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ABSTRAK 

 

 

 

Bandul terbalik ialah satu sistem yang selalu digunakan untuk mengkaji atau 

memantau keupayaan teknik kawalan untuk sistem tidak linear.Dengan 

menggunakan  peralatan OPENLABBOX siri model bandul terbalik, teknik kawalan 

yang akan digunakan di dalam sistem bandul terbalik dapat dikaji 

keberkesanannya.Teknik kawalan ini akan diaplikasikan untuk mereka sistem 

kawalan tidak linear bandul terbalik.Sistem tidak linear ini diambil kira  untuk 

membina model yang kompleks.Model ini kemudiannya digunakan untuk demostrate 

teknik kawalan untuk sistem tidak linear.Sistem bandul terbalik ini disimulasi 

menggunakan Matlab seterusnya menggunakan ScicosLab untuk diaplikasikan ke 

dalam OPENLABBOX siri bandul terbalik.Oleh itu,respon teknik kawalan ini akan 

diukur melalui kebolehan sistem ini apabila rod bandul terbalik tidak dalam keadaan 

yang sesuai. 
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ABSTRACT 

 

 

 

 

The Inverted pendulum is one of the most common plant that always been used to 

evaluate performance of control technique for non-linear system. By using 

OPENLABBOX series  rotary inverted pendulum control plant, a control technique 

will be used and evaluated.The control technique method applied to the design of the 

control system of non-linear self-elected inverted pendulum.The non-linear inverted 

pendulum are considered in the modeling of the plant. The Proportional Integral 

Derivative and Fuzzy Logic Controller are tried on Rotary Inverted Pendulum as a 

controller for the system.The rotary inverted pendulum model are stimulated by 

using matlab then scicoslab as a result implemented on OPENLABBOX Series 

Inverted Pendulum.Thus, the performance and robustness of applied control 

technique will be evaluated  base on it capability to self-elected with fastest reaction. 
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This section basically gives a view for this project. The objectives and scope of 

work also be listed and explain in this section. 

1.1 Overview of project 

The inverted pendulum system is an example commonly found in control system and 

most difficult system to control in the field of control system engineering. Inverted 

pendulum is one of the most common plant that always been used to evaluate 

performance of control technique for nonlinear system. There are a few types of 

inverted pendulum but the Furuta pendulum, or rotational inverted pendulum, is a 

system found in many control laboratory. Since this inverted pendulum impressive 

platform for control it cans development of nonlinear control laws. This make the 

inverted pendulum is benchmark for the evaluating, designing, testing and comparing 

in various type of control technique. 

 

However, stability of the system is depending on the applied control technique. 

These control techniques are important in control system. In real application, 

inverted pendulum system can be found in robotic field because it behaves very 

much like inverted pendulum. The dynamic of inverted pendulum simulates the 

dynamics of robot arm in the condition when the centre of pressure lies below the 

center of the gravity for the arm so that the system also unstable. Its popularity 

derives in part from the fact that it is unstable without control that is the pendulum 
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will simply fall over if the disturbance was occur in sensitivity to parameter 

variations.  

 

In this project, a control technique method will be used and applied to design of the 

control system of non-linear self-elected rotary inverted pendulum. The Non-linear 

inverted pendulum is considered in the modeling of the rotary inverted pendulum 

plant which it is complex model. The control system is obtained based on the 

dynamic models of the system. This dynamic model is used to determine control 

technique to achieve the desired system performance and robustness. The control 

technique can be used to stability and in system robustness which is the controller 

needed to be design such that the inverted pendulum can be steadily balanced or self-

elected after some disturbance. 

 

 

Figure 1.1: Rotational inverted pendulum  

 

The figure above show the parameter considered in design of rotary inverted 

pendulum mathematical equation system and from that equation the state space 

representation can be derived. Then, the rotary inverted pendulum dynamic model is 

stimulated by using Matlab Simulink and Scicos as a result implemented on 

OPENLABBOX Series Rotary Inverted Pendulum. Thus, the performance and 
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robustness of applied control technique will be evaluated and able to control and self-

elected with fastest reaction when disturbance is injected in the system. The overall 

results of simulation are compared with Proportional Derivative-controller (PID) 

method for evaluation purpose. 

1.2 Problem Statement 

The Rotary inverted pendulum system is an example of plant that commonly used in 

control system. Since the inverted pendulum is the most control problem in control 

system engineering, it became important plant in testing, designing, evaluating and 

comparing the new control technique method. These control methods are necessary 

to stability and balance in the robotic field or robotic application. In robotics, they 

faced the problem in stability the arm robot which it is unstable when it centre of 

pressure lies below the gravity. The fact that it is the pendulum will simply fall over 

if the disturbance was occurring in sensitivity to parameter variations. Thus, the 

control algorithm method are purpose to design a non-linear self-elected inverted 

pendulum with high performance algorithm. 

1.3 Project Objective 

The main purpose for this project is to design a self-elected inverted pendulum with 

high performance control technique. This project aims to achieve the following 

objectives:  

 

1. To model non- linear inverted pendulum. 

2. To simulate the Self-elected Inverted Pendulum system by high 

                         performance control technique. 

3. To apply simulated design on real inverted pendulum system. 

4. To evaluate performance of inverted pendulum system with PID 

                        method. 
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The objective of this project is to model non-linear Inverted Pendulum in order to 

testing or designing a high performance control technique and demonstrate the 

inverted pendulum system using Multipurpose Control Engineering. The 

performance of control system is evaluated with PID method to get a better result of 

the system. 

1.4 Scope of work 

The scope of work for this project to achieved the objective above:  

 

1. Modeling non- linear inverted pendulum using Multipurpose control. 

2. Simulating the inverted pendulum model with control technique by 

                        using Matlab 

3. Applying the simulated design of inverted pendulum with high 

                        performance control technique on RIP by OPENLAB BOX  

4. Evaluating performance of inverted pendulum system with PID 

                        method.  

 

Evaluating performance of control system with PID method in term of stability, 

transient response and disturbance. This scope of work explained a modeling non-

linear pendulum using Multipurpose Control Engineering plant OPENLAB BOX by 

Trity Technology. The inverted pendulum used is Rotary Inverted Pendulum. Then 

the model was simulating with high performance control technique by using 

Scicoslab. The performance of Inverted Pendulum is evaluated with PID method in 

term of stability, disturbance and transient response. 
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This chapter introduces and explains the source of idea for design and modelling 

that are related to the project. It is found based on the research in form of 

previous similar concept, design model for a various type of control technique 

method in non-linear Inverted Pendulum system in previous papers or thesis. 

Inverted pendulum is one of the most common plant that often used to analyse 

the performance and effectiveness of a new control technique for non-linear 

system. A non-linear system is defined as one which does not satisfy the 

superposition property. Thus, the linear analysis approach start with considering 

the general non-linear form for a dynamic system and seeking to transform this 

system into linear system for  the purpose of analysis and controller design.  

 

The challenge in control system is to obtain the dynamic model which this model 

will be used to design or to determine suitable controller. This controller had 

control the system with desired system response and performance. Otherwise, a 

control algorithm will give a good stability and robustness. Recently, a lot of 

studies on the inverted pendulum have been done with various types of control 

techniques such as Proportional-Integral-Derivative (PID) controller, Fuzzy 

Logic controller (FLC), State Feedback controller, Fault Tolerant Controller 

(FTC) and Linear Quadratic Regulator (LQR) method. 

 

(Yadav et al. 2011) did a study on various control technique for inverted 

pendulum. These researchers used the Proportional-Integral-Derivative (PID) 

controller and fuzzy logic controller to be applied in the system. This PID 

controller are capable of controlling the system in steady and close to normal 
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condition but incapable of controlling the system when there are abnormal 

condition or sudden changes in parameter occur. Since this system are unstable, 

(Chun-e et al. 2011) introduced four type of controller which is PID controller 

are one of the controller designed where the rest of the controller will be explain 

in the other paragraph. This PID controller is good controller toward robustness 

of inverted pendulum. The PID controller can control completely the angle and 

position of inverted pendulum even the disturbance occur.  

 

(Prasad et al. 2012) did a study on optimal control of nonlinear inverted 

pendulum system using PID controller And Linear Quadratic Regulator (LQR) 

controller. This research paper used several PID controller methods in separate 

control schemes which it is combination of PID with LQR. This control 

technique are very complicated to be implemented but had an excellent 

performance when both of the PID + LQR controller are applied in the system 

than PID control method. This controller had smooth and fast performance and 

effective in robust. Since this method is complicated, many of researchers used 

the simplest controller that has the same result of performance and robustness.  

 

(Hoseini & Poshtan 2007) applied a Fault Tolerant Control on an Inverted 

Pendulum. The controller applied on the system take a few second back into 

normal condition after had disturbance in the internal and external parameter. 

(Chun-e et al. 2011) designed a Tolerant Controller as forth controller. This 

controller gives an excellent performance and robustness but faced same problem 

as state feedback controller during the simulation process. All this control 

technique is conventional controllers that give satisfied performance. However, 

there are alternative methods of control technique which are present in the 

literatures for linear and non-linear system. Artificial Intelligence is an 

optimization and optimal control technique which is Fuzzy Logic controller and 

evolutionary computational such as genetic algorithm (GA) and particle swarm 

optimization (PSO) are the most applied in the present system. This intelligence 

computational technique given superior performance to the various systems.  
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From the past decade before, (Wei & Fang n.d.) did a design of basic fuzzy logic 

controller. This research made a comparison between the fuzzy logic with 

conventional controller. Theoretically, the fuzzy logic controller is implemented 

first by Mamdani and Assilian based on the Zadeh set theory. The fuzzy logic 

controller did not required mathematical modelling and complex computation. In 

conventional controller of inverted pendulum, the linearization of non-linear 

dynamic and PID control are designed for the system. The parameter is 

considered for the performance. However, the fuzzy logic controller is not good 

idea to be used if the conventional controller can get the satisfied result.  

 

The improvement of fuzzy logic controller control technique are continuously be 

studied by researchers. (Chun-e et al. 2011) also introduced fuzzy logic controller in 

the system as the second controller. In this paper research, the researchers implement 

fuzzy logic controller as a second controller since the PID controller are less 

effective toward the performance and robustness. The two fuzzy logic controllers 

give the angle and position of the inverted pendulum completed control in seconds. 

(Yadav et al. 2011) proposed a design of a fuzzy logic as another controller to make 

the system more stable and robust. The developing several combination of fuzzy 

logic PD and PID give the better result in performance and robust of inverted 

pendulum than the two fuzzy logic controller. The result is considered in term of 

maximum overshoot, settling time and steady state error. 

 

(Kuo et al. 2013) used genetic algorithm (GA) for optimized input members function 

fuzzy logic controller in rotary inverted pendulum control system. The GA fuzzy 

logic controller given an effective performance with robust stabilization capability 

for rotary inverted pendulum control system.(Rani et al. 2011), on the other hand, 

argues that the solution in GA have better control performance. This GA is capable 

in tuning the PID controller gains to balance the rotary inverted pendulum. A.Rahimi 

investigated a Particle swarm optimization algorithm with combined of PID and state 

feedback controller in rotary inverted pendulum system. These control method would 

result in effectiveness stability of rotary inverted pendulum system. 
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Unfortunately, the previous researchers shows that state feedback controller give less 

performance and robustness. Khizir Mahmud (n.d) design a state feedback controller 

to illustrated the fundamental ideas to control the inverted pendulum system. The 

state feedback controller is designed in two methods. The method are Pole Placement 

Method and Linear Quadratic Regulator (LQR).The performance and robustness of 

this controller give the higher overshoot which is less satisfied compare to the state 

feedback controller proposed by (Chun-e et al. 2011).Besides PID and fuzzy logic 

controller, state feedback controller as third controller is introduced to compare it 

robustness and performance with this two controller. Although the performance and 

robustness of fuzzy PD + PID are better than state feedback controller, it can give 

satisfied efficiency in short time. However, this controller had a problem with it 

initial value is far from the linearized value of the system during the simulation 

process. 

 

From the current researches, matlab, cart inverted pendulum and rotary inverted 

pendulum are the most platform to evaluate the performance of non-linear inverted 

pendulum system. There are many literatures present used various type of control 

technique to control the system of non-linear Inverted Pendulum. The proposed of 

self-elected Inverted Pendulum with high performance control technique use a fuzzy 

logic controller to achieve the better performance and robustness. This kind of 

controller is suitable for non-linear system because it not require complicated 

calculation than other conventional controller and other intelligence controller. 

  



 

9 

 

 

This chapter will explain the methodology to complete this project which 

involves the steps of procedures or method that is taken from start until final 

stage of this project. This project methodology is important to ensure the project 

runs effectively and systematically. The process flow chart used to describe the 

whole methodology for the project development. This flow chart will explained 

in the sections of this chapter. 

3.1 Process Flow Chart 

The process flow chart in Figure 3.1 shows that the project start with literature 

review on inverted pendulum as non-linear system and control method that has 

fastest response and robustness. This review and research has been conducted after 

the project objectives and scope of work is clearly understood as the result of 

discussion session with supervisor. The literature review was obtained by searching 

and gathering any information that related with this project. 

 

Next, the project was continued by getting the model of inverted pendulum. This 

model was taken in Multipurpose Control Engineering plant Instructor‘s Manual 

Laboratory OPENLAB BOX by Trity Technologies. After that, the model were 

tested and simulated by Scicoslab to verify the model toward real-plant response. At 

this stage, the re-model and modify process were taken to corrective action for the 
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model if the simulation fail to verify the plant against the real-plant response. The 

response of the model should have a similar to the physical responses. 

 

After the verification model, the control technique for inverted pendulum was 

decided based on a control technique with high performance. In these stages, a 

control technique used is considered in term of performance and robustness based on 

the literature review. Then, this control technique will apply on the inverted 

pendulum to get the desired output with real-plant response. The control technique 

should have high performance and robustness in system. The performance and 

robustness was measures in term of stability, transient response and steady state 

response. The simulation process is use to get the desired system response. At this 

stage, the corrective action was taken if the simulation is failed to get the desired 

system response. This project finishes with evaluation or analysis process with PID 

method. 

 

Figure 3.1 shows the step that will be implementing in this project start from the 

beginning until end of the project. The brief explanation will be given about three 

steps in methodology flowchart. The detail about the processes will be explained in 

the next proceeding section. 


