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ABSTRACT 

 

 

Pneumatic system is one of fluid power system that commonly used in industry 
which generated by electrical source and normally called as electro-pneumatic 
system. This system convert the electrical energy to the mechanical energy in order 
to create motion. Normally, this system need a proper control system because of the 
high sensitivity of the system. There are various controllers that can be used in 
controlling the electro-pneumatic system and the performance is differ depends on 
the criteria of the performance required. In this project, the performance needed is to 
control the position of the electro-pneumatic system. The proper modelling of 
pneumatic system has been explained using derivation of mathematical modelling. 
All aspects in modelling the system such as the component of the system, the 
disturbances and sensitivity of the system as well as the nonlinearity of the system 
are considered. PID controller and MIT rule are the controllers that have been 
investigated in this project. The strategy in designing the controller is also has been 
discussed. PID controller used Ziegler-Nichols method as strategy to control the 
system while MIT rule used Model Reference Adaptive Control (MRAC) as the 
control strategy. From both controllers, the performance in position control of the 
system is analyzed. The performance characteristics used to evaluate the best 
controllers are the rise time, settling time, percentage overshoot, peak time and 
steady state based on the system response. The response is obtained from the 
simulation of the plant system in MATLAB Simulink software. The comparison of 
both controllers has been analyzed in this project.  
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ABSTRAK 

 

 

Sistem pneumatik adalah salah satu sistem kuasa bendalir yang biasa digunakan 

dalam industri yang dijana oleh sumber elektrik dan biasanya dipanggil sebagai 

sistem elektro-pneumatik. Sistem ini menukar tenaga elektrik kepada tenaga 

mekanikal untuk mewujudkan pergerakan. Biasanya, sistem ini memerlukan sistem 

kawalan yang sewajarnya kerana mempunyai sensitiviti yang tinggi. Terdapat 

pelbagai pengawal yang boleh digunakan dalam mengawal sistem elektro-pneumatik 

dan prestasi yang didapati adalah berbeza bergantung kepada kriteria prestasi yang 

dikehendaki. Dalam projek ini, prestasi yang diperlukan adalah untuk mengawal 

kedudukan sistem elektro-pneumatik. Pemodelan sistem pneumatik telah dijelaskan 

dengan menggunakan terbitan pemodelan matematik. Semua aspek dalam 

pemodelan sistem seperti komponen sistem, gangguan dan sensitiviti sistem serta 

ketaklelurusan sistem telah dipertimbangkan. Pengawal PID dan peraturan MIT 

adalah pengawal-pengawal yang telah dikaji dalam projek ini. Strategi dalam 

merekabentuk pengawal juga telah dibincangkan. Pengawal PID menggunakan 

kaedah Ziegler-Nichols sebagai strategi untuk mengawal sistem manakala peraturan 

MIT menggunakan Rujukan Kawalan Penyesuaian Model (MRAC) sebagai strategi 

kawalan. Dari kedua-dua pengawal, prestasi dalam pengawalan  kedudukan sistem 

dianalisa. Ciri-ciri prestasi yang digunakan untuk menilai pengawal yang terbaik 

adalah masa naik, masa penetapan, peratusan terlajak, masa puncak dan keadaan 

mantap berdasarkan tindak balas sistem. Tindak balas yang diperolehi daripada 

simulasi sistem dalam perisian MATLAB Simulink. Perbandingan kedua-dua 

pengawal telah dianalisa dalam projek ini.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 From last few decades, a number of applications have been introduced to mankind 

in order to improve the productivity in industry comprehensively where pneumatic is one 

of them. Pneumatic system, which generates from the principle of fluid power is a system 

that uses compressed air in order to contribute work to the power transmission (Gill, 

Kumar and Kumar, 2015). Pneumatic comes from Greek word “Pneuma” which means 

“Breath”. This is due to the similar process of breathing and pneumatic wherein breathing, 

the air entered the body and released back to the surrounding while in pneumatic, the air 

from atmosphere is compressed in compressor and moves the specific parts or equipment 

where the equipment is considered as part of the machine and runs the whole system of the 

machine (Barala, Tiwari and Kumar, 2014). Several applications of the pneumatic system 

include packaging, open and closing doors, metal forming and clamping (Gill, Kumar and 

Kumar, 2015). 

 Electro-pneumatic system, on the other hand, is a system that worked by using air 

pressure and controlled by an electrical circuit in order to create forces and enhanced the 

motion of the system. It combines electrical and pneumatic system in one unit. The system 

varies with the general pneumatic system which the common pneumatic system only 

consists of a pneumatic system with several units. The early production of electro-

pneumatic control systems was widely used in the industry of process control such as 

packaging, assembly and also in production. Type of components used in electro-
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pneumatic control system includes a timer, relays, counter and digital logic while 

pneumatic control system uses logic valve, stepper, sequencer etc. The motion of electro-

pneumatic control is faster compared to normal pneumatic control because of the usage of 

electricity.  

 Electro-pneumatic controllers have some advantages over pneumatic controller 

systems which are:  

 Fewer costs of electrical equipment than pneumatic equipment 

 The system is controlled using electronic programmers and process 

computers.  

 Control signal is reduced to control significant loads 

 High reliability (Elsatar, 2010) 

 

 There are various applications of the electro-pneumatic system in the industry that 

can be divided into several types which are temperature control, level gauge, 

transportation, filling and packaging (Elsatar, 2010). In electro-pneumatic position system, 

the main focus is to control the movement of the cylinder. In order to control the 

movement, a controller is needed. PID controllers, defined as the Proportional Integral 

Derivative controller is used widely in the industry of process to control the desired 

position in the plant. It is known as the most desired and simple method and more popular 

rather than other controlling methods (Bansal, Patra and Bhuria, 2012). PID control is 

often used to build automation systems that are complicated such as energy production, 

manufacturing, and transportation where it is made from the combination of sequential 

functions, selectors, logics and simple function blocks (Astrom, 2002).  

  Meanwhile, MIT rule was started in 1960 by the researchers from Massachusetts 

Institute of Technology (MIT) where it can be used to design a controller using Model 
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Reference Adaptive Control (MRAC) from various systems including pneumatic systems. 

The controller design is sensitive to the changes in amplitude at reference input but it can 

provide a competent result. The use of MRAC is to design the controller so that the 

parameter that is being controlled can be adjusted in order to track the reference model 

from the actual plant that has the same reference input (Jain and Nigam, 2013).  

 

1.2 Problem Statement 

 The modelling and designing controller plays a very important role in order to 

improve the dynamic as well as the static behaviour of the pneumatic system. For decades, 

numerous studies have been carried out regarding modelling and controller design for 

pneumatic systems. However, fewer studies have been carried out based on PID and MIT 

rule. This study looks into designing a controller based on PID and MIT rule approach for 

electro-pneumatic position system. The system, which has difficulties to control and 

always in inaccurate position is because of its non-linearity behaviour whereas the non-

linearity occur due to the high frictions and the compressibility of air. Hence, restricting 

the use of the system in a high-performance control system (Roslan, 2015) 

 To design the required plant system with the implementation of the controller, 

mathematical modelling, control method and a software such as MATLAB is needed to 

analyse the performance of the system through simulation by considering two major 

criteria; a system with an application of controller and a system without an application of 

controller. The modelling, controlling and simulation techniques need to be developed so 

that the operating cost and energy consumption in a specific system could be reduced. By 

considering a good design of the controller, the performance of pneumatic system could be 

increased in terms of the positioning control.   
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1.3 Objective 

 The objectives of this project are as follows: 

1. To design a control system for electro-pneumatic position system  

2. To investigate the performance of the electro-pneumatic plant system without 

applying controller into the system.  

3. To compare the performance of PID controller system against MIT rule 

approach in Model Reference Adaptive Control (MRAC) system. 

 

1.4 Scope of Project 

 The scopes of this project are: 

1. This project will only focus on the position or the movement of the cylinder 

in the system 

2. The mathematical model of the system will be changed from nonlinear to 

linear using derivation method. 

3. The simulation of PID controller and MIT rule are using MATLAB 

Simulink Software. 

4. MRAC method will be used to distinguish the differences between actual 

plant and reference plant based on MIT rule approach that used to minimise 

the error function and tracking the perfect time between reference plant and 

actual plant output. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Introduction 

 The uncertainties of pneumatic systems including their highly nonlinear 

characteristics make the systems difficult in achieving high performance. The nonlinearity 

occurs due to the flow of air and the friction force between the piston and the cylinder. 

Before exploring deeper to the main objectives of the paper, some background studies are 

presented in order to get a better understanding of the system and also the controllers. The 

review started with the attributes of the pneumatic system, followed by several applications 

of the pneumatic system, then focused on how the electro-pneumatic modelling system 

occur and finally the design of the controller that was implemented in the pneumatic 

system. 

 

2.2 Attributes of Pneumatic System 

 There are many attributes of pneumatic actuator rather than hydraulic, that makes 

pneumatic actuator is attractive to be used in a difficult situation or in a certain 

environment (Ali, Mohd Noor, Bashi and M H Marhaban, 2009). Instead of using water as 

a source of energy in the hydraulic system, the source of energy used in the pneumatic 

actuator is based on air. Since air can be obtained freely, always available and does not 

require an external source to run the system, this lead pneumatic actuator to the front 

leaving the hydraulic actuator behind with conventional actuator that uses magnet, water 

and require external source in order to run the whole system (M.F. Rahmat et al., 2011). 
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Electro-pneumatic systems are often chosen in automation industry due to various 

advantages which are low cost and clean operation as well as easy to handle based on 

electrical control and power translation in the system (Shih and Tseng, 1995). Pneumatic 

systems can be used in many applications since the system could provide a high dynamic 

response in order to position load and to extend the force needed for moving the load (Ali, 

Mohd Noor, Bashi and M H Marhaban, 2009) where the systems are also good in 

performance. The higher power-to-weight ratio by pneumatic actuator makes the air 

density is lesser than water density, thus, the weight-to-power ratio is also decreasing and 

the effectiveness of the system can be increased.  

 However, most of the pneumatic systems are in nonlinear form which most 

probably because of the compressibility of air inside the system, the characteristics of 

valve fluid flow itself and the Coulomb friction that higher than normal that makes the 

position control of pneumatic actuators are hard to accurate (M F Rahmat et al., 2011).  

 

2.3 Application of Pneumatic System 

 There are many applications of pneumatic system in the industry. Several 

researchers have proposed various applications regarding the pneumatic system due to its’ 

availability in the market and the system does not require a high cost.  

 (Brubaker, 2015) presented a modern pneumatic braking control that combines the 

pneumatic valves and electronics valves in a single system. The system which consists of 

electronic valves improved the current pneumatic braking system with providing a better 

stability of the system and decreased the stopping distance and wheel slip when 

accelerating. The modern system was considered because of the existing models that did 

not explain clearly on how the effect of the dynamic response of the device related to the 

internal components. The modern system of foot brake valve was designed by considering 
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several aspects, such as the difference in operating conditions and how the nominal 

systems react with nominal units.  

 A highly nonlinear Pneumatic Muscle Actuator (PMA) was proposed by (Zhao, 

Zhong and Fan, 2015) for position control by developing a phenomenological model to 

understand the physical behaviour of PMA based on Duhem Model. Duhem Model 

provides an analytical description of a smooth hysteresis behaviour where it describes two 

major components inside PMA which are a linear component and hysteresis component 

force. PMA experienced difficulty in controlling position because it consists of several 

physical properties that made the system become nonlinear such as force, pressure and 

displacement. 

 

2.4 Electro-Pneumatic Modelling System 

 In designing an electro-pneumatic system for position control, modelling is the 

most important parts that need to be considered. Since most of pneumatic systems are in 

nonlinear form, the result obtained are sometimes unnatural and hard to achieve accuracy 

and produced an error. Hence, linearization is needed to be done in order to get the most 

accurate position control without error. Based on the previous studies made by researchers, 

there are several methods used in modelling which is system identification and derivation. 

System identification was used when such parameter could not be measured or identified 

and needed to estimated experimentally while derivation is from proposed equation that 

needs to analyse in order to get transfer function of the whole system.  

 (Richer and Hurmuzulu, 2001) developed a high-performance pneumatic force 

actuator system that consists of dual acting pneumatic actuators and four-way proportional 

spool valves to control the actuator. The aim was to gain an accurate model of the 

pneumatic system using proportional spool valve while considering several nonlinear 




