-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Universiti Teknologi Malaysia Institutional Repository

CONTROL AND MODELLING OF UNDERWATER FLEXIBLE
MANIPULATOR STRUCTURE

JACKIE TAN JIA JIUN

A project report submitted in fulfilment of the
requirements for the awards of the degree of

Master of Engineering (Mechanical)

Faculty of Mechanical Engineering
Universiti Teknologi Malaysia

JUNE 2016


https://core.ac.uk/display/225547375?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

To my beloved family who always gives me strength to complete this thesis,

believe in me and guide me all of my pursuits.



ACKNOWLEDGEMENT

In preparing this project report, | was in contact with many people, researchers,
academicians, and practitioners. They have contributed towards my understanding
and thoughts.

In particular, | wish to express my sincere appreciation to my project supervisor,
Associate Professor Dr. Intan Zaurah Mat Darus, for encouragement, guidance,

critics and friendship.

The patience who had guided me has shown during encountered obstacles, along
with the inspiration and expertise they provided will not be forgotten. The
completion of this work would not have been possible without their

recommendations and assurances.

I am also indebted to Universiti Teknologi Malaysia (UTM) for accommodating
my Masters study. Librarians at UTM also deserve special thanks for their assistance
in supplying the relevant literatures. My fellow postgraduate students should also be

recognised for their support.

Last but not the least, my sincere appreciation also extends to all my colleagues
and others who have provided assistance at various occasions. Their views and tips
are useful indeed. There are just too many to name individually here but I thank you
all for the happy memories.



ABSTRACT

The use of flexible structures in many engineering applications is expanding
rapidly. Position control is delicate, such as angular position control of a flexible
structure especially underwater condition. Flexible structure in an underwater
condition often having the problem of the hub angle position as the hub angle is
affected by the inline force of the flexible structure underwater. To develop an
optimum control system for the horizontal motion of such condition, the operating
system must first be identified. A system model of an experimental test rig
representing the Underwater Flexible Single Link Manipulator System (UFSLMS),
needs to be developed before designing a controller to control the hub angle position.
The objectives of this project are to identify the model and develop the controller to
control the hub angle position of a UFSLMS. Previous studies have shown that
parametric modelling involving Auto Regressive with Exogenous Input model using
Recursive Least Squares algorithm, and non-parametric modelling involving
Evolution Algorithm are suitable to model the UFSLMS system, with acceptably low
Mean Square Error. The project is done by reviewing the UFSLMS dynamic
modelling and control methodology. The collection of data from the UFSLMS
system will be simulated and identified as the dynamic UFSLMS. A Proportional-
Integral-Derivative controller is developed based on the system identification model,
using heuristic techniques within MATLAB environment and robustness test is
carried out at different magnitudes to determine the robustness of the controller. The
performance of the controllers thus developed is verified and validated by simulation
on MATLAB SIMULINK. The objectives are achieved when the controller is
proven to be stable by effectively control the hub angle position in the horizontal

motion underwater.



ABSTRAK

Penggunaan struktur fleksibel dalam banyak aplikasi kejuruteraan sedang
berkembang pesat. Kawalan kedudukan adalah halus, seperti kawalan kedudukan
sudut struktur fleksibel keadaan terutamanya di dalam air. Struktur yang fleksibel
dalam keadaan air sering mempunyai masalah mengenai kedudukan sudut hab sebab
sudut hab dipengaruhi oleh kuasa sebaris struktur fleksibel di dalam air. Bagi
membangunkan sistem kawalan yang optimum untuk gerakan mendatar syarat itu,
sistem operasi yang pertama mestilah dikenal pasti. Model sistem pelantar ujian
eksperimen mewakili Underwater fleksibel Single Link Manipulator System
(UFSLMS), perlu dibangunkan sebelum pengawalan dibentuk supaya mengawal
kedudukan sudut hub. Objektif projek ini adalah untuk mengenal pasti model dan
membangunkan pengawal untuk mengawal kedudukan sudut hab untuk UFSLMS.
Kajian terdahulu telah menunjukkan bahawa model parametrik melibatkan Auto
regresif dengan model Input eksogen menggunakan Recursive Squares Least
algoritma, dan pemodelan bukan parametrik melibatkan Evolution Algoritma adalah
sesuai untuk model sistem UFSLMS, dengan rendah Ralat. Projek itu dilakukan
dengan mengkaji model dan kawalan dinamik metodologi UFSLMS. Pengumpulan
data daripada sistem UFSLMS akan disimulasikan dan dikenal pasti sebagai
UFSLMS dinamik.  Sebuah pengawal berkadar-Integral-derivatif dibangunkan
berdasarkan model pengenalan sistem, menggunakan teknik heuristik dalam
persekitaran MATLAB dan ujian keteguhan dijalankan pada magnitud yang berbeza
untuk menentukan keteguhan pengawal. Prestasi pengawal dikembangkan disahkan
oleh simulasi MATLAB SIMULINK. Objektif tercapai apabila pengawal terbukti
stabil dengan berkesan mengawal kedudukan sudut hab dalam gerakan mendatar di

dalam air.

Vi
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CHAPTER 1

INTRODUCTION

Flexible structures are being used in nowadays especially the underwater
flexible structure in any of the engineering applications. The basic elements for
flexible structural analysis are plates, beams, frames and shells. These elements are
used in a broad range of engineering applications and particularly in aeronautical,

mechanical, marine, aerospace, civil engineering and many more.

This paper presents modelling and control of flexible manipulator with single
link in an underwater environment. The underwater environment completely
contrasts with ground or space environment. The single link flexible structure in an
underwater situation is subjected to various dynamic forces like buoyancy forces,
hydrostatic and hydrodynamic forces.

In order to control the physical system or to predict its behaviour
under different operating conditions, a model can be created using an approach called
system identification. The main objective of system identification is to find an
accurate or an approximate model of system dynamics based on the observed inputs

and the outputs.

The project is first done by reviewing the UFSLMS dynamic modelling and
control methodology. The collection of data from the UFSLMS system will be
simulated and identified as the dynamic UFSLMS. A Proportional-Integral-
Derivative controller is developed based on the system identification model, using
heuristic techniques within MATLAB environment and robustness test is carried out



at different magnitudes to determine the robustness of the controller. The

performance of the controllers thus developed is verified and validated by simulation
on MATLAB SIMULINK.

11

Objective of study

The main objectives of the project are to model dynamically via system

identification and develop angular position control for underwater flexible

manipulator structure. Hence, four objectives are stated below.

1.2

1. Literature review of the UFSLMS dynamic modelling and control

methodology.

To acquire data from an underwater flexible manipulator experimental rig
and model the system using intelligent method by using data collected.
Development of angular position controller using self-tuning PID controller

for flexible manipulator system.

. Analysis, verification and validation of the performance of the controllers.

Scope of study

The project involves by using Recursive Least Squares algorithm and
Evolution Algorithm to model the UFSLMS system.

In this study, the evolutionary algorithms considered to tune PID controller is
differential evolution. The performance of the controller in controlling the
hub angle is investigated based on the data collected by experiment.

The real-time self-tuning control schemes are based on the self-tuning of
proportional and PID control using iterative learning algorithm by tuning the
PID gain heuristically.

The robustness test for the proposed control scheme is limited to variation of
disturbance amplitude (velocity).



1.3 Problem Statement

Position control is delicate, such as angular position control of a flexible
structure especially underwater condition, but in case of mechanical application, the
unwanted position of the structure may cause unrecoverable damages and
maneuverability to a system. Flexible structure in an underwater condition often
having the problem of the hub angle position as compared to rigid structure which is
always leads to vibration at the tip. Hub angle is affected by the inline force of the
flexible structure underwater as the vibration is already dampened in the underwater
condition. The behaviour of the UFSLMS under different operating conditions is too
complex to be identified and requires a model which gives minimum prediction error
in order to predict and control the system accurately. Hence, the purpose of carrying
out this research is to overcome the angular position of the hub angle of a flexible
structure underwater by effectively design a dynamic controller to make the aim

come true.



1.4 Research Flowchart

Figure 1.1 shows the research flowchart which describes how this project is
carried out.
Start

Literature Review:
Dynamic modeling and control methodology

Data Collection of UFSLMS system

\ 4
v v

Parametric ldentification using Non-Parametric Identification using
RLS algorithm Differential Evolution algorithm

Select the best system identification
model which represents the UFSLMS

\ 4
Develop PID controller using heuristic
method within MATLAB environment

N

No

Analyze PID controller
performance through the
output response

Figure 1.1  Research Flow Chart



This project will be conducted in three phases: (i) literature review of the

application of UFSLMS; (ii) system identification of UFSLMS; (iii) development of

controller for UFSLMS based on the best system identification model.

1.5
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Gantt chart for Master Project 1

NO

TASK

WEEK (SEMESTER 2)

4 5 6

7

8

9

10

11

12

13

14

15

16

LITERATURE REVIEW
Underwater Flexible Single Link
System UFSLMS
UFSLMS Modelling and Identification
Non-Parametric Identification
Differential Evolution algorithm
Control of UFSLMS

Manipulator

NON-PARAMETRIC MODELLING & SYSTEM
IDENTIFICATION WITHIN MATLAB ENVIRONMENT
Differential Evolution Algorithm

COMPARASIVE ASSESMENT OF SYSTEM IDENTIFICATION
METHODS

o

DEVELOPMENT OF UFSLMS CONTROLLER

&l

ANALYSIS OF CONTROLLER PERFORMANCE

o

FINAL REPORT AND PRESENTATION
Reprort writing
Presentation

N

COMPELTE MASTER PROJECT

Figure 1.3

Gantt chart for Master Project 2




REFERENCES

Arya, L. D., Verma, H. K. and Jain, C. (2011). Differential Evolution for
Optimization of PID Gains in Automatic Generation Control. International Journal
on Computer Science and Engineering, 3 (5): 1848-1856.

Astrom, K. J. and Hagglund, T. (1988). Automatic Tuning of PID Controllers:
Instrument Society of America.

Astrom, K. J., Hagglund, T., Hang, C. C. and Ho, W. K. (1993). Automatic Tuning
and Adaptation for PID Controllers - A Survey. Control Engineering Practice, 1 (4):
699-714.

Astrom, K. J. and Hagglund, T. (1995). PID Controllers: Theory, Design, and
Tuning: Instruments Society of America.Astrém, K. J. and Wittenmark, B. (1973).
On Self Tuning Regulators. Automatica, 9 (2): 185-199.

Chakraverty, S. (2009), “Vibration of plates”, First edition, Taylor & Francis Group,
LLC.

Coelho, L. d. S. and Cunha, M. A. B. (2011). Adaptive Cascade Control of a
Hydraulic Actuator with an Adaptive Dead-zone Compensation and Optimization
Based on Evolutionary Algorithms. Expert Systems with Applications, 38 (10):
12262-12269.

Coelho, L. D. S., Pessba, M. W., Rodrigues Sumar, R. and Augusto, R. C. A. (2010).
Model-free Adaptive Control Design using Evolutionary-neural Compensator.
Expert Systems with Applications, 37 (1): 499-508.



Cohen, G. H., & Coon, G. A. (1953). Theoretical consideration of retarded control.
Transactions of ASME, 75, 827-834.

Darwin, C. (1859). The Origin of Spicies. London: John Murray. Fisher, R. A.
(1930). The Genetical Theory of Natural Selection. Oxford: Clarendon Press..

Eski, 1. and Yildirim, S. (2009). Vibration Control of Vehicle Active Suspension
System Using a New Robust Neural Network Control System. Simulation Modelling
Practice and Theory, 17 (5): 778-793.

Ezhilarasi, D., Umapathy, M. and Bandyopadhyay, B. (2006). Design and
Experimental Evaluation of Piecewise Output Feedback Control for Structural
Vibration Suppression. Smart Materials and Structures, 15 (6): 1927.

Fleming, P. J. and Purshouse, R. C. (2002). Evolutionary Algorithms in Control
Systems Engineering: a Survey. Control Engineering Practice, 10 (11): 1223- 1241.

Goldberg, D. E. (1989). Genetic Algorithms in Search, Optimization, and Machine
Learning: Addison-Wesley Publishing Co., Inc.

Gonzalez,C., Blanco,D. and Moreno,L. (2009), “Optimum robot manipulator path
generation  using differential evolution” IEEE Congress on Evolutionary
Computation, CEC 2009; Trondheim; Norway; 18-21 May 2009.

Guessas, L. and Benmahammed, K. (2011). Adaptive Backstepping and PID
Optimised by Genetic Algorithm in Control of Chaotic. International Journal of

Innovative Computing, Information and Control, 7 (9): 5299-5312.

Holland, J. H. (1975). Adaptation in Natural and Artificial Systems. Ann Arbor, MI:
The University of Michigan Press.

Ismail, R., Ismail, A. Y. and Mat Darus, L. Z. (2006 a), “Identification Algorithms of
Flexible Structure Using Neural Networks”, Proceeding of the IEEE 4th Student



Conference on Research and Development (SCOReD2006), Shah Alam, Selangor,
MALAYSIA, 27-28 June, 2006, pp 162 — 168.

Kanthalashmi, S. (2010). Genetic Algorithm Based Self Tuning Regulator.
International Journal of Engineering Science and Technology, 2 (12): 7719-7728.

Karaboga, D. and Okdem, S. (2004). A Simple and Global Optimization Algorithm
for Engineering Problems: Differential Evolution Algorithm. Turkey Jurnal
Electrical Engineering, 12 (1): 53-60.

Kim, J. S., Kim, J. H., Park, J. M., Park, S. M., Choe, M. Y. and Heo, H. (2008).
Auto Tuning PID Controller Based on Improved Genetic Algorithm for Reverse
Osmosis Plant. International Journal of Intelligent Systems and Technologies, 3 (4):
232-237.

Koulocheris, D., Dertimanis, V. and Vrazopoulos, H. (2004),” Evolutionary
parametric identification of dynamic systems”, Forschung im Ingenieurwesen ,
Springer Verlag, 68, pp. 173-181.

Kunihiko, N., Kouhei, O., Hiroshi, K. and Tetsuhiko, Y. (2008). Vibration Control of
Load for Rotary Crane System Using Neural Network with GA-Based Training.
Anrtificial Life and Robotics, 13 (1): 98-101.

Landau, I. D., Lozano, R., M'Saad, M., Karimi, A. (2011). Adaptive Control
Algorithms, Analysis and Applications. (2nd ed.). New York: Springer.

Lee, K. Y. and El-Sharkawi, M. A. (2008). Modern Heuristic Optimization
Techniques: Theory and Applications to Power Systems, vol. 39: Wiley-IEEE press.

Liang, W., Huai-hai, C. and Xu-dong, H. (2011). Active Hoo Control of the Vibration
of an Axially Moving Cantilever Beam by Magnetic Force. Mechanical Systems and

Signal Processing, 25 (8): 2863-2878.

Lennart Ljung (1999), “System Identification”, Second edition, Prantice Hall.

61



Madkour, A., Hossain, M. A., Dahal, K. P. and Yu, H. (2007). Intelligent Learning
Algorithms for Active Vibration Control. IEEE Transactions on Systems, Man, And
Cybernetics— Part C: Applications And Reviews, 37 (1): 1022- 1033.

Mahmoodi, S. N. and Ahmadian, M. (2009). Active Vibration Control with Modified
Positive Position Feedback. Journal of Dynamic Systems, Measurement, and
Control, 131 (4): 1-8.

Mat Darus, 1.Z. (2004), “Soft computing adaptive Vibration control of flexible
structures”, Ph.D. Thesis Department of Automatic control and System Engineering,

University of Sheffield.

Mat Darus, I. Z. and Tokhi, M. O. (2004). Genetic Algorithms Based Adaptive
Active Vibration Control of a Flexible Structure. Systems Science, 29 (3): 65- 79.

Mat Darus, I.Z. and Tokhi, M.O. (2004), “Soft Computing based active vibration
control of a flexible structure”. Engineering Applications of Artificial Intelligence,
18| pp- 93'114.

Mat Darus, 1. Z., Aldebrez, F. M. and Tokhi, M. O. (2004), “ Parametric modeling of
a twin rotor system using genetic algorithms”, Proceedings of the 1% IEEE
International Symposium on Control, Communications and Signal Processing,
(ISCCSP 2004), Hammamet, Tunisia, 21 - 24 March 2004.

Mat Darus, I. Z., Tavakolpour, A. R, Toha, S. F., Mohamad, M. and Tokhi, M. O.
(2008), “Adaptive Neuro-Modelling of a Twin Rotor System”, IEEE Proceedings of
2008 Student Conference on Research and Development (SCOReD 2008), 26-27
Nov. 2008, Johor, Malaysia. 2004.

Mohd. Hashim, S. Z., Tokhi, M. O. and Mat Darus, 1. Z. (2004), “Nonlinear dynamic

modeling of flexible beam structures using neural networks”, Proceedings of the

62



IEEE International Conference on Mechatronic (ICM2004), Istanbul, Turkey, 3 — 5
June 2004.

Oliveira, P., Sequeira, J. and Sentieiro, J. (1991). Selection of Controller Parameters

Using Genetic Algorithms. Dordrecht, Netherlands Kluwer Academic Publishers.

Panda, S. (2009). Differential Evolutionary Algorithm for TCSC-based Controller
Design. Simulation Modelling Practice and Theory, 17 (10): 1618-1634.

Pishkenari, H. N., Mahboobi, S. H. and Alasty, A. (2011). Optimum synthesis of
fuzzy logic controller for trajectory tracking by differential evolution. Scientia
Iranica, 18 (2): 261-267.

Porter, B. and Jones, A. H. (1992). Genetic Tuning of Digital PID Controllers.
Electronics Letters, 28 (9): 843-844.

Saravanakumar, G., Wahidhabanu, R. S. D. and George, V. I. ( 2006). Robustness
and Performance of Modified Smith Predictors for Processes with Longer Dead-
Times. International Journal on Automatic Control and System Engineering, 6 (3):
41-46.

Shin, C., Hong, C. and Jeong, W. B. (2012). Active Vibration Control of Beam
Structures Using Acceleration Feedback Control with Piezoceramic Actuators.
Journal of Sound and Vibration, 331 (6): 1257-1269.

Storn, R. (1996). On the Usage of Differential Evolution for Function Optimization.
Proceedings of the Fuzzy Information Processing Society, Berkeley, CA, USA. 19-
22 Jun 1996. 519-523.

Storn, R. and Price, K. (1997). Differential Evolution — A Simple and Efficient
Heuristic for Global Optimization over Continuous Spaces. Journal of Global
Optimization, 11 (4): 341 3509.

63



Sung-Kwun, O., Han-Jong, J. and Witold, P. (2009). The Design of a Fuzzy Cascade
Controller for Ball and Beam System: A Study in Optimization with the Use of
Parallel Genetic Algorithms. Engineering Applications of Artificial Intelligence, 22
(2): 261-271.

Tavakolpour, A.R., Mat Darus, 1. Z. and Mailah, M. (2008), “Performance
Evaluation of Genetic Algorithm for System Identification of a Flexible Structure”,
IEEE Proceedings of 2008 Student Conference on Research and Development
(SCOReD 2008), 26-27 Nov. 2008, Johor, Malaysia.

Tavakolpour, A. R., Mat Darus, 1. Z., Mailah, M., and Tokhi, M.O. (2010), “Genetic
Algorithm-based Identification of a Rectangular Flexible Plate System for Active
Vibration Control”, International Journal of Engineering Application of Artificial

Intelligence, Article in Press.

Tijani, 1. B., Akmeliawati, R., Muthalif, A. G. A. and Legowo, A. (2011).
Optimization of PID Controller for Flexible Link System using a Pareto- based
Multi-objective  Differential Evolution. 4th International Conference On
Mechatronics (ICOM), Kuala Lumpur, Malaysia. 17-19 May 2011. 1-6.

Wakasa, Y., Tanaka, K., Akashi, T. and Nishimura, Y. (2010). PSO Based
Simulteneous Tuning Method for PID Controllers and Dead-Zone Compensator and
its Application to Ultrasonic Motors. International Journal of Innovative Computing,
Information and Control, 6 (10): 4593-4604.

Yin, F., Wang, J. and Guo, C. (2004). Design of PID Controllers Using Genetic
Algorithms Approach for Low Damping Slow Response Plants. Advances in Neural

Networks. Berlin Heidelberg: Springer-Verlag 219-220 pp.

Youxin, L. and Xiaoyi, C. (2010). Tuning PID Control Parameters on Hydraulic
Servo Control System Based on Differential Evolution Algorithm. Proceedings of the
Second International Conference on Advanced Computer Control (ICACC),
Shenyang. 27-29 March 2010. 348-351.

64



Zafer, B. (2004). A New PID Tuning Technique Using Differential Evolution for
Unstable and Integrating Processes with Time Delay. In Lecture Notes in Computer
Science, vol. 3316 Neural Information Processing, pp. 254-260. Berlin Heidelberg:
Springer.

Zain, B. A. M., Tokhi, M. O. and Toha, S. F. (2009). PID-based Control of a Single-
Link Flexible Manipulator in Vertical Motion with Genetic Optimisation. Third
UKSim European Symposium on Computer Modeling and Simulation, Athens,
Greece 25-27 Nov. 2009 355-360.

Ziegler, J. G. and Nichols, N. B. (1942). Optimum Settings for Automatic
Controllers. Trans. ASME, 64 (8): 759-768.

65





