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ABSTRAK

Beberapa dekad kebelakangan ini, pelbagai strategi kawalan untuk sistem mekanikal
dengan kurang pendorong (UMS) telah dilaporkan secara meluas, yang mana skim
pengawalan system ini diperoleh berdasarkan model system tersebut. Oleh kerana
masalah dinamika yang tidak dapat dimodelkan, membuatnya sukar untuk diaplikasikan.
Penyelidik dalam bidang kawalan kini beralih kepada pendekatan pengawalan
berdasarkan data, kerana reka bentuk pengawalnya hanya berdasarkan ukuran data input-
output (I/O) pelan sebenar dan tidak lagi bergantung kepada ketepatan model loji yang
sebenar untuk mencapai objektif kawalan. Penalaan bagi proportional-integral-derivative
(PID) vang didorong oleh data adalah salah satu strategi kawalan yang menjanjikan
prestasi yang baik kerana kesederhanaannya, mudah difahami dan kebolehpercayaannya
untuk kegunaan di industri-industri. Setakat ini, kebanyakan kaedah penalaan PID yang
didorong oleh data untuk sistem dengan kurang pendorong menggunakan
pengoptimuman berasaskan agen-berbilang yang memerlukan masa pengiraan yang
panjang dalam reka bentuknya menyebabkan kaedah ini tidak praktikal untuk aplikasi
penalaan dalam talian. Oleh itu, adalah perlu untuk membangunkan strategi penalaan
yang memerlukan masa pengiraan yang singkat. Sebelum ini, kaedah berasaskan
pengiraan rawak seperti penganggaran rawak gangguan serentak norma terhad {NL-
SPSA) dan global NL-SPSA (G-NL-SPSA) yang telah berjaya menunjukkan hasil
sebagai alat untuk penalaan PID yang didorong oleh data hanya menghasilkan parameter
reka bentuk vang optimum pada lelaran terakhir sementara ia boleh mengekalkan
parameter reka bentuk yang lebih baik semasa proses penalaan jika ia menyimpan
memori. Oleh ity, alat pengoptimuman berasaskan memori mempunyai potensi yang baik
untuk mengekalkan parameter reka bentuk yang optimum semasa proses penalaan PID.
Walau bagaimanapun, algoritma berasaskan memori vang sedia ada seperti carian rawak
(RS) dan simulasi penyepuhlindapan (SA) masih menghasilkan ketepatan kawalan yvang
kurang kerana masalah minimum setempat. Oleh itu, percubaan dinamik selamat (SED)
dilihat sebagai alat yang menjanjikan hasil yang baik dari sudut pandangan ini disebabkan
oleh ciri berasaskan memori dan keberkesanannya dalam melaksanakan pelbagai masalah
pengoptimuman dengan pengiraan vang singkat walaupun untuk penalaan parameter
berdimensi tinggi. Selain itu, algoritma SED memerlukan parameter reka bentuk yang
lebih sedikit dan bebas dari urutan dapatan dalam proses penalaan. Sebelum ini, algoritma
SED telah digunakan untuk skim kawalan ladang angin untuk mengoptimumkan jumlah
penjanaan kuasa tetapi belum digunakan dalam penalaan PID. Dalam kajian ini, SED
diuji keberkesanannya untuk menala pengawal PID bagi sistem kawalan tumpahan
cecair, sistem kawalan kren lelangit jenis dwi-pendulum (DPTOC) dan sistem kawalan
kren berbilang input dan output (MIMO). Prestasi tersebut dinilai menggunakan conteh
berangka dari segi prestasi penjejakan, mengawal tenaga input dan masa pengiraan. Tiga
puluh yjian telah dilakukan untuk menilai SED, norma terhad SPSA (NL-SPSA), global
norma terhad SPSA (G-NL-SPSA), dan algoritma RS dalam setiap contoh dan dinilai
berdasarkan analisis statistik fungsi objektif, jumlah norma kesilapan dan jumlah norma
input. Kemudian, masa kenaikan, masa penyelesaian dan peratusan lampauan daripada
satu percubaan terbaik daripada 30 percubaan diperhatikan bagi setiap kaedah. Dalam
sistem kawalan DPTQOC, kami juga membentangkan contoh dengan gangguan.
Perbandingan prestasi dilakukan antara kaedah beasaskan SED dan kaedah berasakan G-
NL-SPSA. Di samping itu, purata peratusan penambahbaikan objektif kawalan daripada
30 percubaan untuk setiap kaedah juga diperhatikan.
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ABSTRACT

In recent decades, various control strategies for underactuated mechanical systems
{UMS) have been widely reported which are derived from the systems’ model. Due to
the problem of the unmodeled dynamics, there is a significant disparity between the
theory of control and its actual applications, which makes the model-based controller
difficult to apply. In recent years, control researchers have been switching to the method
of data-driven control in order to eliminate this disparity. The control performance of this
method is independent of the plant’s model accuracy 1o attain the control objective. This
is because its controller’s design is founded only on the input-output (I/0) data
measurermnent of the actual plants. In the industry, the proportional-integral-derivative
{PID) controller is the control method that has been widely implemented because of its
simplicity, the fact that it is more understandable and more reliable to be used for
industrial purposes. So far, the tuning methods used for data-driven PID for the
underactuated systems are mostly based on the multi-agent-based optimization, which
means that the design requires substantial computation time and make it not practical for
on-line tuning applications. Therefore, it is necessary to develop a tuning strategy that
requires less computation time. Previously, a stochastic approximation based method
such as the norm-limited simultaneous perturbation stochastic approximation (NL-SPSA)
and global NL-SPSA (G-NL-SPSA) have shown successtul results as tools for the data-
driven PID tuning. Notably, the SPSA and GSPSA based methods only produced the
optimal design parameter at the final tteration while it may keep a better design parameter
during the tuning process if it has a memory feature. Hence, a memory-based
optimization tool has good potential to retain the optimal design parameter during the
PID tuning process. This can overcome the existing memory-based algorithms such as
random search (RS) and simulated annealing (SA) which currently produce less control
accuracy due to the local minimum problem. Motivated by the limitations of the current
methods, there is an advantage to using safe experimentation dynamics (SED) as a tool
for optimization. SED offers memory-based features and effectiveness to perform with
lesser computation {ime to overcome a range of optimization problems, even for high-
dimensional parameter tuning. Moreover, other than the memory-based feature, SED
algorithm has fewer design parameters to be addressed and the independence of the gain
sequence in the tuning process. Previously, SED algorithm has been applied in to control
scheme of wind farm to optimize the total power production but has yet to be applied in
PID tuning. Therefore, it is good to study the effectiveness of SED in PID tuning. In this
study, the efficiency of the proposed approach is tested by applying the PID controller
tuning to the slosh control system, double-pendulum-type overhead crane (DPTOC)
control system and multi-input-multi-output (MIMO) crane control system. The
performance was evaluated using numerical examples in terms of tracking performance
and control input energy. Thirty trials have been performed to evaluate the SED. norm
limited SPSA (NL-SPSA), global norm limited SPSA (G-NL-SPSA), and RS algorithms
in each example. Next, when the pre-stated termination condition is fitted, each method
is evaluated based on the statistical analysis involving the objective function, the total
norm of the error and total norm of the input. Then, the rise time, settling time, and
percentage of overshoot of the one best trial out of the 30 trials were observed for each
method. In the DPTOC control system, we also present the examples with disturbance.
The performance comparison was made only between the SED based method and G-NL-
SPSA based method. In addition, the average percentage of the control objective
improvement retrieved from the 30 trials for each method was also observed.

iv



TABLE OF CONTENT

DECLARATION

TITLE PAGE
ACKNOWLEDGEMENTS
ABSTRAK

ABSTRACT

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

LIST OF APPENDICES

CHAPTER 1 INTRODUCTION
i.1 Background of Research
1.1.1 Underactuated Mechanical System
1.1.2  Control of Underactuated Mechanical System
1.1.3 Data-Driven Controller Design
1.1.4 Safe Experimentation Dynamics (SED) Algorithin
1.2 Moetivation and Problem Statement
13 Objective
1.4  Scope and Limitation
1.5 Contribution

1.6 Organization of Thesis

i

Hi

viii
ix
xi

xii

xiv



CHAPTER 2 LITERATURE REVIEW

2.1

22

2.3

2.4

2.5

Introduction

Model-based Controller for Underactuated Mechanical Systems
Data-driven Controller for UMS

2.3.1 The Motivation of Using Data-driven Controller

2.3.2 Data-driven Controller Based on Multi-Agent Optimization

Tools

2.3.3 Data-driven Controller based on Single-Agent Optimization

Tools

The motivation of Using Data-driven Controller Based on Safe

Experimentation Dynamics

Summary

CHAPTER 3 METHODOLOGY

3.1

3.2

33

34

3.5

Introduction

Problem Formulation

Data-driven PID Controller Based on SED

3.3.1 Safe Experimental Dynamics

3.3.2 Convergence Theorem of SED

3.3.3 Diminishing Exploration Rates

3.3.4 Illustrative Example

3.3.5 Data-driven PID Controller Design
Performance Analysis based on Numerical Tests
Examples of UMS

3.5.1 Model of Stosh Control System

3.5.2 Model of Double Pendulum Type Overhead Crane (DPTOC)

3.5.3 Model of Multi-input Multi-output (MIMQO) Crane System

vi

12

13

14

16

18

20

21

21

21

23

23

25

26

27

30

33

34

34

36



3.6

Summary

CHAPTER 4 RESULTS AND DISCUSSION

4.1 Introduction

4.2 Numerical Examples and Results of Slosh Control System

4.3  Numerical Examples and Results of DPTOC

4.4  Numerical Examples and Results of DPTOC with Disturbance
4.5  Numerical Examples and Results MIMO Crane Control System
4.6 Summary

CHAPTER 5 CONCLUSION

5.1 Recommendations and Future Works

REFERENCES

APPENDICES

vii

38

39

39

39

47

56

63

71

73

76

77

84



REFERENCES

Ahmad, M. A, Raja Ismail, R. M. T., Ramli, M. S., Nasir, A. N. K., Abd Ghani, N. M.,
& Noordin, N. H. (2010). Techniques for sway control of a double-pendulum-

type overhead crane. International Journal of Simulation: Systems, Science and
Technology, 11(2), 1-8. https://doi.org/10.1109/ICACC.2010.5486817

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

Ahmad, Mohd Ashraf. (2015). Model-free controller design based on simultaneous
perturbation stochastic approximation. Kyoto University.

Ahmad, Mohd Ashraf, Azuma, S. I., & 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

Bansal, R., Jain, M., & Bhushan, B. (2014). Designing of multi-objective simulated
annealing algorithm tuned PID controller for a temperature control system. 2014
6th IEEE Power India International Conference (PIICON), 1-6.
https://doi.org/10.1109/34084POWERI.2014.7117716

Begovich, O., Sanchez, E. N., & Maldonado, M. (2002). Takagi-Sugeno fuzzy scheme
for real-time trajectory tracking of an underactuated robot. JEEE Transactions
on Control Systems Technology, 10(1), 14-20.
https://doi.org/10.1109/87.974334

Beni, G., & Wang, J. (1993). Swarm Intelligence in Cellular Robotic Systems. In
Robots and Biological Systems: Towards a New Bionics? (pp. 703-712).
https://doi.org/10.1007/978-3-642-58069-7 38

Chang, W.-D., & Shih, S.-P. (2010). PID controller design of nonlinear systems using
an improved particle swarm optimization approach. Communications in
Nonlinear Science and Numerical Simulation, 15(11), 3632-3639.
https://doi.org/10.1016/j.cnsns.2010.01.005

Dashti, J. M., Shojaee, G. K., Seyedkashi, S. M. H., & Behnam, T. M. (2010). Novel
simulated annealing algorithm in order to optimal adjustment of digital PID

controller. 2010 11th International Conference on Control Automation Robotics
& Vision, 1766-1771. https://doi.org/10.1109/ICARCV.2010.5707430

Dorigo, M., Birattari, M., & Stutzle, T. (2006). Ant colony optimization. /JEEE

Computational Intelligence Magazine, 1(4), 28-39.
https://doi.org/10.1109/MC1.2006.329691

77



Duleba, 1., & Sasiadek, J. Z. (2003). Nonholonomic motion planning based on Newton
algorithm with energy optimization. JEEE Transactions on Control Systems
Technology, 11(3), 355-363. https://doi.org/10.1109/TCST.2003.810394

Erol, O. K., & Eksin, L. (2006). A new optimization method: Big Bang-Big Crunch.
Advances in Engineering Software, 37(2), 106-111.
https://doi.org/10.1016/]. ADVENGSOFT.2005.04.005

Ferreyra, E., Hagras, H., Kern, M., & Owusu, G. (2018). Enabling Field Force
Operational Sustainability: A Big Bang-Big Crunch Type-2 Fuzzy Logic
System for Goal-Driven Simulation - IEEE Conference Publication, 2018 IEEE
Symposium Series on Computational Intelligence (SSCI).
https://doi.org/10.1109/SSC1.2018.8628901

Formato, R. A. (2007). Central force optimization: a new metaheuristic with
applications in applied electromagnetics. Progress In Electromagnetics
Research, 77, 425491, https://doi.org/10.2528/PIER07082403

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

Guardabassi, G. O., & Savaresi, S. M. (2000). Virtual reference direct design method:
an off-line approach to data-based control system design. JEEE Transactions on
Automatic Control, 43(5), 954-959. https://doi.org/10.1109/9.855559

Hassanzadeh, 1., & Mobayen, S. (2011). Controller design for rotary inverted pendulum
system using evolutionary algorithms. Mathematical Problems in Engineering,
2011. https://doi.org/10.1155/2011/572424

He, C., Yongchun, F., Ning, S., & Yuzhe, Q. (2015). Pseudospectral method based time
optimal trajectory planning for double pendulum cranes. 2015 34th Chinese
Control Conference (CCC), 4302—4307.
https://doi.org/10.1109/ChiCC.2015.7260305

He, G., & Geng, Z. (2009). Robust backstepping control of an underactuated one-
legged hopping robot in stance phase. Robotica, 28(04), 583-596.
https://doi.org/10.1017/50263574709990269

Holland, J. H. (1992). Genetic Algorithms. Scientific American, 267(1), 66—72.
https://doi.org/10.1038/scientificamerican(792-66

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/10.1016/1.INS.2012.07.014

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/.ins.2012.07.014

78



Huang, H., & Fan, Y. (2018). Path following control for underactuated surface vessel
with disturbance. 2078 Chinese Control And Decision Conference (CCDC},
3265-3269. https://doi.org/10.1109/CCDC.2018.8407687

Hussein, . 1., & Bloch, a M. {2008). Optimal Control of Underactuated Nonholonomic
Mechanical Systems. Automatic Control, IEEE Transactions On, 533(3}, 668—
682, https://doi.org/10.1109/TAC.2008.919853

Hwang, C. L., Wu, H. M,, & Shih, C. L. (2009). Fuzzy sliding-mode underactuated
control for autonomous dynamic balance of an electrical bicycle. JEEE
Transactions on Control Systems Technology, 17(3), 658-670.
hitps://doi.org/10.1109/TCST.2008.2004349

Jaafar, H. I, Mohamed, Z., Abidin, A. F. Z., & Ghani, Z. A. (2013). PSO-tuned PID
controller for a nonlinear gantry crane system. Proceedings - 2012 IFEE,

International Conference on Control System, Computing and Engineering,
ICCSCE 2012, 515-519. https://doi.org/10.1109/ACCSCE.2012.6487200

Jia, S8, Jia, Y., Xu, S., & Hu, Q. (2017). Maneuver and Active Vibration Suppression of
Free-flving Space Robot. IEEE Transactions on Aerospace and Electronic
Systems, 1-1. https://doi.org/10.1105/TAES.2017.2775780

Joshi, K. (2006). Modelling and Analysis of Fluid Slosh under Transiation and Pitching
Excitation.

Kayastha, S., Shi, L., Katupitiya, I., & Pearce, G. (2017). Nonlinear model predictive
control of a planar three-link space manipulator. 2077 11th Asian Contro!
Conference (ASCC}, 635—640. htips://doi.org/10.1109/ASCC.2017.8287244

Kennedy, J., & Eberhart, R. (1995). Particle swarm optimization. Proceedings of
ICNN'95 - International Conference on Newral Networks, 4, 1942—-1948,
https://doi.org/10.1109/ICNN.1995.488968

Kirkpatrick, S., Gelatt, C. D., & Vecch, M. P. (1983). Optimization by Simulated
Annealing. Science, 220(4598), 671-680.
https://doi.org/10.1126/science.220.4598.671

Kumar, R., & Hyland, D. (2002). Tuning of A Random Search Algorithm for Controller
Design. AI4A Guidance, Navigation, and Control Conference and Exhibit,
https://doi.org/10.2514/6.2002-4762

Lee, H.-H. (2003). A new approach for the anti-swing control of overhead cranes with
high-speed load hoisting. Infernational Journal of Control, 76(15), 1493-1499.
https://doi.org/10.1080/00207170310001604954

Li, W, Tanaka, K., & Wang, H. O. {2004). Acrobatic Control of a Pendubot. JEEE
Transactions on Fuzzy Systems, 12(4), 549-552.
https://doi.org/10.1109/TFUZZ.2004.832540

Li, Y., Zhou, S., & Zhu, H. (2018). A backstepping controller design for underactuated
crane system. 2018 Chinese Control And Decision Conference (CCDC), 2895—
2899, https://doi.org/10.1109/CCDC.2018.8407619

79



Lima, G. S., Bessa, W. M., & Trimpe, S. (2018). Depth Control of Underwater Robots
Using Sliding Modes and Gaussian Process Regression. 2018 Latin American
Robotic Symposium, 2018 Brazilian Symposium on Robotics (SBR) and 2018
Workshop on Robotics in Education (WRE), 8—12.
https://doi.org/10.1 109/LARS/SBR/WRE.2018.00012

Liu, D. T, Guo, W. P, & Yi, J. Q. (2006). Dynamics and Stable Controt for a Class of
Underactuated Mechanical Systems. Acta Automatica Sinica, 32(3), 422427,
Retrieved from https://www.researchgate.net/profile/Dian-
Tong_lL.iw/publication/228369272_Dynamics_and_stable control for a class o
f underactuated mechanical systems/links/02e7e52120b7{c923e000000.pdf

Liu, Y., & Yu, H. (2013). A survey of underactuated mechanical systems. Control
Theory and Applications, 7(7), 921-935. hitps://doi.org/10.1049/iet-
¢ta, 2012.0505

Maithripala, D. H. S., & Berg, J. M. (2014). Robust Tracking Control for
Underactuated Autonomous Vehicles Using Feedback Linearization.
https://doi.org/10.1109/AIM.2014.6878118

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

Marden, J. R., Young, H. P., Arslan, G., & Shamma, J. S. (2009). Payoff-Based
Dynamics for Multiplayer Weakly Acyclic Games. SIAM Journal on Control
and Optimization, 48(1), 373-396. https://doi.org/10.1137/070680199

Martinez, R., Alvarez, J., & Orlov, Y. (2008). Hybrid sliding-mode-based control of
underactuated systems with dry friction. IEEE Transactions on Industrial
Electronics, 55(11), 3998—4003. https://doi.org/10.1109/TIE.2008.2004660

Mason, P., Broucke, M. E., & Piccoli, B. (2007). Time optimal swing-up of the planar
pendulum. Proceedings of the IEEE Conference on Decision and Control,
53(8), 5389-5394. https://doi.org/10.1109/CDC.2007.4434688

Matsui, Y., Akamatsu, S., Kimura, T., & Nakano, K. (2011). Fictitious Reference
Iterative Tuning for State Feedback Control of Inverted Pendulum with Inertia
Rotor. SICE Annual Conference, (3), 1087-1092.

McNinch, L. C., & Ashrafiuon, H. (2011). Predictive and sliding mode cascade control
for Unmanned Surface Vessels. Proceedings of the 2011 American Conirol
Conference, (1), 184—189.

Mirjalili, S., Mirjalili, S. M., & Lewis, A. (2014). Grey Wolf Optimizer. Advances in
Engineering Software, 69, 46-61.
https://doi.org/10.1016/j.advengsoft.2013.12.007

Musdkinja, N., & Tovornik, B. (2006). Swinging up and stabilization of a real inverted

pendulum. IEEE Transactions on Industrial Electronics, 53(2), 631-639.
https://doi.org/10.1109/TIE.2006.870667

80



Narayanan, A., & Moore, M. (1996). Quantum-inspired genetic algorithms.
Proceedings of IEEE International Conference on Evolutionary Computation,
61—-66. https://doi.org/10.1109/ICEC.1996.542334

Nasir, A. N. K., Tokhi, M. O., Abd Ghani, N. M., & Ahmad, M. A. (2012). A novel
hybrid spiral-dynamics bacterial-foraging algorithm for global optimization with
application to control design, 2012 12th UK Workshop on Computational
Intelligence (UKCI), 1-7. https://doi.org/10.1109/UKCI1.2012.6335764

Olfati-Saber, R. (2001). Nonlinear Control of Underactuated Mechanical Systems with
Application to Robotics and Aerospace Vehicles. Thesis PhD.

Oyekan, I., & Hu, H. (2010). A novel bacterial foraging algorithm for automated tuning
of PID controllers of UAVs. The 2010 IEEE International Conference on
Information and Automation, 693—698.
https://doi.org/10.1109/ICINFA.2010.5512477

Park, H., Chwa, D., & Hong, K.-S. (2007). A feedback linearization control of
container cranes: Varying rope length. International Journal of Control
Automation and Systems, 5(4), 379. Retrieved from
http://www.ijcas.com/admin/paper/files/TJCAS_v5 n4_pp.379-
387.pdf%0Ahttp:/ijcas.com/admin/paper/files/TICAS v5 n4 pp.379-387.pdf

Passino, K. M. (2002). Biomimicry of bacterial foraging for distributed optimization
and control. IEEE Control Systems, 22(3), 52-67.
https://doi.org/10.1109/MCS.2002.1004010

Precup, R. E., Tomescu, M. L., & Preitl, S. (2009). Fuzzy logic control system stability
analysis based on Lyapunov’s direct method. International Journal of
Computers Communications & Control, 4(4), 415-426.

Qiang, Z., Hongliang, Y., & Dezhi, X. (2015). Applying Data-driven techniques to
online updated PID controller for calciner outlet temperature. 2075 34th Chinese
Control Conference (CCC), 94-97.
https://doi.org/10.1109/ChiCC.2015.7259620

Raja Ismail, R. M. T., That, N. D., & Ha, Q. P. (2013). Adaptive fuzzy sliding mode
control for uncertain nonlinear underactuated mechanical systems. 2073
International Conference on Control, Automation and Information Sciences

(ICCAIS), 212-217. https://doi.org/10.1109/ICCAIS.2013.6720556

Rani, M., Selamat, H., Zamzuri, H., & Ibrahim, Z. (2012). Multi-objective optimization
for PID controller tuning using the global ranking genetic algorithm.
International Journal of Innovative Computing, Information and Control, 8(1),
269-284. Retrieved from http://www.ijicic.org/10-08085-1.pdf

Rsetam, K., Cao, Z., & Man, Z. (2016). Hierarchical sliding mode control applied to a
single-link flexible joint robot manipulator. 2016 International Conference on
Advanced Mechatronic Systems (ICAMechS), 476—481.
https://doi.org/10.1109/ICAMechS.2016.7813495

81



Ryalat, M,, Laila, D. S., & Torbati, M. M. (2015). Integral IDA-PBC and PID-like
control for port-controlled Hamiltonian systems. Proceedings of the American
Control Conference, 2015-July(1), 5365-5370.
https://doi.org/10.1109/ACC.2015.7172178

Saad, M. S., Jamaluddin, H., & Darus, [. Z. M. (2015). Active vibration control of a
flexible beam using system identification and controller tuning by evolutionary
algorithm. Journal of Vibration and Control, 21(10), 2027-2042.
https://doi.org/10.1177/1077546313505635

Solis, F. J., & Wets, R. J.-B. (1981). Minimization by Random Search Techniques.
Mathematics of Operations Research, 6(1), 19-30.
https://doi.org/10.1287/moor.6.1.19

Soma, S., Kaneko, O., & Fuijii, T. (2004). A new method of controller parameter tuning
based on input-output data — Fictitious Reference Iterative Tuning (FRIT) —.
IFAC Proceedings Volumes, 37(12), 789—794. https://doi.org/10.1016/S1474-
6670(17)31566-5

Spall, J. C. (1992). Multivariate Stochastic Approximation Using a Simultaneous
Perturbation Gradient Approximation. IEEE Transactions on Automatic
Control, 37(3), 332-341. https://doi.org/10.1109/9.119632

Spong, M. W. (1998). Underactuated Mechanical Systems. In Lecture Notes in Control
and Information Sciences (Vol. 230).

Storn, R., & Price, K. (1997). Differential evolution--a simple and efficient heuristic for
global optimization over continuous spaces. Journal of Global Optimization,
11(4), 341-359. Retrieved from https://www.metabolic-
economics.de/pages/seminar_theoretische biologie 2007/literatur/schaber/Storn
1997JGlobOpt11.pdf

Sun, N., Wu, Y., Fang, Y., & Chen, H. (2017). Nonlinear Antiswing Control for Crane
Systems With Double-Pendulum Swing Effects and Uncertain Parameters:

Design and Experiments. IEEE Transactions on Automation Science and
Engineering, 1-10. https://doi.org/10.1109/TASE.2017.2723539

Wang, J., & Kumbasar, T. (2019). Parameter optimization of interval Type-2 fuzzy
neural networks based on PSO and BBBC methods. IJEEE/CAA Journal of
Automatica Sinica, 6(1), 247-257. https://doi.org/10.1109/JAS.2019.1911348

Wang, Z., & Guo, Y. (2011). Unified control for Pendubot at four equilibrium points.
IET Control Theory & Applications, 5(1), 155. https://doi.org/10.1049/iet-
cta.2009.0405

Yabui, S., Yubai, K., & Hirai, J. (2007). Direct design of switching control system by
VRFT -application to vertical-type one-link arm-. SICE Annual Conference
2007, 120-123. https://doi.org/10.1109/SICE.2007.4420962

82



Yin, K., Pang, M., Xiang, K., & Jing, C. (2018). Optimization Parameters of PID
Controller for Powered Ankle-foot Prosthesis Based on CMA Evolution
Strategy. 2018 IEEE 7th Data Driven Control and Learning Systems
Conference (DDCLS), 175-179. https://doi.org/10.1109/DDCL.S.2018.8515918

Zhao, Y., Du, X., Xia, G., & Jia, R. (2016). A novel SPSA kernel wavelet neural
network for model-free PID controller. IECON 2015 - 41st Annual Conference
of the IEEE Industrial Electronics Society, 1960-1965.
https://doi.org/10.1109/IECON.2015.7392387

Zou, S, Pan, B., Fu, Y., & Guo, S. (2018). Position Control and Vibration Suppression

for Flexible-Joint Surgical Robot. 2018 3rd International Conference on
Control, Robotics and Cybernetics (CRC), 42—-47.
https://doi.org/10.1109/CRC.2018.00017

83





