HCI2009 &t=rH 3]

Synchronization of Bilateral Teleoperation System using Genetic Algorithm
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Abstract  This paper presents synchronization of bilateral teleoperation system
with time delay using genetic algorithm, In general, bilateral teleoperation system
has two main goals; stability and transparency, In the presence of time delay
between the master and the slave, we guarantee stability, and optimize the

parameter of synchronization control law using genetic algorithm,

8 4]o]: Synchronization, Teleoperation, Genetic algorithm,

£ =8 2008 & AAAAE 2 JHGAALNTLY s IT AFME $4 - AYAYY ATLE FYE GG, (ITA-2008-C1090-
0804-0002)
PEAL  FERE|ed 1A AAF 144, e-mail: byeongyeon@gist.ac.kr

I EAAL L FFIE|eY 714583 w4 ; e-mail: hyosung@gist.ackr

2080



1. ME

AR 2FAN Y FaF BEE A
gy W Rl 53 AA4sERe 7
sdlon 2Ro|H AAAL Y& AsAelA A
Aol Fastch olHd WHF AAA oA 2o
YENIY QA Aoz ola Axdo] Zega

4 > o o o

LA Qs Aol ARl oA
3 SgA, 2 uhaEel adolne 4E 578E dld
Aol71s  AAstE, 984 dueEe ol
Aol7)9] shetulel s 2 sksaz g,
2. 28
21 AlAY 2
QA0 n-AH = vhAH, Seo|n 2R Fojat
A thga o] FolA,

MG )am + Co @y Vi + 8 @y ) = Fpy T 7

(1)

Mg (g )ig +Cslag. 45 Vg + 85(a5) =14 - Fp

AZAAS nefet vage Sdon 2ol $/% ©
e g Ao oA,

e =4, (t-T)-q50

eg()=qg(t-T)-q,, 1) 2

FEF dAA AN L" AN F7ete tad 2ol HofE

o
% ol

en() > 0eg() >0 ast —>x (3)

2.2 Mo7] 2

ofAESl  &FolE 2ROl EodoA  mul9

32 Mo
Ruo
Toonx
%

o

=l

e

ol

=)

24

2

1522

e}

o

)

tlo

_f;l‘

m

o

<

o

e

4>

T = My @y 2y = Cop @y Gy V2l + &y (@) - Fpy

E

g = -M(qq )iy, - Colag. g 2y + 840y )+ F

3,68 (= my = 349 stehvHE dehie 47
stebulg st olgstd AME chem Zo| ued 4
ot

2081

n=gtig (i=ms B FIF AR AN 2H
T5AE BEAE] Y3t mod ¢ HBog
upAgeE  &dojHe  ARE EYMIzt  Hoh
Y, (i=ms) & 22 IAYE, éi =0, - Ai i=ms) =
FOIA I O7|A G, (i=ms) = FHE Tietug HES
vrebdct, at2tu] HeHae
0; =Y (i=ms;y>0) 9 2rh vpAE[9L Ldo|H Y]
AR &0 B2 F7|8t exhe=
n =IO g g ol maw 4 o
e, =rg(t-T)-1,(1) (6)
718 Aol AL o33 Ao
Fi()=Kpe; + Kyl e;dt + Kpé; (i =m,s) @)
=2dNE AMY Kp. K Kp  SEHEHE

2
HHoslr] A A GaelEs ARt aAt g,

@ carading

Oh s fr ™
1100101019 A010 10
1oL mormfine |
i i

|\ 1eotseest Tioiojiie
N i 101110 1010
New population
4 Sclociion f—m-ﬁm ™~
| 1 00110 11001
+
mw e
Houlkite =
el
\_ W
[

¢ N
[ Evaluation

Olfspring
110000 1110

100110 1010

4 tecoding

T Fitnesms

A

2.3 QA ATAIZ0 QU3 FH5

SAA guEe AARFoIH] AR M)
A9 dAYZS dor @ PM guezow
Foldl BAO| dstel Fu s Fre fEdom
astel 44 AT L & U $A% duPEe
29 1w gol Au, md, Sadwold] 4 xS
e due dgsd uet 14 65 d@s] o
A oo JREg meh Sdvoli gl Ul
24 Rosle Ae A2 ANSE due B
ERECRES E RIS 240

A48 % gleHs-10],

2.4 NEgo|M
A& o) a2

SYolH BES 7HOoR 3

Mmijm :Fh +1,
Mgy =15 - Fp

SR

@ol  1-Agmel  uhd,



AR daEeA E7IskE A Ao wfetulE
G2 Kp Ky Kp = [0,30,0,30;0,5] & A%kl
- 1 . - .
APE Pk A9 5713 oxo o olRofdl
wAAgonz Aolstdrh Ade aguduyos
3hal, WAEES 60%, EAHOIBES 52 AU
14
13
12
11
1
& 09
0.8
0.7
0.6
0.5
0.4 . . : . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Generation(iteration)
123 2. SHHZ
Kp Value
15 T T T T T T T T T
e /\\/X,_ﬂ
50 l’) 1‘0 1‘5 2‘0 25 30 3‘5 4‘0 4‘5 50
Ki Value
15
e 1
K=
O 05
00 \‘5 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 50
Kd Value
6
c 4 /’—\/—¥
3
O 2 B
00 .‘5 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 50
Generations
a2 3. mt2tolE 2X st
12
1
0.8
S o6
:
>§ 0.4
0.2
0
02 . . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
time
d% 4. /x| it
500
400
300
200
§ 100
h 0
-100
-200
-300 L L
5 10 15 20 25 30 35 40 45 50
time
a8 5. & 2%t
3. 28

2082

2 =wode maEe solHY Ve A%
Aoize]  wetug g HAgfsr] s FAA
quzEe ol8stAh. Aol AN EHxol
A gdolE 23 8t 9 fAA daEEe

ot Alo] shetule o] HHehE Fo A5 Mol

k]
ra

e

[1] R.J. Anderson and MW, Spong, “Bilateral control
of teleoperators with time delay” |,

Control, pp,167-173, 1988,

Decision and

[2] G. Niemeyer and J.J.E. Slotine, “Stable adaptive
teleoperation” |, IEEE Journal of Oceanic Engineering,
Vol, 16, no, 1, pp.152—-162, 1991,

[3] D.A, Lawrence, “Stability and transparency in

bilateral teleoperation” , IEEE Trans, on Robot,
Automat, Vol, 9, no, 5, pp.625-637, 1993,
[4] N, Chopra and MW, Spong, “Output

synchronization of nonlinear systems with time delay
in communication” , Proc, of the 45" IEEE Conference
on Decision and Control, pp,4986—-4992, 2006,

[5] N, and MW, and R,
“Synchronization of bilateral teleoperators with time delay”
Automatica |, Vol, 44, no, 8, pp.2142-2148, 2008,

Chopra Spong Lozano,

s

[6] N, Chopra and MW, Spong,

of networked passive systems with time delay and

“On synchronization

application to bilateral teleoperation” Annual

s

Conference of Society of Instrument and Control

Engineers of Japan, pp.6—10, 2005,

[7] H, Kawada and K, Yoshida and T, Namerikawa,
“Synchronized control for teleoperation with different
46" IEEE
Conference on Decision and Control, pp,2546—2551,
2007,

configurations and communication delay” |,

[8] L. Jie and X, Jian—ying and W, Zheng—mao,
“Design of disturbance rejection PID controllers for
time delay system based on genetic algorithms” |
International Conference on Neural Networks and

Brain, Vol 2, 2005,

[9] T. hachino and Z.J. Yang and T. Tsuji, “On-line
identification of continuous time—delay systems using
Electrical

the genetic algorithm” | Engineering in

Japan, Vol, 116, no, 6, pp.115-126, 1996,

(10] D.S. and J.O.P. Pinto, “Genetic
algorithm based system identification and PID tuning
IEEE/ASME

Intelligent

Pereira

for optimum adaptive control” , Proc.

)

Interantional Conference on Advanced

Mechatronics, pp.801-806, 2005,





