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ABSTRAK 

Pada masa kini, sejajar dengan perkembangan sains dan teknologi, pelbagai bidang dan 
sektor telah menjadi lebih rumit dan kompleks. Antara sektor yang terkesan ialah sektor 
perkilangan, pembuatan serta pemprosesan. Ini termasuklah juga industri petrokimia, 
industri elektrik dan elektronik serta industri minyak dan gas. Dalam erti kata lain, sistem 
kawalan bagi setiap industri telah menjadi lebih sukar dan kompleks. Secara asasnya, 
sistem kawalan PID telah meluas digunakan dalam pelbagai aplikasi. Namun begitu, 
masalah yang dihadapi ialah nilai parameter sistem kawalan iaitu nilai perkadaran (𝐾 ), 
pengamiran (𝐾 ) dan terbitan (𝐾 ) adalah tetap dan tidak berubah dalam jangkamasa yang 
diberikan. Keadaan ini telah menyukarkan bagi mengawal sistem kawalan yang 
kompleks serta tidak lelurus. Kesannya adalah, sistem kawalan bagi sesuatu aplikasi akan 
menjadi tidak tepat. Oleh yang demikian, kajian baharu terhadap meningkatkan sistem 
kawalan PID berdasarkan fungsi kawalan Piecewise Affine dalam lingkaran data kawalan 
serta dioptimumkan oleh algoritma Percubaan Dinamik Selamat (SED) telah 
dibangunkan bagi menangani masalah ini di mana set formula linear disahkan pada setiap 
PID parameter pada setiap perubahan ralat. Algoritma SED telah diadaptasi bagi mencari 
optimum parameter untuk sistem kawalan PID termaju PA-PID, oleh itu ralat tidak 
terpadu persegi dan nilai masukan sistem kawalan dapat dikurangkan. Antara paramater 
penting yang ada pada sistem kawalan PID termaju PA-PID ialah parameter perkadaran, 
pengamiran dan terbitan dimana ianya adalah adaptif kepada ralat variasi pada fungsi 
Piecewise Affine (PA). Tambahan pula fungsi sistem kawalan PA-PID yang dibangunkan 
ini dijangka mampu untuk menghasilkan hasil sistem kawalan PID yang lebih tepat 
berbanding sistem kawalan PID optimum. Ianya telah diaplikasi kepada sistem kawalan 
seperti aplikasi kawalan penjejakan sudut halaju untuk menggerakkan motor DC bagi 
buck converter, aplikasi kawalan penjejakan kedudukan troli, cangkuk dan sudut 
penindasan bebanan berhayun bagi double pendulum type overhead crane (DPTOC) dan 
aplikasi kawalan voltan bagi penjana segerak pada tahap tertentu bagi automatic voltage 
regulator (AVR). Prestasi sistem kawalan PID termaju yang dibangunkan ini dapat dinilai 
melalui nilai ralat tidak terpadu persegi, nilai masukkan sistem kawalan, analisis masa 
tindak balas serta peratusan peningkatan fungsi objektif. Ujian simulasi telah 
menunjukkan bahawa, sistem kawalan PID termaju yang baharu iaitu PA-PID telah 
menghasilkan ketepatan yang lebih tinggi berbanding sistem kawalan PID optimum iaitu 
peningkatan fungsi objektif kawalan sebanyak 99.8% bagi aplikasi sistem kawalan 
penjejakan sudut halaju untuk menggerakkan motor DC bagi buck converter, peningkatan 
fungsi objektif kawalan sebanyak 3.8% bagi aplikasi sistem kawalan double pendulum 
type overhead crane serta peningkatan fungsi objektif kawalan sebanyak 98.1% bagi 
aplikasi sistem kawalan voltan bagi penjana segerak pada tahap tertentu bagi automatic 
voltage regulator. Daripada fakta ini, dapat disimpulkan bahawa sistem kawalan termaju 
PA-PID mempunyai ketepatan yang lebih tinggi berbanding sistem kawalan PID 
optimum dan ianya boleh diaplikasi pada sistem kawalan yang lebih kompleks dan 
berskala besar di masa hadapan. 
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ABSTRACT 

In recent years, with the rapid developments of science and technology, practical 
applications in various fields such as chemical, machinery, electronics and electricity 
industries have caused the process to become more complex. This subsequently causes 
the modelling of the plant using first principles or system identification to become more 
difficult. In general, the PID controller has been successfully applied in various 
applications. However, the PID gains which are proportional (𝐾 ), integral (𝐾 ) and 
Derivative (𝐾 ) are normally fixed within the given time response. Therefore, it is 
difficult to control a complex system with highly nonlinear and time-varying parameters. 
As a result, the control performance accuracy will be degraded for such cases. Therefore, 
this study focuses on improved PID controller based on piecewise affine function in data-
driven control framework which will be tuned by Safe Experimentation Dynamics (SED) 
Algorithm where combined sets of linear equation are verified on each PID parameter 
according to the change of error. In particular, the proposed control scheme has been 
applied for angular velocity tracking of a buck converter generated DC motor, cart 
position tracking, hook and load sway angle suppression of a double pendulum-type 
overhead crane (DPTOC) and automatic voltage regulator (AVR) to hold terminal 
voltage magnitude of a synchronous generator at a specified level. The SED algorithm is 
utilized as a data-driven optimization tool to find the optimal PA-PID controller 
parameter such that the control accuracy in terms of integral square error and integral 
square control input are reduced. The essential feature of the PA-PID controller is that 
the parameters of proportional, integral and derivative gains are adaptive to the error 
variations according to the Piecewise Affine (PA) function. Moreover, the proposed PA-
PID function is expected to produce better control accuracy compared to the optimized 
PID controller. The performance of the proposed controller was observed based on the 
integral square of error, integral square control input, time response and percentage of 
objective function improvement. Specifically, the performance of the proposed controller 
was evaluated by the response of the angular velocity and duty ratio input for buck 
converter generated DC motor, the response of the cart position, the hook and load sway 
angle of the control input for the nonlinear model of DPTOC controller and terminal 
voltage magnitude of the synchronous generator at a specified level for the automatic 
voltage regulator. The simulations results verified that the proposed Piecewise Affine 
Proportional-Integral-Derivative (PA-PID) controller yields higher accuracy than the 
optimized PID controller of buck converter generated DC motor by 99.8% of control 
objective function improvement, double pendulum-type overhead crane by 3.8% of 
control objective function improvement and 98.1% of control objective function 
improvement for the automatic voltage regulator. These findings justify the effectiveness 
of the data-driven PA-PID controller in providing better control performance than the 
optimized PID thus can be applied to a larger class of system. 
 
 



v 

TABLE OF CONTENT 

DECLARATION 

TITLE PAGE  

ACKNOWLEDGEMENTS ii 

ABSTRAK iii 

ABSTRACT iv 

TABLE OF CONTENT v 

LIST OF TABLES viii 

LIST OF FIGURES ix 

LIST OF SYMBOLS xi 

LIST OF ABBREVIATIONS xiii 

LIST OF APPENDICES xv 

CHAPTER 1 INTRODUCTION 1 

1.1 Chapter Overview 1 

1.2 Research Background 1 

1.3 Problem Statement and Motivation 3 

1.4 Research Objective 4 

1.5 Scope and Limitation 4 

1.6 Structure of the Thesis 5 

1.7 Contribution 6 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Overview of Data-driven Controller 7 

2.2 Evolution of PID Controller 10 

2.2.1 Fuzzy PID controller 11 



vi 

2.2.2 Bio-Inspired PID controller 12 

2.2.3 Fractional Order PID controller 12 

2.2.4 Neural-Network PID controller 13 

2.2.5 Sigmoid Based PID controller 14 

2.3 Data-driven Optimization PID Tuning Tools 15 

2.3.1 Multi Agent-Based Optimization 16 

2.3.2 Single Agent-Based Optimization 17 

2.4 Summary 19 

CHAPTER 3 METHODOLOGY 22 

3.1 Introduction 22 

3.2 Piecewise Affine PID Controller Function 23 

3.3 Piecewise Affine PID Controller Based on Safe Experimentation Dynamics 26 

3.3.1 Safe Experimentation Dynamics Algorithm 26 

3.3.2 Convergence Theorem of SED 29 

3.3.3 Diminishing Exploration Rates 30 

3.3.4 Illustrative Example 30 

3.4 SED to tune PA-PID Controller 33 

3.5 Method of Analysis using Numerical Tests 37 

3.6 Piecewise Affine PID Controller Application 37 

3.6.1 Model Plant of Buck Converter Generated DC Motor 38 

3.6.2 Model Plant of Double Pendulum Type Overhead Crane 39 

3.6.3 Model Plant of Automatic Voltage Regulator 41 

3.7 Summary 43 

 

 



vii 

CHAPTER 4 RESULTS AND DISCUSSION 44 

4.1 Introduction 44 

4.2 Numerical Results of Buck Converter Generated DC Motor 44 

4.3 Numerical Results of Double Pendulum Type Overhead Crane 51 

4.4 Numerical Results of Automatic Voltage Regulator 63 

CHAPTER 5 CONCLUSION 70 

5.1 Conclusion 70 

5.2 Recommendations and Future Works 72 

REFERENCES 73 

APPENDICES 82 

 

 



 

 73 

REFERENCES 

Amir Ramezani Dooraki, Deok-Jin Lee, (2021). An innovative bio-inspired flight 
controller for quad-rotor drones: Quad rotor drone learning to fly using 
reinforcement learning.      Robotic and Autonomous Systems 135 (2021) 103671. 
https://doi.org/10.1016/j.robot.2020.103671 

Ahmad, M. A., Azuma, S., Sugie, T., (2014). Performance analysis of model-free PID 
tuning of MIMO systems based on simultaneous perturbation stochastic 
approximation.               Expert Systems with Applications 41(14), 6361–6370. 
https://doi.org/10.1016/j.eswa.2014.03.055 

Ahmed Bennaoui, Slami Saadi, Aisa Ameur, (2020). Performance comparison of MFO 
and PSO for optimal tuning the fractional order fuzzy PID controller for a DC-
DC boost converter. 2020 International Conference of Electrical Engineering 
(ICEE) 

Åström, K. J., Hägglund, T., (2001). The future of PID control. Control Engineering 
Practice 9(11), 1163–1175. https://doi.org/10.1016/S0967-0661(01)00062-4 

Ahmad, M. A., (2015). Model-Free Controller Design based on Simultaneous 
Perturbation Stochastic Approximation. Kyoto University, Japan. 

Ates, A., Alagoz, B. B., Yeroglu, C., Alisoy, H., (2015). Sigmoid based PID controller 
implementation for rotor control. 2015 European Control Conference, ECC 2015 
458– 463. https://doi.org/10.1109/ECC.2015.7330586 

Ahmad, M. A., Ismail, R. M. T. R., (2017). A data driven sigmoid-based PI controller for 
buck-converter powered DC motor. ISCAIE 2017 - 2017 IEEE Symposium on 
Computer Applications and Industrial Electronics 81–86. 
https://doi.org/10.1109/ISCAIE.2017.8074954 

Ahn, H. S., Bhambhani, V., Chen, Y., (2009). Fractional-order integral and derivative 
controller for temperature profile tracking. Sadhana - Academy Proceedings in 
Engineering Sciences 34(5), 833–850. https://doi.org/10.1007/s1246-009-0049-2 

Alagoz, B. B., Ates, A., Yeroglu, C., (2013). Auto-tuning of PID controller according to 
fractional-order reference model approximation for DC rotor control. 
Mechatronics 23(7), 789–797. 
https://doi.org/10.1016/j.mechatronics.2013.05.001 

A. Bagis, (2011). Tabu search algorithm based PID controller tuning for desired system 
applications. Journal of the Franklin Institute vol. 348, no. 10, pp. 2795{2812. 

A. Bagis, (2003). Determining fuzzy membership functions with tabu search – an 
application to control. Fuzzy Sets and Systems vol. 139, no. 1, pp. 209{225. 



 

 74 

Arman Jaya, Era Purwanto, Melinda Badriatul Fauziah, Farid Dwi Murdianto, Gigih 
Prabowo, Muhamad Rizani Rusli., (2017). Design of PID-fuzzy for speed control 
of brushless DC motor in dynamic electric vehicle to improve steady-state 
performance. Engineering Technology and Applications (IES-ETA), 2017 
International Electronics Symposium. 

Ahmad, M.A., R.M.T Raja Ismail., (2017). A data driven sigmoid-based PI controller for 
buck converter powered DC motor. IEEE Conferences on 2017 IEEE Symposium 
on Computer Applications & Industrial Electronics (ISCAIE) pp. 81{86. 

Ahmad, M. A., Rohani, M. A., Ismail, R. M. T. R., Jusof, M. F. M., Suid, M. H., & Nasir, 
A. N. K., (2016). A model-free PID tuning to slosh control using simultaneous 
perturbation stochastic approximation. Proceedings - 5th IEEE International 
Conference on Control System, Computing and Engineering, ICCSCE 2015 331–
335. https://doi.org/10.1109/ICCSCE.2015.7482207 

Alejandro Rodriguez-Molina, Miguel Gabriel Villareal-Cervantes, Omar Serrano-Perez, 
(2020). Asynchronous bio-inspired tuning for the DC motor speed controller with 
simultaneous identification and predictive strategies. 2020 IEEE Congress and 
Evolutionary Computation (CEC) 
https://doi.org/10.1109/CEC48606.2020.9185542 

Amrit Kaur Bhullar, Ranjit Kaur, Swati Sondhi, (2020). Enhanced crow search algorithm 
for AVR optimization. Soft Computing Methodologies and Applications 2020 
https://doi.org/10.1007/s00500-019-04640-w 

Boiko, I., (2013). Variable-structure PID controller for level process. Control 
Engineering Practice 21(5), 700–707. 
https://doi.org/10.1016/j.conengprac.2012.04.004 

Boudjehem, B., Boudjehem, D., (2016). Fractional PID Controller Design Based on 
Minimizing Performance indices. IFAC-Papers Online 49(9), 164–168. 
https://doi.org/10.1016/j.ifacol.2016.07.52 

Blas M. Vinagre, Concepcion A. Monje, Antonio J. Calderon, Jose I Suarez., (2007). 
Fractional PID Controllers for Industry Application. A Brief Introduction, SAGE 
Journal vol. 13, issue 9 – 10 

Ding, Y., Xu, N., Ren, L., Hao, K., (2015). Data Driven Neuroendocrine Ultrashort 
Feedback-Based Cooperative Control System. IEEE Transactions on Control 
Systems Technology 23(3), 1205–1212. 
https://doi.org/10.1109/TCST.2014.2359386 

D. Karaboga, A. Kalinli., (1996). Tuning PID controller parameters using tabu search 
algorithm. In Proceedings of the IEEE International Conference on Systems, Man 
and Cybernetics pp. 134{136. 



 

 75 

E.A Murayova, A.O Yurasov, (2020). A neural network-based control system using PID 
control to control the deaerator. 2020 International Russian Automation 
Conference (RusAutoCon). https://doi.org/10.1109/RusAutoCon49822.2020 

Grundelius, Mattias, Bernhardsson, B., (2000). Constrained Iterative Learning Control of 
Liquid Slosh in an Industrial Packaging Machine. In Proceeding of the 39th IEEE 
Conference on Decision and Control Sydney, Australia. 
https://doi.org/10.1109/CDC.2001.914630 

Gil, P., Lucena, C., Cardoso, A., Palma, L. B., (2015). Gain Tuning of Fuzzy PID 
Controllers for MIMO Systems: A Performance-Driven Approach. IEEE 
Transactions on Fuzzy Systems 23(4), 757–768. 
https://doi.org/10.1109/TFUZZ.2014.2327990 

Gebraad, P. M. O., van Dam, F. C., van Wingerden, J. W., (2013). A Model-Free 
Distributed Approach for Wind Plant Control. 2013 American Control 
Conference (Acc) 628–633. https://doi.org/10.1109/ACC.2013.6579907 

Helbert Espitia, Ivan Machon, Hilario Lopez, (2021). Optimization of a Fuzzy Automatic 
Voltage Controller Using Real-Time Recurrent Learning. Processes 2021 9, 947. 
https://doi.org/10.3390/pr9060947 

Hui Liang Ze-Kang Sang, Yun-Zhi Wu, You-Hua Zhang, Rui Zhao, (2021). High 
precision temperature control performance of a PID neural network-controlled 
heater under complex outdoor conditions. Applied Thermal Engineering 195 
(2021) 117234. https://doi.org/10.1016/j.applthermaleng.2021.117234 

Hou, Z. S., Wang, Z., (2013). From model-based control to data driven control: Survey, 
classification and perspective. Information Sciences 235, 3–35. 
https://doi.org/10.1016/j.ins.2012.07.014 

Hou, Z., Bu, X., (2011). Model free adaptive control with data dropouts. Expert Systems 
With Applications 38(8), 10709–10717. 
https://doi.org/10.1016/j.eswa.2011.01.158 

Hung, J. Y., Gao, W., Hung, J. C., (1993). Variable structure control: a survey. Industrial 
Electronics, IEEE Transactions On 40(1), 2–22. 
https://doi.org/10.1109/41.184817 

Hsiao, Y., Chuang, C., Chien, C., (2004). Ant Colony Optimization for Designing of PID 
Controllers. IEEE International Conference on Robotics and Automation (i), 
321–326. https://doi.org/10.1109/CACSD.2004.1393896 

Ibrahim, H. E. A., Hassan, F. N., Shomer, A. O., (2014). Optimal PID control of a 
brushless DC motor using PSO and BF techniques. Ain Shams Engineering 
Journal 5(2), 391–398. https://doi.org/10.1016/j.asej.2013.09.013 



 

 76 

Jaafar, H. I., Mohamed, Z., (2012). PSO-tuned PID controller for a nonlinear double-
pendulum crane system. Communications in Computer and Information Science 
752, 203–215. https://doi.org/10.1007/978-981-10-6502-6_18 

J. C. Spall, J.A. Cristion, (1998). Model-free control of nonlinear stochastic systems with 
discrete-time measurements. IEEE Transactions on Automatic Control vol. 43, 
no. 9, pp. 1198{1210. 

J. C. Spall, J. A. Cristion, (1997). A neural network controller for system with unmodeled 
dynamics with applications to water plant treatment. IEEE Transactions on 
Systems, Man, and Cybernetics vol. 27, no. 3, pp. 369{375. 

J. Marden, H. Young, G. Arslan, J. Shamma, (2007). Payoff based dynamics for multi-
player weakly acyclic games. In Proc. of 46th IEEE Conference on Decision and 
Control pp. 3422–3427. 

 
Khalil, H.K., (2002). Nonlinear Systems (3rd edition). Upper Saddle River: Prentice Hall 

ISBN 978-3-540-19916-8.  

Ko, C.-N., Wu, C.-J., (2008). A PSO-Tuning Method for Design of Fuzzy PID 
Controllers. Journal of Vibration and Control 14(3), 375–
395.https://doi.org/10.1177/1077546307080038 

Kumar, V., Gaur, P., Mittal, A. P., (2014). ANN based self-tuned PID like adaptive 
controller design for high performance PMSM position control. Expert Systems 
with Applications 41(17), 7995–8002. 
https://doi.org/10.1016/j.eswa.2014.06.040 

Li, X., Wang, Y., Li, N., Han, M., Tang, Y., Liu, F., (2017). Optimal fractional order PID 
controller design for automatic voltage regulator system based on reference model 
using particle swarm optimization. International Journal of Machine Learning 
and Cybernetics 8(5), 1595–1605. https://doi.org/10.1007/s13042-016-0530-2 

Li, C., Mao, Y., Zhou, J., Zhang, N., An, X., (2017). Design of a fuzzy-PID controller for 
a nonlinear hydraulic turbine governing system by using a novel gravitational 
search algorithm based on Cauchy mutation and mass weighting. Applied Soft 
Computing Journal 52, 290–305. https://doi.org/10.1016/j.asoc.2016.10.035 

Liang, X., Ding, Y., Ren, L., Hao, K., Jin, Y., (2014). Data driven cooperative intelligent 
controller based on the endocrine regulation mechanism. IEEE Transactions on 
Control Systems Technology 22(1), 94–101. 
https://doi.org/10.1109/TCST.2013.2245417 

Latha, K., Rajinikanth, V., Surekha, P. M., (2013). PSO-Based PID Controller Design 
for a Class of Stable and Unstable Systems. ISRN Artificial Intelligence 2013 1–
11. https://doi.org/10.1155/2013/543607 

 



 

 77 

Muhlasin, Asnun Parwanti, Budiman, Aji Akbar Firdaus, Machrus Ali, Iswinarti, (2020). 
Optimization of Water Level Control Systems Using ANFIS and Fuzzy PID 
Model. 2020 the 3rd International Conference of Vocational Education and 
Electrical Engineering (ICVEE) 

Mostafa Piratesh-Moghadam, Maryam Gh.Saryazdi, Ehsan Loghman, Ali Kamali E., 
Firooz Bakhtiari-Nejad, (2020). Development of neural fractional PID controller 
with emulator.               ISA Transactions 106 (2020) 293-302. 
https://doi.org/10.1016/j.isatra.2020.06.014 

Maroufi Oussama, Choucha Abdelghani, Chaib Lakhdar, (2021). Efficiency and 
robustness of type-2 fractional PID design using salps swarm algorithm for a wind 
turbine control under uncertainty. ISA Transactions (2021) 
https://doi.org/10.1016/j.isatra.2021.06.016 

Mohd Riduwan Ghazali, Mohd Ashraf Ahmad, Haszuraidah Ishak, (2021). A Data 
Driven Sigmoid-based Secretion Rate of Neuroendocrine-PID Control for TRMS 
System. 2021 IEEE 11th IEEE Symposium of Computer Application & Industrial 
Electronics (ISCAIE) https://doi.org/10.1109/ISCAIE51753.2021.9431795 

Monje, C. A., Vinagre, B. M., Feliu, V., Chen, Y. Q., (2008). Tuning and auto-tuning of 
fractional order controllers for industry applications. Control Engineering 
Practice 16(7), 798–812. https://doi.org/10.1016/j.conengprac.2007.08.006 

Metin Sitti, Arianna Menciassi, A. J. I., K. L., (2013). Survey and Introduction to the 
Focused Section on bio-inspired Mechatronics, 18(2), 1–10 

M. H. Hung, L. S. Shu, S. J. Ho, S. F. Hwang., (2008). A novel intelligent multi objective 
simulated annealing algorithm for designing robust PID controllers. IEEE 
Transactions on Systems, Man and Cybernetics, Part A: Systems and Humans 
vol. 38, no. 2, pp. 319{330. 

M. Denna, G. Mauri, A. M. Zanaboni., (1999). Learning fuzzy rules with tabu search - 
an application to control. IEEE Transactions on Fuzzy Systems vol. 7, no. 2, pp. 
295{318. 

Mohammad, D. J., Kambiz, S. G., Seyedkashi, S. M. H., Behnam, T. M., (2010). Novel 
simulated annealing algorithm in order to optimal adjustment of digital PID 
controller. 11th International Conference on Control, Automation, Robotics and 
Vision, ICARCV 2010 (December) 1766–1771. 
https://doi.org/10.1109/ICARCV.2010.5707430 

Marden, J. R., Ruben, S. D., Pao, L. Y., (2013). A model-free approach to wind farm 
control using game theoretic methods. IEEE Transactions on Control Systems 
Technology 21(4), 1207–1214. https://doi.org/10.1109/TCST.2013.2257780 

 



 

 78 

M. Kathamuthu., (2020). DC Motor Speed Control Using PSO Tunned PID Fuzzy 
Controller. International Journal of Advanced Research in Science, 
Communication and Technology on 2020 (IJARSCT). 
http://ijarsct.co.in/Paper317.pdf 

Najwa Hidayah Abdul Razak Ramesh, Mohd Riduwan Ghazali, Mohd Ashraf Ahmad, 
(2021). Sigmoid PID based adaptive safe experimentations dynamics algorithm 
of portable duo popa pump for Parkinson’s disease patients. Buletin of Electrical 
Engineering and Informatics. Vol 10, No.2, April 2021, pp. 632~639. ISSN: 
2302-9285. https://doi.org/10.11591/eei.v10i2.2542 

Ohnishi, Y., Kitagawa, H., Mori, S., Wakitani, S., Yamamoto, T., (2013). Design of 
Neural Networks Based FRIT PID Controllers and Its Applications. IFAC 
Proceedings Volumes (Vol. 46). IFAC. 
https://doi.org/http://dx.doi.org/10.3182/20130703-3-FR-4038.00137 

Oscar-David Ramirez-Cardenas, Felipe Trujillo-Romero, (2020). Sensorless Speed 
Tracking of a Brushless DC Motor Using a Neural Network. Advance 
Mathematics and Computational Applications in Control System Engineering 
2020 25(3), 57. https://doi.org/10.3390/mca25030057 

Podlubny, I., (1994). Fractional-order systems and fractional-order controllers. Proc. of 
the Conference Internationale Francophone d’Automatique 2002 Retrieved 
fromhttp://people.tuke.sk/igor.podlubny/pspdf/uef0394.pdf%5Cnhttp://citeseerx
.ist.psu.edu/vie wdoc/summary?doi=10.1.1.13.6602 

P. Xu, G. Li, K. Wang., (2012). Self-tuning of PID controller based on simultaneous 
perturbation stochastic approximation. Lecture Notes in Electrical Engineering 
vol. 139, pp. 647{652. 

Peter Sarafin, Martin Revak, Michal Chovanec, Peter Sevcik., (2016). Self-Tuning Input 
Shaper Modelling. Information and Digital Technologies (IDT), 2016 
International Conference 5-7 July 2016. 

Pandey, N. D., Tiwari, P., (2017). Comparison Between Speed Control DC Motor Using 
Genetic Algorithm and PSO-PID Algorithm. International Journal of Electrical 
&Technology (IJEET) 8(1), 17–25 

Q. Song, J. C. Spall, Y. C. Soh, J. Ni., (2008). Robust neural network training tracking 
controller using simultaneous perturbation stochastic approximation. IEEE 
Transactions on Neural Networks vol. 19, no. 5, pp. 817{835. 

Qin Zhao, Huajun Zhang, Zihui Cheng, (2020). A heading control strategy based on 
neural network PID controller. 2020 Chinese Control and Decision Conference 
(CCDC) https://doi.org/10.1109/CCDC49329.2020.9164561 

 



 

 79 

Rohit Bhimte, Pritesh Shah, Kalyani Bhole-Ingale, Ravi Sekhar, (2020). Precise Position 
Control of Quanser Servomotor using Fractional Order Fuzzy PID Controller.                                          
2020 IEEE Bombay Section Signature Conference (IBSSC) 
https://doi.org/10.1109/IBSSC51096.2020.9332216 

R. E. Haber, R. Haber-Haber, A. Jimenez, R. Galan., (2009). An optimal fuzzy control 
system in a network environment based on simulated annealing. An application 
to a drilling process. Applied Soft Computing vol. 9, no. 3, pp. 889{895. 

Ramezanian, H., Balochian, S., (2013). Optimal design a fractional-order PID controller 
using particle swarm optimization algorithm. International Journal of Control 
and Automation 6(4), 55–68. 

R.M.T. Raja Ismail, M.A. Ahmad, M.S. Ramli., (2009). Speed control of buck-converter 
driven DC motor using LQR and PI: A comparative assessment. In Proc. 
International Conference on Information Management and Engineering pp. 651-
655. 

Sahin Yildrim, Aysegul Gordebil, (2020). Sway control of 3-cars crane system using 
proposed Fuzzy-PID controller. Recent Innovation in Mechatronics (RIiM) Vol 
7. (2020) No.1. https://doi.org/10.17667/riim.2020.1/4. 

Sudarshan K.Valluru, Madhusudan Singh, (2020). Optimization strategy of bio-inspired 
metaheuristic algorithms tune PID controller for PMBDC actuated robotic 
manipulator. Third International Conference on Computing and Network 
Communications (CoCoNet’19). Procedia Computer Science 171 (2020) 2040-
2049. https://doi.org/10.1016/j.procs.2020.04.219  

Seyed Ali Hosseini, Amir Saeed Shirani, Mohammad Lotfi, Mohammad Bagher Menhaj, 
(2020). Design and application of supervisory control based on neural network 
PID controllers for pressurizer system. Progress in Nuclear Energy 130 (2020) 
103570. https://doi.org/10.1016/j.pnucene.2020.103570 

Svetlana A. Krasnova, Aleskey S. Antipov, (2019). Block Synthesis of Tracking System 
for Inverted Pendulum via Sigmoidal Feedbacks. 2019 International Russian 
Automation Conference (RusAutoCon) 
https://doi.org/10.1109/RUSAUTOCON.2019.8867695 

Shukor, N. S. A., Ahmad, M. A., (2018). Data Driven PID Tuning Based on Safe 
Experimentation Dynamics for Control of Double-Pendulum-Type Overhead 
Crane. In Lecture Notes in Mechanical Engineering (Vol. 30, pp. 82–84). 
Springer Singapore. https://doi.org/10.1007/978-981-10-8788-2 

Shukor, N. S. A., Ahmad, M. A., Tumari, M. Z. M., (2017). Data driven PID tuning based 
on safe experimentation dynamics for control of liquid slosh. 2017 IEEE 8th 
Control and System Graduate Research Colloquium, ICSGRC 2017 - 
Proceedings 62–66.https://doi.org/10.1109/ICSGRC.2017.8070569 



 

 80 

Shah, P., Agashe, S., (2016). Review of fractional PID controller. Mechatronics 38, 29–
41. https://doi.org/10.1016/j.mechatronics.2016.06.005 

Şen, M. A., Bakırcıoğlu, V., Kalyoncu, M., (2016). Performances Comparison of The 
Bees Algorithm and Genetic Algorithm for PID Controller Tuning. Proceedings 
of the 5thInternational Conference on Mechatronics and Control Engineering - 
ICMCE ’16 126–130. https://doi.org/10.1145/3036932.3036951 

Solihin, M. I., Wahyudi, Kamal, M. A. S., Legowo, A., (2008). Objective function 
selection of GA-based PID control optimization for automatic gantry crane. 
Proceedings of the International Conference on Computer and Communication 
Engineering 2008, ICCCE08: Global Links for Human Development 883–
887.https://doi.org/10.1109/ICCCE.2008.4580732 

Solihin, M. I., Wahyudi, Kamal, M. A. S., Legowo, A., (2008). Optimal PID controller 
tuning of automatic gantry crane using PSO algorithm. Proceeding of the 5th 
International Symposium on Mechatronics and Its Applications, ISMA 2008 25–
29. https://doi.org/10.1109/ISMA.2008.4648804 

Tigo Wati, Subiyanto, Sutarno, (2019). Simulation model of speed control DC motor 
using fractional order PID controller. The 8th Engineering International 
Conference 2019 https://doi.org/10.1088/1742-6596/1444/1/012022 

Takahiro Niwa, Yasuhi Amano, Tomohiko Jimbo, (2020). Bio-inspired cooperative 
control using a nonlinear oscillator without direct communication among agents.                                          
2020 59th Annual Conference of the Society of Instrument and Control Engineers 
of Japan (SICE) 

Ünal, M., Erdal, H., Topuz, V., (2010). Trajectory tracking performance comparison 
between genetic algorithm and ant colony optimization for PID controller tuning 
on pressure process. Computer Applications in Engineering Education 
https://doi.org/10.1002/cae.20420 

Wakitani, S., Yamamoto, T., (2014). Design and Application of a Data Driven PID 
Controller, 2(3). 

Wakitani, S., Hanata, S., Yamamoto, T., (2012). Design and Application of a data driven 
PID Controller, 2(5), 541–546. 

Wang, J., (2011). PID Controller Design of Based on Neural Network and Virtual 
Reference Feedback Tuning. 2011 Chinese Control and Decision Conference 
Vols 1-6, (1), 3078– 3083T.  

Xu, J., Hou, Z., (2009). Notes on Data driven System Approaches. Acta Automatica 
Sinica 35(6), 668–675. https://doi.org/10.1016/S1874-1029(08)60090-7 

 



 

 81 

X. Zhang, J. Qin, D. Zhao, Y. Zheng, C. Qi, G. Cao., (2011). Simultaneous perturbation 
stochastic approximation-based scaling factor tuning for 3-d fuzzy logic 
controller. In Proceedings of the 8th International Conference on Fuzzy Systems 
and Knowledge Discovery pp. 708{712. 

Yapeng Shi, Pengfei Wang, Xin Wang, Fusheng Zha, Zhenyu Jiang, Wei Guo, Mantian 
Li, (2019). Bio-Inspired Equilibrium Point Control Scheme for Quadrupedal 
Locomotion. IEEE Transaction of Cognitive and Developmental Systems Vol. 11, 
No.2, June 2019 

Ying Xue Zhang, Guang Run Shen, (2020). Design of Fuzzy Neural Network PID 
Controller for Hypersonic Vehicle. 2019 Chinese Automation Congress (CAC) 
https://doi.org/10.1109/CAC48633.2019.8996408 

Yamamoto, T., Takao, K., Yamada, T., (2009). Design of a data driven PID controller. 
IEEE Transactions on Control Systems Technology 17(1), 29–
39.https://doi.org/10.1109/TCST.2008.921808 

Yongsheng Ding, L. C. H., (2017). Human Body Based Intelligent Cooperative 
Decoupling Controllers (pp. 22–80). Retrieved from 
https://link.springer.com/chapter/10.1007/978-981-10-6689-4_2 

Y. Y. Hong, W. M. Luo., (2012). Realization of simultaneous perturbation stochastic 
approximation using FPGA for on-line PID parameter tuning.  In Proceedings of 
the International Conference on Automatic Control and Artificial Intelligence pp. 
1632{1637. 

Zhang, X., Zhang, M., (2006). an Adaptive Fuzzy PID Control of Hydro-Turbine 
Governor, (August), 13–16. 

Zribi, A., Chtourou, M., Djemel, M., (2015). A New PID Neural Network Controller 
Design for Nonlinear Processes. ArXiv:1512.07529 [Cs], 1–10. Retrieved from 
http://arxiv.org/abs/1512.07529%5Cnhttp://www.arxiv.org/pdf/1512.07529.pdf 

Zhaoyang Tian, Hong Guo, Xiaofeng Ding, Xu He, (2016). A PID Neural Network 
Control for Position Servo System with Gear Box at Variable Load. Vehicle 
Power and Propulsion Conference (VPPC), 2016 IEEE, 17-20 Oct 2016. 

 

 




