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Tracking Performance Improvement of a Magnetic Levitation Based Fine
Manipulator

Kee-Bong Choi*, Soo Hyun Kim*, Yoon Keun Kwak*

ABSTRACT

A magnetic levitation system requires a robustness to overcome a dynamic instability due to disturbances. In this
paper a robust controller for a magnetically levitated fine manipulator is presented. The proposed controller consists of
following two parts: a model reference controller and an H,, controller.  First, the model reference control stabilizes the
motion of the manipulator. Then, the motion of the manipulator follows that of the reference model. Second, the H,
control minimizes errors generated from the model reference control due to noise and disturbance since the H,, control is
a kind of robust control. The experiments of position control and tracking control are carried out by use of the proposed
controller under the conditions of free disturbances and forced disturbances. Also, the experiments using PID
controller are carried out under the same conditions. The results from above two controllers are compared to
investigate the control performances. As the results, it is observed that the proposed controller has similar position
accuracy but better tracking performances comparing to the PID controller as well as good disturbance rejection effect
due to the robust characteristics of the controller. In conclusion, it is verified that the proposed controller has the
simple control structure, the good tracking performances and good disturbance rejection effect due to the robust
characteristics of the controller.
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21349 Cy, K,,, K= coefficient matrices of equation of
motion
x, y, z = translational axes i, = current supplying to solenoid corresponding to g
v, ¢, 8 = rotational axes with respect to x, y, z axes axis
represented by Z-Y-X Euler's angle K,, K, = gains of current amplifier and sensor
g=lxyzwod" u, u,, u, = control input, reference control input, H_|
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control input

q, - 4, = state vectors of plant and model

A,, A, = system matrices of plant and model

B,, B, = input matrices of plant and model

@, ¢ = natural frequency and damping ratio of model
q. = error state

w;, w, = disturbance and sensor noise

w=[w,w)]"

z,, z, = output and input of plant

2=[z,2,)"

Wis), Ws), Wi(s), W,s) = weight factors to be
chosen by designer

P(s) = packed transfer function of error dynamics

K _(s) = controller law of H_ controller

y=bound of infinite norm

o= angular velocity

e, e, = tracking errors of x and y direction
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Fig. 1 Schematic diagram of the magnetic levitated
manipulator

Sensing system Manipulator Solenoids

\
Permanent magnets

Base frame

Photo | The whole mechanical system

Ph0t01°ﬂL 2499 vy &Eole 9 Y9 =}
k“ 245].7] .,_]5}_ 124/\]/\\;{}0] zl-g]oi glo
w, o] ZAHAIAE2 3 70¢] PSD(Position Sensitive
Device)?t 3 7H9] LD(Laser Diode)® -4 =] gtk

AR FHY EHwolme] AF AZE AHE

sto] e ks WAl wAE ol
9 ol Y& 4Y I7AN FFL A 5L
BN o] Sof olsh AL Yo vxd

QoA Azl AUt Fe FeE AT + gl
on, BE GT7AHA A8se P 98wy

60

Fdloles] $EWAAS thed ol 7¥ 5 o
.

ﬁ"'CA\/q."'K.\/q:K/:i,,- )

A71A Z A+PEE g3 A
C,~diag[-6.4 5.1 2.6 2.5 -3.3]

K, ~diag[-523.0 -534.5 1183.8 539.3 548.5 —366.8]
K,.=diag[2.22.1 5.1 84.279.3 22.2].

AFadel 4 Ahe uFAEs) veLE
2 @ W7 3o £58 AR wAgH glon,
WO EaolE Felte) A4} 2342 AT F

Zt& o] Adgds HFd A3 Tt AEIA
=100}

(He AsR4ds n@s wd, C,4 K,
P BRETN ADIE 5, y, 0 FOAXE
W, FAEFA AEEE 2,y 4 FAAE
2 Yepgr ol e EA4L5E 8 duE
dlolge]  AFo  oiE]  whoiabake]  AbwkE
(antagonistic force) 0] WASIEE F2E A7
ol vepd @4deith AgvtEg A7)
AeXE &3 Edlcol=d AT ARE A7)
slof 3t o] AL AUA Y AR} T £ o
Lo d& LT dde] "ok wEbd vy
Elole o] AFo] ¥Fe WA ¥v HHTEL
Atz ) Aol 3913 (push-and-pull force)o) A
gte FEE BAROD ueta FHTEE Fo

A BgE $9%e shald

2
137
1

[e]
L5
O

2 o 1o

425

3. &l Hoi7|

A (HE 2E, quEdolHe M3z A2
A B HAELEE 7HAH, AsA HEs
BALEE ZdetsE AS o ¢ Uk a9
2 o 1}71—‘?—*& A28 ?}23:&} 2 AY 9)x
°=l HI 29 Ao7lg &7t o
@o] =43 w pID #Mojol 27
Xﬂ"i*l*'i*«l %% 34 Astdoh. gy
Ao oJg FFAsE WAy Yt ZA
oj&] Fgigol EH "o}
of AFelME, ANFE ANEBE Aoy
8 MRC(EZD7IEA7], Model Reference
Controller)2t H_Alo}7]171 A g Alo71E8 3



L)
s
oL
4
s}
i)
Ho
i

SRR ERHA qed A5E

. od7iolA MRC = AlAEE HAHZIA 7= o
&g &9, H A7 E MRC oA &g 38
HAaszlsle 98¢ g 53, g A A
Aojz|e] dEogA oo} wojRo 3
iz 98 g

ANawol YA ()] AFPZY ofF
K, AAe ol kB 1d3d, dFAM o
A e FAF Helo 23 vjEWAHNoR ¥

flo

EikA=2
g+aq+aq=bK Ku. )
ol A% 4HTAHoz EAFY 0L A3 2o
q,=A4,9,+Bu, (3)

= q = 0 : = °
4714 ¢, _i:é:l’A”—{—ao —an],Bp_[bKﬂK’}

Zl1Edde du9E AAse =82
3 e Hoz vehd 4 Ak
q,=A4.4,+8B,r, 4)

q, 0 1 0
7] % ={".A4,= .B, = .
A1 g%, o ot (o]

°
ZER9Le

£ @ g WAAY 9 A9z 479 £
St grelth, ® @velAE HuUEF W F
2958 gae B0 3 GR, H4EE
oA disiae dgdeld qolg Fqshas 3

(e3

EEo dsiy FFA

®
= Sadagt. B A7

o WALEE Fol FEACE A 7% (%
Zzk 90 7 0.9 28 APt
AMoidd u g u B w2 Felstd
u=u, —u, )
% ¥ 4 Ui, q & o YTy
q.=4,-4, (6)
oul, el LAY el FELh
g.=A,q +Bu,+{A,-A ), +B,r-Buf ()
of MolA u & Thest ol Felax
u, =B {4,-4), +B,r| (8)
i7\4 B =(BB,)' B’

A4 @ A Ml A e A3 2e A

61

2$ oAWgel SRR

- Amqp + Bpuh ' (9)

o] e o3 Bty ol 9
& oz T938 muo mddy oz o L Al
A xolZ2E nE ¥ HAIN7IE Fig2 & &
Z2 QAo

" i Wiy
1 n 1
t 1
"=t W, Wi Ly -
| 1
1 + y, I
1 v Error 'y '
. + o> dynamics + .
u, |4 1
g a| w
Controller
K.(s)

Fig. 2 Configuration of H,, controller

MEE 599

A,

g Ps)E thE 2ol dE

p(s){”“ Pn}
P, P,

Pt T A3t el A B BEY
Folut,
z=Pw+Pu,
vy =Pw+ Pou,
N, wlA ¢ 2o HLFeE
= F(P,K_ Jw (12)

olw} F(PK_)E LFT(Linear Fractional Transforma-

tionyo] 2t 2w, thg3} o] Fejdr.
F‘(P’K’):P” -*'PIZKv.(I.Pzsz)iI le (13

Hol7l K (5)E ?3}7] 38t Glover-Doyle &

NI FVE o] &3} F LFT 9 3= (infinite
norm)©] Th& A# L}OI AAHS y ool U=
£ 7bEA 4 Aor1E AAR.

IF,(P.k ). <7 (14)



H71% - d5d - S8 AU d1eH Ass
oAt A w, W, w, RO, Ao B )
71 K, = MATLAB ¢ *é?%l W)K& o] &8 qb
HH molage o] MAF F HAFHJT.
HAHE A BE FoA sdsie g3 2 5 i
=3
10
Wd:0.001[ }
0 1
W, =0.001 &
(15)
m(s):o.oss”ooo
s+0.01
w,(s) = 5200
5 +50000

moldde] s 4HE FULEF Aol
= ohes g

100s° +50x10°s* +1.0x10°s +50x10°

Kolsl= s* +81x10°s° +20x10°s% +2.1x107s +21x10°
, . o (16)
£ 1005’ +50x10°s* +10x10° s +50x10f
- s* +81x10°s* +19x10°s* +20x10s +20x10°
1005° +50%10° 5% +10x10P5+50x10°
T S 8x10 S +17XI0 S 415105 +15x10°
of ATo|N ART ArlE BARE A2
dg Aojs) B slEe H, Aoyl o} ¥z
H e FEE D em Aol Yl 7]
Z mue 235 W NERde we oy
3t el HolAEl(transient state)E TE F UE
#4¢ A sleh
4. d2FTHof A % D
ol AAZH MR-H, Aol7ie] AsE& =24
at7] 93 PID Alojr19 wlw AFsn &)

Bk mjuEdoled % RalE slelx] @
Eff ol 4 °4€1 Zt& o] et xy FHAb uhA

&

03mm¢l 9& FFsE Qe SR
Table 1 PID control gains
Axis K, K, Kp
X 5.0 100 0.04
y 5.0 100 0.04
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Fig. 3 Experimental results of tracking control using the
conventional PID controller in the absence of
disturbances
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Fig. 4 Experimental results of tracking control using the
MR-H,, controller in the absence of disturbances
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Fig. 6 Disturbance generating mechanism
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Fig. 7 Experimental results of tracking control using
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Fig. 8 Experimental results of tracking control using the
MR-H,, controller in the presence of disturbances
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