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An Adaptive Training Method for Human—robot Systems Using Neural Networks

Toshio Tsuji*, Yoshinobu Kawaguchi* and Makoto Kaneko*

Recently, the needs of robot systems for human support such as a master—slave manipulator, a teleoperation robot

and a power assist robot have been increasing. In such human-robot systems, a human operator has an initiative

in executing a task, while a robot assists him or her. Therefore, the importance of a training system to improve

operator’s skill in controlling the robot should be recognized from a point of view of safety, since a control error of

a human operator might cause a serious accident. In this paper, a new training system for human-robot systems is

proposed, in which a neural network (NN) is used in order to identify the dynamic properties of the system and give

an assist to the operator. The identification model used in the proposed system consists of the NN and a reference

model which represents a control property of the skilled operator. This paper explains a working principle of the

training method and shows the validity of the proposed method through experiments of robot control by novice

operators.
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Fig.1 An example of the training system for handicapped peo-
ple
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Fig.4 Human-robot system represented in discrete time

O0r(t)00000000000e()000000f() 000
O0y,(t) 00000000pO00000000000000D0
100 10000000000000 ¢(¢) 000000000
00000000000000 f(¢#) 00000000000
0000000000000000000 [15[16)/00000

gboooad
1

R0 = e B &
JoooooooMOoOUOooogooooBOOOoOK UOOO
gooo

Fig. 3000000000 oO0o0OO0o0oooooooooo
oo ouogoggoogooggoooogog
0000000 f(+)000000000000000 y(t) O
DDDDDDDDDDDDDDyT(t)DDDDDDDDDDDD
Jgoooooooooooooooooogg ys(t)EIDEID
O y(t)DDDDDDDDDDDDDDDDKPDDDDDDEI
K, O0OOOOODOK,OOoOoooooooooooooooa
Jgooogoooooooooooooog ys(t)EIDEID[I
y(t)DDDDDDDDDDDDDDDDDDDDDDDDDD
O G(p)zl[ll]DDDDDDDDDDDDDDFig.4DDD]

010

3. ODOODOOODOOO

3.1 000000

gbooooooobooobooboooooooobboooooon
ooooOoooOOoobo0oboO0b0O0O0Fig 4000000~
oooo0ooooooooooooo00oon0 k00000
000000 At0000 k0000000 DOODOOOOO
ooo

July, 2000



go0ooooooooooooo-000o0o00ooooobooo

00 Fig.400O0OU0ooooOooooooooo yk)OooO

y(k) = R(z"")H(z Ye(k) 020

000000000 H(z"H)oooooooooooo R(z™)
0000000 Agu(x~H) 0000

R(z"HDH(GEY =14 Aru(z Y Ra(z"HH,. (2~ 0 30

00000 17)00000R.(z"Y)H,.(2"H) 00000000
ooooooo
000000000000000000000000000
oooo

Rz MHy(z ) =[1— Az DR HH((") 040

000 A(>"1)000000000000000000000
0 Rn(2"Y)H.(>~')0004000000000000000
0000000000000000000000000000
00D00000O0O0R.N(z Y)H.(>~') 00040000000
0000000000000

Asely = BruE)
T+ Arn(z D)
gooooooooooono ARH(Z_l)DDDDDDDDD
ooao As(zfl)DDDDDDDDDDDDDDDDDDDD
O00000000000O0ONNOOOOOOOooOoobooogo
3.2 000000000
Fig.6 000000000 0OO0O0ODODODOOOODOOODO
0000000000 Ra(z Y)Ha(>"1)0NNOODODOOODO
NNOOO ywvn(k) 000000000 y.(k) 0000000
00000 §(k)0000NNDOOODOOOODOO §k)
000000000000000 yk)O0OOOOO (k) O
gooooooooooNNOOO yNN(k)DDDDDDDD
goooood y(k)DDDDDD AyDDDDDDD

os0

Ay (k) = aynn (k) 060

000 a(0<a<1)00000000000000000
00000000000e=100000000000000
000000000000 0000000000e00000
00000000000000000000000 «0000
0000000000000000000000000000
oooooOoooo

00000000000000000000020000 30
000000000 y(k)OO

Ak

Robot

ys(k)
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