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Example Development of Medical Equipment Applying
Power Electronics Technique

Jong-Sun Ko, Tae-Hoon Lee, Yong-Il Kim, Gyu-Gyeom Kim, and Byung-Rim Park
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ABSTRACT

A control of the body posture and movement is maintained by the vestibular system, vision, and
proprioceptors. Afferent signals from those receptors are transmitted to the vestibular nuclear complex, and the
efferent signals from the vestibular nuclear complex control the eye movement and skeletal muscle contract.
The postural disturbance caused by loss of the vestibular function results in nausea, vomiting, vertigo and loss
of craving for life. The purpose of this study is to develop a off-vertical rotatory system for evaluating the
function of semicircular canals and otolith organs, selectively, and visual stimulation system for stimulation
with horizontal, vertical and 3D patterns. The Off-vertical axis rotator is composed of a comportable chair, a
DC servo-motor with reducer and a tilting table controlled by PMSM. And a double feedback loop system
containing a velocity feedback loop and a position feedback loop is applied to the servo controlled rotatory
chair system. Honzontal, vertical, and 3D patterns of the visual stimulation for applying head mounted display
are developed. And wireless portable systems for optokinetic stimulation and recording system of the eye
movement is also constructed. The gain, phase, and symmetry is obtained from analysis of the eye movement
induced by vestibular and visual stimulation. Detailed data were described.
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Fig. 2 Equivalent circuit of PMSM

a8 3 lnverterl 7idE
Fig. 3 The basic idea of inverter

_3 1, P2 B P
©,= ](Z)Amzqs ]a)r 2]TL (2)
o714, P pole & J &
B Zdut@dA s Aw - A
o, AR AEE 4, g 2R AR
T, : A%7] E3a(motor torque)
T, : ¥t E3
2 AR BE FErldle & A npe} o] 1
d 39 4 dnErt Fasi

=
F ezl vie)l Zo] o] AuEE DC d9E AC
Aoz Hga= HEy) $F52 279 Fo mE
Ko
=

22 Moj7| gmalE @ pxa
B Azdel 488 712 Aloly] Pz a9 49
Bk Folnl Azg WANE B A 2

x= Ax() + Bu(?d (3)

Zlgder st B w4 EAE Folvi o
3te] Load torque observerE o]-83hc},

2 4 Augmented state variable feedback® EE&F
Fig. 4 Block diagram of the augmented state variable
feedback controller

Z AA AzE Su AziRo wE e 53 AR
S 81, BAE SHAA R EI BAS sy
dead-beat #2715 Agaci @710 Wy A
Z3hd ke o] .

[ B A
+[y4[1 01[ %” (4)

o714, ki EA Ao},

Dead-Beat #Z7]9] @3l xo|zr ZZ 3y &
oW ¢y AHuEw 9z oA 7] ¢
MA“"JEPE— ARg-ghel o714 ALESH MAA
desae vy 2o,

_ 1 &

Hz) =% 3= )
AA71A, N dlolg 7Folny AA A]AexE= 22
Adeletd ze 99 A9S deRL 283 MA
filter& 2'+ dead beat observer® %y 18 59}

2t

Augmented state + Plant —IM

uk), o+ 7]

LA
. MA filter
1.7 i
Pk D=2 Gk 15 k)

f

Lead torque observer a(k)
F(k+1) =@ (k)+Tulk) + L@wk) - ok

A A 4

T2 5 MA filter® %< dead beat observer
Fig. 5 Dead beat observer with MA filter



AUAA 78S $HW A A% e 57

1 5] Aolr|7h WY o] et gA|e AA¥
TR Y 63 2k 974 €9 Ho]Ee PColA]
AA g A" Tob AoHe 9x] Aorz

Samsung CSD-02BB1P¢]
PIAle) 7)1 & ’\}&3 E}
EH Ao 29 ra}ohﬂ st ol iz

O
470 T Bios ol feld g

mgtolnjdl] Fol Sl&= &

; s
"‘ Servo PC
: Drive
Position cefecence
PI Controller
Encoder f
abc Cuorrent

8 6 7|29 HolZ Mo ESME
Fig. 6 The control block diagram of tilting table

DSP Board
o chase
-TMS320c3L cuerent cornmend -
-increment SERVO
DRIVER

encoder A, B pulse R

-A/D 2CH from position encoder (,

-D/A 2CH -~ _I ;

]
position pulse AB
4
4
spead reference Encoder

IBM PC

a3 7 HH Mo AJAHE RME
Fig. 7 Block diagram of control system

23 HMDE Ol 28 AI25 X132 A|AH

Aty AzRe J)E Axdd aug u gue
REZ] 9% Root e gk 9 g AeE
AFE 9% HY B 24 AF Wse) gAY
HA 5 F At 7l SAleR oy s A
AEE F/N 4 AE BHS M ool 1A
Nzel E4e here) debge g 83 2o

of IgelA & 5 %ol B AL Al W »
4 Vo) i@ Au 219 Ao Azl 2}
Exok F717F A Ao olEAe Y T
oA A= 271K)9) Sinedtsel AFo R e
olm) Qash ol Wb 4 NsE Fojop gt

Slave Computer

HMD Controfler
Iy

EOG Amp Comptter T
ADC Module -0S Windows 2000 RF Module

S U U U Uy |

/l//
Master Coraputer

!
1 Rotary Char

1 Controller

! Computer

i - Bkt “
|

]

1

!

]

]

)

I

I

I

18 8 HMDE o|&8st Al
Fig. 8 Block diagram optokinetic movement stimulator
system using HVD

A= AlAER ®A FYE

v

ANZIA 2o &5 Bk

27 9 Aol BEE 2 Bt
of

th

®r

speed for vestibular using
sine wave

pixel

reflash

J8 10 A ZIE 0|88 FER oiE U
Fig. 10 The generation of soft pattern using
an optical illusion

ArygoRyt EAse pixee FRAlojdA R

He HYS vHeo] YWEE reflash rateE AT
3 el Ao old AlfE A e 25
7V 218 1139 Zo



528 I EAG o ik TR A6 20024 124

O 11 EfE wMTof oSt ARl HE B&F
Fig. 11 Several patterns generated by direct—-x program
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