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GA-based Control for Swinging up and Stabilizing

Parallel Double Inverted Pendulums
o Keiichi Iguchi, Hajime Kimura, Shigenobu Kobayashi

Tokyo Institute of Technology

Abstract: This paper presents a GA-based control for parallel double inverted pendulums. The neural network

1s used as a controler.

GAs, with no domain knowledge.

A weight vector of neural network is optimized directly by UNDX; one of real-coded

As a result, we succeeded to acquire a controler that swings up and

stabilizes a parallel double inverted pendulum. Also, we confirmed its robustness for noize. Several results by

computer simulation are shown and investigated.
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Fig. 1 Paralell double inveted pendulum system.
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Table. 1 Parameters of the pendulum system.
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Fig. 3 Convergence curve of Ex.A-D



|
0 ‘ ‘
0 50 100 150 200 250 300 350 400 450 500
Fig. 4 outout of Ex.A
1 l \ \ \ ‘ i \ \ H\ \ l\
0.5
0
0 50 100 150 200 250 300 350 400 450 500

Fig. 6 output of Ex.C

00 1500 9513

Fig. 8 Simulation of Ex.D NN

[+ =l=ld

Fril F1000 G083

Fig. 10 Simulation of double pendulum system

05 - “
0 J 1
0 50 100 150 200 250 300 350 400 450 500
Fig. 5 outout of Ex.B
1
05
0 50 100 150 200 250 300 350 400 450 500
Fig. 7 output of Ex.D
= IR R Hh 53

50000 100000 150000 200000

Fig. 9 Convergence curve of swing up and stabilize

control of the paralell double inverted pendulum

system

05

i

100 200 300 400 500

Fig. 11 out put of the NN



34 0O0O0OODOOO

ood
gobobobooooobobboooooboboooon

O0O00000O0ODOCcos8 Gsinb OOOOODOOO

00O (x,v, cosB 1,sinB 1,w 1,c080 2,5in0 2,w2)0 80 0 O

0000 200082-10 NNODOOOOODODO
2100000000 500000000 1000000
oo 2000000000

ood

500000000Fig. 90O0DODOODOO 800000
gobobooooobobooobobboooooobooog
goooooboo eooon 7000 DOOODOODOO
gobobboobobgeocoodbboogboooonon
goooooboobgrooobooboboobO
goboboooooboboooobbooooobooboo
goobooooooboooboboboooooboog
goooon

Fig. 100 0000000D00DOODOODOO0OOFig.
11000000 NNOODODODDOOoOOo 200000
gooboooooobooobobobuooooobog
goboboooooboboooobbooooobooboo
goooooo

4, JO0O0O0oOoooooo

300000NNDOOODODODODOODODOOOO
g s0000ggoobobboooobobbuoooon
gobbooooobobooobobboooobobog
o000 ooobOobooooobooNNOOOoog
000000000000 DO0OD0O0OD0O0000O0O NN
gbobooboobooDbg

s0oo0ooobobooobobooooooboogon
goobooooobobooobobobooooobooog
goobooooobobooobobobooooobooog
gobobooooobobooobobboooobobog
goobooobon

41 00OO0OO0ODOOO0ODODOOOOO

oogd

Um-0.060n0Omn00.060 300000000000
gboboobooboon

2A2-4

gogd

0000000 0ODOONNOOMOOOODODo.o50
opo.os00D0OO0OLOODDODbDOODbLO0ODbDOODO
goobobboooooobooobbbooooon
gooobboooooobooobobboooooo
gooon

noise=N(0, f /10)xMAX F. O
0 Fig. 120 1000 0000000000000000

00o0O0DO00o0oDOobOob0@muoooOD sin0OO
gogono

Mo S
0 L y -
Sy

02 200 400 600 800 1000
-04
-0.6 f+noise | |
-08 U sinB1 []

-1

Fig. 12 rubst control of the single pendulum system
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Fig. 13 output with noise of first 100 steps.
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Fig. 14 noise and angle pendulums.
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