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ABSTRACT 

The internal model control (IMC) philosophy relies on the internal model principle, 
which states that control can be achieved only if the control system encapsulates, either 
implicitly or explicitly, some representation of the process to be controlled. In 
particular, if the control scheme is developed based on an exact model of the process, 
then perfect control is theoretically possible. 
 
A new approach of control design of internal model controller is proposed in this thesis. 
The proposed design method focuses on modifying the old general structure of IMC and 
develops a new model structure while saving the same general concept of using the 
invertible version of the system in the controller design. The new approach combines 
the IMC structure and the traditional structure of a control problem and this 
demonstrates an excellent performance and behavior against different disturbance inputs 
and model uncertainty presented in model parameter mismatch. Beside that a smith 
predictor is added to promote the design to compensate the delayed time systems. Also 
a proposed stabilizer has mentioned to deal with unstable systems. 
 
The research browses the pendulum system and gets its transfer function to be the base 
of the design, which examines our proposed controller.  
 
Matlab/simulink is used to simulate the procedures and validate their performance. The 
results approved the robustness of the new method and got graded responses when 
compared with others. Furthermore, a comparison between the IMC and new modified 
IMC was conducted and shows that the new IMC is superior to old structure in terms of 
time delay compensation and response specifications. 
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CHAPTER 1  INTRODUCTION 

1.1. Introduction 
Every feedback controller is designed by employing some form of a model for the 
process that is to be controlled and/or the dynamics of the exogenous signal affecting 
the process. Consequently, the term "model-based" is often used here. 30-years ago, a 
new model-based controller design algorithm named "Internal Model Control" (IMC) 
has been presented by Garcia and Morari [1], which is developed upon the internal 
model principle to combine the process model and external signal dynamics. 
 
The IMC controller is a model based controller, and is considered to be robust. 
Mathematically, robust means that the controller must perform to specification, not just 
for one model but also for a set of models [2]. The IMC controller design philosophy 
adheres to this robustness by considering all process model errors as bounded and stable 
(including transport lag differences between the model and the physical system). 
 

control can be achieved only if the control system 
encapsulates, either implicitly or explicitly, some representation of the process to be 
controlled  [1]. In particular, if the control scheme has been developed based on an 
exact model of the process, then perfect control is theoretically possible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1.1): Block Diagram of IMC 
  
Control system problems divided into a regulatory and a servo control problem. A 
regulatory controller is a controller in which the setpoint is kept constant and only the 
disturbances affect the control system. On the other hand the servo control problem is a 

C(s) G(s)  1 
R(s)= 0 

d(s) 

-d(s) 

Y(s) 
+ - 

+  + 

(a) Block Diagram of  IMC for Regulatory Controller 

C(s) G(s)  1 
R(s) 

d(s)=0 

Y(s)= R(s) 

Y(s) 
+ - 

+  + 

(b) Block Diagram of  IMC for Servo Controller 
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tracking problem in which the setpoint is varied as desired and the output should kept to 
track this point against any disturbances or noises as shown in Figure 1.1. 
 
IMC technique will play the role of system inverter or reciprocal that makes the system 
acts as transfer function of unity in which it guarantees the output to track the input 
instantaneously and by ideal shape response and this compact will be discussed later.  
 

1.2. Motivation 
The main stimulus of choosing this thesis is the huge progress in control systems design 
that allow to a valuable ideas and concepts to be developed to serve this field resulting a 
good contribution that make the control problem easier and guarantee the response. 
IMC scheme is one of the strongest techniques that raise these motivations: 
 

1- IMC technique has been used in many linear systems to control its states and it 
is considered as a robust controller while the process model is near from the real 
plant. In this thesis, we will apply the IMC technique on the non-linear 
pendulum system, which is not tested before. 

2- Because of the non-linearity of the pendulum system and the IMC demands a 
model of the plant, so we will be directed to get the linearized form as our base 
model. Then the distance between the real process and the plant model is 
increased and it will be a good challenge to IMC to be approved. 

3- As the gap between the process model and the plant was increased, the 
uncertainty of the system also increased and the IMC here will be tested for 
robustness as the parameters values will be varied. 

4- A new proposed approach of IMC technique was suggested to be put under the 
same mentioned circumstances, tested and compared with the traditional one. 
The new approach modifies some blocks in the structure of IMC to get better 
results. 

 

1.3. Objectives 
The main objective is to design an IMC Controller for the proposed pendulum system 
by the traditional and the new approach that: 

1. Can regulate the angle of the pendulum rod regardless of the cart position. 
2. Satisfy the response specification. 
3. Reduce the effect of disturbance due to mismatching in modeling. 
4. Achieve the robustness of the controlled system. 
5. Comparing results of the two approaches (traditional and new proposed one). 
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1.4. Contribution 
The concentration of this research revolves around two main axes: 
 

1. Suggest a new approach for IMC structure and compare it with the traditional 
one. 

2. Apply the new approach controller to regulate the angle of pendulum system 
depending on the model mentioned before. 

3. Propose a solution to make modified IMC (the new approach) deals with 
systems with time delay and unstable systems. 

1.5. Literature review 
Scott A. Geddes, investigated the control of air-temperature in a fruit dehydrator by 
firstly implementing a PID controller then an IMC controller, and a performance 
comparison between the PID and IMC controllers was conducted. The IMC controller 
provided us with the time delay compensation that the PID could not. Not only for a 
fixed transport-delay but for any delay value he chose [3]. However, the approach was 
not applied to nonlinear systems. 
 
Jiliang Shang, Guangguang Wang , used the principle of Internal Model Control and 
applied to boiler burning system with large time delay. The simulation showed that the 
result was improved compared with PID control [4]. It was not use this principle to be 
applied on nonlinear Pendulum system. 
 
Caifen Fu, Wen Tan, presented two IMC approaches that are applied to the active 
control of combustion instability. It was observed that the direct IMC approach needs to 
find exact cancellation of the unstable poles for design and implementation thus is not 
proper for the control of combustion instability; instead, two-step IMC approach can 
retain the IMC structure if a simple feedback controller can be found to stabilize the 
process. Simulations show that two-step IMC controller can achieve better disturbance 
rejection performance [5]. Our design of IMC will use the same principle to stabilize the 
system first, but the second step will use the new proposed IMC to achieve the perfect 
control of the process. 
 
JIN Qi-bing, FENG Chun-lei, LIU Ming-xin, proposed a PD controller to traditional 
IMC structure. Simulations showed that the improved IMC method is not only effective 
for the dynamics and the stability of control system but also effective for the process 
robustness [6].  The drawback is using a second controller beside IMC. 
 
Wen Tan, Horacio J. Marquez, Tongwen Chen, proposed a modified IMC structure for 
unstable systems with time delays. The structure extends the standard IMC structure for 
stable processes to unstable processes and they suggest new tuning parameters. The 
parameters can be tuned and achieve good tradeoff between time-domain performance 
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and robustness. The drawback is the tuning operation that makes the tradeoff sometimes 
unacceptable [7]. 
 
Kou Yamada, proposed a modified IMC for unstable systems and a new structure did 
not lose the advantages of IMC. The disadvantage here is the complexity of the 
structure and does not guarantee the stability if a time delay is added [8]. 
 
Hiroki Shibasaki, Manato Ono, Naohiro Ban and Kazusa Matsumoto, proposed a 
design of smith compensator using modified IMC for an unstable plant with time delay. 
An unstable plant with time delay is controlled by the method of a predicted-state 
feedback. In addition, they introduce a disturbance compensator to overcome the 
problem in the predicted-state feedback. Furthermore, the system was confirmed high 
robustness. However, this method demands a tuned parameters and an observer beside a 
PI controller that in all make the overall system is complex [9]. 

1.6. Research outline 
This dissertation is divided into the following chapters: 
Chapter 2 discusses the theory of the Internal Model Control principle, concern on its 
limitations and illustrates the way of IMC design for stable and unstable systems and 
how much the degree of robustness against the classical controller. 
Chapter 3 puts the rules and ideas for the new approach of IMC, shows the differences 
between the traditional and the new way in design and implementation and compares 
the advantages and disadvantages against each other. 
Chapter 4 shows how the IMC is response by applying the two ways on the pendulum 
system and comparing them to get the results. 
Chapter 5 concludes this thesis and makes some notes on proposed future work. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


