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Neuro-control of Inverted Pendulum Evolved
by GA with Rough Evaluation

Tetsuhiko YAMAMOTO, Shin-ichi HANADA, Kunihiko NAKAZONO,
Hiroshi KINJO and Shiro TAMAKI

In this work we consider unstable control objects such as an inverted pendulum. Two evaluation
procedures in genetic algorithm (GA) are set. The first involves the following steps: set two limits,
— & and &, on hath sides of the unstable equilibrium point, set an initial point & in [~ @, @), initiate
a motion, measure the time when the motion reaches one limit, repeat simulations of neuro-control,
select neural networks in order of length of holding Limes, and apply GA-crossover to superior neural
networks of long holding times. The second invulves the following steps : select neural networks in
order of shortness of settling time to the equilibrium point, and apply GA-crossover to superior
neural networks of short scttling times. We adopt only the (irst evaluation procedure in the early
generation stages of GA. After the number of neural networks of controllability reaches a sufficient
percentage of all the neural netwarks in a computer, we adopt the second evaluation procedure, and
GA evolution is continued. Neural networks of controllability appear at about the 1Uth generation
and evolve to the ability limit predetermined by the struclure of neural networks. .
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Z ! Position of cart
@ : Inclination of pendulum

+ : Clockwise
-~ : Counterclockwise

% ; Contral force
P Viscous friction

Fig.1 Inverted pendulum
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Table 1 Specifications of inverted pendulum system

(Advanced Control Laboratory Co. Ltd.)

Symbol Meaning Value
M Mass of cart 44(kg)
ot | et | 1200
Inertial moment
of pendulum -
J (wit: respect to 2.14 x 107(kgen’)
the gravity center)
Length between
{ gravity center 0.115(m)
and pin-joint
Viscous friction
c coefficient 4.9 x 10~*(kgm®/s)
at pin-joint
m Mass of pendulum 0.l(k§)

Unstable
dynamical
system

6,6,z,%

Fig.2 System structure
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Fig.3 Eveluation 1
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Fig.5 Evolution process
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Fig.6 Distribution of settling time

A CRERBRORBTH S5, B TR
BERMANIV b OAF (2 ), L C T 50 Bke
Tt 1.4s BIRICIR TR ISR 4T A, 500 B
T CRBALERERAL S - THB S ¢, ZOBF

C REIEE B b, 4L B LA AR THIERM (1.0s BL

) TRESEAMELTET S,

FANHRO L7 B A F EBDIFEREE & OHEEE
B & SIS CIRALE ORI b EE T2 DR
Twa, Thid, HSEENEL LTRANERNSS
4 FMBCEIRAL 20, BCHELR (T, #
BEBAOHD 0 CRESh B D EELOND.

BUEIRIERD & ) 122 o7, Fig7 IRAREIREME
R4 2 £ TORREERRIIC & AHERTHS,

— 156 —



FHAETPRBMGAI & > THIL S ¢ AR TFO= 2 — o H) 4279

6 [deg)

Time [sec)

Fig.7 Immature neuro-control
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(b) Inferior neuro-control

Fig.8 Control results at Generation A
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Fig.9 Elite neuro-control at Generation C
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Fig.10 Map of connecting weights
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Fig.11 Simplest neural network with controllability
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Fig.12 Input-output of neural network
(NN in Figs.9,10)
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Fig.13 Control of real inverted pendulum and

impulse response
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