
Contemporary Engineering Sciences, Vol. 11, 2018, no. 58, 2857 - 2864  

HIKARI Ltd,  www.m-hikari.com  

https://doi.org/10.12988/ces.2018.86298 

 

 

Fuzzy Control  of an Inverted Pendulum  

  

Systems in MATLAB/Simulink 
 

 

Guillermo Valencia Ochoa1*, Jorge Duarte Forero2 

 and Luis Obregón Quiñones3 

 
1 Efficient Energy Management Research Group -kai, Universidad del Atlántico 

km 7 Antigua vía Puerto, Colombia 

 
2 Efficient Energy Management Research Group -kai, Universidad del Atlántico 

km 7 Antigua vía Puerto, Colombia 

 
3 Research Group on Sustainable Chemical and Biochemical Processes, 

Universidad del Atlántico, km 7 Antigua vía Puerto, Colombia 

 
   Copyright © 2018 Guillermo Valencia Ochoa et al. This article is distributed under the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited. 

 

Abstract 

 

This paper presents the effect of the performance tuning a fuzzy controller in terms 

of the integral of the absolute error value in order to control the position of classical 

nonlinear problem of inverted pendulum. The methodological development is based 

on the theory of fuzzy logic controller design considering the expertise acquired on 

the dynamics of the mechanical system under consideration, thus avoiding the 

development of rigorous models to represent the dynamics. A set of simulations to 

evaluate the driver capabilities were developed for the nonlinear system model to 

different tuning values, which uses 7 membership functions for position and 3 for 

speed, allowing to determine the sensitivity of the membership functions based on 

the operational response of this system. 

 

Keywords: Adaptive control, fuzzy control, control system tuning PID, inverted 

pendulum 

 

1. Introduction 
 

The inverted pendulum model is a classic problem of non-linear control due to its 

complexity and non-linearity, which allows analogies to be made with phenomena  
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such as the stabilization of cranes, buildings and the applications of robotics, to 

evaluate and analyze the phenomenon as such and perform the respective control 

for optimum and efficient performance. Non-linear control strategies have been 

applied to move a vehicle with the pendulum inverted on board, thus stabilizing the 

pendulum by moving the vehicle from one place to another using non-linear 

coordinate transformations based on navigation designs [1]. 

Similarly, a non-linear cascade control was applied to an unmanned aerial vehicle 

to keep the pendulum and the spacecraft stabilized during the pendulum's trajectory, 

with the result that the longitudinal movement of the inverted pendulum is easier to 

control than its transverse movement [2]. 

 

On the other hand, fuzzy logic control has been applied for an inverted pendulum 

with a reaction wheel to evaluate the controller's capabilities [3], as well as 

pendulum control by means of a PD cascade scheme and a Fuzzy-PD controller [4], 

showing that this type of controller has good responses to different disturbances 

that alter the stability of the system.  

Other work by M. El-Bardini and A. M. El-Nagar [5] who propose a type 2 fuzzy 

logic controller (IT2F-PID) to control an inverted pendulum, and then compare it 

to a type 1 controller (T1F-PID), shows that the performance of type 2 controller is 

significantly improving compared to the other one. 

 

The main contribution of this work is the development of a set of simulations to 

evaluate the controller's capabilities for the dynamic response of the non-linear 

model of the inverted pendulum, before different tuning values, using 7 

membership functions for the position and 3 functions for the speed. 

 

2. Methodology 
 

2.1 Inverted Pendulum 

 

The inverted pendulums constitute a large family of mechanical devices whose 

dynamic behavior has been widely studied in the control of systems and their 

construction leads to very complete pilot plants, of interest and motivation for 

researchers in the area of control engineering, due to the non-linear component of 

the process. Historically, the pendulum has been studied more than other systems 

since Galileo's time, due to its similarities with other engineering systems such as 

rocket flight, crane stability and the seismic behavior of buildings [6]. 

In this process the behavior of the system (non-linear and unstable) in Figure 1 is 

controlled, in which the pendulum is reset to its equilibrium position defined by 𝜃 = 

0rad when the pendulum has been removed from its equilibrium position, which is 

a disturbance modelled from the initial condition. 
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Figure 1. Diagram of the inverted pendulum 

 

The mathematical representation that describes the dynamic behavior of the 

inverted pendulum can be obtained from the application of the Newtonian, 

Lagrangian or Hamiltonian mechanical theory, which in general terms leads to a 

non-homogeneous second order difference equation with constant coefficients, 

which for simulation and methodology validation purposes does not take into 

account the dynamics of the actuator and the friction in the joints. In this way, the 

mathematical model of the pendulum is modeled as shown in equation (1).  

 

𝜏𝑎𝑝𝑝𝑙𝑖𝑒𝑑 + 𝜏𝑑𝑖𝑠𝑡 + 𝑘𝑡𝑜𝑟𝑞𝑢𝑒𝑆𝑒𝑛(𝜃) − 𝑘𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝐴 = 𝐼
𝑑2𝜃

𝑑𝑡
,                        (1) 

 

where 𝜏𝑎𝑝𝑝𝑙𝑖𝑒𝑑 represents the torque applied to the inverted pendulum, 𝜏𝑑𝑖𝑠𝑡 is the 

torque disturbance applied to the system, 𝑘𝑡𝑜𝑟𝑞𝑢𝑒 is the torque constant required for 

the estimation of the gravitational torque, 𝑘𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 is the viscous friction constant, 

I is the inertia of the system and 𝜃 is the angular position with respect to the vertical 

of the pendulum. 

 

2.2 Fuzzy controller 

 

The fuzzy control developed for the control of the inverted pendulum was selected 

as inputs to the controller two variables that are considered of great relevance in the 

mathematical behavior of the system, which were the error of the angular position 

and change ratio of this. The output is defined as the manipulated variable, which 

in this case is the torque applied to the actuator. The error is the deviation between 

the desired angle for the system and the angle measured and obtained. From these 

values the controller is able to determine how close or far the pendulum is to the 

desired angle. This parameter will remain within the range of [-3 3] rad, as shown 

in Figure 2. 
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Figure 2. Representation of variable Error with fuzzy sets. 

 

Additionally, the error derivative, which is the rate of change of the error and is 

a fundamental input for the controller to determine if the error is growing or 

decreasing, that is, if the pendulum is approaching or moving away from the 

vertical. Based on an analysis of the pendulum behaviour, this parameter was 

programmed to be between [-6, 6] rad/sec, as shown in Figure 3. 

The universe of discourse of each of the above-mentioned fuzzy variables is 

represented by a set of membership functions, by seven (7) fuzzy sets for error 

with the aim of having a significant resolution that achieves a detailed 

representation of the position of the pendulum, while there are three (3) fuzzy 

sets for the rate of change of error. The fuzzy assemblies in question were 

represented by triangular membership functions with overlaps between each, 

allowing for simplicity in controller design for lower computational 

requirements, as shown in Figure 4 for the the resulting control Surface. 

 

 

 
 

Figure 3. Representation of Error Derived variable with fuzzy sets. 
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Figure 4. Control surface. 

 

 

Diffuse sets are divided into three groups: Positive, Negative and Zero, the first 

two being subdivided into Large, Medium and Small for the case of error. 

Therefore, I define for each error input variable the sets Positive Large (PB), 

Positive Medium (PM), Positive Small (PS), Positive Zero (ZE), Negative 

Small (NS), Negative Medium (NM) and Negative Large (NB), while for the 

error derivative the resulting sets were Positive Small (PS), Zero (ZE), Negative 

Small (NS), taking the values shown in Table 1 for the two simulations 

performed in the present study. 

 

 

Table 1. a) Tuning parameters of fuzzy controller A, b) Tuning parameters of 

fuzzy controller B. 

 

 

 

. 
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3. Results  
 

Figure 5 shows the behavior of the angular position of the pendulum in time for the 

two proposed controllers, which shows a better performance in terms of the integral 

absolute error value (IAE) of 43.48 for controller B and a stabilization time of 9.7 

seconds, while for controller A the IAE obtained was 65.11 with a position 

stabilization time of 13.1 seconds. 

 

 

 

 
 

 

 

Figure 5. Response of the A system angular position for the simulated 7x3 A and 

B fuzzy controllers. 

 

 

 

 

Figure 6 shows the comparative response of the pendulum speeds for both 

controllers, in which it can be seen that controller B reaches rest before controller 

A, so it is possible to identify the significant effect that the proposed tuning has on 

the response in both speed and system position. 
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Figure 6. Angular velocity response of the system for the simulated 7x3 A and B 

fuzzy controllers. 

 

Conclusions 
 

A set of overlapping triangular membership functions consisting of seven fuzzy 

error sets and three fuzzy error change ratio sets performed well for position control 

in the inverted pendulum model. In addition, the values taken from the control rule 

matrix for the Proportional Derivative Fuzzy Controller have a significant impact 

on both the dynamic response of the system and the closed loop stability. 
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