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ABSTRACT

In this paper, we propose a T-S fuzzy feedback linearization method for controlling a non-linear system with multi-input, and the method is
applied for trajectory tracking control of wheeled mobile robot. First, an error dynamic equation of wheeled mobile robot is represented by a
T-S fuzzy model, and then the T-S fuzzy model is transformed to a linear control system through the nonlinear fuzzy coordinate change and
the nonlinear state feedback input. Simulation results showed that the trajectory tracking controller by using the proposed multi-input feedback
linearization method gives better performance than the trajectory tracking controller by using the PDC(Parallel Distributed Compensation)
method for controlling the T-S Fuzzy system.

IIHE
ol sRE, AZ F4 Alof, TS #x 2d, oF = T8 5 Ad Ay

Key word
Mobile robot, Trajectory tracking control, T-S fuzzy model, Multi-input T-S fuzzy feedback linearization

~ 3 Y - Fecistn My|zetn Heoxb 2011, 02 28
M3l Afoistn M7|Zetnt AAtER X} 2011, 05. 09
~ EpEQ ity Molzstn)

e HEQ 0 ZHAUE T MY|Z5aE (WA XL tsyoon@changwon.ac.kr)



G AYYRENEI =EA A5E ATE

LM E

ANtAO T o] FZELE WPHQ vy Ajxdlo]
ok A Ao o] B2& T3 v H A 2EE A 037 9
#HAe A8 A8 3Hfeedback linearization) 718 3} T-§
HA| Ao} 7ol b BHA 0 Z ALY A E Y
3719 AYSE Siste] Yntd oz HjdYE HE W
3 vXE AL st Yo wME Ao
ofell X EratA Ao} ok e} o] & %
Ao 2 uj$ o] o] FHAH Ageg o3}
71 o F o] BTH1-2). T-S HA 22 vj4 ¥ 2
o] ZAV B o9 f-88h, o} FARE V2R e
oz e Ay 2dEy Aoz 7" 183,
T-S HA] A7 Zhzte] Ay R do diste] A o
Z] el A Aor1gd #HX) ZF o2 T3S
v o] e o] o] ME R Ao o g ztzte) A
01715 AAF glo} AAAT e IHEE 1
shofat 317] Wi AF AP35 71U AD AF Ao o]
£& AFH o2 T-S A Aoj719] A o] &8
slohe o gof At

3, A o) 719 AA0) Qo) AF Ao} o] 2L A
o2 o] &¥ A2 AR YL VIHE AL
5 XY= T-S HA RAES AT 5 it ol
T-SHA Fe 2 RdY g A2dg Ao T wof = 2
2Rl o] ArHe-71. oo th s A M of shtE A,
HAPANLHET-SHA B2 FHS FT-SHA L

o
o 2

p

HARAA XM GA A7 A& 7HeA FET-SHA A
B A% A3 7 H o] B ¢ B (single-inpu) & 2= )
Ay Al 2dd] giste] B =89 ALEd o8 Aty
SATHB].

W, o] BEE ] AX 33 A o|(tajectory tracking
control) & 918} Lyapunov & AF&-3 #1¢ A& 3}
Ao} 717} A etH Y THO-10]. F 2= 71F AR F90
A Agsg o8 FE5AS A 2d S o 431 A
¥ o & Ao 71Y & o]&3t] Ao)7| & A Wy
o AHRATE o] P E HA o|FEE A Ao
AP F URE Ao Yo A=A ¢4ET
=9 Qlg o2 FAHAATHLI

1448

B =RdqAHE 03 o E(multi-inpu) S ZHE T-S 9
x 2do] M3} & A, o] & o]-&3k 274
9 g g /A= vt Y o] R R AE FH L AF
Ao}71 8 AAs A B}, o) & $Y35to, WA o] FER
oy FEA ML TS HA RdE g} 1
A5, ) TS HARLS A =AY 9= A% A
3wl g e AR JES Bote] AF Ao} Al 2H
oz WaAAIt wEM, A Y Ao o 2] F5A A2
& A BEE A7) & MY Ao o] EE AHEF
A AAE S SA Y

gz A= R s AT Y, & =
B A Agtahe 71 M A T-S A 2d& A o] 43514
Aoi71E F3h= 71€9] PDC(Parallel Distributed
Compensation) 7] H[4-5]°] 2]3te o] 289 A F
HE A3 A7 E 42 AAG AN EH IS T3
o 1 AHE ulas) B2 gk

E =R 3L dgy v A E o5z
O AE 4 A& A v Y o] TR EY ST A
Az e 24 ol e A A Agt A e o
Z 98 1.8 A AF et A4S 47 A% 4y
& AF IVE A & A B o] 23S HolF 3,
npAlgo 2 Vo 22 & 7le ¥

0. vHE o|S2Re| 28 Y4

2 19] B o5 2B gid /)78 AL o
3 Zo] Folnt

' T
= |y

g
A7A, z,y,0%E ol E 25 A (pose)ol™, v, w

44 )T 2R HE o & E el ol F
229 A9 7FE A% Abol9 ol e

cosf 0 v
= |sinf 0 L}] )
01



R ERCEEEERLE SR

ol ol FRR Y Ak 4 Ao

Y 4
v/
. /
o, g
. /e
' w= =dB/dt
wl L R R
S @ ol

b3 4

% 1, 2o 2Re| 335 =,
Fig. 1. Kinematic model of wheeled mobile robot.

(etror)¥= Th&-3} 2] A <@ TH9).

e,|=|—sinf cos60{ |y, — v )

Yy
60 0 0 1 9T—0

€z [ cosé sin00} L&
A7, z,,y,,0, & 71F A= FHEolth
e F3 ol B @F Al dis) vl
A1) ol 831 v 4 Q) 22 o E $ 54 A
ol dofA=w], o] 4 & o] F 2R 2] AoV AAE K3
A8

DRV 1

€z cosey 0 v -1 ¢,
e,|= siney 0 L;]—i— 0 —e.|lu 3)
6'9 0 1" 0 -1

A7) u=[ oTE £E 48 Heloln, v, ,w, &
NEALE TEANE A&} AEE2A 712 ¢

2 (reference inputs) ]t}

% =EAM A Ao Alade] FxE a7 29

o o] FR R Y WE F Ao YE WE g T}
A (4)9} Zo] ) = ¥ 9 = (feedforward) ¢ 8 u S} )

9 (feedback) Y Hug = FAATHILL

it do m}L

U=up+ ug = ['UTCOSeo wr] Ty [vC wC] T “)
9 A @M up & 71 HE H Y B Esto
Aozl Ao, upE the Ao A A F oA Ao} 7] 9

29 otk 283 a9 2 oA ¢= [x,5,0]7 oIn,

q. = [ Y 0, ]T—E' HeRdTh
A0 4 @EH Gl dda dEd 4 9 d&
pabiiad

€, 0 @ 0 " -1 €,

S v,S1ne, B v,

e, w, e+ 0 —e, w &)
e~ 60 ea O -1 c

¢ 0 0 0

PDC HH[4-513 22 T-S 9 X Ao] W& H43)
7] 34, ol 2] W7t ool 7k HE st B F )
Z AT TSl o FE AN D
ATH12]. mekA, 2 (5)ol M 2R3 7| & A AT
7be,=e,=ey =022 7} Fou & 4 (6)
B2 AR 2 A7) HAE A% o8 FEA A

Ao] dojzit},
€ 0 w, 0] [-1 0
ey |= |~ w, 0 v.ll€|+| 0 O [](6)
e 0 0 0]les 0 -1

2 =EdAE A9 4 6 os d AgHE
T 4E T-s A AL HFE PHE 45 o

FER AR 34 AAE A7 AA71E HA
g
o —
| Feedforward
. inputs i
EUF
reference | df | | Transformation  {controller ;ugéfu e 1
path 19 nrobet 3 T |0 robar |1
] caordinates

|

a8 2z 228 Mo A|A”e T
Fig. 2. Structure of mobile robot control system.

1449



s FARENG =52 A15E ATE

II. ojsEXe AT FH HOE #st CIE
23 T-S TA| Hg M

o] o4& WA T-8 9% R 2753, o]ojA
0% 912 T-S Bx) A3 39} o] & o] &3 Aol 7] A7
P& A 2 .

3LTSHA 2

Takagi } Sugeno®l] 9 8)A41 A QHE T-S ¥ 2] =&
B HAE Al 2de o e X (local) AE B
459 3oz FEIT}

A28 6ol g T-S Hx 22} i HA 73 (rule)
S oga 22 gy e et

Plant rule 1:

IF w(t) is F; and -~
Then e(t) =

and w,(t) is F,
Ae(t)+ Bul(t) M
A7IA, i =1,2,-,L |3 F, & 2a%9 97
Age YeEdt. 28 n A, E R, BER™ ™ o]
3, L& If—Then THY AF otk
wy (£),w, (), w, (£) & ARF WFE ofuh.

AA A A2ge e o] F2¥

Zm(w(t) {Aie(t) + Bu(t)}
e(t) = ®
Zuxw(t))
= é w(t)){4,e(t) + Bu(t)}
A7A,  w(t) =lw, (8), wy(t), -, w, ()] o],

i (w(t) )—fI

Fyol o ,(t)«l

4% Sk E(membership functions)e] A2l o4
i=1,2,-, L dsiA g, (wlt)) = 0 oln, mety
& AN EC] B

Dotk 283 F(w,(t)E

& AxoIn.

1450

L

2imwl) >0, Zh(w(t))—l ©

T-S 32 2do| A 28 2dd )3 5] x] A7l
}S3 go]l AT 4 glem,

Controller 1 :

If w, (t) is Fy and -+ and w,(t) is F;
Thenu(t)= — Felt), i=1,2,-,L

AA A Aoj7)= v gol AN+ gt
u(t) = Zh (w(t))Fe(t) (10)

32.9% 48 T-SHA AE 1Y
T-S 5 X A2l g3 Alof 482 F7 Ao7E
o) Ao Qg o] Ag oz A, 4 T4 B
g Aol 718 DA G o] AAAFA A=
7t BAEolof 3t n 2 T-S H A Aoj7]& 73771 4
A gk =3, AR LGS 7IEAE AF Ao olES
APH o2 TS HA Aoj7)9 dA o8 + ol
ojg go] vk wetA, T-S B A Al2d9 Ay str}
23t
=EAAE 4 @) dF A7 982 977 4
3, o) F2E o F54 B4 (6)9] HA 2L
e A e G 2] A¥H

Plant rule i :

If w,is F and v, is Fj,
Then elt) = Ae(t)+ Bult)
z(t) = Te(t) an
and z(t) = A,2(t)+ Bu(t) 12)
where 1=1,2,---,L

9o Hol M A, = T,A, T, ', B, = T.B, °Ith.
A HA A2 A IDEEE G&F o] 2
"ok



tE g TS HA AG AE ) ES

o] &3 o] FREY AR F4 Ao

20 = 3hw0){4,20)

T3 AA A A 2 E WG vhe} go] 22HT)
L

= Y b, (w(t)) Te(t) (14)
=1

AL e(t)7t T, o o3 WHE B
2z Aoz 448 & gk
A (19E Tt 4 @ZFE T8 4 (13)2 <43
Hj A& ojc} 2] (@)of thak A& 3l= 4 (13)2 dhte] A
F 22 9E7] A% Aotk A, T-S 32 2 4
(13)0l H¥o) HEZ T, 9 u(t) & A& 2o Basih
2 =z T-s 94 A% dFss Aaxe o
%9 7hgo] B a sk

Foked n, o W&

AL EE FEHY =

20) 20| BE5 o) A

2ge Aoj7ks sk %, o

rank|B, A,B, -~ Al 'B]=n (15)

e(t) = Ae(t)+ Bu(t) (16)
= Ae(t)+ [bﬂ b,z [ul t)]

t)

]

Ug (t)
b711 bzl?
wuy (
bz?l b122 [
(
44 1okl A i A TR AP A 2EE ofg 4
(DT 2& Ao} Ve d BF 2 upro) T A

= Ae(t)+ "y
W3 7,7 EA8HA 9ok

t

b231 b132

z(t)= A z(t)+ B.ult) a7

CERLE

0 1 0 0 0
Ay = |@a1@n2 03|, B, = |bin bira
Qo1 Ao Gyo3 bis1 bizo
i},

A8 A%, A, B, % HATHE o] 5ol e

o WEES 4 ek

%11 G2 043
a,—

_|%a
Q91 Gio2 o3 a;y

b= bill bi12 — bil
: bi21 bi22 bi2

2(t) = Y h(w(t) A2(t) + Bault)  (s)

E hizy (t) 0

; L

z Y hibyu, (t)
+ |i=1

L
XL]ha 2(t) ‘Zlhibi2u2 2
iz i=

g Azge

&9} Alo7lE 9 Al=d (18)&

=2 .

)3
u, (t) —mv(Zh b,1 23 —Zhiauz(t)) 19
i=1
L L
) =inv Z _Ehia,'zz(t))
= i=1
99 A 19yl M v (t) & AE Al7lelth &, 4 (19)

g A 189 HYFoZN thS2] Brunovsky EFEH
(canonical form)&] A& A|2€l & A& 4 A Hrh

. 010 0
2t)=1001]z(t)+ |0jv(t) (20)
000 1

1451



R P RN EA A58 A7E

B =f9 78 dde b A9 2o] T3,

A 1048 A8 48 A 19 2 (18)9) T-S ¥
A A|2=2& 4] (20)9] Brunovsky £5= Hej 2 A& 5HA
7o

A9 48 12 4 (18)F (19)2RE HWEA 29y
o} M},

Y3 AN T-S WA AT APz o) AAH
Q FEE Yehdd

V. AlZzllo[M Hnt

o] Mol A Aekd 7|3} 71&9 PDC 71 & AL
A Qo7 o] 2R A% FH Alojol i3t A &Y
ol Z#4 g RAF} o] EZ R HE 53 A7) A
AE fste] 2 () 22A FojFl o] F 2R oY FE
4 A A A (N (8)9 T-S WA 2 F L3
onj, o]} 7|ENE L} 44 EE A Bl AR
48 W ALEE

AEHOAE S V& AL A S Al 71 E AL
9 E AEEE T 2o As gz

v, (t) = 1+ 5exp(— 2t)[m/s],
w, (t) =10sin (0.01t)[rad/s] Q1)

Rule 1: If v, is small and w, is ~ative large
Then e(t) = A,e(t) + Bult)

Rule 2: If v, is small and w, is positive large
Then e(t) = AQC(t) +BZ'u(t)

Rule 3: If v is large and w, is ~ative large
Then e(t) = Ase(t) + Byul(t)

Rule 4: If v, is large and w, is positive large
Then e(t) = A,e(t) + Bult) @2

1452

a3 Alg FE L S 4 (23)7 2ot

()

0 S 0Ot |
Hikw i

DT o E—
=

Brunovsky Canonical Form

a2l 3. 7-S HX| A& MEstel My =X
Fig. 3. Overall structure of T-S fuzzy feedback
linearization scheme.

Hembership unction of v,

4 p— . . . ; — T

0.8 ’ ‘E;pall Large B

¢ It i T L L L L L

1 18 2 2z 2 15 4 45 5 5.5 &

Hembemhip finction afa,

L e e e S

) “Hegathe Lage

i ' L 2 N
-1 B £ 4 2 g 2 & & 16

a8 4 98 HeSol e 2% 4

Fig. 4. Membership functions for the input variables



0% Y TS A AT D8 7| WL o] & o] TR AS

4 Aof

0 —100 0 100
A, =110 0 1], 4,=|-1001
0 00 0 00
0 —-100 0 100
0 00 0 00
—-10
B =B,=B,=B,=|0 0 23)
0 —1

0 —01 0 0010
T,=|-1 0 —01|,T,=|~10 0.1}

0 0 -1 0 0-1

0 —01 0 001 0
T,=|-1 0 —06[,7,=|-10 —0.6]

0 0 -1 00 —1)] @4

Z'l(t) 0 10 zl(t)
2,(t)|= [—100 00] 2, (t)
24(t) 0 00]|z()
00
+|18 [“18]
01 L% 25)
374, b=0.1h, — 0.1h, +0.6hs — 0.6k, |

th 99 Al 2gl g A3t 3] 98l ofel el 2 o)
AH&- 5] o] Rt}
v, (t) = 1002, (t) + 25 (t) — bu, (t)

= —k2(t)
= — (kyz, (1) + ky2y (8) + Ey25 (1) (26

AR o2 g A7 2-& Brunovsky £ F |9
A Azglo] dojxit.

010 0
2(t) = [001 2(t)+ |0|v(z)
000 1
Zl(t)
v(t) =—kz(t) == [k ky k3] [2(t)| @7
zg(t)

FRR e 27 4% 7)F AR 27] 4EE T
&3 2o) U HA

g(0) = ¢,(0) =[0(m), 0(m), 45(deg)]” (28

nﬁré
[« N L[
£ oo
\I
R
iﬁﬂfli
o o
Ly
_P‘_\LrL
-LdrSL
o> b
w© o 4
SNk
2 o
Lo
o >
E L oy oop
_m?%
"
N
-\Zif‘o

o
ofN L
N o
AN ol

A, :Lal JW 2 a8 9
&5 Wao] 19 59} o] A% P E
(6719 713 A& A PDC A|ej 7] 2
uﬁ o 73 2o a3 79 A :La‘

EolTRRY 2V FHE VFE AHY 27 LEH
A AR F b BF 71EHA S TYsH

=
&4 ot

)
H L
Lmjx

—E —1)1' .i):

_\9

A

2 m&r

ok
o Xt

T

iembership inction ofe,

ast -, e
. ;

o2l wegatie Large S N /

Positiwe Larg7

0Tt N\ /
N . N
L1 R .
o5t 'fj /
v ! \a \‘
2 .

it
&

a8 5 oy M w0l EHE bt g
©7 TEel A2

Fig. 5. Membership funotions for the input
variable w, {6 rules case)

1453



5 AR EN G A A5E ATE

Reference
>>>>>>> T-8 Fuzzy FL [
-~ = PDCidrules}

I B -
3 35 4

D% 6 OlBREL &U| HE L JE HXe
ZI|MEfOr 22 BRe AT £ Zo
(F et MoiZl, PDC Moiz))

Fig. 6. Trajectory tracking performances of the
proposed controller(4 rules) and the PDC

controller(4 rules) in case of
q(0) =¢,(0) =[0,0,45]".

: Reference
- ; ol RRERRES T-S Fuzzy FL
AT : V|-~ PDCIBrulasy

3% 7. 0|52 RL =7| Aefot 7(ﬂ- H ™o
Z7|\MET 22 FdRe AL FH Z3y
(M etEl M oiz|, PDC Jt1|0%7I)

Fig. 7. Trajectory tracking performances of the
proposed controller{4 rules} and the PDC
controlier(6 rules) in case of

4(0) =¢,(0) =[0,0,45)".

o2 o)FRRe) 27 AHs} 71E AH Y 27)
HHE T 2ol gt

1454

q(0) = [~ 1(m), — 1(m), 0(deg)]”,
g,(0) = [0(m), 0(m), 45(deg)]” 29)

IY 49 22 54 25 FFEARAE A A
¢tel Ao} 7]9} PDC HA) Aol 7]¢] A& 4 Ao 1
83 gon, 19 59} 72L& FYP 4% q4E AR
sto] AA S PDC Ao} 7]} At Ao}7] 9 A% 33
Aie 19 99 2k

o] l PDCS] 3% 6 /9] A& A-E-8 A 3747 <]
FAS AR ARG F2 AR5 VYIS B F
itk 3w PDC A oY 7| = F A$ E5 4709 FE %

& AMgE AGE M E G E Ayt vude 2g o
9k

10 v 1 T v
- Reference ; i : }
...... T8 Fuzzy FL
b = = = - PDCHules:

O 8 ols28e =7 Mejet 71F HHe
Z7|MefT CiE E2e AT F Z3
(R ot=l Hof7], PDC K11017|)
Fig. 8. Tralectory tracking performances of the
proposed controller4 rules} and the PDC controller(4
rules) in case of

¢0) =1-1,-1,0)7 ¢,(0) =1[0,0,45]".

2839 13 925 Aotd 7)) 461;415 =2
#6]7)7} PDC 7)ol &gk Alo) 711k o) & Ao A

L& ‘Elzg-,g.lé./‘* O]E}



OE A8 TS A AL A3 7]EE o8& ol T2RY AR F3 Ao

sl Reference
N I PO s Fuzzy FL
ab| - PDC{Brdes}

% 9. 0|32 Re =7| Mefet 71F AFQ
ZI|AMeEf7 et 2 dRe HE FH Z3f
(H ot=l ®oiZ], PDC M O{7[)
Fig. 9. Trajectory tracking performances of the
proposed controller(4 rules) and the PDC controller(6

rules) in case of
q(0) =[-1,-1,0]" ¢,(0) =[0,0,45]".

o oz} F54 WAL 7tA AY EF Fe2 v}
T, ARH o2 Y AR o]g2E AR
FHE 93 sl A A7 2 AT = YA &
o A EH ol g B3td Aeke W o8 EA
g AL 34 A7) PDC 71E &) A" A=
FH A7 MuFyS W AL 33 Aol o 4
\ N

A 2

EATE20108 = A4 ohEw A u) 9 =it
AAFY(RT104-01-03) A Poz F8E A

nz{_n

il

[1] J. E. Slotine and W. Li, Applied Nonlinear Control,
Englewood Cliffs, NJ: Prentice-Hall, 1991.

{2] H. K. Khalil, Nonlinear Systems, Prentice Hall, 2002.

[3] T. Takagi and M. Sugeno, "Fuzzy identification of
systems and its applications to modeling and control”,
IEEE Trans. Syst., Man, Cybern., Vol. 15, pp. 116-132,
Jan./Feb. 1985.

[4] K. Tanaka and H. O. Wang, Fuzzy control systems
desigh and analysis: A Linear Matrix Inequality
Approach, John Wiley & Sons, Inc., 2001.

[5] C. H. Tseng, B. S. Chen and H. J. Uang, "Fuzzy
tracking control design for nonlinear dynamic systems
via T-S Fuzzy model”, IEEE Trans. Fuzzy Systems,
Vol. 9, No. 3, pp. 381-392, June 2001.

[ 6] Hong-Gi Lee, Ari Arapostathis and Steven 1. Marcus,
“Linearization of discrete-time systems via restricted
dynamic feedback”, IEEE Trans., Vol. 48, No. 9,
pp-1646-1630, 2003.

[7]1 A. Trabelsi, F. Lafont, M. Kamoun and G. Enea,
“Identification of nonlinear multivariable systems by
adaptive fuzzy Takaki-Sugeno model”, International
Journal of Computational Cognition, Vol. 2, No. 3, pp.
137 - -153, Sept.2004.

[81 AHellaf, %, what, &HlA, 3, e
"T-S HARDE o] &3 o] A Y A%
e A ARFs, A TA 2 =8
Vol.19, No.6, pp. 865-871, 2009.

[9] Y.Kanayama, Y. Kimura, F. Miyazaki and T. Noguchi,
“A stable tracking control method for an autonomous
mobile robot”, 1990 TEEE International Conference on
Robotics and Automation, Cincinnati, Vol. 1, pp.
384-389, OH, 1990.

[10] D. H. Kim and J. H. Oh, “Globally asymptotically
stable tracking control of mobile robots”, 1998 IEEE
International Conference on Control Applications, pp.
1297-1300, Trieste, Italy, 1998.

[11] G. Klancar and I Skrjanc, “Tracking-error model-
based predictive control for mobile robots in real

—'E
ot

s

lo,

)

>

time”, Robotics and Autonomous Systems, Vol. 55, pp.

1455



BN YA R BN =8 A 158 ATE

460-469, 2007.

[12] CJ. Kim, J. W. Kwon and D. Chwa, “Polynomial
fuzzy modeling and tracking control of wheeled
mobile robots via sum of squares approach”, ICIT
2009, IEEE, 973-977, Gippsland, Feb. 2009.

22 (Keun Woo Hwang)

2010 Zddigtu A7 F&a
(T8
20108 ~ A Adgstn
A7) st Ay
M Hol: o] B 7Y ¥ x)Ho]

22 (Hyeon Woo Kim)

2000 )k 71333}
(FAh

20119 F9d st 47133}

‘ (FAh

20118~8 7 (F)obe] o] 21h=e)

KUY R ) FRR, 52

u-& 3 (Seung Kyu Park)

1984 e djstu X 7] 8k
(F&Ah

198613 eldigtm W7tz
(FAAh

1990'd T 3t A 7)5 834 (FEeral

1995'3 ~ 19961 % = Starthclyde ™} visiting scholar

20033 ~2004 % 1} = Wisconsint} visiting professor

1990\ ~ A4 F AN W7)F 8w

A Eok: HA Ao, QA o, v A F A o]

1456

22" (Gun Pyoung Kwak}

19821 e djstil A7) F 3t
(F&2h

19853 e #7383

, (FEAY

1990'd 2 tj8tiL 7] 83 (3 8hekAh

19903 ~ 1997\ LGAHA 474 CNCE €%

19983 ~ 3 A Feddigtn A7) F8 wg

MTA Bk ARIA A, oG REA S, ZAA o

otg o {Ho Kyun Ahn)

®EfA (Tae Sung Yoon)

197833 AA g A7) F S
(F8Ah

19801 At X 7)F 83t
‘ FAAh
19883 A A et A7) & 8% (F 8
19943 ~ 19953 )55 Vanderbiltth visiting professor
1989 ~ @A FA st A7| gt a

M FOF: ol FRE, FAA o, A EA



