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ICSSE 2013 TECHNICAL PROGRAM

July 4, Thursday

8:00 — 16:00 REGISTRATION

9:00 - 9:30 OPENING CEREMONY Room F09

9:30 - 10:15 PLENARY SESSION I Room F09

Tackling Climate Change: A System of Systems Engineering Perspective

Keith W. Hipel

University of Waterloo, Ontario, Canada

Session Chair: Imre J. Rudas

10:15-10:30 COFFEE BREAK

10:30-11:15 PLENARY SESSION II Room F09

Intelligent Vehicles

T.T. Lee

Chung Yuan Christian University, Chung-Li, Taiwan

Session Chair: Shun-Feng Su

11:15-12:00 PLENARY SESSION lil Room F09

Decision Making on Medical Diagnosis based on Subjective and Objective Fuzzy Aggregation Functions
Alignment

Hamido Fujita

Iwate Prefectural University, lwate, Japan

Session Chair: Janos Fodor

12:00-13:30 LUNCH

13:30-14:15 PLENARY SESSION IV Room F09

Distributed Intelligent Systems: Technologies and Applications

William A. Gruver

Simon Fraser University, British Columbia, Canada

Session Chair: Jozsef K. Tar



14:20 - 15:40
14:20 - 15:40
14:20-14:40
14:40 - 15:00
15:00 - 15:20
15:20-15:40
14:20 - 15:40
14:20 - 14:40
14:40 - 15:00
15:00 — 15:20
15:20 - 15:40

PARALLEL SESSIONS

[T1a] SESSION on Image Processing and Robot System | Room F09

Session Chair: Shun-Feng Su

Enhance Intelligence Video Surveillance with 3-D Information

Yujen Chou', Bor-Chyun Wang® and Shun-Feng Su®
INTUST

’China University of Technology CSIE

*National Taiwan University of Science and Technology EE

Adaptive Dynamic Surface Control for Fault-Tolerant Multi-Robot Systems

Yeong-Hwa Chang, Wei-Shou Chan, Cheng-Yuan Yang
Chang Gung University, Taoyuan, Taiwan, R.O.C.

Chin-Wang Tao
National I-Lan University, I-Lan, Taiwan, R.O.C.

Shun-Feng Su
National Taiwan University, of Science and Technology, Taipei Taiwan, R.O.C.

Study on Content-Independent Feature Matching Systems for Container Images

Guo-Rong Huang, Shun-Feng Su, QiJun Chen, Yi-San Lin

A Classification System of Lung Nodules in CT Images Based on Fractional Brownian Motion Model

Po-Whei Huang*, Phen-Lan Lin**, Cheng-Hsiung Lee*, C. H. Kuo*
* National Chung Hsing University, Taichung, Taiwan
** Providence University, Shalu, Taichung, Taiwan

[T1b] SESSION on Dynamic Estimation and Fuzzy System Room FO8

Session Chair: Wen-June Wang

Prediction and Sensitivity Analysis by TS Fuzzy Neural Network for Fungal Growth in Food Products

Yu-Hao Chang*, Wen-Hsien Ho*, Hon-Yi Shi*, Jyh-Horng Chou**,***

* Kaohsiung Medical University, Kaohsiung, Taiwan

** National Kaohsiung First University of Science and Technology, Kaohsiung, Taiwan
*** National Kaohsiung University of Applied Sciences, Kaohsiung, Taiwan

Leader-Following Formation Control of Multi-Robot Systems with Adaptive Fuzzy Terminal Sliding-Mode
Controller

Yeong-Hwa Chang, Cheng-Yuan Yang, Wei-Shou Chan
Chang Gung University, Taoyuan, Taiwan, R.O.C.

Chia-Wen Chang

Ming Chuan University, Taoyuan, Taiwan, R.O.C.

Chin-Wang Tao
National I-Lan University, I-Lan, Taiwan, R.O.C.

Fuzzy Control Design for Nonlinear Interconnected Systems by Transforming the Interconnection into a
Weighting Linear Term

Wei Chang, Shan-Ju Yeh, Wen-June Wang, Ya-Ju Chang
National Central University, Jhongli, Taiwan, R. O. C.

The People Number Estimation Based on the Embedded DSP System with Surveillance Camera

Nai-Jen Li, Cheng-Feng Weng, Wen-June Wang
National Central University, Jhongli, Taiwan, ROC



14:20 - 15:40
14:20-14:40
14:40 - 15:00
15:00 - 15:20
15:20-15:40
14:20 - 15:40

Hsiang-Chieh Chen* and Pei-Jun Lee**
* Industrial Technology Research Institute, Hsinchu, Taiwan, ROC
** National Chi Nan University, Nantou, Taiwan, ROC

[T1c] SESSION on Knowledge-based Systems Room F07

Session Chair: Yo-Ping Huang

A Guidance Law Design Using the Combination of ISMC and SDRE Schemes

Yew-Wen Liang, Jun-Yu Chen, Li-Gang Lin
National Chiao Tung University, Hsinchu, Taiwan

Smart Phone-based Fuzzy Modeling to Examine Facial Skin Quality

Yo-Ping Huang, Yan-Zong Li, Chien-Chou Lin
National Taipei University of Technology, Taipei, Taiwan

Admissibility of Fuzzy Support Vector Machine through Loss Function

Chan-Yun Yang*, Gene Eu Jan**, Kuo-Ho Su***
* ** National Taipei University, New Taipei City, Taiwan
*** Chinese Culture University, Taipei, Taiwan

Fuzzy Regulation of DC-Bus Voltage for Solar Energy System

Gwo-Ruey Yu, Jian-Fu Chen
National Chung Cheng University, Chiayi, Taiwan

[TP1] POSTER SESSION

Embedded 8-bit AES in Wireless Bluetooth Application

Chi-Wu Huang, Shao-Wei Kuo, Chi-Jeng Chang
National Taiwan Normal University, Taipei, Taiwan

Employing 2DoF PID Controllers to Improve Greenhouse Climate System Robustness

Eugen Horatiu Gurban, Gheorghe-Daniel Andreescu
"Politehnica" University of Timisoara, Timisoara, Romania

15:40 - 16:00
16:00-17:40
16:00-17:40
16:00 — 16:20
16:20-16:40

COFFEE BREAK

PARALLEL SESSIONS

[T2a] SESSION on Optimization Room F09

Session Chair: Nicola Pio Belfiore

A Petri Nets and Genetic Algorithm-based Optimal Scheduling for Job Shop Manufacturing Systems

Albert W. L. Yao, Y. M. Pan
National Kaohsiung First University of Science and Technology, Taiwan, R.O.C.

Design, Optimization and Construction of MEMS-based Micro Grippers for Cell Manipulation

Nicola Pio Belfiore, Matteo Verotti, Rocco Crescenzi and Marco Balucani
Sapienza University of Rome, Rome, Italy



16:40 - 17:00
17:00-17:20
17:20-17:40
16:00-17:40
16:00 - 16:20
16:20 - 16:40
16:40-17:00
17:00-17:20
17:20-17:40
16:00-17:40
16:00 - 16:20
16:20 - 16:40
16:40-17:00

Parallel Genetic Algorithm for Periodic Vehicle Routing and Scheduling Problem

P. Kurdel and J. Sebestyénova
Institute of Informatics, Slovak Academy of Sciences, Bratislava, Slovakia

Trajectory Optimization and Optimal Control of Vehicle Dynamics under Critically Stable Driving
Conditions

Shaady Khatab, Ansgar Traechtler
Heinz Nixdorf Institute, Paderborn, Germany

Traffic Condition Monitoring using Complex Event Processing

Bogdan Téarnaucd
Siemens Corporate Technology Romania, and Transilvania University of Bragsov

Dan Puiu, Dragos Damian
Siemens Corporate Technology Romania

Vasile Comnac
Transilvania University of Brasov

[T2b] SESSION on Image Processing System Room FO8

Session Chair: Cheng-Yuan Chang

Vision-based Controller Design with the Application to a 3D Overhead Crane System

Lun-Hui Lee’, Chung-Hao Huang*, Sung-Chih Ku" and Cheng-Yuan Chang**
Institute of Nuclear Energy Research in Taiwan, Taiwan
Chung Yuan Christian University, Taiwan

Marker Localization with a Multi-Camera System

David Szaldki, Norbert Koszo, Kristof Csorba, Gabor Tevesz
Budapest University of Technology and Economics, Budapest, Hungary

Realization of Affine SIFT Real-Time Image Processing for Home Service Robot

Ying-Hao Wang, Hao-En Cheng, Chih-Jui Lin, Ri-Wei Deng, Hsuan Lee, Tzuu-Hseng S. Li
National Cheng Kung University, Tainan, Taiwan, R.O.C.

Road Area Detection based on Image Segmentation and Contour Feature

Chun-Wen Hung, Chih-Li Huo, Yu-Hsiang Yu, Tsung-Ying Sun
National Dong Hwa University, Hualien, Taiwan, R.O.C.

Applying Weighted Mean Aggregation to Edge Detection of Images

Jyh-Yeong Chang, Yi-Hsin Chang
National Chiao Tung University, Hsinchu, Taiwan

[T2c] SESSION on Intelligent Control Room F07

Session Chair: Shyh-Feng Chen

An Instrument-based Testing Platform and Fuel Control Algorithm Verification for Direct Methanol Fuel
Cell

Sheng-Hua Chen*, Ya-Chien Chung**, Tzyy-Yih Yang*¥*, Yu-Jen Chiu**, Jin-Yih Lin**, Chen-Tung Chi**
* Ship and Ocean Industries R&D Center, New Taipei City, Taiwan
** Taipei Chengshih University of Science and Technology, Taipei City, Taiwan

Control Theoretic Properties of Physiological Controller Motifs

Kristian Thorsen, Peter Ruoff, Tormod Drengstig
University of Stavanger, Norway

Tower Crane Sway Control with Inclinometer Feedback and Dual Loop Control Structure
Chwan-Hsen Chen



Yuan Ze University, Chung Li City, Taiwan

17:00-17:20  State Feedback Controller Design for Discrete-Time Singular Systems with Random Packet Losses

Shyh-Feng Chen
China University of Science and Technology, Taipei, Taiwan, R.O.C.

17:20-17:40 Novel Conditions for Finite Time Stability of Discrete Time Delay Systems

D. Lj. Debeljkovic*, I. M. Buzurovic**, S. B. Stojanovic***, A. M. Jovanovic*
* University of Belgrade, Belgrade, Serbia

** Harvard University, Boston, MA, USA

*** University of Nis, Leskovac, Serbia

16:00-17:40 [TP2] POSTER SESSION

Analysis of Synthetic Metabolic Pathways Solution Space

Jurijs Meitalovs, Egils Stalidzans
Latvia University of Agriculture, Latvia

Hybrid Multiple-Object Tracker Incorporating Particle Swarm Optimization and Particle Filter

Chen-Chien Hsu, Yung-Ching Chu
National Taiwan Normal University, Taipei, Taiwan

Ming-Chih Lu
St. John's University, Taipei, Taiwan

18:15 BUS DEPARTURE from Obuda University

19:00 - 22:00 BANQUET Danube cruise

July 5, Friday

8:30 — 16:00 REGISTRATION

9:00 - 10:20 PARALLEL SESSIONS

9:00-10:20 [F1a] SESSION on Image Processing and Robot System Il Room F09

Session Chair: Wei-Yen Wang

9:00-9:20 Design and Implementation of Adaptive Dynamic Controllers for Wheeled Mobile Robots
Yi-Feng Kao*, Yi-Hsing Chien*, I-Hsum Li**, Wei-Yen Wang*, Tsu-Tian Lee***
* National Taiwan Normal University, Taipei, Taiwan, R.O.C.
** L ee-Ming Institute of Technology, Taipei, Taiwan, R.O.C.
*** Chung Yuan Christian University, Taoyuan, Taiwan, R.O.C.

9:20-9:40 Autonomous Stair Detection and Climbing Systems for a Tracked Robot
Chien-Kai Tseng*, I-Hsum Li**, Yi-Hsing Chien*, Ming-Chang Chen***, Wei-Yen Wang*
* National Taiwan Normal University, Taipei, Taiwan, R.O.C.
** L ee-Ming Institute of Technology, Taipei, Taiwan, R.O.C.
*** National Taiwan University of Science and Technology, Taipei, Taiwan, R.0.C.

9:40-10:00 Image-based Obstacle Avoidance and Path-Planning System

Yi-Han Chen*, Ming-Chang Chen**, I-Hsum Li***, Wei-Yen Wang*, Shun-Feng Su**
* National Taiwan Normal University, Taipei, Taiwan, R.O.C.

** National Taiwan University of Science and Technology, Taipei, Taiwan, R.O.C.

*** L ee-Ming Institute of Technology, Taipei, Taiwan, R.O.C.



10:00 - 10:20 Educational Robots as Collaborative Learning Objects for Teaching Computer Science

R. Burbaite, V. Stuikys, R. Damasevicius
Kaunas University of Technology, Kaunas, Lithuania

9:00-10:20  [F1b] SESSION on Intelligent Robot System Room F08

Session Chair: Ching-Chih Tsai

9:00-9:20 Target Object Announcement by Synchronous Blinking of a Robot and an Object

Mitsuharu Matsumoto, Sayako Hata
The University of Electro-Communications, Japan

9:20-9:40 Study on Constructing Forensic Procedure of Digital Evidence on Smart Handheld Device

Chih-Pai Chang*, Chun-Te Chen*, Tsung-Hui Lu*, I-Long Lin**, Po Huang***, Hua-Shyun Lu****
* Huafan University, Taipei, R.O.C.

** Yuanpei University, HsinChu, R.O.C.

*** iForensics Digital Inc., Taipei, R.0.C

**%* Kang-Ning Junior College of Medical Care and Management, Taipei City, R.O.C.

9:40 - 10:00 Adaptive Robust Motion Control Using Fuzzy Wavelet Neural Networks for Uncertain Electric Two-
Wheeled Robotic Vehicles

Ching-Chih Tsai, Ching-Hang Tsai
10:00-10:20 Design and Implementation of a 4WS4WD Mobile Robot and Its Control Applications

Chih-Jui Lin, Su-Ming Hsiao, Ying-Hao Wang, Cheng-Hao Yeh, Chien-Feng Huang, Tzuu-Hseng S. Li
National Cheng Kung University, Tainan, Taiwan, ROC

9:00-10:20 [F1c] SESSION on Neural Networks Room F07

Session Chair: Michal Rojcek

9:00-9:20 Classification of Slovak Municipalities by Neural Networks with Regard to the Degree of Digital Literacy
Index

AlZbeta Michalikovd, Sona Volentierova
Matej Bel University, Banska Bystrica, Slovakia

9:20-9:40 Decentralized Adaptive Control Using an Affine plus Self-organizing Fuzzy Neural Network for Multi-
Agent System Consensus Problem
Masanao Obayashi*, Yasuhiro Otomi*, Takashi Kuremoto*, Kunikazu Kobayashi**, Shingo Mabu*

* Yamaguchi University, Ube, Yamaguchi, Japan
** Aichi Prefectural University, Nagakute, Aichi, Japan

9:40-10:00 Clustering of Text Collections based on PART Neural Network and Similarity Measure

R. Krakovsky* and I. Mokris**
* Catholic University, Ruzomberok, Slovakia
** Institute of Informatics, Slovak Academy of Sciences, Bratislava, Slovakia

10:00-10:20  System for Document Clustering from mixed Sources based on Fuzzy ART Neural Network

Michal Rojcek*, Igor Mokris**
* Catholic University in Ruzomberok, Ruzomberok, Slovakia
** Institute of Informatics, Slovak Academy of Sciences, Bratislava, Slovakia

9:00-10:220 [FP1] POSTER SESSION

Robust Tracking Controller Design and Its Application to Wheeled Robot
Kuo-Ho Su*, Minh-Hoang To*, Chan-Yun Yang**
* Chinese Culture University, Taipei, Taiwan
** National Taipei University, New Taipei City, Taiwan
A Computer Vision System for Fast AR Film Thickness Measurement of Polysilicon Solar Cells
Hsu-Nan Yen*, Hsi-Ting Hou**



* St. John's University, New Taipei City, Taiwan, R.O.C.
** Tamkang University, New Taipei City, Taiwan, R.O.C.

10:20 - 10:40

10:40 - 12:00

10:40-12:00

10:40-11:00

11:00-11:20

11:20-11:40

11:40-12:00

10:40 -11:40

10:40-11:00

11:00-11:20

11:20-11:40

10:40 - 11:40

COFFEE BREAK

PARALLEL SESSIONS

[F2a] SESSION on Machine Vision and Map Building

Room F09

Session Chair: Chen-Chien Hsu

Machine-Vision-based Obstacle Avoidance System for Robot System

Cheng-Pei Tsai*, Chin-Tun Chuang**, Ming-Chih Lu**, Wei-Yen Wang***, Shun-Feng Su*, Shyang-Lih

Chang**

* NTUST, Taipei City, Taiwan

** St. John's University, New Taipei City, Taiwan
*** NTNU, Taipei City, Taiwan

Map Building of Unknown Environment Using PSO-tuned Enhanced Iterative Closest Point Algorithm

Chen-Chien Hsu, Hua-En Chang
National Taiwan Normal University, Taipei, Taiwan

Yin-Yu Lu
University of Melbourne, Melbourne, Australia

High Speed Gaze Tracking with Visible Light

Wen-Chung Kao, Wei-Te Chang, Sheng-Ju Wu, Chien-Hui Liu, Shih-Yao Yin
National Taiwan Normal University, Taipei, Taiwan

Time Sequence-based Lane-Marking Identification

Jiun-Hung Li, Chih-Li Huo, Yu-Hsiang Yu, Tsung-Ying Sun
National Dong Hwa University, Hualien, Taiwan, R.0.C

[F2b] SESSION on Intelligent Data Analysis and Applications

Session Chair: Kao-Shing Hwang

Reinforcement Learning with Model Sharing for Multi-Agent Systems

Kao-Shing Hwang*, Wei-Cheng Jiang**, Yu-Jen Chen**, Wei-Han Wang***
* National Sun Yat-sen University, Kaohsiung, Taiwan, R.O.C.

** National Chung Cheng University, Chiayi, Taiwan, R.0.C.

*** Precision Machinery Research & Development Center, Taichung, Taiwan, R.O.C.

Possibilistic c-Regression Models Clustering Algorithm

Chung-Chun Kung*, Hong-Chi Ku* and Jui-Yiao Su**
* Tatung University, Taipei, Taiwan, R.O.C.
* Industrial Technology Research Institute (ITRI), Hsinchu, Taiwan, R.O.C.

Modelling and Analysing Defence-in-Depth in Arming Systems
Dan Slipper and Alistair A. McEwan
University of Leicester, Leicester, UK

Wilson Ifill
AWE Aldermaston, Berkshire, UK

Room F08

[F2c] SPECIAL SESSION on Emerging PhD Research in Applied System

Science and Informatics

Room F07




10:40-11:10
11:00-11:20
11:20-11:40
10:40-12:00

The session was organized by the Doctoral School of Applied Informatics, Obuda University, Budapest,
Hungary

Session Chair: Ldszlé Horvdth

About Performance Requirements Set against Consumer-Grade Geolocation Technologies

Ferenc Brachmann
University of Pécs, Pécs, Hungary

Quantum Structure Classification by Kohonen Self-Organizing Map and by Fuzzy C-Means Algorithm

Antal Urmés*, Mdrk Farkas**, Ldszlé T. Kéczy***, Akos Nemcsics*
* Obuda University, Budapest, Hungary

** Nexogen Ltd., Budapest, Hungary

*** Széchenyi Istvan University, Gy6r, Hungary

PID Controller Parameter Estimator Using Ant Colony System

Hung-Ching Lu*, Hsi-Kuang Liu**, Lian-Fue Yang***
* ** Tatung University, Tatung University, Taipei, Taiwan
** *** Taipei College of Maritime Technology, Taipei, Taiwan

[FP2] POSTER SESSION

Monitoring of Processes in Component Joints by Intelligent System

Zuzana Murcinkova*, Jaromir Murcinko**
* Technical University in KoSice with seat in PreSov, Slovak Republic
** DELTA FIT, Slovak Republic

12:00 - 13:20
13:20 - 15:20
13:20 - 15:20
13:20-13:40
13:40 - 14:00
14:00 - 14:20
14:20-14:40
14:40 - 15:00

LUNCH

PARALLEL SESSIONS

[F3a] SESSION on Intelligent Systems and Applications | Room F09

Session Chair: Germano Resconi

Mobile Performance Metrics for Resource Management

Krisztian Pandi, Hassan Charaf
Budapest University of Technology and Economics, Budapest, Hungary

The Solution Area-based Approach of the Content-Driven Template-Based Layout System

Istvan Albert, Sandor Kolumbdn, Hassan Charaf, Ldszlo Lengyel
Budapest University of Technology and Economics, Budapest, Hungary

Inside the Ticketing System and the Benefits Brought by It

Patrick Stefanescu, Marian Mocan, Werner Stefanescu
University “Politehnica” of Timisoara, Timisoara, Romania

Condition Monitoring of Transformer Bushings Using Rough Sets, Principal Component Analysis and
Granular Computation as Preprocessors

JT Maumela*, FV Nelwamondo*#, T Marwala*
* University of Johannesburg, Auckland Park, South Africa
# Council of Scientific and Industrial Research, Pretoria, South Africa
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Abstract—In statistical decision theory, the admissibility is
the first issue to fulfill the feasibility of a decision rule.
Without the admissibility, the decision rule is impractical
for discriminations. The study decomposes first the fuzzy
support vector machine (fuzzy SVM), which is a crucial
innovation due to its robust capability to resist the input
contaminated noise, into a regularized optimization
expression arg mingy Q[fI+AzRcmplf] and exploits the
regularization of loss function from the expression
mathematically. The decomposition is beneficial to the
programming of empirical risk minimization which uses the
empirical risk instead of the true expected risk to learn a
hypothesis. The empirical risk, composed elementally by the
loss function, here indeed is the key for achieving the success
of the fuzzy SVM. Because of the important causality, the
study examines preliminarily the admissibility of loss
functions which is recruited to form the fuzzy SVM. The
examination is issued first by a loss function associated risk,
called [-risk. By a step-by-step derivation of a sufficient
and necessary condition for the [-risk to agree equivalently
an unbiased Bayes risk, the admissibility of the loss function
can then be confirmed and abbreviated as a simple rule in
the study. Experimental chart examination is also issued
simultaneously for an easy and clear observation to validate
the admissibility of the loss function regularized fuzzy SVM.

Index Terms: Robust, Fuzzy, Support Vector Machine, Loss
Function, Admissibility.

I. REGULARIZATION AND LOSS FUNCTION

From the viewpoint of optimization, a generalized
statistical learning classifier, including support vector
machine (SVM) and boosting, can in general be
expressed as a regularization form [1-3]:

arg min A,QLf1+ Ry, /1 (M

where Q[f] is a regularization term, and Ren[f] is a term
of empirical risk acquired from a set of finite training
samples [4—5]. The regularized model seeks a hypothesis
fin a hypothesis set F' by optimizing simultaneously both
the empirical risk and the regularization term with a ratio
constant, termed as a regularization factor, Aqg. In the
expression, H represents a high dimensional Reproducing
kernel Hilbert feature space (RKHS) [6] mapped from a
low dimensional input space by a kernel function for
solving non-linearly a complex classification.

The study first aims to discover admissibility of loss
functions which are used in this type of regularization.
For convenience of the discovery, we move thus the

978-1-4799-0009-1/13/$31.00 ©2013 IEEE

regularization factor to the other term in the binominal
objective function, and rewrites the expression in (1) as:

arg /H}H}f Q[ f]+ ZRRemp[f] i @

where 1z is also a regularization factor to control the
trade-off between the classifier complexity and
misclassification loss during the training. In SVM, we
facilitate Q[f] = 1/2|lw|]* to achieve the classification the
maximal margin in the feature space, and represent the
objective function as:

1
arg min —[w|" + 2R,y [ f]- 3

As the finite training samples we merely had in a
machine learning practical, we did not know in advance
the whole fact of sample distribution from the finite
samples. That is said, in general, that merely those known
samples were taken instead for designing the classifier,
i.e.,, the empirical risk R.mp[f] was used instead the
expected risk R[f] in an actual classifier design. In fact,
the alternated empirical risk is irresolute due to it may
cause unsatisfactorily an underfitting or overfitting of the
learned hypothesis if the decision rule is inadmissible. To
prevent from the irresolution and ensure the existence of
an exact fitted solution, one learning consistency theorem
is issued by Vapnik [4-5]. The issued consistency
promises that the optimal empirical risk would converge
asymptotically to the real expected risk if the sample size
was sufficiently large (Fig. 1). The asymptotic
consistency which is admitted elementally to Fisher
consistency [7] is a crucial fundamental to guarantee the
feasibility of a statistical learning machine, certainly
including SVM. By extending the asymptotic consistency,
we can guarantee a solution sufficiently close to the
optimal solution obtained from the real expected risk by
using merely the finite samples if the samples size is
sufficiently large.

~— Expected Risk

Empirical Risk

R(fo]

n

Figure 1. Asymptotic consistency in both empirical risk and
expected risk when the sample size anproaching to infinity
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Relevant to the topic of regularization, we begin with a
set of n learning samples, S={(x;, y;)}€ (XxY)d, i=1,2,...,n,
where x,-:[x,-l, x,—z, e x,—d]e Xe is an input training
sample, y={-1, 1}eY is its corresponding actual output,
and define first the expected risk as:

Rf1=[ RO\ f(Mpx.3)> (4)

where p(x,y) denotes the probability of learning sample x
having class label y. Related to the definition, the
empirical risk is given as:

Remp[f]ﬁi&(y,-,f(x,-))- )

As an estimation of the real expectation of risk R[f],
the empirical risk Renp[f] is often employed in empirical
risk minimization (ERM) [4-5] for pursuing the best
hypothesis f in the functional set F. Together with
simultaneously minimizing the regularization term, ERM
can be extended to the so called structural risk
minimization (SRM) for following the pursue much
structural in the functional set F' [4]. As it in (5), a loss
function &y;, f(x;)) is introduced to evaluate and respond
the prediction error to adapt the empirical risk for
learning the hypothesis f. The loss function is an
important surrogate to convert training errors and is used
to directly reflect the significance of the errors for
assessing the hypothesis f. To clarify the loss function, we
assume an arbitrary sample i with x,e X, y,€¥, and its
predicted value f(x;) has a loss function map &y;, f(x;))e
XXY such that ¢ XxY—[0, oo]. With the definition, a
misclassified sample is generally assigned with a nonzero
loss function value. The more serious the
misclassification is, the higher the loss function value is
assigned, and a zero loss function value is assigned for an
exact prediction, i.e., &y, v;) = 0. As expressed in (5), the
empirical risk in fact is a mean value of all the loss
function values of the n training samples. To adapt the
minimal error in ERM, such as the minimization in (2),
the loss function is used as a metric to penalize the
misclassified sample. The scale of the penalty depends on
the difference between actual output and its
corresponding predicted value. Using the penalty, one can
force the optimizer to reduce the misclassifications, not
only the individual misclassified level but also the total
misclassification counts. Figure 2 showed different kinds
of loss function for regularized classification [8]. In the
figure, the metric y;f(x;) marked in the horizontal axis was
the so called margin. It is the reason that these kinds of
d(i, f(x;)) have been categorized as margin-based loss
functions [9]. Zhang gave their explicit mathematical
forms as follows [10]:

a. 0-1 misclassification loss function:

#(y,f (x;)) = max(sign(—y, f (x;)),0) >
b. Squared error loss function:

Py f(x) ==y f(x))*
c. Modified squared error loss function:

#(v.f (x)) =max(1-y,f(x),0)*;

d. Hinge loss function:

¢(yif(xi)) = max(l_yif(xi)’o) >

e. Exponential loss function:
¢(»,f(x))) =exp(-y,f(x,)) - and
f. Logistic regression loss function:

A,/ (x,)) = In(l+exp(=y,.f(x,))) -

0-1 Misclassification |
= Exponential

--- Squared Error
— Support Vector

Loss

Figure 2. Types of loss function for regularization

Lugosi and Vayatis [11] have proposed that a
monotonic, differentiable, and strictly convex loss
function ¢ for statistical learning classification, with
#0)=1, would consistently converge its generalized risk
to the Bayes risk under an adequate regularization.

II.  SURROGATE LOSS FUNTION IN Fuzzy SVM

Fuzzy support vector machines arose due to difficulties
in unambiguously producing a generalized separating
hyperplane with undesired uncertainty incurred by some
contaminated noisy samples. Fuzzy numbers, 0 <s; <1, i
=1, 2, ..., n, for carrying additional information to reflect
the contaminated noisy level of the samples are hence
introduced, and change S as S = {(x;, y;, s)},i=1,2, ..., n.
At the beginning, researchers, including Lin and Wang
[12], Huang and Liu [13], Chu and Wu [14], and Tao and
Wang [15] were inspired by introducing the fuzzy
numbers to reduce the influence of the contaminated noisy
samples in the SVM training, and developed different
kinds of fuzzy support vector machines. As the
unsophisticatedness, the model from Lin and Wang [16] is
an elegant one among the developments, and has been
hired in many applications. For the other variants, Wu and
Srihari [17] proposed a weighted margin SVM to join the
prior knowledge in the training samples, and realized the
sequential minimal optimization (SMO) was still
practicable in the proposed algorithm, and Yang et al., [18]
tied straightforward the fuzzy numbers to the class labels
to develop a more interested model which had equivalent
generalization capability. Ma and Kong [19] and Lin and
Wang [20] extended later the theory and contributed to
kind of applications. Several relevant topics are also
discussed by Mill and Inoue [21], Tsujinishi and Abe [22],
Zheng and Zheng [23]. In general, the use of a fuzzy
support vector machine is more resistant to the sample
noise, and conducts a better robustness of the classifier to
the noise.

In fact, the sustainability of the robustness can be
significantly abstracted as an introducing s; to the loss
function [24]. It is no wonder that the loss function is the
key to decision rule for learning with SVM. The study
uses the hinge loss function, which is first created by
Cortes and Vapnik [4], for inspecting the effects caused
by s; introduction, and hence does the admissibility
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analysis. Due to the introduction, the hinge loss function
becomes:

5[ = ¢(yif(xi)) =maxs; ({1 _yif(xi)so) > (6)

where slack variable &, i=1,2,...,n, acquire the loss
function values of every sample i , and form subsequently
a vector &= [&, &, ..., &]" for fuzzification. With &, the
primal problem of the fuzzy SVM is given as [16]:

argmin |l +C3 5
subject to - @)
yi(k(w’xi)+b) Zl-fl- .

The objective function and constraints of corresponding
dual problem are thus written as:

n 1 non
argmfxz% _EZZO(iajy,yjk(Xi,X,) ’
i=1

i=l j=I
subject to ®)
0<@, <sC,and iaiyi —0. Vi.

i=1

By solving the quadratic optimization dual problem with

respect to the Lagrange multipliers a = [a;, a, ..., ],
we can eventually obtained the decision function:
()= yok(x,x)+b- ©)
i=1

Referring to the standard SVM (s; = 1) [4], a family of
loss functions of fuzzy SVM with different s; is depicted
in Figure 3, and can summarily be characterized as:

a. All the loss functions come with a identical
hinge point at y;f(x;) = 1. At this point, ¢(1) =
0. A margin yf(x;)) higher than 1 would
conduct a zero loss function value.

b. The slope of nonzero part of the loss function
is controlled by s;. As larger s;, the steeper
slope it would be.

c. The value of s; scales only up or down the
applied penalty in the optimization with a
fixed margin, i.e., the regularization of s; only
takes effect on the penalty. No effect is taken
on the margin.

Loss

Figure 3. Loss functions of fuzzy SVM with different s;

III. METHOD FOR ADMISSIBILITY EXAMINATION

Our mission in this study is to examine the
admissibility of the loss function @yf(x;)). As its
importance for the asymptotic consistency, the loss
function has first to be admissible to the decision rule,
and then achieve sufficiently the monotonic,
differentiable, and strictly convex conditions [9—-10, 25—
26]. The definition of admissibility is thus given as below.
Theorem 1 (Stein, 1955 [27]). In statistical decision
theory, a decision function f'is inadmissible if there exists
a different decision function /' such that R(f, 8) = R(f, 6)
for all 6 with a strict inequality R(f, ) < R(f, 0) for some
6, where 6 belongs to the distribution of states of nature
®. A decision function f is admissible if it is not
inadmissible.

Consulting Stein [27], we can prove Theorem 1. Bartlett
also classified the loss functions which are admissible as
which classification calibrated [26]. The theorem implies
that an admissible decision function is a hypothesis for
making a decision such that no any other hypothesis can
always be better than it [28-29].

For a loss function ¢, we check the Bayes theory and
redefine the Bayes risk with respect to ¢.
Definition 1. For a given prior distribution ®, a risk of

decision hypothesis f with respect to a loss function ¢
satisfying:

Ry(f,©)=inf R,(f.6) (10)

is the Bayes risk of /. 1

Theorem 2 (James and Stein, 1961 [30]). Any Bayes
decision hypothesis /* with respect to loss function ¢ is
admissible.

Proof. Suppose f is the unique Bayes classifier with
respect to the given loss function ¢ and is inadmissible.
There hence exists a particular hypothesis f such that R(f,
) = R(f,0) for all 6 and R(f; ) < R(f,0) for some 6, and
thus

[, R(f0)dp(6) < | R,(/",6)dp(6) an

which obviously disagrees with the uniqueness of / with
respect to [, and hence f* is admissible.

To show the asymptotic consistency of a loss function
regularized SVM, a condition for Bayes risk below hence
must be fulfilled for an equivalence to the real Bayes risk:
Theorem 3. A regularized loss function ¢ in a SVM is
admissible if and only if

i/2£R¢(f,®)=R; = iI}fR(f,@):R*, (12)

where R(f, ®) denotes the risk of hypothesis f undertook
with prior ©, R4/, ®) denotes the lindertaken risk with
respect to the loss function @, and R denotes the unique
standard Bayes risk.

Theorem 3 can be proved by consulting Steinwart's [25]
and Bartlett's [26] works. The theorem assesses that the
undertaken risk tends towards the unique standard Bayes
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risk if the risk taken by a ¢ regularized SVM tends
towards its minimal values, and guarantees that the
minimal ¢@risk is potentially a candidate for the
admissibility analysis. Considering further Theorem 2,
the analysis can thus be narrowed down and realized by
an examination of R;- Under the condition when R

reaching the optimal R;, if the corresponding f¢ is

capable to achieve an unbiased estimation, an admissible
fcan hence straightforward be asserted. With this regard,
Bartlett [26] has employed the definition of expected risk
R(f) to clarify the relationship between the expected risk
of f'with respect to ¢ and the hypothesis £, and define a ¢-
risk as:

R,(/)=E,,[R,(f (x)]- (13)

According to the binomial theorem, the ¢-risk of f'can be
decomposed into two parts due to the binary
classification. One is the risk to label sample x as +1 and
the other as —1. To take account the prior over the whole
distribution, we have to consider more the probabilities of
the class labels. By the probability # for labeling x as +1,
ne [0, 1], the decomposed ¢-risk is given as:

E ., [9(f ()] = E [7()$(f (%) + (1 =7(x)g(~f (x))]-(14)

To suppress the dependence of the analysis on Y, we
consider only the fixed +1 labeled samples for the
analysis, and represent a conditional ¢-risk as below for
the specified conditional probability #(x) = p(y = 1| x = x)
with respect to x = x:

(19) is easier for the admissibility analysis by checking
behaviors of f¢ and R;- If both their behaviors are
compatible with the standard unbiased Bayes risk, we
then assert the loss function [J is admissible, and
otherwise inadmissible. Frankly speaking, a loss function
¢ regularized decision hypothesis f is admissible if and
only if the following conditions can be established. For a

given n€[0, 1], the optimized f; () reaching the ¢-risk
Ry{f, n) at the optimal R; (r7) achieves an unbiased
prediction f; () <0ifn <1/2 and f; () > 0ifn>1/2

like the true Bayes estimator. With the expressions (18)—
(19), Zhang [10] derived the £, and R, (1) for some

known loss functions as follows for better admissibility
examination:

a. Least squares loss function:
fom=2n-1, R,(m)=4n(1-1)>
b. Modified least squares loss function:
f,(m=2n-1, Ry(m=2n-1,
c. Hinge loss function:
fy ()= sign(2n—1)> Ry(m) =1~|2n~1]
d. Exponential loss function:

£, ) =1/2In(n/1-1),

Ry(m)=2yn(1-n), and

e. Logistic regression loss function:
f, ) =In(n/1-1)
R;(17)=-n1nn—(1-1)In(1-17)-

IV. RESULTS OF ADMISSIBILITY EXAMINATION

E, [#(f (X)) | x = x] = 7(x)( £ (x)) + (1= 7(x))(~ f (x)) -(15) qus it stood for in (6), the crucial loss function [J of

With the specified y = 1 and x = x, a simplified version of
generic conditional ¢-risk [10, 26], analog to the Bayes
binomial risk, is abbreviated as:

R,(fsm)=ng(f)+A-me(=1)> (16)
and terms its infimum as an optimal ¢-risk R; n):
Ry () =inf Ry(f,17) = Ry (f (m).11) a7

that is, we can find a hypothesis f; from the function set '
={f,.f2 --.fis ...} to achieve the minimal R; ):

lim O(£,.7) =lim@P(f) +(1-m@(-£) = R, () - (18)

Following R; , we have

f, =arg I?El}:l Ry(f.m)- (19)

Based on the firm foundations of unbiased estimation
of Bayes estimator in Theorem 3, the expressions (18)—

zzy SVM, herein, must be examined for the adequate
admissibility. For simplicity, the loss function is
abbreviated by assigning #(x) = p(y = 1] x = x) and a
constant s for s; as:

0, if £21

s(1—f), otherwise.

#(f) =maxs(1-1,0) ={ (20)

By substituting (20) into (16), the generic conditional ¢-
risk becomes:

sn(l—f), for f<-1
R,(f.m)=1s(1-f(2n-1)), for —1< f <1
s(l—=m)(1+ 1), for f=>1.

e2y)

By assuming s > 0, the f;(q) for achieving the minimal

Ry(f.m) 1s:

-1, for f<-1

f;(n)z sign(s(2n—1)), for —1< f<1
I, for f2>1,

(22)

and we have eventually the R;( f,m) by substituting
o () 1nto R(f,m):
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2sn, for f=-1
Ry(f.m)=1s(=|2~1]), for —1< f <1
2s(1-n), for f=1

(23)

With the segmental definitions of R, #), f(; (n), and
R; (f,m) in (21)=(23), plots of charting R/, 1) with
respect to £, and f;;(ﬂ) and R;(f, 7n7) with respect to # are
issued for the examination (Figure 4). Two cases with s =
0.8, 7 =0.6 and s = 0.3, # = 0.2 are depicted as those
shown in the panels of the figure. By observing the panels,
the minimal value of R-(f, #) falls consistently within the
range of f'=[-1, +1] with either # < 1/2 or 5 > 1/2 despite
the different s settings. It is quite interesting that f; )
maintains constantly at = —1 or f=+1 for all y € [0, 1]
and n # 1/2; however the different s adoptions. It shows
the excellent classification capability of the fuzzy SVM.
The binomial expression of R-(f, n) ensures the symmetry
for both of the charts of R-(f, #) as well as the optimized
R;( f.m) tof=0and n = 1/2, respectively. By checking
with Figure 4(b) and 4(d) and considering sign( f; m)=
sign(s(2y—1)) in (22), it can be ensured that f;‘(n) <0if
n < 1/2 and f;‘(n) > 0 if # > 1/2 under the optimal
R; (f,m) has been reached for all € [0, 1]. It guarantees
the admissibility. In fact, the simultaneous symmetry of
R;( f.,m) also releases that f,;(ﬂ) is capable of generate
an even risk symmetric to the central # = 1/2, and
confirms implicitly that f¢ (77) is an unbiased estimator.

V. CONCLUSION REMARK

The study supports first a general method to examine
the admissibility of the kind of loss function regularized
hypotheses through the organized theorems, and develops
extensively a generic conditional ¢-risk specifically for
fuzzy SVM admissibility. A chart examination is then
facilitated to confirm the fact of the unbiased
classification of the fuzzy SVM. Experiments shows a
consistent result of the analysis.
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Abstract— A robust tracking controller is developed to
improve the tracking performance for nonlinear dynamic
system in this study. The proposed controller comprises a
fuzzy PID sliding-mode controller (FPIDSMC) and an
adaptive tuner. The FPIDSMC acts as the main tracking
controller, which is designed via a fuzzy system to mimic the
merits of a PID sliding-mode controller (PIDSMC). The
adaptive tuner, which is derived in the sense of Lyapunov
stability theorem, is utilized to adjust the parameter on-line
for further assuring robust and optimal performance. In the
FPIDSMC, the fuzzy rule base is compact and only one
parameter needs to be adjusted. To verify its effectiveness
and extend its application, the proposed adaptive fuzzy PID
sliding-mode controller (AFPIDSMC) is applied to the path
tracking of a wheeled robot, whose salient performance is
verified by numerical simulation and whose advantages are
presented in comparison with conventional AFSMC scheme
under the same environment.

L. INTRODUCTION

Many physical systems are nonlinear and dynamic. Due
to the highly nonlinear and uncertain characteristics within
them, it is difficult to evaluate the appropriate control
effort to track the desired trajectory. To this end, much
research has been done to apply various approaches, such
as nonlinear state feedback technique, sliding-mode
control (SMC), fuzzy control (FC), fuzzy neural network
control (FNN), etc. Among these approaches, SMC is one
of the effective nonlinear robust controllers since it
provides system dynamics with an invariance property to
uncertainties once the system dynamics are controlled in
the sliding mode [1, 2]. However, the undesired chattering
control effort might wear the mechanism and excite
unstable system dynamics. On the other hand, FC has
supplanted  conventional technologies in  many
applications. One major feature of fuzzy system is its
ability to express the amount of ambiguity in human
thinking. Thus, when the mathematical model of the
process does not exist, or exists but with uncertainties, FC
is an alternative way to deal with the unknown process [3,
4]. However, the huge amount of fuzzy rules for high-
order systems makes the analysis complex.

Therefore, much attention has focused on the fuzzy
sliding-mode controllers (FSMC). However, the gradual
increasing estimated upper bound, existed in some
announced works, might induce the control effort into
saturation and excite unstable system dynamics in some
conditions [5, 6]. To improve this drawback, a PID sliding
surface is adopted and incorporated into fuzzy inference
engine to strengthen its anti-disturbance ability in this

978-1-4799-0009-1/13/$31.00 ©2013 IEEE

study. To further achieve satisfactory response, adaptive
FC (AFC) and/or adaptive FSMC (AFSMC) schemes
have been developed [7-9] for nonlinear dynamic system.
With the dynamic adaptation mechanism, the parameters
can be automatically adjusted. However, the number of
parameters needed adjustment is generally deemed large
such that the response time is lengthened. To improve this
phenomenon, another objective of this study is to research
a novel scheme which possesses compact fuzzy rule base
and only one parameter needs to be adjusted.

Nowadays, the wheeled robot has been finding wide
application in industrial, commercial and residential
environments; however, the accurate model of the
dynamic motion equation is difficult to establish or
identify for designing an optimal path tracking controller.
Also, the path tracking performance of a wheeled robot is
influenced by system uncertainties, such as mechanical
parameter variation, steering environment, payload
changes, unstructured uncertainty due to nonideal motor
control in transient state, unmodelled dynamics, etc. In
recent years, the AFSMCs have been adopted to steer the
wheeled robot path [10-15]. However, if the plant
knowledge or control information is incomplete seriously
then the load of adaptive algorithm will be heavy, the
response time will be lengthened and the tracking error
will be large. To verify the effectiveness of the proposed
control scheme, the AFPIDSMC is applied to the path
tracking of a wheeled robot. The design procedures and
theoretical analyses of the proposed control system are
described in detail. To compare with other AFSMC
scheme [15], the same steering environment is employed
in the simulation. The results are provided to demonstrate
the effectiveness of the proposed AFPIDSMC tracking
system and its advantages.

II. TRACKING CONTROLLER DESIGN FOR NONLINEAR
DYNAMIC SYSTEM

A. Description of NonlinearDynamic Ssystem

Consider the nth—order nonlinear dynamic system of
the form:

X = f(x)+g(xu+d(t) 1)
y=x
where f(x) and g(x)are unknown continuous functions,
g(x) is in;ertible; ;e R and ye R are the control effort

and output of  the system, respectively;
x=(x,%,x,) = (6%, x") e R" is the state
vector of the system, which is assumed to be measurable;
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and d(t) is the unknown external disturbance. To be
controllable, it is required that g(x)> 0 for x in certain

controllability region U, c R" and that d(z) has upper
bound D; that is, |d(?)] < D. The detailed descriptions of

each control part are exhibited in the following
subsections.
B.  FPIDSMC Design

The control problem is to push the state x to track a
desired state vector x, = (x;,%,,x, ") € R" . The
tracking error is defined as

e=x-x,=(eéé,...e"") @

Now, a PID sliding surface is designed as following scalar
equation

S=a"e+b'e+c [edr (€)

wa, ), b=(by, by, by, -, b, )" and

T
) Cn—l)

Qz(a07017027 o

gz(c()acl:CZa

All the elements of following series sequence must be real
number and satisfy the Routh-Herwitz condition.

(cy,by +¢p,ay+b +cy,a,+b, +c;,....,a, ,+b,, (4)
+cn71’an72 +bn71’an71)

The control effort as the solution of S=0 without
considering the uncertainties is to achieve the desired
performance under nominal model, and it is referred to as
nominal control effort as follows:

Uy = [—K +x," — ()] ©)
g(x)

where

n=3
K:cojedr+(b0 +c)e+ Y (a,+b, +c,

i+l i+2
i=0

i -
)e(z) +(a,, +bn—1)e(” !

with the consideration ¢, =1.

However, if uncertainties occur then the nominal
control effort cannot guarantee the desired performance
and an auxiliary control effort should be added to
eliminate the effect of the unpredictable perturbation. Let
the sliding surface, S, be the input linguistic variable of the
fuzzy logic, and the total control effort, u, be the output
linguistic variable. The associated fuzzy sets for S and u
are designed as follow:

For S: P (Positive), N (Negative), Z (Zero)
For u: DU (Decreased control effort), NU (Nominal
control effort), IU (Increased control effort)
Then, the fuzzy linguistic rule base involved can be
summarized as

Rule 1: If S'is P then u is DU

Rule 2: If S'is Z then u is NU

Rule 3: If S'is N then u is [U
The triangular membership functions and center average
defuzzification method are adopted in the proposed
tracking inference mechanism. The membership functions
of S and u are depicted in Fig. 1, respectively. After some
mathematical manipulations, the total control effort can be
obtained as

i =w (U, —c)+ Wy +w; (4, +¢) (6)
where Uy—c 5 U and u,+c are the center of the
membership function DU, NU and IU, respectively, in
which ¢ > 0 is the adjustable term; 0<w; <1, 0<w, <1,
and 0<w,<lare the firing strength of Rule 1, 2 and 3,

respectively. Note that, since the fuzzy sets for S are
triangular membership functions and the relation
W +w, +wy =1 is valid, equation (6) can be simplified as

i =u, +c(w, —w,) (7
N P DU NU U
z

» U

» S
Z, 0 Z,
Figure 1. Membership functions of S and u
Consider a Lyapunov function candidate

v = sign(s)Sdr=[| S| dr ®)
where S is the PID sliding surface. Differentiating V' with
respect to time, we can obtain

V = sign(8S)S = sign(S)[K +e™] )

= sign(S)[K + f(x) + g ()i +d (1)~ x,"]

Substituting equations (5) and (7) into equation (9) yields

V =sign(S)[g(x)c(w, —wy) +d(0)]

= sign(S) g(x)c(w, —w;) + sign(S)d(t)

< sign(8)g(x)c(w —wy)+1d (@) |

From the relationships among S, w, and w,, following

U,—c U, U, +c

(10)

conditions can be further concluded.
Condition 1: If $>0 then w=0,m,>0,

such that sign(S)(m —wy) =w, —w; <0-
Condition 2: If § <0 then w, =0,w, >0,

such that sign(S)(w, —w,) =—(w, —w,)<0.

Thus
sign(S)w —wy) =—|w —w; | (11
And equation (10) can be rewritten as follow
P <—g()e|w —w,|+1d()| (12)
=-{g(x)c|w, —w; |-D]
If the following inequality
gx)c|w,—wy 2D (13)

holds, then the sliding condition ¥ <0 can be satisfied. As
a result, the asymptotic stability can be assured under
some specific conditions.

C. Adaptive Tuner Design

Although the performance of the system can be
improved after using the fuzzy rule base, but it’s still
difficult to choose the optimal parameter of membership
function. To solve this problem, a dynamic adaptation
mechanism was added into the FPIDSMC. In this study,
term ¢ is designed as a tunable parameter and the
Lyapunov stability theorem is utilized to derive the
adaptive law. Now, equation (7) can be modified as

— 264 -



ICSSE 2013 « IEEE International Conference on System Science and Engineering « July 4-6, 2013 » Budapest, Hungary

u=uy+c(w —wy) (14)

where ¢ is the estimate value of parameter c. Assume ¢*
is the optimal value of ¢ and ¢ =¢—¢"is the estimated
error.

To derive the adaptive law, following Lyapunov
function candidate is considered

Va=j\S|dr+%0‘c~2 (15)

where ¢ is a positive constant. Differentiating J/ with
respected to time, we can obtain

V. =sign(8)S + g(x)oréé

=—[g(X)¢ |, —w, | -d()]+ g()arcé

=@ w—wm |[e—c +c ——2D 14 o(x)0c
2w —ws |
g () | =y [+ ——2 4 A0 1 oo

@ w-w | g@lw-w
<—g(x) | w, —w, |[¢+&]+g(x)ait

=—g(x) | w,—w, | £+ g(x)oré— | w, —w, []

(16)
If the adaption law for c is designed as:
pommw a7
o
then equation (16) becomes
V,<—g(x)|w-w e (18)

According to g(x)| w,—w,|€>0, one can obtain that
¥, <0. This means that the system will be still stable if the

adaptation law for parameter c is tuned by equation (17).
The overall scheme of the proposed AFPIDSMC tracking
system is depicted in Fig. 2.

x,(t
‘ (1)
AFPIDSMC
* u()
x(7)
Nonlinear dynamic system
X = f)+g@u+d) |
y=Xx
(a)
PID sliding surface
e(t) W, Wy
P r Fuzzy Rule
—P S=aétb etc fgdf —>| base
Adaptive law
u(?) c
< ~ P A_ | W, —w; | W
< u=u,+c(w —w,) ¢ =T <
(b)

Figure 2. Overall scheme of the proposed AFPIDSMC tracking system.
(a) whole control system; (b) AFPIDSMC strategy

III. PATH TRACKING FOR WHEELED ROBOT

A. Kinematic Dynamics of Wheeled Robot

The structure and parameters of a wheeled robot is
shown in Fig. 3; the kinematic equation of a wheeled
robot can be represented as [16]

P 7 cos(@)
2

Vet V0)

. 19
y= V51121(¢) (VR +VL) ( )

.r
¢—E(VR _VL)

where x, y, r, 7,0 .V,
distance change in x-axis, y-axis, radius of wheel, half
width of the chassis, proceeding angle of robot’s heading
direction, speed of right and left wheel respectively.

and v, denote the proceeding

Figure 3. Structure and parameters of a wheeled robot

Consider equation (19) parametric variation, computing
error due to unpredicted uncertainties for the actual
wheeled robot

x=7cos(@)W,—7cos(d)p +L, (20)

J=Tsin(@)V, +7sin(@)g +L,
where [ and [, are the total uncertainty for x-axis and y-

axis, respectively. Here the bound of the total uncertainty
is assumed to be given; that is,

L|<p |L|<p (21)

where p is a given positive constant.

B.  AFPIDSMC Path Tracking

The purpose of the path tracking system is to make the
robust following to the desired path. The path tracking
error may occur due to command error, sluggish
transformation, variation of robot parameters, friction,
bumpy condition or transmitting efficiency etc. To track
the prescribed path smoothly, a robust tracking scheme
must be embedded into controller to calibrate the
proceeding path simultaneously. In Elie et al. [17] and
Jang [18], the angle and distance errors were fed into
conventional controllers to modify robot’s proceeding
path. However, the tracking performance was not
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satisfactory because there existed with the chattering
phenomenon and longer response time. In the past four
decades, fuzzy systems have supplanted conventional
technologies in many applications, especially in control
systems. One major feature of fuzzy logic is its ability to
express the amount of ambiguity in human thinking. Thus,
it is appropriate to apply fuzzy logic to steer the wheeled
robot because the accurate mathematical model doesn’t
exist and the uncertainties occur [10-15]. To further
promote its tracking performance, the proposed
AFPIDSMC scheme is applied to the wheeled robot to
track the planned path simultaneously.

Now, let the desired location of the wheeled robot be a
pair of two parameters (x,,y,) and the actual location be

expressed by a pair of two parameters (x,y) which are

defined in equation (20). Consider the x-axis, the tracking
error and sliding surface are shown as

e =x—x, (22)
S, =Aé, + e, +;]edr (23)

Then the speed command of right wheel under nominal
model, represented by y, , can be represented as

%= A (e, + A [ e,dT) + 7 cos(9)
" 7 cos(¢)

After applying the proposed AFPIDSMC to x-axis, the
total control effort and adaptive law for right wheel is

24

Ve

Ve =Veu +E,(w, =w3,) (25

R W, — W,

Cx — ﬂl | 1x 3x |
o

where W, w;, are the firing strength of rule 1 and 3 in

(26)

fuzzy rules base, respectively.

Then applying the AFPIDSMC to y-axis, the nominal
control effort, total control effort and adaptive law for left
wheel can be expressed as

3y A e, + A Je,dn)~Tisin@)o

v, SF Rt 27
7sin(¢@)
V=V +éy(wly _W3y) (28)
Alwy, —wy, |
: :% 29)

C. Simulation Results

The simulation of the proposed system is carried out
using “Matlab” package and the control parameters are
given as

A=LA4, =14 =27=7=5m (30)

All the parameters in the proposed control systems are
chosen to achieve the requirement of stability and actual
specification. Four simulation cases including parameter
variations and external disturbance in the kinematic
equation due to periodic sinusoidal commands are
addressed as follows:

Case 1: without uncertainties.

Case 2: L, =0.1cos(5¢), L, =0.1sin(5¢) .
Case 3: L, =0.5co0s(5¢), L, =0.5sin(5¢).
Case 4: L, =cos(5t), L, =sin(57).
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Figure 5. Simulated results of proposed AFPIDSMC tracking system.

Now, the conventional AFSMC tracking system [15] is
considered first. The tracking responses of the AFSMC
system due to periodic sinusoidal commands at Case 1, 2,
3 and 4 are depicted in Figs. 4(a), (b), (c) and (d),
respectively. From the simulated results, there are no
chattering  phenomena, but degenerate tracking
performances are resulted owing to the parameter
variations and external disturbance. Finally, the proposed
AFPIDSMC tracking system under rules 1, 2, 3 and the
control law in equations (24, 25, 26, 27, 28 and 29) is
considered. The tracking responses due to periodic
sinusoidal command at Case 1, 2, 3 and 4 are depicted in
Figs. 5(a), (b), (c) and (d), respectively. From the
simulated results, not only there are no chattering
phenomena but also favorable tracking response can be
obtained under the occurrence of uncertainties. Compare
Fig. 5 with Fig. 4, the proposed AFPIDSMC system is
more suitable to track the desired path for a wheeled
robot.

The similarities between the proposed architecture and
other similar schemes, e.g. conventional AFSMC, etc.,
are that both of them are the combination of fuzzy
control, sliding mode control and adaptive tuner. This
combination can not only eliminate the disadvantages of
all above methods, but also have better performance than
the methods which only use fuzzy control (FC) or sliding
mode control (SMC). The main disadvantage of the pure
sliding mode controller is that there exists sudden and
large change in the control effort during the process
which leads to high stress for the system to be controlled.
It also leads to chattering phenomenon of the system
states. By combining SMC with FC, the change of control
effort will be smoothened. On the other hand, the number
of fuzzy rules in rule base is large if we just only use FC.
By combining the SMC with FC, the number of rules
becomes fewer and simple. In addition, by adding
adaptive law into the controller, the parameter will be
automatically updated to get the optimal values during
the controlled period, thus the initial setting for the
parameters is simple now.

The difference between the proposed architecture and
other conventional AFSMCs is the definition of the
sliding surface. The sliding surface included the error part
and the derivative error part in conventional AFSMC
while one in the proposed AFPIDSMC not only included
above parts, but also included the integral part. By adding
more integral element, the SMC part in controller has
effectiveness even when the error is too small that can not
affect error part, or the error take a long time to change
that can not affect derivative part. Thus the steady error
of system will be eliminated, the system will be more
stable and the precision of the controller, which is very
important in tracking controller, will be improved. We
can see in the Figs. 5(a), (b), (c), (d), the steady errors in
x-axis are approximately 0, 0.003, 0.01, 0.01
respectively, and the steady errors in y-axis are
approximately 0.0015, 0.002, 0.001, 0.01 respectively.
These values are much smaller and come closer zero
value than those in Fig. 4. In the Figs. 4(a), (b), (c), (d),
the steady errors in x-axis are approximately 0, 0.087,
0.44, 0.86 respectively, and the steady errors in y-axis are
approximately 0.0014, 0.025, 0.12, 0.2 respectively.
Although the time responses in both of two controllers
are similar which are almost 4 seconds, but the precision
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of the proposed AFPIDSMC is better than conventional
AFSMC.

CONCLUSIONS

In this study, an AFPIDSMC is proposed to attenuate
the effects caused by unmodeled dynamics, disturbance
and approximate error, for nonlinear dynamic system. The
design principle is that a novel reinforced adaptive
mechanism and the PIDSMC technique are incorporated
into the fuzzy controller to strengthen its anti-disturbance
ability. The proposed method possesses the advantages
that it behaves like PIDSMC, can reduce the fuzzy rules
like FSMC and can automatically adjust the membership
function like AFC. In this study, the adaptive techniques
are applied to the design of the stable fuzzy controller.
This study has also demonstrated the application of the
proposed scheme to steer the wheeled robot. Performance
comparisons of the conventional AFSMC and proposed
AFPIDSMC systems are carried out in this paper. From
the results, it shows that the proposed AFPIDSMC yields
superior control performance than the conventional
AFSMC scheme.
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