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Abstract
Khwanon, S., Kulworawanichpong, T. and Sujitjorn, S.
Stabilization of an inverted pendulum system via

an SIRM neuro-fuzzy controller
Songklanakarin J. Sci. Technol., 2005, 27(1) : 101-121

This article presents a new neuro-fuzzy controller to stabilize an inverted pendulum system. The
proposed controller consists of the Single Input Rule Modules (SIRMs), the artificial neural network (ANN)
and the dynamic importance degrees (DIDs). It simultaneously controls both the angle of the pendulum and
the position of the cart. The learning of the ANN results in the DIDs. The proposed controller has a simple
structure that can decrease the number of fuzzy rules. The simulation results show that the proposed neuro-
fuzzy controller has an ability to stabilize a wide range of the inverted pendulum system within a short period
of time. Moreover, the comparisons of the simulation results between the proposed neuro-fuzzy controller
and the SIRMs fuzzy controller are revealed in this article.

Key words : Single Input Rule Module (SIRM), Dynamic Importance Degree (DID),
Artificial Neural Network (ANN), Fuzzy Logic
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Figure 1. Configuration of the inverted pendulum system.
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Figure 5. Simulation results (pendulum length of
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Table 2. Base and breadth values of the input

Table 3. Fuzzy rules for the two dynamic variables

items. of the pendulum.
Input item Base value  Breadth Antecedent variable = Consequent variable
el w (i=1,2)
pendulum angle 2.00 2.50
angular velocity 1.50 1.00 DS 0.0
cart position 0.15 0.20 DM 0.5
cart velocity 0.15 0.20 DB 1.0

Table 4. Fuzzy rules for the two dynamic variables

of the cart.
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Table 5. Comparison of stabilization times between the proposed neuro-fuzzy controller

and the SIRMs fuzzy controller.

Case Situations for simulation

Stabilization time (sec)

Neuro-fuzzy controller

SIRMs fuzzy controller

initial angle = 30 degree
1 initial position = 0.0 m
length of pendulum = 1.0 m

4.24 8.24

initial angle = 30 degree
2 initial position = 0.0 m
length of pendulum = 0.2 m

3.86 6.59

initial angle = 30 degree
3 initial position = 0.0 m
length of pendulum =2.2 m

8.80 9.09

initial angle = 0 degree
4 initial position = 2.0 m
length of pendulum = 1.0 m

3.93 7.19

initial angle = 0 degree
5 initial position = 2.0 m
length of pendulum = 0.2 m

4.02 7.13

initial angle = 0 degree
6 initial position = 2.0 m
length of pendulum = 2.2 m

4.70 7.83

initial angle = 30 degree
7 initial position = 0.15 m
length of pendulum = 1.0 m

4.18 8.25

initial angle = 30 degree
8 initial position = 1.5 m
length of pendulum = 1.0 m
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