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A Study on the Stabilization Control of IP System Using
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Abstract

The stabilization control of inverted pendulum (IP) system is difficult because of its nonlinearity and
structural unstability. In this paper, an Evolving Neural Network Controller (ENNC) without Error
Back Propagation (EBP) is presented. An ENNC is described simply by genetic representation using
an encoding strategy for types and slope values of each active functions, biases, weights and so on. By
an evolutionary programming which has three genetic operation; selection, crossover and mutation,
the predetermine controller is optimally evolved by updating simultaneously the connection patterns
and weights of the neural networks. The performances of the proposed ENNC (PENNC) are compared
with the ones of conventional optimal controller and the conventional evolving neural network
controller (CENNC) through the simulation and experimental results. And we showed that the finally
optimized PENNC was very useful in the stabilization control of an IP system.
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Table 1 Parameters of the inverted pendulum

system
1
A Para Description Value Unit
0 meter
1
! m  |Mass of the pendulum 0.067 Kg
1
x+Lsing ! L Length from the pivot to the 0.15 m
3 T mass center of pendulum
1
! Vertical reaction force
% - - mis?
v at the pivot K - mis
Horizontal raction force
Le H - - mis?
os¢ at the pivot Ke - mls
Y axis J Inertia moment of 0.00205 Kg - m’
X the pendulum '
" » H M |Mass of the cart 0.886 Kg
X axis . Horizontal position of  0.655~0.655m
the cart
0 f;lngle :tf thlelyendulum from | tox rad
H /,-\) e vertical line
I \{-_ a  |Driving force coefficient 0.738 Kg - m/s’V
f=a - ult) v y Input voltage to push P v
M the cart
G |Mass center of the pendulum | — —
A el — :
Gravitational acceleration
, 4 9.8 m/s*
+—uX constant
Fig.1 System modeling u  |Frktion coefficient 2.215 Kgls
Coefficient related to rotation
0. . 2
K moment of the pendulum 00199 Ke - mls

iz} :
M)+ pic(t) = omu(t) — H(t) 1

AR SR

H(t)=m—d—2‘{x(t) + Lsing(t)}

de?
=mi(t)+mL{t) cos ¢(¢)—¢(t) sin ¢(¢)}
(2)
A} o] 2 gk
’ : V(t)—mgzm%{L cos (1)}
Fig. 2 Inverted pendulum system = —mL{§¢) sin ¢(t)+*(t) cos ¢(t)}
(3)
A2 Al 28S g o] 4] (1)~2] (4)9) o) B A z}e] 3] A uHak
2 ol A&3te AR whet ztzbe] 24 v & J¥t)=LV(¢) sin §(t)— LH(t) cos §t)—niKt)
Ao 2 rdysn, ol AAH vlalug g (4)

¥ 13 Zroldth.
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Fig. 4 Encoding method of PENNC

Table 3 Number of neurons and possible flags

Layer |No. of neuron Flag type
Input N 1~N : Input state variables
1~N : Input neurons
Hidden L N+1 : Deleted nt'euron o
N+2 : Neuron with activation
function
Output M N+2: Neuro.n with activation
function
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Table 4 Initial states of inverted pendulum

Initial States
case : i

Cart Position
2(m) 0 0 |—04|—-04] 04 | 04

1 2 3 4 5 6

Pendulum
Angle 02 | —-02| 02 |-02]| 02 |—02

dldeg]
Graphic

Description ‘L ‘X_ /—.—\ \_A_ ﬁ_z _A_X

1500
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Ritness
3

500

i L L
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MM
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1 46]73] 0 [-65]
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Nade Function Type < 5! Neuran to delete
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Fig. 12 Encoding of optimized individual with
best fitness
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Table 5§ Comparisons between simulation and
experimental results

Condit- Simulation Experiment
% Case |Cart Pendulum | Cart |Pendulum
Response (x) )] (x) (¢)
Case—1] 0 0 0 0

Case—2 | 1.53 1.79 1.65 1.85
Case—3 |1.43 1.88 1.50| 1.95
1[%] Case—4 |1.09 1.81 1.15 1.95
Sottling | Case—5 [ 1.07 1.56 1.17 1.85
Time Case—6 | 1.80 1.81 1.85 1.95
Case—7 | 1.00 1.84 1.01 1.75
Case—8 | 1.41 1.87 1.50| 201
Case—9 | 1.46 1.85 1.85 2.00

Case—1| O 0 0 0
Case—2| 0O 0.05 1] 0.05
Case—3| 0 0.04 0.01 0.08
Maximum Case—4 | 0 0.05 0 0.08
Overshoot Case—51] 0 0.04 0.01 0.08
Case—6 | 0.04 0.08 0.04 0.08
Case—7 | O 0.12 0 0.14
Case—8 | 0.05 0.13 0.08 0.14 N
Case—9| 0 0.11 0 0.13

(b) PENNC for case 8
Fig. 16 Comparison between CENNC and PENNC
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(a) Disturbance=0.5N
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(b) Disturbance=2.5N

Fig. 17 Experimental results for applied distur-
bance
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