YMERUFTARE RILE B181E(1993)
The Journal of Kwangju Health
Junior College Vol. XVI.

A7 HAE AR

Fuzzy®] 43t 2240| Rotatory Chair Systen 73

ek
=

AZtolu} FEo glojM UFEFT2 AHZAI UYL AV AULER ofof #
T W dF7t ol R slon 53] ARYY BRE FopAM o]F S8tz
3= Z-o] Arh

22 A B EEFolE HIESRE (vestibular system) 3 BHf(neck) 7}
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& Zi7tgol 2} ¢ix]of ulel tiE2A sletd Rl A HAAIL E& 5 Qo
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ol e} FAIRE Yo R AFIAE AFAZ F Uth ol HAFHYG A HA
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2 XHERREFTAR ROLE (H188)

Tl 92138 & vlRo] 3 ASIEE 3}Y sinusoidal rotationd ¥& 4 Uch

A0 T Aoy} fol3tn VIFELIATL T IC servo motoro]l &3 HAYFE
AL HEE AABLR o]FS Hrl YL wi2A o] FIEF Aoyl ¢33}
o} fuzzyo] 23 27152 PIDA|jo] 28 FFAolstzt st

T MEE Aotk ABEA HA7 HA HE ol @ ot A A}

o} 7H4¥o] 2& 4 3L X« IS HA VAP mel HAJEYPE vl
o] motor7} HHIEF Aojdtoiol FEZ o]F A HBte AP A3} &)
sh=) ¢tk

eld & =EoMe nfolARZ 2 MM 2’ 27152 PIDH R X FF A
o}71& uldF Aojof wWo| o]&H = fuzzyE o] &3l A, A At F
F Aol 5ol i3l HsIL ol & Yl A&l 2 I8 S @Ev}_‘.’r_x]— 3191
1= 3

oTr. 3713z 2=

AL EA AF/AL AFE Vo dFE iR o X F7R] FAIFL 2
A WS AL |ASI Hste HAYR dpyes oA "k 2yt
dicfio g 3ol AArigo] WAE UA HYE T AU AT W
gog JF&Hd JHY ARE FARE FHshed oY AFEE BIE
(nystagmus)ole} gcp. 1.5

GPEFolE Ayl 22 Wo R wEA ol HMl(fast phase)z}t 3
Aupara) gy, & wbabbgo) o3 FAF AW WIS AL fAFA S

##8(slow phase) 2 F/dEo] it}

AVNNAN
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t t
-E -E
1—ts—Jr—tf—1 t—tr—]-—ts—i
(NFoE N, FFHLE &4 ()HEe 2 &4, FFoE A4
E E
t t
] e —te—]
(5)g&og &4 (6) ¥FOE M

2% 1 AFEEY YBHA Hrig 2x

PTLEL YOIl FAY NANILS HASE AAUCHE LRB(senicircul
“ar) U8} PIBKER (endolymph)oll 2017 Zi7hdol SBRE HAxTFo] AFHA 7
oA PTRES WS gherh

FHo gRoj= 3] vkgFo] ALY £AHE o]Ff1 o o 3 WUFHRE
L Fxo 3Rl AL BElste] A IAAIE RiEHER (vestibular
nuclei)z} MREEEWERB(oculomotor nuclei)d E3ld AR (extra-ocular
muscle)o] VLAY E= b (higher center)o] WdE o] HHH Fof ¢t
ol AdEo] el ez 1 AAE HIHAFA ¢dFEES ot

T dutHA Fele 2¥ 13 Zow 71&718 Huigte] & o] fast

phaseo] 31 &2 Alo] slow phaseo|C}.
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W. A2 A]md 7og

283 PIDA7)Y) YibHel Yejs 729} Bom FMojAd u(t)= A1z 2
I:]»_ 7).8)

) ke
ya(t) dy(t) u(t) (t)
/_\ klf;dY(T)dT—q }—PLANTy
d
‘— kp —dy(t)
dt

g 2. 2AFA PID A7) 22

t d
u(t) = Kedy(t) + Kp fody('r)dr + KD"d_‘d.Y(t) - (1)
t

A71A, dy(t) = ya(t) - y(t)ol™ Kp,Ki,Kpe 22} wldl, FE, nj& o]Sojt}.

mehy o] Y Aols Ay B4t Azel 2l

Kidt z+1 Kn z -1
D(z) = Kp + ( ) o+ ( )
2 z -1 dt z
ro + ryz-l + ropz2
- —(2)
1-2z1
o 7] A, Kidt Kp Kidt 2Kp Kp
ro = Kp + + ri = -Kp + - rg = —
2 dt 2 dat dt

o dolld REY 1A PIDH 7] HelE 23 AT AUHOE HE A=
F 12 Ad24 1/ 1-s1271§ F34% 34 PID #oj7j& 7HEAch
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R(z-1)

Uilk) = dyi (k) ---(3)

S(z-1)
7)1 A, Ri(z7!) = rip + rigz'! + rigz-2
Si(z-!) = (1-z-1)(1+si12-1) (i=1,2,3,---,n)

Qe AZe &% ofuxl kb 912 oluix] Pe) =X FVH Lagrange?] Y
§ L2 Uehd 593 2342 vk grh 9 10
d aL aL

Ti(t) = ( ) - (i=1,2,3,---,n) -~--(4)
dt a06i a0i

n n
o714, L =Kr - Pr = ZKi - XPj

i=1 i=1

oi = A RAL BAL Ki = £5oU=|
oi = ivln) BAL Z&E Pi = s1xlolu=]
n = 4% AR ARE Ti(t) = 2 io) 7ixE £3

iy Eolelof] chdt 23 3 xkE WFAS HIYo] XYM ARMA (autoregres
-sive moving-average) 2WE 2 shA

Ai(z-1)dy;i(k)=z"dBi(z-!)uj(k)+hi+£i (k) - (5)
017]/:]’ Ai(z‘l ) = l+ai12_1+ai22—2 ...... +ajpz-na
Bl(z_l) = bio+bilz'1+ ...... +bin2-nb' b‘O#O

A13& A50] tiddly HIFZ 54 YFAE F31E 262} o] 4 4 alrh
Ti(z1) = Ai(271)Si(z"1)-2z-dBi(z"!)Ri(z"1) -—(6)

9l PID AloiZlE HA el 2318 AAL 4+ Q= AL ol AN Y
¢ 4 g},
Si(2-1) (hi+ti (k)

lim dyi(k) = =0 = (7)
z—sl Ai(z71)Si(z"1)-z"dBj(z ! )Ri(z"1)
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EZ o714 33 uiA daelFe A8 sl Aste W FE 54 YA
& 283} Zo] Fof irh.

Ta(z 1) =1 + tyz! + tzz-2 -—-{8)

E, ATIA AFEZ A2l AR F MY F2U 2EdY uAdFE 33
she ol 2Hch wiEs £33 WPose RSHAES 3 dES A
&3toict

A& F387] fst uihE4 WEPet ooy WED(k)E Fe¥ct.

PiT = [ai1, aiz, bio, bii, hi]
DiT(k) = [-dy(k-1), -dy(k-2), u(k-1), u(k-2), 1] -—-(9)

A58 FolH WEE ANESle THSPH A0z Za
dyi = PiT - Di(k) + Ei(k) --- (10 )

RS H& Ats nopEs 2 d2UFS ot Zrth

R(K-1)D(K) 1

A A r A
P(k) = P(k-l)+[ J'[dy(k) - PT(k)D(k)] --- ( 11)

o + DT{K)R(K~1)D(K)
R(K-1)D(K)DT(K)R(k-1)

R(k) = o-! [R(k-1) - 1 -——-(12)
g + DT(K)R(k-1)D(K)

Aq71A, BZte4E 0.9 <o Ll1o]H, St‘ F3E 249 miAARsolth o] #¥2
AESE A6z} A8 Al vl PN A7 wppEsE AF st AHH
o, webd 432 Aoy u(k)7h AL

d71M AHoAYd ulk)e SN 2 Yol 71l 7MSHA Holth. wiety 7}
BZol JtsjFolo ¥ E2FE JacobianHH W@l 23 WRE = 7} AHe] 73
Fojo} ¥trh

iU Egole AMoE I AA 27| F2 PIDAo] AT I3 vetiglch
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Disturbance
Parameter
r »
Estimation [
Trajectory|Xd u(t) T(t) X
dy(t) 7] JT PLANT
Planning | +

Self-tuning i
PID Controller

a8 3. 275X PID HojAE

IV. Fuzzy2e] 2-2d

Fuzzy#loj= AAIA|ZF £+ samplingA] Zto] L3 ¥ process®] ¢i1e]&E2] A&
213t process®] AYefjo] I PR x, y& processEL] &3 z9 ofufdt BAZA 7]
£3l= Aolmg o] Y32)EL if..then. .else.. P21 o8 FHEY x y5 UL
small,medium, bige 8 HAIEH 7|FUE& FAOT positive, negative® HA|HE
fuzzygoll 2|3 EAFo] o] § graph® EWSHA 34} Zrh 10.1D.1D)

(2) 4%
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(3) Actel¥
g 4, A4 fuzzyd] 2

£ =804 AHEHE HAHESE 3) 22 Acted wuyg g4E 3= A
& ARstd o AARY fuzzyBAZ VA motor7t HA Fol U= HA
EXd3 A2 AxAAY 25 2AgE Asiden FAFY B2 A
B0l o3} fuzzy Aol 2j3] PIDA|I 7)o UMY motord] A &=gPoT 31
t}. oju CTC7} CPUNAl interrupt& LBdl= F7], & samplingA| S 42 3
st om o2 motor?] AF T A7 7 WY #4F A3l processE
A7t 4= gley A7 FR PIDA 078 HEEE Fo| =AY A LS Hrist
A L850 Aojo BYE AL £ YdoBT HAHe dFdAE HAA 7L
B2 S0l 43 93] FFAojo) H=A He B Py Y4E HAESER
A3t

* if X is Xoo AND Y is Yoo then Zo1 = F(Zoo)
else if X is Xoo AND Y is Yo1 then Zoz = F(Zoi)

else if X is Xo1 AND Y is Yoo then Zog = F(Zos)
else if X is Xo1 AND Y is Yo1 then Zjo = F(Zog)

else if X is Xn AND Y is Yn-; then Zn-1 = F(Zn-2)
else if X is Xn AND Y is Yn. then Zn = F(Za-1)

E 123 Ay
E =Sold AT WY ¥4 Aol o8 AT fuzzyFHLS Fi3 Yol XY
sigen WAlel Wele Ezeh Yol Aol e Lolzl HUE FAsiel PID A
42 2AAO] ASHES fuzzyFH S BBt ol § TUSY YL block 22
Fastgct.
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B & | WA} pulse B A [motor $ 5| B A |motor HE
X Xn Y Yn Y Yn

20 + 1 20 8192 20 8192

PS,NS + 10 PS 8392 NS 7991

PM, NM + 100 PM 8592 M 7791

PL,NL + 300 PB 9192 NB 7191

PB,NB + 500

(1) #Foxpds] HH (2) Motor &=9] B¢ BA|

¥ 2. Fuzzy #32

Setting point ——O—— Current point value
l [ Current motor speed

Fuzzy inference +—— Rule base

New process value
(New motor speed)

3% 5, Fuzzy block diagram

V. =l xlawie] e

E =FolA FHY Ao} 23382} block diagram?} flow chart 1363} 33
7 Zom Aol XE oo 2% FJAIEH DC servo motor driver unitd] ALPE F
18t driver unit?) Aref7} ¢rR XA PI02] 7z porté} registerES 27| ¥gic),
PIO:= 82558 AME-314 3l port Ax dataZ¥-£, port B: data Y PLLE A3

31 port Cx= driver?] Z} element unit& #|o]s}l= porte ¥WstHc)
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Key board24¥ 33 Wejztzt 33 71§ ditol HFZ o2& wotor?} F
Aste] Tasloiol U HIPES sinusoidal3tA LBAA memoryo] 7]%A17| 3,
F712E th2d 58 YO A AFY ATS AR o] & CTco] A%
3}3 CTCx o] F7|ujt} microprocessorol Al interrupt& Zo] AMEL FF UER
g 4 =& Prh

Register Bi= microprocessor 2%E i) Z0]
D/A converter 28 H¥E3}o reference® 3},
UAA o] F AITE HAF H2IcL

W 2% AlFLE phase distributorolA] dead time2} switching ON,OFF AjZbz}
ZAAR3A driver unitEF FE0) wet 2 A2Z motor

MR 453US latchdty o] U2
v} =

o
TN KH2E ALZHE 7ol A

drive¥ switchingAAlES&
& At

Latch D/A Poly-
~~|=»| Register|{—
; A Converter Graph 1
PortjA
IBM/PC : Latch Tri Angle Power Switching
~~~~~~~ =>| Register Transistor|—
B Generator Driver Transistor
System ! ! 1 |
Bus 8é55 D7 A Phase Servo
—| PW¥M Distribute
Converter Dead Time Motor
Latch Up/Down Direction Pulse
Port B{&| Register{¢« —
Counter Detect Encoder
ttttt
Control Poly- Potential
Port C|= «—
Decoder Graph 2 Meter
a3 6. AMojAlA¥

H2tel pulse generatori 9002 AAIZE Zh= A3 BAE |
o] AEe] AL A&l Bl FUYN ANE

Motorg} FHoE
3% 5000 pulsed WA,

- 424 —



AR 715 BAE 913 Fuzzyoll 2J3F Rotatory Chair Systemof 3t 31 11

2317 ¢13te] 131dY 10000 pulse® juid £t obujet HAYWRES HESY)
¢]3td CW,CCWe) A8 PR3

Servo Unit ON
Initialize PIO

«
/ sExn /
1
/ gaaxz /
Il

223k B
]
TNSHAZL A
I
X 27}
g Eday 2

1

Counter + 1

_-<Counter > 2
No
Yes

Counter = 0

- 425 —
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o] pulse& up,down count3teF 3}i o|F register Coff latchdt ¥, o] &
glo] £ motord] VA HXE AEY & UAEF F}ch

CTCOlA interrupt7} T wnjch WAY AAZ%E mesoryol 7ol Qomg
of YES NAT ol B WA=, ATo| WA UM register ColA Y
o] B¢l 8] xlolE fuzzyFH o &3} motor7t FF 3ot Y X Ao it F
Z 71432 PID Ao gro® Airslo] 2¥siAl Hch. wetA o] g2 wmotorrt Af
Zol =Z3ot ¥ vectorgt 2 EA microprocessor7} AlAtdlo] X FHOR register
Bol 23¥3}A Hch

B =FoM AE3%t DC servo motori SANYO ¥ ARS] (N-8002.2 Aty 3ol 3
2]3}8i 31, microprocessor®i= IBM PC/AT 2862 AH&slo 1962} 2 FZRE 44
st

3 3 & 9 850W £A] o] AR 1007170 A
AAdE QA 105Kg - cm A 7 &2 A 8 0.78/0.28 L
A A 3 A 4 1000 RPM /7] A4 "  95/56.5 Q

3 A 3 ¢ 100/60V E 9 A A 4| 9.2/5.5(g - co/A
A A3 A K 11/18A NAR NS 10 m-s
EAHANELF| 800 Kg - cm ANFA S5 4.7m-s

¥ 3. DC Servo motor A}

VI. Rotatory Chair System2] 4213 =2}
=2 A=t

o]& AA Azt Ao el Zo| 2 Hojol BHA YL dFU AR
B 2% A systemo] F-E3t3ch
Sxel MRS SAol NAS] ARV EANLT AFAA st
sinusoidal rotation3h= motor?] H&of 2]x}8 Ad2|3}:L microprocessori= AE3}
o $)X & CIC7} interrupt& 23% winjth A ze] wpet MEL A E A|FB33L
o] & D/A converter Aol polygraph A @73l o|& $%3h= servo motor?] =
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AR 7S HALE 93t Fuzzyoll 2]3} Rotatory Chair Systemof 3t a3+ 13

RA 2} 92 E vz, B53}7] ¢85t servo motor?] £} potential meterE timing
gearg 1:28] H]&E Z&A]7]1L potential meterd] Y&l :IVE 715t o|FH &
polygraph Bl AZ%t F motor7} ¥ Wsh= HHE 207HA] FEY 5 AEF 31
t}. zZ} Polygraph®] 71&2 10 mm/sec® o] E 31 F|ARR FHZ 900 FHAA] 5.25
mmZ.3tod polygraphol Z3ich.

Rotatory
—
Chair IBM PC AT / 286
7
Timing belt to

Interface Poly-

[ Timing gear 2 l~~{w1Timing gear i] — Y

H graph 1

[Potential Metef]

1 } 1 DC DC Servo Motor

+1V to -1V Servo .

Polygraph 2 Motor Driver Unit

2% 8. Chair System?] 74

90 ¢le] EX= x| H3e FHEX]H S D/A converter 10] 2|3t polygraph 1
of ,motor7} ¥F3h= L polygraph 20] &3ty 7| &3}ttt ol 300 ¥ Ao
1.75mmE Sto] +1800, +£1200, £90°, 6002 A AZAon o] uf 137]9 ¥EE
0.15Hz, 0, 2Hz, 0. 27Hz, 0. 4Hz & A A3tL S o]= servo motor7} £+E2Y w] H XX A
o) WA UF AR wmotord] YFE T &3 Aol 73t A A switching
transistor7} Il X AL} servo motoro A3t &Fo] FIFlHRBZ A ZHo| &AS
A& 4 2] over current®} over rushE sensingdle] F2& F32 A|717] w&ol

servo motor?] 3 Zo| L3t Hel QoA 2 FRIA|ZT
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14

1. Graph 1
(+180°,0.15 Hz)

A-

(+180°,0.15 Hz)

B-.Z..‘ ‘Ger'aph 27

B->1;. Grapl;l ‘
(£120°,0.2 Hz)

C-2. Graph 2
(4900, 0.27 Hz)

C-1. Gr‘aph 1
(£900,0,27 Hz)

Ve

i
33 254

e SA SRS RREEs a2 d S 231

S ST i,

» D;Z. lGraﬁh .2'7
{ £60°,0.4 Hz)

1. Graph 1

(160°,0.4 Hz)

D

% 9, &% AEZA graph
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o] F71x|¢] polygraph@t o2& 1 QAE ZAE3V] ofdn FFUARE A4St
of displayAlZ) Z3, ¥AZo] oz I3 1 F7 uwEy Z dof
(+/-8100,0.12Hz) €A] FFLX}= +/-210 pulseo| | 2 ofF &Y gt AHE 4
ach

SHI Ry e (]
A

il

TR OH] HHi [
s BN

(B) BRR2AS HUT Bl JTLF

0] 2¥Y ¥ oplzt YU Hot =3 AdxFE 2L 4 ddrh
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A2l 1. Sinusoidal rotatory chair system

V. =23 =

B ztzt A Bxjold FRZ7RY V5 AAY BHOE fuzzyd] 2%t 54
o} rotatory chair system& A, 25t AHY 23 polygraph T 1 A&
22 + Jdod3 FF3HAE Al displayA|Z) AE AKY A2 E o
A 2¥ts o} WIE 7} +8100,0.12Hz00 M T} ©A] $F 23 +/-210 pulseo| Ul 2
32 ez UEst AES4E FFea) BL4Elo olF WUEKY vt AAE @
& 4 oddrch

ol& FHA sSistd A FX PIDMoI} Hx] FFA|E fuzzyol 2i3] IBM
PC/AT 2863} PIOSZ L 82558 AM&3}lo ci&3kZ¢) 850W DC servo motore] A-£3t A
°|7]1& F¥3tdct '

=L ARZT AT A3 Lol A S A3 Aol AU AL
2 HEE $43 Aol AYSHA FEEI 3ol & o] HAxIZ 23}
o AR AFLES B F AT FAIHY oldo] U BVAZFE = &4
2 Hato] 2ty TASAY SEFugo Tl AT &t vt dola, B
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AR 7S AAE YT Fuzzyd] 2% Rotatory Chair Systemol] ¥ Q3¢ 17

Aelrct =gl txgFo] JISEo 2N YU} BXE LEHE £ U= AR
15 d Aol 22 A& 58S AAY 4 AT

A 22 FAAE EUE AHo{7|E channeld} Yrhd FUA ¥ 3ol W
2 ke tj3d 2REY ARJA Y Bats)rje] FEF BRI 7L Qi A}
BN, T GFLFEL GAVNS Yol & AE3l2 o] AXE 14 samplingo]
7HFs¥ A/D converter& 21831 graphic Aejel oj4tx AIMe|e A& AAN
ojatoll Al At ARE A FHUIE ¥FofolA FFEYL ¥E JHx7L Qlcia %
cHAT}

2 d3e HdEE 95t W AuE RSt FAL YA AEE oA
doxom EF 6dAY 2 7S ARt AUEA iy FA d3ciya o
tidt ezl 1hEd Iedy B FRE Y At M FFAHA e} g
4 F4 () A45AE 287 APEA A & UL
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A Study of the sinusoidal rotatory chair system using a Self-Tuning and

following control by a fuzzy for Evaluating the Vestibular Function,

Park, Hae Am *
Kim, Hee Su
Dept. of Computer & Information Processing

Kwangju Health Junior College

> Abstract <

A sinusoidal rotatory chair system using a self-tuning and following control
by a fuzzy was designed to evaluate the vestibular function and to apply to a

robot driving power system.

The sinusoidal rotatory chair system consists of a IBM PC / AT 286 with a

interface 8255 a kind of PIO as a controller

The experimental results by the sinusoidal rotatory chair system were pretty
good,and which had smaller then +210 pulse error on the +810° sinusoidal

rotation at 0.12 Hz by using a 850W DC servo motor,

The chair system was applied to evaluate the vestibular function, and

nystagmic eye movement was obtained by sinusoidal rotation of the body.

On the basis of the above results, the sinusoidal rotatory chair system may
be useful to evaluate the vestibular function in the field of medicine, and it
can be used to robotics or a numerical control system (NC) on the industry if

the obtained control method and the system are adapted for a channel,
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