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Abstract

In this paper, we proposed a multi-layer neural network for direct control method of nonlinear
system. The proposed control method uses neural network as the controller to learn inverse model
of plant. The neural network used consists of two parts; one part is for identification of linear part,
and the other is for identification of nonlinear part of inverse system. The neural network has to
be learned the liner part with RLS algorithm and the nonlinear part with error of plant. From the
simulation and experiment of tracking control to use one link manipulator as plant, we proved
usefulness of the proposed control method to comparing to conventional direct neural network
control method. By comparing the two methods, from simulation and experiment, we were convinced
that the proposed control method is more simple and accuracy than the conventional method.
Moreover, number of weight and bias to be controller parameter are small, and it has smaller steady
state error than conventional method.
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Fig. 1. A direct control system using multilayer
neural networks.
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Table 1. Specification of the fabricated mani-
puator.

Actuator inertia Ja | 8x10-6 Kgm2
Back-emf constant of motor Kb | 67X10-3 Kg m2
Torque constant of motor Kl | 68X10-3 V sradl
Motor static friction torque Bm | 10X10-3 Nm
Motor armature resistance Ra | b5 Ohmms
Motor anmature inductance  La | 72x10-3 H
Servo Amp. current limit 2 A
Gear ratio N |13
Link length 1 015 m
Link mass m |01 Ke
Gravity constant g |98 Kgms™?

a9 69 AR APRAE AMge] E 19 Al

& 2 9 32 AYEAIEE Aojdhrez Al
2 AoPae] 898 Helsb] A 23A A
Hg sk



106 HAE Aade) AR AL AT e AA 327

0g 6. AFAAAA
Fig. 6. Photograph of experiment device.

7129 ARAe] whalal Zgkt AAAle] wpale] A
xS Aol ZAls] A AAE o)
g gz ARs] MS Excel T2aHhL A3}
a=g vehd 29 73 a3 8otk

0.8
0.6 AL 2 hs 4

il i
0.4 : Ay |1L {

0.2
Q

i
e
0.4 A (W)

‘v{’

v

Anguiar Positian [rad]

e i

-0.8
Q 5 iI0 15 20 25 30 33 4 48 51 B
Time[sec)

(@) $H3A

025
o2 {4 1y
o i 5
A

i
o | R
045 [ ! I [RAAARNANNL]
2
-;J(.JZS

Aguier Pasttion(rad]

0 5 10 15 20 2% 30 35 40 4& 5 55
Time [sec]

(b) 2254

a8 7. 71Es ARAle] Bl 2554
Fig. 7. Tracking characteristics of
control method.

conventional

A A AI7e) Sl S dazws) v
olelage] 48 271l 4™ T, 30708 &
e edE e FRe 2E o EHzeR 7

BrE it

X2 712 AgAee] 41733 2rct Aeis)e)
sfehleizl s QA7Es) selelagel 28 60
QG TN, st 20708 wRE e 29 o,
he] e e Wl E9EoR 7R Al Al
ofaje] AAMLR oF 122 2I5ALS WA @
& Slsleh =R Aeile] skeblErt By Qags
s} wjolelestel 471 oF 1/42 2tobd F4e] bkl
A7, Akl 47t Bade & 5 Uddch ABHo]
A A} 23 e AT} et AL A9
olael Aeluhst ARl Aeishael Aleye]
A7, 2ol exe) A% sEsels ARA
AR EIPE 219 Sge] R Az &
e FAR] AR A7

% 7\, /
-0.2 ‘N"h; J jn /
-04 W \'\- /

(a) A

Anguer Position[red}
o

0.25
0.2
0.15
0.1
0.05
0
-0.08
-0.1
-0.15
-0.2
-D.25

A
i

PLTRITEILIERGRL b AN
i“\'l'imq?l"ll'l"l‘lIH’l‘l'l’lm'l‘l'”l‘llﬂlmmmn i

Anguler Position(rad]

0 5 10 16 20 25 30 3% 40 45 B0 &5
Time[sec]

(b) 2324

a8 8. AY3r AAA o] uhA)e) 22 EA
Fig. 8. Tracking characteristics of proposed control
method.

VI d 8

£ EEalde By Asde] AgAelAle ¢
T o AAHERE A A WAl
A3|zre] Buse] o RdE Husie wWAloR

(T



19984 6 ETIREHIH £33 % CF F6 8%

AEL] ARHA|ALS AAH jlEH HRE
FH3la, EWES] o ndg HFFEH
ro] APAFz Aty YRR Hx
=g ARH2YE o83t T A4 %

walolch AR Aloir]e] AYEE-E A A2de]

Vd“é

SR
=1
|

A2AERE 3 ol4Siold WEALASYS ol
s ool BAES) ARHOD Y4 Syt

I, HW'%‘” 2o 71E AT AA 28] 2AE o]
al SRl APE Ao H-84E
gelsly] 3l ©d FE dpEHelelE ]88
FZA el AR Aol AEE sl 71 o
A7 EE o183 AAAA T Aoideg v
o A Avke o5 Ak

) Aleiz1e] seper} s dZ7Ee} vlelola
o] 7t zto} AslzRtel 7Aoo Zhdsldt 2) dAb
9] &&=/ 7 Hdek 3) A 22t zems
4dAdo] Sl

Aokgt Aol wldy Xxele] slHel disie] o
o] &z Alxdel HEd 5 ok o] Fo A7
FARE 279 T AHE we] 2d F dde
deiFe] ML Axge Juds AYsia we
Y 5 sl WY 3rE e Aol

HE

rek

iz

7'5]-
[1] IDLandau, SYSTEM IDENTIFICA-
TION AND CONTROL DESIGN, Pren-
tice-=Hall, Inc., 1990.
S.Debowsky and D.T.DesForges, “The
Application of Model Referenced Adaptive

[2]

(495)

(3]

[4]

[51]

(6]

[7]

[8]

(9]

107

Control to Robotic Manipulators”, Journal
of Dynamic Systems, Measurement, and
Control, vol. 101, pp. 193-200, Sept. 1979.
A EBryson and Y.C.Ho, Applied Optimal
Control-Optimization, Estimation, and
Control, JOHN WILEY & SONS, INC,
1975.

Bernard Widrow, Eugene Walach, ADAP-
TIVE INVERSE CONTROL, Printice hall
Inc., 1996.

Madan M. Gupta, Naresh K. Sinha,
Intelligent Control Systems : Theory and
Applications, [EEE PRESS., 1996
F.C.Chen, “Back-propagation Neural Net-
work for Nonlinear Self-tuning Adaptive
Control”, IEEE International Symposium
on Intelligent Control 1989, pp. 274-279.
1980.

M.Yuan, G.S.Hong and A.N.Poo, “Neural
Adaptive Controller : Application to Robot
Manipulator”, The Third International
Conference on Automation, Robotics and
Computer Vision, pp. 1734-1737, 1994.

Y. Hirashima, Y. liguni and N.Adachi, “An
Adaptive Control Method using Neural
Network”, SYSTEM #I#IGF#REBEH X,
vol. 7, no. 8, pp. 281-286, 1994.

L.Jin, PNNikiforuk and MM.Gupta,
“Direct adaptive output tracking control
using multilayered neural networks”,
IEEE Proceedings~D, vol. 140, no. 6, pp.
393-398, Nov., 1993.



108 WY A

¥ % E(EER)

1996+ 29 S=distn Axlgets
ZQ(Feehp. 1998 29 T
g AxgEt digkd HAl &
AEFEAAD. 1998 3¥ ~ A
Faigtal Azlgek) ofEh] whab
4, FHAHok= System Identi-
fication, A1733=x 54

B & BOEgR)
1972 29 F=oista ArbgEtst
Zq(Zehha]). 19854 29 )
st AAgstat e St
Ah. 1978 ~ 19944 29 HIFAE
y g Awse 19949 3Y ~ A
TR At Y 53
A]¥-ob= System Identification, A-&-#o), F=]Ae],
A7 27 54

49 AAAENE AR T3 A48z

I

(496)

BrE it

8 B x(E&R)
19794 24 F=dista Habzsts
Z4)(ZetehA). 19819 29 E=24)
#31 Ax-g st} okl Akl
(FEAD. 198749 9¢ ~ A
R Md AEoga w4 19964 3Y
M ) B QAT gt
4 . 2,‘-:4@_,-0}:— System Identification, %}
SAe, FAAle], A3 2R 59l



