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ABSTRACT 

To control a pneumatic actuator precisely is not a simple task, as the actuator 
system consists of many unknown and unpredictable non-linearity. In the worst case, 
it is prone to disturbances where the position tracking will be inaccurate. This thesis 
proposes an adaptive controller design for position tracking of the pneumatic actuator 
system, validated via a simulation study. Considering the mentioned problem, the 
proposed solution is an Extremum Seeking (ES) based PI(D) controller. This decision 
is based on the favour of current industry trends, that is, to maintain PID control 
structure while providing a model-free, data-driven approach and smart control 
scheme. A preliminary progression has been made to confirm the simulation model for 
the future controller design stage. The modelling methodology is carried out using the 
empirical method, and the selected model is 𝐴𝐴𝐴𝐴𝐴𝐴331 structure polynomial model. 
This is due to the consideration of the parsimonious / theoretical structure of the model 
and high validation accuracy. Additionally, the model is subjected only for simulation 
purposes and not for model-based controller design. The benchmark controller tuning 
using Ziegler-Nichols and IMC-PID approach is carried out to investigate the 
relationship of PID parameters to the performance of the pneumatic actuator system in 
position tracking. The proposed model-free online parameter optimization scheme 
using extremum seeking algorithm is applied on Proportional and Integral paths 
because it is found that these 2 paths are the primary source of affecting the transient 
performance response based on the investigation from the benchmark controller. The 
simulation validation test is carried out using 2 different types of input: step input of 
50 𝑚𝑚𝑚𝑚, 100 𝑚𝑚𝑚𝑚, 150 𝑚𝑚𝑚𝑚, and square wave input of ±50 𝑚𝑚𝑚𝑚 and ±75 𝑚𝑚𝑚𝑚. The 
learning ability of the proposed controller scheme was observed when the parameters 
of the ES-PI(D) controller would automatically tune without properly initialisation and 
provides a consistent response behaviour when subjected to different inputs. Besides, 
consistency in transient response and settling time is one of the most significant 
advantages of the proposed controller. 
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ABSTRAK 

Pengawalan sistem penggerak pneumatik dengan tepat bukanlah sesuatu tugas 
yang mudah, kerana sistem tersebut mempunyai sifat tidak linear yang sukar dikenal 
pasti dan diramalkan. Dalam keadaan terburuk, ia terdedah kepada gangguan di mana 
penjejakan kedudukan akan menjadi tidak tepat. Oleh itu, tesis ini mencadangkan 
pelan penyelidikan yang jelas untuk mereka bentuk pengawal bagi penjejakan 
kedudukan sistem penggerak pneumatic dan divalidasi melalui kajian simulasi. 
Berdasarkan masalah yang disebutkan awal, penyelesaian yang dicadangkan ialah 
pengawal PID adaptif dengan algoritma pencarian ekstrem (ES). Keputusan ini adalah 
berdasarkan trend industri semasa, iaitu untuk mengekalkan struktur kawalan PID, 
pada masa yang sama, pendekatan tanpa model, kawalan pacuan data dan skim 
kawalan pintar digunakan. Perkembangan awal telah dibuat iaitu untuk mengesahkan 
model simulasi yang akan digunakan dalam peringkat reka bentuk pengawal akan 
dating. Metodologi pemodelan dijalankan menggunakan kaedah empirikal dan model 
yang dipilih adalah model polinomial struktur 𝐴𝐴𝐴𝐴𝐴𝐴331, ini disebabkan pertimbangan 
antara struktur parsimonious/teori model, dan ketepatan pengesahan yang tinggi. 
Selain itu, model ini tertakluk hanya untuk tujuan simulasi dan bukan untuk reka 
bentuk pengawal berasaskan model. Penalaan pengawal penanda aras menggunakan 
pendekatan Ziegler-Nichols dan IMC-PID dijalankan untuk menyiasat hubungan 
parameter PID terhadap prestasi sistem penggerak pneumatik dari segi pengesanan 
kedudukan. Skim pengoptimuman parameter bebas model dan dalam talian yang 
dicadangkan menggunakan algoritma pencarian ekstrem digunakan pada laluan 
Proportional dan Integral, kerana didapati bahawa 2 laluan ini adalah sumber utama 
yang mempengaruhi tindak balas sementara prestasi berdasarkan penyiasatan daripada 
pengawal penanda aras. Ujian pengesahan simulasi dijalankan menggunakan 2 jenis 
input yang berbeza: input langkah 50 𝑚𝑚𝑚𝑚, 100 𝑚𝑚𝑚𝑚, 150 𝑚𝑚𝑚𝑚, dan input gelombang 
persegi ±50 𝑚𝑚𝑚𝑚  dan ±75 𝑚𝑚𝑚𝑚 . Keupayaan pembelajaran skema pengawal yang 
dicadangkan telah diperhatikan apabila parameter pengawal ES-PI(D) akan ditala 
secara automatik tanpa dimulakan dengan betul dan memberikan gelagat tindak balas 
yang konsisten apabila tertakluk kepada julat input yang berbeza. Selain itu, ketekalan 
dalam tindak balas sementara dan masa penyelesaian adalah salah satu kelebihan 
terbesar pengawal ES-PI(D). 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Problem Background 

An actuator is a device that makes another machine / device to moves 

mechanically. There are 2 types of standard actuators: the linear actuator for straight 

motion and the rotary actuator for circular motion. All actuator requires a source of 

energy to operate. In industrial applications, there are 3 common energy sources: 

electric, hydraulic and pneumatic. The hydraulic and pneumatic sources are classified 

as fluidic sources too. The pneumatic actuator (PA) system refers to a series of 

pneumatic sourced interconnected components, including a pneumatic actuator, that 

results in a mechanical movement when operated. PA system is commonly found in 

manufacturing and automation industries to execute high frequency and repetitive 

mechanical motion. 

Compared to electrical and hydraulic actuator systems, the PA system 

possesses some absolute advantages, such as providing a greener, cleaner and fail-safe 

environment (oil/spark free) and lower operation and maintenance costs. Due to these 

advantages, the PA system gradually becomes the standard solution in industry by 

replacing the electrical actuator system. However, controlling a PA system to perform 

precision position tracking is not easy compared to electrical actuators. It is mainly 

caused by high nonlinearities in the fluidic system; these nonlinearities include non-

linear dynamics in compressible air, frictional properties and etc. Research about 

position/servo tracking of PA systems can be dated back to the 1990s and increased 

significantly by the 2010s when the control and automation field drew attention due to 

the introduction of Industry 4.0 
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1.2 Problem Statement 

As stated previously, the advantages of a pneumatic actuator (PA)) systems are 

significant. They are cheaper, durable and safer compared to other actuator systems. 

However, one of the most significant issues in PA systems is the difficulty in executing 

precise position tracking. It is mainly caused by unpredictable system dynamics, 

especially in a system that uses fluid (pressurized air) sources. This led to a situation 

where model-based controller design or model-driven approach for position tracking 

of PAS becomes difficult as the model of PAS is not always accurate or available. 

Thus, a non-model-based controller design or data-driven approach might be an option 

for this situation.  

Besides, the implementation of PID controller for PAS in the industry is still 

widely used, despite it being an ‘old’ technology in the eyes of a particular group. This 

is mainly caused by the practice of manual tuning, which is a time-consuming task that 

relies on an engineer’s experience for fine-tuning. Therefore, following the emergence 

of adaptive control theory, it is possible to tune the optimal PID parameters in a closed-

loop setting (direct / online tuning). To overcome these weaknesses, an optimal-based 

adaptive PID tuning control strategy for position tracking is proposed: Adaptive 

Extremum Seeking PID controller. 

1.3 Research Goal 

1.3.1 Research Objectives 

The aim of the project is to design a controller for position tracking of the 

pneumatic actuator system. The specific objectives are shown below: 

(a) To perform model identification of pneumatic actuator system using empirical 

modelling technique from secondary data. 
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(b) To design a controller for a pneumatic actuator system with the following 

features: Data-driven control, adaptive extremum seeking PID tuning, closed-

loop system stability guaranteed. 

(c) To compare the performance of the proposed controller with another rule-based 

controller. 

1.3.2 Research Scopes 

The scopes of the project are shown below: 

(a) The simulation tool for this project is subjected to MATLAB/Simulink only. 

(b) The Data Acquisition (DAQ) card used in this research is SCB-68 by National 

Instrument. 

(c) The process rig consists of an air compressor, pneumatic cylinder, 2 pressure 

sensors, 1 electromagnetic displacement sensor and 1 control valve. 

(d) This research work is limited to adaptive controller design only. 

 

1.3.3 Research Limitation and Assumptions 

The limitation and assumptions of the project are: 

(a) For the ease of controller design, the noise from the system is assumed to be 

nearly zero. 

(b) The supply pressure and temperature change throughout the position tracking 

process are constant. 

(c) The nonlinear factors are ignored during modelling. They may be hysteresis, 

pressure change, frictional loss, etc.
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