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Evolving Neural Network Controller for Stabilization of
Inverted Pendulum System
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Abstract - In this paper, an Evolving Neural Network Controller(ENNC) which its structure and its connection weights
are optimized simultaneously by Real Variable Elitist Genetic Algoithm(RVEGA) was presented for stabilization of an
Inverted Pendulum(IP) system with nonlinearity. This proposed ENNC was described by a simple genetic chromosome.
And the deletion of neuron, the determinations of input or output neuron, the deleted neuron and the activation functions
types are given according to the various flag types. Therefore, , the connection weights, its structure and the neuron
types in the given ENNC can be optimized by the proposed evolution strategy. Through the simulations, we showed
that the finally acquired optimal ENNC was successfully applied to the stabilization control of an IP system.
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Fig. 1 System Modeling

g A M)+ pux(d) = a-u(t) -~ H(®) N

Azte) gdra . H(H= tZ {x(D+ Lsing(d}

= mx(D+ mL{3() cos p(£) — & (t) sing(d) 2)

Ao} F=ANEg  V(D—mg = tz {Lcos ¢(D}
= —mL{3(Dsind(D+ ¢ (D) cosd(£)) (3)
Aate) Wk

L,a(H = LV(Psind(d — LH(Dcosd(d)~ e (4)

158

AN, HARFE x=x, m=4, u=¢ L x=9
st 2ol 72zt Helat theel AEwAA o e £
31t

X1 =X (5)

%= -:—4 u— -A'”? % (6)

953 = X4 )]
mgL sinx, umL cosx,

o 7 i amL cosx, « (8)
MT,+mIH ™ L +mLP Mo+ mlY

*= Tyt mL?

=9 A4 29 FevEEY B ¥ 13 2o

k3 1 S-IX AlAagyel ma2lo|g
Table 1 Parameters of Inverted Pendulum System

Patameter Description Value
m Mass of the pendulum 0.067
Length from the pivot
L to the mass center of 0.15
pendulum
v Vertical reaction force
at the pivot
Horizontal reaction force
at the pivot
Inertia moment of the
r pendulum 0.00205
M Mass of the cart 0.886
Horizontal position of -0.655
* the cart ~{.655
Angle of the pendulum o
¢ from the vertical line T T
a Driving force coefficient 0.738
Input voltage to push _an
u the cart 30~30
G Mass center of the
pendulum
Gravitational acceleration 98
constant )
Friction coefficient 2.215
Coefficient related to rotation
moment of the pendulum 0.00199
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Table 2 Conventional ENNC and Proposed ENNC
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Table 3 Number of Neurons and Possible Flags at Each Layer

No. of
Layer Neuron Flag Type
Input N 1~N: Input State Variables
1~N : Input Neurons
Hidden L N+1 : Deleted N?uron o
N+2 : Neuron with Activation
Function
Output M N+2: Neuron with Activation
Function
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Fig. 2 Encoding Method for Evolving Neural Networks
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Table 4 Postulated Initial States of Inverted Pendulum
System for Evaluation

Initial States case :7 | 1 2 3 4 5 6
Cart Position x{m] 0 0 (-04(-04) 04 04

Pendulum Angle _ - _
Sldeg] 5 5 5 51 5 5
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Table 5 Initial States for Performance Test of Controller

Initial states
-7 th case | ! 2 (314|567 18}°9
Cart Position _ _ N
[m] 0/-04|04 0]|-04{04]| 0 |-04| 04
Pendulum Angle anlonal_
#lrad] 0] 010]0202]02]-02]-02]-0.2
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Table 6 Simulation Results

Neural PropoSed
Conditions
onditions Network ENNG
Case
Response cart |pendulum| cart {pendulum

(x| (& (%) )

Case-2{ 4.50 4.07 4.19 3.38

Settling
Case-5| 3.98 368 3.30 2.07
Time [sec]
Case-8| 4.17 4,25 483 3.70
Overshoot Case-2/0.015] 0.06 0 0.04
Cart[m], Case-5/ 003 | 0.045 0 0.03
pendulum(rad]

Case-8} 0 0.12 0 0.08
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