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Dynamic parameter identification of three-link acrobot

on horizontal bar

LI Zu-shu, ZHANG Hua, GU Jian-gong, CHEN Gui-qiang
(College of Automation, Chongqing University, Chongqing 400044, China)

Abstract: In modeling the three-link acrobot on horizontal bar using Lagrange equations, the accuracy of dynamic
parameters plays an important role in the realization of a real-time control. In this paper, an improved genetic algorithm
(IGA) is proposed for parameter identification. The IGA introduces some new operators such as hybrid encoding, variable-
precision crossover, integration ideas of orthogonal experiment design, Hamming distance, dynamic encoding and large-
size mutation with feedback. In addition, a novel fitness function is used to evaluate the solutions. Therefore, the IGA
can be more robust, statistically rational, and easier in obtaining the solutions. Finally, by comparison of data between
free response and numerical simulation of each joint, the IGA is shown to be effective in the determination of dynamic
parameters of three-link acrobot on horizontal bar.
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1 5|E (Introduction)
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B BRI E) 1 S
2 a5 5E X (Problem definition)

2.1 3RV ERHLE A K3) I A (The dy-

namic model of three-link acrobot)

3RAT RN N K3 g A X (D Ps:

AX)X =B(X, X)X +C(X)+D. (1)
X X = (01, 0, 03] TR IR3H 15 2 BT B R,
XORVX 9 31 22 715 368 I8 {9 6 39 P68 AT #4903k 3 1 e
A

All A12 COS(GQ — 91) A13 COS(93 — 91)
A(X) = A12 COS(92 — 01) AQQ A23 COS(93 — 92) s
A13 COS(93 — 91) A23 COS(93 — 92) A33
B co + Bio Sin(@g — 91)92 Bis sin(03 — 91)0'3
B(X, X) = | Cy — Blg sin(92 — 91)91 B22 c3 + ng sin(93 — 92)93 5
—Blg Sin(93 — (91)91 C3 — B23 sin(93 — 02)9‘2 Bg3

Cl sin 01 0
C(X) = CQSiH92 5 D= uy | -
Cg sin93 us

A Bij,Ciy B SHAT OK, KIS WTF:
Ay = mlf + Jy + (ma +ms + mey + mea) L3,
A1g = (mala + (m3 + mca)La) L1,

Aoy = mal3 + Jo + (ma + m3 + mey) L3,
Az = mglzLy, Agg = msls + J3,

Bi1 = —(c1 + c2),

Bia = (mala + (m3 + mcg)La) L1,

Bi3 = mgsl3Ly, Bags = —(c2 + ¢3),

Baog = mglsLa, B3z = —c3,

C1 = (mili + (mg + mg + mey + meg)Ly)g,
Cy = (mala + (m3 + me2)La)g, Cs = mslsg.
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Fig.1 Model of three-link acrobot

2.2 AK€ X (The definition of solution)
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AIAT il ).
3 Sk Y a4 5 i (Improved genetic algo-

rithm)
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3.1 IRA %S A Y] UG Fh B (Generation of initial
population by hybrid encoding)
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xr = {131,1)2,"' axN}a
x; = 1; —I—ﬁ(ul — li), ,3 € {0,0.1,0.2, s ,1}.
(3)
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3.2 & HAE(Selection operation)
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3.3 0] AF K B AZ X #: fE(Variable precision
crossover operation)
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3.4 FATSEHK (Orthogonal experiment)

IEAZ IR 2 AR 22, wT I B AR A
U 7 Oh, BB S AL S, MRNE, TS
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3.5 RA2 R (Hybrid mutation)
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36 FAWEE &K KA H 4 & (ntegrate

ideas of large-size mutation with feedback)
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3.7 & B BR B 3% B (Selection of fitness func-
tion)
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f(Z2)= 1OlogE(12) =—10log E(Z). (9)
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i e L LU £(Z) =6 —10log H(Z), § > 10log M.
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H(Z)= 4 i=1 (10)
M, H(Z)> M, max f(Z), L< Z < U. (12)
1 AR TMATE 4950 ) F A8 J I E(Z) 6 BAL
Table 1 E(Z) of different dynamic parameters in the same initial condition
m /% ma)%  ms/% )% /% /% % J2/% Js/% /% /% /% E(Z)
1 100 100 100 100 100 100 100 100 100 100 100 100 0
2 84 90 105 108 100 89 80 98 92 98 88 92 155.47
3 101 102 100 99 101 103 101 99 98 100 99 103 0.395
4 102 98 102 102 98 102 98 102 98 102 98 102 81.042
5 105 108 99 115 104 108 108 106 113 103 100 108 8.45
6 94 108 100 99 120 104 101 108 108 100 112 108 24.52
K2 REMIESHE(Z)ME 10) 455G 3R E L5 Ja ACR R i 2 3G 1 S5
Table2 E(Z) in different initial gestures [ EHES) .
X 1) EFEMA LA T A e
[Z] 7.
X4 Xo X3 e S -
12) AR &b SRR, R EES) ~
1 0 0 0 11)
30395 0.38 0377 ' . _ _
6 2452 666 1296 4 B B 5 XF 4 #7(Numerical simula-

3.8 H kAR (Algorithm description)

1) RHNRA b 8 7717 LA UG W AT i

2) SRR AR Y B, T e N
HEm .

3) i+ﬁ$¢ﬁﬁ@ﬁﬂ;§fpopulation~

4) ﬁl]%fpopulation > a, ﬁﬂ%foptimal >0 I)_I\Uiji:
TN 5 SR AR A 45 G 1 548 A5 ) gk
A7 00 1) S it NS
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tion and analysis)
4.1 52545 B (Experiment results)

TEEAE D AR b, SRR X/ 45200, 28 X
K PoN01, A R P, h0.02, 34k AR L 42000,
a = 0999, ¢ = 5, p =095 v =01 M =
1000, 6 = 35; fjj FLW [A]10s, P4 240.005s, K
F BB 2Ry Je kg —PE BV 3T AR L8 N BT
S B f12- B8 Zr = [0.23,1.15,0.414,0.07605,
0.065, 0.11635, 0.0004434, 0.010875, 0.0109,
0.03056, 0.03056, 0.03056], CLA1ZEZ I AT AT il =
[H]4[0.8ZR,1.25Z5]; PREENLE N IV L& 7
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Table 3 Some simulation results of dynamic parameters identification by IGA
ma ma ms l1 lz lg J1 J2 J3 C1 C2 C3 E(Z)
1 0.2208 1.104 03974 0.07301 0.0624 0.1117 0.0004 0.0104 0.01046 0.0293 0.0293 0.029 266.2
2 0.2392  1.196 04306 0.09126 0.0676 0.1233 0.0005 0.0113 0.01134 0.0318 0.0318 0.032 199.5
3 0.1932 1.041 04355 0.08213 0.0650 0.1041 0.0004 0.0100 0.01068 0.0181 0.0269 0.028 155.5
4 0.2668 1.196 0.4140 0.09126 0.0676 0.1247 0.0005 0.0113 0.01134 0.0293 0.0318 0.033 66.3
5 0.2152 1.242 04140 0.09126 0.0676 0.1257 0.0005 0.0113 0.01131 0.0306 0.0342 0.033 44.1
6 0.2392  1.225 04140 0.09126 0.0676 0.1257 0.0005 0.0113 0.01134 0.0287 0.0308 0.033 27.3
7 0.2208 1.225 03974 0.08700 0.0676 0.1257 0.0005 0.0113 0.01090 0.0330 0.0308 0.032 15.2
8 0.2407 1.242 04108 0.08732 0.0676 0.1255 0.0005 0.0116 0.01121 0.0306 0.0337 0.033 8.5
9 0.2425 1.254 04140 0.09126 0.0676 0.1256 0.0005 0.0117 0.01128 0.0334 0.0328 0.033 0.6
10 0.2254 1.173 0.4058 0.0760  0.0649 0.1163 0.0004 0.0107 0.01068 0.0299 0.0300 0.030 0.01
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Fig.2 Comparison between simulation and real

free-response curves
X10*
T

e — ESEE

3 KFTRZEME /rad

t/s
3 LSRN EL I AT 22 T) )R 22
Fig. 3 Errors between simulation and real free-response

curves

S5 25 B 43 M (Results analysis)
F477 LA 45 SR A SCHR[7) 0 45 ST L, s
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20 NS X PR A — e FE R R
o RO 3 DR 2 R, e A R AL ) R
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Fr A AR HL 38 N 8 07 22 2 50 OS5 58 =,
AT R PR ZE N, K3 104150 122 S 50
RZE AR T 2.0%, 2.0%, 1.99%, 0.10%, 0.09%,
0.03%, 3.02%, 1.98%, 2.01%, 2.03%, 2.00%, 2.00%.
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5 Z59iE (Conclusion)
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