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Abstract _

This paper presents a decentralized adaptive controller design for a Magnetically Levitated Fine Manipulator
to follow the given trajectory as close as possible in spite of coupling effects between motion axes(degree of
freedoms or subsystems). The present controller consists of two parts: the model reference controls based on
known subsystems and the local adaptive controls. The former stabilizes the motion of the manipulator so as to
follow that of the reference model. The latter reduces tracking errors due to coupling disturbances by adjusting
the local gains to such levels that override interactions and assure the stability of the overall system. Through
several experimental results, it has been shown that the decentralized adaptive control scheme has better tracking

performances comparing to the PID controller case as well as good disturbance(coupling) rejection property.
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Fig. 2. Block diagram for the system modeling.

180/z 01t} x, y 2 ¢
3 Ala"olm g ppA|ojd) 9
Apetgles 2, ¢ B
2ol Mz &
do) spAold, 6%
BAlsle AFHEE g=[x vz ¢ ¢ 6]9

Felolgs 2EWPNL

N

o

1)

= 9947 9Hs

SN

lgsdozyE dyHow

=94

A%
T

Cy=diagl —6.4 —5.1 5.7 2.6 2.5 —3.3]

Ky= diagl —523.0 —534.5 1183.8 539.3
548.5 —366.8]

Kr=diagl2.2 2.1 5.1 84.2 79.3 22.2}

(2

(252)

Journal of IEEE Korea Council Vol. 3, No. 2

dMEe G542 JYehled ol FULET BALE
9 TR FEIF FQHFZE P AnTrz A
tzy] wie wdAsis ddow FULEIo| Bt
AR 298 722 A0 4&e & F U}

Il 85 E H8HMo7| HA

AU 2A%e $5o] M2 Ao} Urkn
Qi JEAFGe] F7HE LEUAY e 2

ot

4;+ aygit apa; = bou;+ vit, a5, a) + d
i=1,2,-.N j=12, N

©)

A7 diE K8 2719 offset(EE bias)old, o,
e £E9] ()
EA TS FH(local) FHHAFE x,=[q; ¢)'2
Aoste], 3)22 oAl 29 thgal 2

rir

A S vAE FFEHA)

flo

x',»=A,-x,-+ b,-ui+ b,‘i/i(l‘,x,‘)‘i‘b,‘d,‘ (4)
i=1,2,---,N j=12,--- N
A7IM (A, b)E 7HAS ARG 2 Folxy
=[ O 1 =[ 0
A [_ﬂoz “ay b; [b()i] (4.2)
AEABRA=AAE) 1o | © gEA IR gk
';éf il],‘| = " x,ll 0“ S’C]_-;H xﬂ'c}‘l-&]o} 9511, )c\)}"é—l'i] §,‘,’
SR BT
PAEPNAPY (45)

A= Bl B3 e 54 R
NEnde the gol AAHA,



R 4t PITAE B
7'sz'=Amixmi+ bm,-r,- (5)
i=1,2,,N
0:17]}\1 7’1‘"\{' l% ]QOIJ_, (Ami, bmi)/%]-% (43)94
(A;,5)% W28 722 253 0,
— 0 1 170
A [ —- o} “2&0,,] » b [ a)i] (5-2)
etd og BAVE HYHES = K7 EAS
44 ¢ & U
Amz':Ai_ b,K, (6)
5 Kf:?{)_,[_am‘{' o, —ait2iw,] @)

GadlAd w7 & dAZ o3 oz d3g<
F Qe gEolth

ol A e 7t () 2T
ZZ3x & 7] 93] Lyapunov
gE HgA7E AAFct

7bestd HEEHA

AARRE 4T

ui=—Kix;—a{ D Ke;+ pri— 89 (¥
i=1,2,-,N
A7IM e;=x;— me Aelo e ela, ¢,9 §E

¢ -modification

a;= yﬂe?mei_dﬂai, alt)>0 ®
8= rpel Ki— apd;, 8{t)=0 (10)
Auz @ ol F7E 5 (—oue)%

uATE7) Y HE A7

(253)

93

a;% 87t 33 AAA
SEESEFIL dojux] FEE) B F7] fa &
gEAem, o dnlediA g0 o008 #H4A
(decaying) A Ba. w9 yaT reE %9 7}

7

FA otk @) K2 Dol BAdHe de A4y
Holx, pe w e AZAFEA oleig #
o] Folxin.

o}

bi (11)

(V3

tlo

K& %59 Lyspunov ¥4 & w53
B, GAEskE dele) iR g

definite; spd)ydH Gl disl A,,7F A8AH

H,‘i “?—
ZJ(symmetric positive

Ho

o th&2 #AAE wESte spd BH HIL {é;};
oz,

ALHA+HA,=—G; (12)
(128 HE ol&3sle] Fazr),

K= biH, (13)
Zaz 8)9 wRAFT AL AoridA F ¥ g

{(—a{DKe)e B2 FEEFAN2EHE 78 M
A BAxEe] oo e
How E=YHAL,
offset® AAF7] A& A IH AL

®4 AAYHES @)l ot JERLG)%
AzRE o HTZ eAN2HE g
FEH

ei=A e~ ba D Ke,— b3+ by+bd; (14)

agn AW

LAE $yT ¢pE UL o



94

¢,]:£1’,'_a:" . ¢,2:6,‘_d,' (15)
A&HH 9 (0= the Zo] ssdrth
$i= a;= YzleiT?iTKei"o'tlai (16)

T1-T
bp= 0;=rpe; K; — 0,0;

AEAn AA JIA 2" 14, (16) E N2 A
$a(D), d(H, i=1,2,-,N& °|& ¢
o9 z7]A £l

uniformly bounded).

3E ei(t),

= sl &atthglobally

5

(59 #53x

A

V.

o

EFT AdEY

AAA ANG BT AgA s 45 Bl
7] 9 BEFFUEL skl PDACYIS W]
wagch FEFEAYe A71%4 B olE s}
o2l & Ee] dstel xyB BN xF, yF 27l

(e}
FAHE A7stel 2@ WA 03mme] UL FES
= Agelth, A RN 2dT SHFAA 2akg

AA A" 2E2 19 37 ZAu

WA PID Aolrle] FEL 7|8 w4 TET
PALFol EXAsnR AAGE Y& vl -
F(PD)AE HA A3k, AL E LAE Fol7)
Asl AEMAES EFA7E PDPIFHE WEsAd
ok PIDA} 719 B %= 19 49 #)

q71A AzZbe] o5& AAdtedle 3FH Wi Al

2 o] &gtk 2719 PDACE o5 K,

o

Ky

(254)

Journal of TEEE Korea Council Vol. 3, No. 2

Sensing systems Air-core solenoids

Platform

Base frame Permanent magnet

Y 3. AR BlaTE )

Fig. 3. Magnetically levitated fine manipulator.

|t + V.
Vig Pl 30— Plant £8
PD
2% 4. ¥3E PDA YY) EE%
Fig. 4. Block diagram of modified PID controller.
T8 A 1 0,2 e HEgE 24o)
wet qlelel Y= fA ¢=0.7, 0,=90° T2

ol 5E FaAth 0,=%00F2 HAFF ofE wWE
387 wielH,
(sampling)A1TFS 0.25ms ©]t}. RFZ p1o] o]
Kp, K/Z T371 e sivte F3e 22
A=) ojuj ¢] &

ARsdt dske AA FHE A sE o5E

Kp, Kp, Kp, K8 %2 3 15 2k

AEB

A

=1

53 PRSP



B 4 A7V REZA wATE7S B RF HEA e 95

E 1. Z+%2] PD-PIY °| 5+

Table 1. PID controller gains of each axis.

Axis Kp Ki Krz Kp
X 1.38 173.2 392 0.060
b\ 1.44 181.5 411 0.062
] 2.38 2995 6.65 0.102
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