QAR MAsy Avga
HAage A3

Create initial particles
satistying LMI condition

| Initialize pbest; and ghest;

Update to new particles
satisfying LMI condition

I

Evaluation the objective
function J

| Update pbest; and ghest; ]
|

J% 2 LM gt P

Fig. 2. Flow chart of an opt|m|zat|on algorithm that
combines LMI method and PSO method

z7] NAE Ao Ha49 t”% WellA
o7 AAsty Jzw oy FEE TS
AE I Aoyy] FFH AE xﬂOM Al
, Ky, 5 1,5 A (250 tdstar 4 (25)
e X, >00] EAsHE 27 AA= AR
ot 27] MAE sl A 269 Hx T4t
27b He MAE Poest,, HAars Ghest; =
gt
(

@

.*3

ke

=

o e ol rﬁ:ir

N
i

WA z(k) el AFoR AYHHE=
gate] 4 2N o] MZE A

[o

v, (k)

j =
Z,(k+1)5 AR
Vi (k+1) = pV,,(k)+0.5 < rand x (Pbest; — Z; (k))
+0.5 < rand < (Gbest; —Z;(k))
Z,(k+1) = Z,(k) + V,;(k) @7

K 31500l weh Aol A Haghos
5Pl Wtk AE AAZRE Aolr] WL



72 BHAF Foiro) JAs o)

Tt A (25F e X, > 00 EAstdE A
A A= AR

@ A" A disf 4 (262 Fx vt
Ha7b He AAE Tl Ghest, S Wlaste]l o
Zo ™ Phest; 94’ Ghest;= £ uo)EsIt). Ao wt
B 5157} ohyW @3 @9 HHL MR,

HAg duglgo] FRAY HF Ghest, T T3
)\l (25)5'—_ uZ:—a—],_T/_ Al (26)?3: 5] g]_o],._ J,]l:an
Ao1718k A& Ao7] AdE 7 + Uk

4% A48
2 Agaied s=d Aol7)gh He Ao)]

IV. AlZ2o|d Zxt

o] %5%01]*1 Xﬂom E}Eﬂ %“’J A-g Aol Wy
o
[€)

F BeHA ) 280 )
QT e AN FHEL 2] (28)F 2ol 1}
RS

P(s) = — [582.7, 600.5] 8

s24[60.6,66.9]s +[153615, 169785]
[ o0 512 o o o
4, = [—315.8—6347]’}[1 N [15.8 3418]’37? N {1]

10
¢, = [1160], # = [0.0170], 5, = [01]

EY 2% AzHe A4 A oa) 228 o
9 e, (t)= Ke()7h 34 7Fsel7] mze] 3
ek A= Aollsh 4e Aol s
05 A ATABE A (9)% o] ZE o]

of os) AT FF AN K= 486x<10°%
Al

R AAS A 0

A 749 A S Ao}

L _Glt)e,0
YE(t) +Et)
(29

= efle, (£),6,(1).6, () =

A3y} ko] Ful= 60 Hzol A +20%<1 Ao
72 Hz, 2 48 Hz W99 B84A4E 7Kg 7}
At AlEH oA e A= oA AL 3t
T w9 FE BEAE vas] A8 4 309 F
LMI 998 1333tk

2, ={2€C: 01+052+05z<0} (30)
2,=12€C: 50+052+052<0}

P9 2 2+01<0%] FHoE B A
e 1Ee dHolal FY 2,2 z+50<09 9
qoz 7l 4T At *lzlgl *é%—% ey
8 =]

>
1>
5
S
B
f~
ot
A
rlr
=)
n
é’
2
N
jg

o17] AL Tt 4 (31)4 7,;1 34 9201]
3 = Aojr|et A Alor] AdE TaEtd 2
(32)9F 2tk

0.125% +497.254+1.26 < 10°

Chls)= 31
n(s) $242.0% 10%s +1.26 % 107 Gh
K, =106.8, K, =189, J,.;, = 1.242(35.5 ")
2152 ) 4x10°
Cls) = 0.2152+960.85 +5 0 )

57 4+2.3x10%+2.0 X 107
K, =99.5, K, =31.5,J,,,,, = 1.259(36.9 ° )

Al E#o)lAe MATLAB SIMULINKS AR&-3H%

I FHEE 3 B9, AT e A Tk
w & 60 Hz, 7] dy= 80 m, d,< 200 m, 2%
Fo) 27|38 54 HzE AHESIYT

a9 32 99 o dF A7 ¢, (s) 8 A
A Azdol] AEqE W] eof WE HE Fur
w9 £ EA4E Uit o] 25 Wy £1
S e=20Y¢ WlE 5 ms, € =
ok Aulgt 2 Hz2 E3E e AL & 5 9
obY ] &3 EAS 95 (=1008 A

S o Rba NS4 =a



Journal of KIIT. Vol. 23, No. 10, pp. 65-75, Oct. 31, 2025. pISSN 1598-8619, elSSN 2093-7571 73

3
=]

Adaptive frequency(Hz)
(2]
~N

56 (a)
54
52 L . L . L
0 0.05 0.1 0.15 0.2 0.25 0.3
time(sec)
3% 3 (a) e=10, (b) e=20, (0) e=30¥ W2l Mg Fups

2 w e T8 &M
Fig. 3. Convergence characteristics of the adaptive
frequency w, when (a) €=10, (b) £=20, (c) =30

3P 4= A7) Culs), Cpls)E EF 7%
Azdle] &3PS o] AE Fug 0,9 £H 5
S Uepdth oy (s)ll o 4 FIF 9
QPESt AR oF 0352011 Cp(s)l T A%
T w9 S AZRE oF 0.15%0]ch A W
o} ool ek st ARE EAS et A
AL Cnls)7h Cyl(s) BT A3 Fae) 8 §

(
HE d 9RA 2e vehith

68

@
@

2

@
N

Adaptive frequency(Hz)
w =2}
@ S

9]

=)
T

g

o
B

52 . L . L L . . . L
0 0.05 0.1 015 0.2 025 03 035 04 045 0.5
time(sec)

3% 4 (a) Culs), (b) Cels) & wel XS

T3 EM djw

Fas 5,

Fig. 4. Comparison of convergence characteristics of the
adaptive frequency w, when (@) Cx(s), (b) Culs)

19 55 A7l Cpls) ol thell AA F3 o,
S 1Z0lth 60 Hz, 68 Hz, 60 Hz, 52 Hz, 60 HzZ
Hsle wjo] g Far o9 £ EAS vehd
ok %‘rﬂhﬂ *Péﬁ}ﬂﬂr 6}7%}% ?7\}01]5 Sl

]

Disturbances(um)

L L L 1 1 I L L I
o] 05 1 1.5 2 25 3 3.5 4 4.5 5

time(sec)
o
7z
c 65
@
=l
g 60
=
[0}
= 55
[=%
S sl
< %0 I l \ s \ s . . .
0 05 1 1.5 2 25 3 3.5 4 4.5 5

time(sec)
a8 5 Fabp , Bl mE Foie J;l
Fig. 5. Convergence characteristics of the frequency
(f)l according to change of frequency w,

| AE# EM
9o

w
S

Temporary Disturbance(um)
o 3 8

1
1 1.05 1.4 1.15
time(sec)

sefol YAlEel ojt

oo
©
@

% 6. Afcte|E
Fig. 6. A trapezoidal temporary disturbance

a9 73 82 Aol €, (s), Cp(s)E AL
wel AAHQl ok o HE Fu o9
EA3 oA E Yehdth Alo17] Cpy(s) Y ™
AFRL SJgtel] g A Fakg w, 3 o2 Bl
ol oF 50% O i o e dstErks A

ot

o _<a w4y o

1o
>
3o
o



74 2T Foio] AAo A7) AR AAE AT oEH A A3 Aol

Adaptive frequency(Hz)
w [2]
%

=
)
S
\

time(sec)

. . . .
1 1.05 14 1.15 1.2
time(sec)

a8 7. (a) Cu(s), (b) Cels) & mhel AAIZel 22tof

ot M2 Fulp o £ EM vjn

<3
N

@
T

a
©

Adaptive frequency(Hz)
o
3

o
©
a

Fig. 7. Comparison of convergence characteristics of the
adaptive frequency J)] due to temporary disturbance
when (@) Cqu(s), (b) Cels)

0.1
_ 005
E @
5 0 v U\
w
-0.05
-0.1 L
0.98 0.99 1 1.01 1.02 1.03 1.04
time(sec)
0.1
0.05
£ L
§ 0
fr
-0.05
-0.1 = .
0.98 0.99 1 1.01 1.02 1.03 1.04

time(sec)
O3 8 (@) Culs), (b) Cels) & mel AA[XQl <t
o|st ofl2{ eft) Hlw
Fig. 8. Comparison of the error elt) due to temporary
disturbance when (@) Cy(s), (b) Cels)

V. ZE H F=oH

cE S
oo o ol
Eﬁim[oj
moR =2

32 N

oof (v o
o180
=2

FE A 9 B4 YeERISL LM W
7 PSO WHe A HAHs) dauEFE AHES
of ARk ARl A& Aol WS sk Alo)7]
£ AL Frxa seo|He EY 3%
ANzHol| H4¢ AEYolHM A 7 A4S
1S AtE Ao U] = FH E4E 1
StA B2 Ao WHRTE oF 23u] st A7t

RS

o AT AgeE guel 9AH
g Znseh olele] Yol of s0% o
HH
o) B gl EAshe AxHeA 29 A
& Aol dnEL A Aol

References

[11 Z. Chu, W. Zhang, M. Zhu, and B. Chen, "A
Robust ~ Adaptive of  Unknown
Sinusoidal Disturbance", IEEE Transactions on
Circuits and Systems, Vol. 67, No. 4, pp.
705-709, Apr. 2020. https://doi.org/10.1109/acc.
2015.7172167.

[2] M. Kamaldar and J. B. Hoagg, "Adaptive
Harmonic Control for Rejection of Sinusoidal

Cancellation

Disturbances Acting on an Unknown System",
IEEE  Transactions on  Control ~ Systems
Technology, Vol. 28, No. 2, pp. 277-290, Mar.
2020. https://doi.org/10.1109/tcst.2018.2873283.

[31 W. Kim, H Kim, C. C. Chung, and M.
Tomizuka, "Adaptive Output Regulation for the
Rejection of a Periodic Disturbance With an
Unknown Frequency", IEEE Transactions on
Control Systems Technology, Vol. 19, No. 5, pp.
1296-1304, Sep. 2011. https:/doi.org/10.1109/tcst.
2010.2066276.

[4] H. Kim, H. Shim, and N. H. Jo, "Adaptive
Add-on Output Regulator for Rejection of
Sinusoidal Disturbances and Application to Optical
Disc Drives", IEEE Transactions on  Industrial
Electronics, Vol. 61, No. 10, pp. 5490-5499, Oct.
2014. https://doi.org/10.1109/tie.2014.2304920.



Journal of KIIT. Vol. 23, No. 10, pp. 65-75, Oct. 31, 2025. pISSN 1598-8619, eISSN 2093-7571 75

[5] S. Jafari, P. Ioannou, B. Fitzpatrick, and Y. Wang,
"Robust and Performance of Adaptive Suppression
of Unknown Periodic Disturbances", IEEE
Transactions on Automatic Control, Vol. 60, No.
8, pp. 2166-2171, Aug. 2015. https:/doi.org/10.
1109/tac.2014.2383011.

[6] M. Zhang, Z. Liu, and H. Su, "Robust Adaptive
Output Regulation for EV Dynamic Wireless
Charging System With Sinusoidal Disturbance of
Unknown  Frequency",
Industrial ~ Electronics, Vol. 71, No. 7, pp.
7301-7311, Jul. 2024. https://doi.org/10.1109/tie.
2023.3308131.

[71 J. Stewart and P. Iloannou, "Rejection of
Sinusoidal Disturbances With Unknown Slowly
Time-Varying  Frequencies for Linear Time-

IEEE Transactions on

Invariant ~ Systems", [EEE  Transactions on
Automatic Control, Vol. 69, No. 8, pp. 5531-5537,
Aug. 2024. https://doi.org/10.1115/1.4064748.

[8] R. Marino and P. Tomei, "Global Estimation of n
Unknown Frequencies”, IEEE Transactions on
Automatic Control, Vol. 47, No. 8, pp. 1324-1328,
Aug. 2002. https://doi.org/10.1109/cdc.2000.912008.

[9] M. Lee and H. K. Lee, "Design of a Robust
Controller Using Genetic Algorithms and LMI
Design Method", Journal of Control, Automation,
and Systems Engineering, Vol. 17, No. 7, pp.
619-624, Jul. 2011. https://doi.org/10.5302/j.icros.
2011.17.7.619.

[10] M. Chilali and P. Gahinet, "Hoo Design with
Pole Placement Constraints: An LMI Approach",
IEEE Transactions on Automatic Control, Vol. 41,
No. 3, pp. 358-367, Mar. 1996. https://doi.org/10.
1109/cdc.1994.410998.

[11] M. Lee, "A Robust Optimal Controller Design
for the Stable Track-Following Control", Journal
of Korean Institute of Information Technology,
Vol. 12, No. 11, pp. 1321, Nov. 2014
https:/doi.org/10.14801/kitr.2014.12.11.13.

[12] J-H Shin and M. Lee, "PSO-Based adaptive

neural control for trajectory tracking of a mobile
robot", Journal of Control, Automation, and System
Engineering, Vol. 26, No. 6, pp. 506-516, Jun.
2020. https://doi.org/10.5302/j.icros.2020.20.0052.

KA27H

ol & = (Moonnoh Lee)
19919 24 : AR w
AAEEIH(FEAD
19934 29 : KAIST
A7 AAZ (T AY
19983 8¢ : KAIST
A7 QL2382 (F- 8 AR

2001 9¢ ~ @A) B



	불확실한 주파수의 정현파 외란의 안정적인 제거를 위한 다목적 강인 적응 제어
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 주파수 적응 알고리즘을 통한 불확실한 주파수의 정현파 외란 제거
	Ⅲ. 과도 응답 특성을 반영한 강인 적응 제어 알고리즘
	Ⅳ. 시뮬레이션 결과
	Ⅴ. 결론 및 추후과제
	References


