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Abstract: The application of hall sensors in Magnetitic Flux 

Leakage (MFL) has played an important role in Above Storage 
Tank (AST) on detection of defect caused by corrosion to improve 
productivity and to avoid catastrophe. The MFL sensor measured 
magnetic flux distribution in three axes Bx, By and Bz. Currently, 
there are several signal monitoring methods constructed by 
analysing MFL signal distribution upon defect detection. This 
paper presents the methodology of optimized Integrated 
Kurtosis-based Algorithm for Z-filter (I-KazTM) Coefficient using 
multilevel signal decomposition technique to analyse the MFL 
signal distribution on the defect in the correlation of MFL 
scanning device speed and position. The MFL scanning device 
comprises 11 hall effect sensors position in array coupled with a 
linear guide to ensuring a constant velocity of scanning. In order 
to obtain an optimum signal distribution, I-KazTM 3D is proposed 
as one of the derivatives of I-KazTM to analyse multiple velocities 
of scanning. The characterization of the defect can be estimated 
by analysing the deflection of magnetic flux leakage in the y-axis, 
By as the scanner approach the defect region before being 
analysed by I-KazTM from the beginning until the end of the 
workpiece. 

 
   Keywords : Magnetic Flux Leakage, Kurtosis-based alghorith, 
I-KAZTM , Hall effect sensors  

 

I. INTRODUCTION 

The Magnetic Flux leakage (MFL)  is one of the reliable 
Non-Destructive (NDT) testing applied widely in flaw 
detection of plate and pipelines [1] resulted from long-term 
wear out and surrounding conditions. The deformed pipe and 
plate bring difficulty in safe operation due to corrode, cracked 
and deformed and it will bring a severe situation if it caused 
an oil-gas leakage [2]. MFL technique detects the defect 
volume of metal loss is frequently used in above storage tank 
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(AST) by analyzing the shape of detected flaws before it can 
be classified to identify the severity of the damage [3]. The 
MFL detection system comprises two basic elements which 
are the method of detecting a leakage field and a method for 
magnetization. The presence of anomaly captures by the 
sensor in the magnetic property of the material if any defect 
presence. 

A statistical model often has been used by the researcher to 
evaluate and translate the signal into approximate data of 
depth, with and length due to indirect measurement of MFL 
type of evaluation[4]. In 2008, Sophian et al. [5] used 
Principle Component Analysis (PCA) as one of a statistical 
technique for extraction and classification of Pulsed Eddy 
Current (PEC) data. Within this technique, frequency analysis 
and peak point can be examined to identify defect 
characterization. More recent, Ding et al. (2016) [6] applied a 
Response Surface Methodology (RSM) to optimized input 
parameter values and validate the relationship between 
variable and response by using statistical fitting method 
before using Finite Element Analysis (FEA) to validate the 
optimized parameter.   

Furthermore, approximate linearity between the relation of 
defect length and distribution of the leakage field has also 
been studied by other researchers. The length and depth of the 
defect is interrelated because both of the components 
contributes to the magnitude of flux leakage [7]. In this paper, 
we propose a methodology for characterizing the defect of 
length and depth in the metal plate with various thick and 
designated defects using a novel statistical approach by 
implementing optimized Integrated Kurtosis-based 
Algorithm for Z-filter (I-KazTM) [8]. The acquired signal in 
the review criteria experiment will be decomposed into three 
frequency ranges comprises low-frequency (LF) range of 0 – 
0.25fmax, a high-frequency (HF) range of 0.25fmax – 
0.5fmax and a very high- frequency (VF) range of 0.5fmax. 

On the other hand, Neural network (NN) signal analysis 
technique as one of artificial intelligent (AI) tools also been 
used widely in the MFL inspection due to its ability to provide 
solution in complex data analysis [9]. The defect 
characterization has been improved by implementing NN type 
analysis in a previous study [10][11]. Joshi (2008) [12] and 
Ramuhalli (2002) [13] studied the estimation of a 3D 
geometry defect in predicting  maximum allowable  operating 
pressure (MAOP) in a pipe due to inaccurate signal 
interpolation by applying wavelet neural network to identify 
the correlation between defect MFL signal and geometric 
parameters [14].  
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It shows that NN has faster convergence  rate and fit better 
for the approximation of the multivariable function as long as 
the defect area is properly targeted [15].  

The application of Finite Element Method (FEM) based 
simulation is another technique for investigate the behavior of 
MFL signal on the defect region in microscopic level and  
defined as a forward problem. [16]. The parameter of the 
material e.g.: length and depth can be evaluated based on the 
filed distribution on the reconstructed defect region and 
defined as an inverse problem [17]. FEM is the common 
computer numerical simulation due to its ability to 
accommodate circular geometric problem, non-linear and 
time dependent [18]. Ji et. al. (2003)[19] studied the 
application of FEM under various type of material, defect 
sizing and magnetization. The study applies 3-D FEM to 
generalized the potential formulation on the magnetic field 
intensity and modelled detail comparison on part with defect 
and without defect. The issues magnetic field around the 
transmission also can be solved caused by voltage conductor, 
circular and others.    

II. INSPECTION SYSTEM 

The system design comprised of 11 hall effect sensors 
position in array placed between two strong Neodymium 
magnets as shown in figure 1. The MFL component is placed 
on the ballsrew type linear guide couple with the stepper 
motor to help maintain the desired speed. The permanent 
magnet will magnetize the test piece with from north to south.  
Figure 1 shows the position of the MFL detection system 
(scanner) used in the research.  

 
.  
 
 
 
 
 

 
      (i) 

 
 
 
 
 
 
 

      (ii) 
 

Figure 1 Principle on the MFL signal detection  
Figure 1 (i) shows the scanner under a normal condition 

without any flaws detected. As the scanner move along x-axis, 
the developed magnetic flux will eventually have induced 
through the fabricated flaws and effect the magnetic flux 
distribution on the particular area as shown in Figure 1 (ii).  

Figure 2 shows that the MFL system incorporated with the 
following components; a power source, processing unit, and 
personal computer. The flux density, β is a unit derived from 

the metal loss area is then converted into a serial number (0- 
1023) in the signal processing unit (Arduino MEGA) before it 

being converted to Voltage, V in the personal computer using 
MATLAB Simulink software. The usage of the stepper motor 
is to ensure the consistency in scanner velocity along the 
x-axis which can be controlled using the potential meter by 
modulating its analogue input to the stepper motor controller.  

 
 

Figure 2 MFL inspection system 

III. SYSTEM OPERATION  

The MFL scanning system is comprising of 11 units of hall 
sensors array which cover an area of 110 mm width. The 
voltage signal, V from H1 to H12 is sent to the signal 
processing before it is converted to a serial number as a 
digitized value before it's transferred into the software. Hall 
sensor reading is then collected individually and amplified to 
achieve its voltage value. The arrangement of the operational 
block in MATLAB SIMULINK is shown in figure 3 
illustrated the input of each hall effect sensor coupled with the 
gain value before being translated to the voltage, V. All the 
inputs then combined together in the multiplexer block before 
it's been plotted in real time.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Connection of Hall array effect sensor to 
Arduino and MATLAB SIMULINK 

Table 1 show items and specification of the MFL 
inspection system. Arduino MEGA is used as the processing 
unit in the system due to the dynamic and high speed in data 
transfer using Integrated  

 
Development Environment (IDE) as a software 

developer[20][21] .  
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In order to have a reliable signal processing and recording, 
a Dell Desktop is used in processing the serial signal from 
Arduino MEGA into meaningful data through USB cable. 

   
Table 1 Items and specification of the MFL inspection 

system.  

 

V. SIGNAL PROCESSING AND STATISTICAL 
ANALYSIS 

The hall sensor used in the experiment is from Honeywell 
(SS496A) with a typical current 3.5 mA with a voltage supply 
of 5 V. The ratio between Vout over B be to determine the 
sensitivity of the Hall effect as shown in Figure 4.0 with ±840 
Gauss magnetic range sensitivity. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 4 Characteristic of Hall effect sensor.  
Figure 4 shows the flow chart of the signal processing 

throughout the MFL scanning device. The flow is then 
detailed in figure 5 showing the 11-array hall effect sensor 
Se00 to Se10 channelled from Arduino MEGA to MATLAB 
SIMULINK. The data is then SIMULINK is coupled together 
with the position displacement, x (mm) to render a 2-D array 
matrix composition data. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 5 Flow chart of the signal processing in MFL 
scanning system  

When the scanning is completed, all data will be recorded 
into specific files before it can analyse further. The data is 
then analysed using I-KazTM statistical process to decompose 
the frequency into three frequency range. The variance σ

2, 
measure the scattering of data distribution for each frequency 
group (time depending) in order to determine the average 
magnitude deviation in a single point as shown in equation (1) 
[22].  
 

 
                                                                                 (1) 
 
 
The data variances for i-sample data σL

2
, σH

2 and σV
2 show 

the ranges of low frequency (LF), high frequency (HF) and 
very high frequency (VF) in time respectively. The I-KazTM 

coefficient Z∞ can be written in term of variance since it is 
developed by the concept of data scattering in equation 2 and 
3.                                                             ……..(2) 
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                                                                               ..(3) 
 
 
 
Kurtosis (K) is a 4th statistical moment that is very sensitive 

to spikiness of the data used to identify a defect occur in high 
amplitude [23]. It also is best used in signal observation in 
evaluating the shape of the data distribution and the mean 
deviation to the waveform peak [24].  

The signal relationship between MFL signal and defect 
geometries also analyses in this research focusing on the 
depth of defect on y-axis. More complete picture can be 
analyzed as the defect shape is varied on the fabricated defect 
of the workpiece. In this experiment, S45C material with 10 
mm and 20 mm thicknesses is used with a fabricated grove to 
emulate the defect in ASTs. The MFL signal acquisition are 
collected in y-component By of magnetic flux density where, 
B = (Bx, By, Bz). The Bx signal is used for size estimation by 
detecting the x-component of the defect and useful for defect 
size estimation [25] but the stray field in the defect region 
doesn’t comprise in a specific region effect the signal 

distribution and effect the final judgement due to noise. 
Figure 6 shows the previous experimental result describing 
two workpieces with a fabricated defect with multiple 
thicknesses in collecting signal in y-axis and x-axis. 

 

 
       (a) 

 
      (b) 

Figure 6  (a) Radial component (By) of different 
thickness and (b) axial (Bx) [15] 

 
In order to have more reliable data in term of magnetization 

on the ferromagnetic material, speed of the MFL machine 
contribute a significant attribute during the analysis [26]. A 
linear rotary coupled with a stepper motor is used to form a 
linearly uniform speed with an adjustable motor controller to 
ensure the minimum effect of velocity on the data distribution 
[27].  

IV. RESULT AND DISSCUSSION 

Scanning result is showing the change of signal amplitude 
(voltage) along the workpiece until it reaches the groove 
section shown in figure 8.0 by 1000 Hz of sampling time. The 
density of the signal can be observed significantly by 
comparing the speed of scanning and the inverse correlation 
between signal density and acquisition speed in the time 
domain in both sample 1 and 2 at each run. Each of the speed 
settings shows different in amplitude for accumulated 12 
arrays Hall Effect sensors. The signal values are summed 
together due to the position of the individual sensor, it is 
excited differently, for example, those located at the center is 
more excited from the sensor located at the boundaries of the 
workpiece due to the position of the array sensors.  

The result shows a significant difference in the amplitude 
peak in figure 8 between sample 1 and sample 2. The 
amplitude peak in sample 1 (groove thickness 6.0 mm) is 
slightly higher than sample 2 (groove thickness 6.0 mm) due 
to the difference of magnitude deflection that correlates of the 
size of the groves as per shown in the time domain signal 
spectrum. The speed of acquisition (Runs) also shows a 
significant signal spectrum density in the groove region 
(designated defect) by comparing each run of the different 
sample. 

Sample 1: Thickness 10 mm        Sample : Thickness 10 mm  
          @ grove 6.0 mm                        @ grove 1.0 mm 

 
 
 
 

 
   Run 1: Low Speed                       Run 4: Low Speed                          

 
 
 
 
 

 
Run 1: Medium Speed              Run 4: Medium Speed   

                        
 
 
 
 

        Run 1: High Speed                Run 4: High Speed                          
Figure 8 the voltage vs time graph during MFL scanning 

process on plate with 10.0 mm thickness with 6.0 mm 
depth of grove (sample 1) and 6.0 mm depth of grove 

(sample 2) at different speed (runs) 
The results of I-Kaz 3D graphical representation of two runs 
groove 6.0mm thickness and 1.0 mm thickness shows in 
figure 4.0 is a plot with I-Kaz coefficient Z∞ are obtain from 
I-Kaz statistical process analysis using MATLAB software.  
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The signal data is calculated using equation 2 and 3 and put on 
each of the runs. The change of data scattering in the 3D 
representation on each of the runs is slightly insignificantly  
to one another due to magnetic flux leakage pattern on the 
groove region compared to I-Kaz coefficient Z∞ that showed a 
significant difference in every run. The I-Kaz coefficient Z∞ 

increasing when the size of the groove becomes deeper on 
6.0mm thickness sample. Through the observation, I-Kaz 
coefficient value is increasing upon speed setting from low to 
high. The value of Z∞ on  sample 1 getting larger from 0.1015 

at low speed to 0.4635 at a high speed and the same pattern 
also can be observed in sample 2. The speed of the scanning 
effect the population of data and result space of scattering and 
frequency distribution. The result is also  aligned with the 
previous study that 
 

  I-KazTM representation on 
sample 1 (Groove 6.0mm, t) 

 
 
 
 
 
 

 
(a)                                           (d)                         

 
(b)                                       (e) 

 
(c)                                      (f) 

Figure 9.0 I-Kaz 3D representation for Hall effect 
sensors for sample 1 (6.0 mm groove of depth) and sample 
2 (1.0 mm groove of depth) with multiple runs (a) (d) low 

speed, (b) (e) medium speed and (c) (f) high speed.  

V. CONCLUSSION 

The development of MFL scanning device comprising 11 
hall array effect sensors for defect characterization was 
presented in this paper. A I-KazTM signal monitoring method 
has been setup and analysed statistically in the context of 
defect characterization based on two parameters (speed and 
defect size). The I-Kaz Multi level method is very sensitive to 
the frequency and amplitude of the signal which suitable to 
the application of MFL due to its objective in detecting the 

small change of material lost in NDT. The MFL scanning 
system consists of 11-array of hall effect sensors providing a 
good and reliable estimation for the defect profile even the 
presence of reasonable noise.  

The scanning principle of the MFL method is to capture the 
deflection magnetic flux on the defect in y-direction due to the 
low tendency of error in the presence of surrounding 
electromagnetic noise. The data is then captured in MATLAB 
SIMULINK before I-KazTM method as an integrated 
kurtosis-based algorithm can be applied to detect a small 
change of the measured signal at the respected position. The 
signal amplitudes are increased when the size of defect 
increase and the remain the same in all velocity level in the 
same sample. The recorded signal is affected by the change of 
depth in the groove. The signal is increased when the depth of 
the groves is increased. The relationship with scanning speed 
and depth of the groves can be visualize using I-Kaz statistical 
method which is decrease significantly when the depth of the 
groves decreases. The method is useful in monitoring a slight 
change in the ferromagnetic material property and helps NDT 
inspector to locate the affected area before any appropriate 
action can be done.   

REFERENCES 

1.   G. Ting-yan, Y. Yong-liang, H. Tian-yu, The Interaction of Multiple 
Magnetic Circuits in Magnetic Flux Leakage ( MFL ) Inspection, 2014. 

2.   J. Qi, Experimental Study of Interference Factors and Simulation on 
Oil-Gas Pipeline Magnetic Flux Leakage Density Signal, Int. Conf. 
Mechatronics Autom. (2007) 3652–3656. 

3.  A.R. Ramirez, N. Pearson, J.S.D. Mason, S. Park, An Holistic Approach 
to Automatic Classification of Steel Plate Corrosion Defects using 
Magnetic Flux Leakage, (2008) 25–28. 

4.   P. Yeung, G.A. Coleman, S. Miller, S. Clouston, C. Mieila, Maximizing 
MFL ILI sizing confidence and accuracy using high-resolution field 
measurement data, Proc. 2012 9th Int. Pipeline Conf. IPC2012. (2014) 
1–11. 

5.  A. Sophian, G.Y. Tian, D. Taylor, J. Rudlin, A feature extraction 
technique based on principal component analysis for pulsed Eddy 
current NDT, NDT E Int. 36 (2003) 37–41. 
doi:10.1016/S0963-8695(02)00069-5. 

6.   X. Ding, G. Liu, H. Guo, C. Zhang, Accurate Prediction of Leakage Flux 
Boundaries for, IEEE Trans. Appl. Supercond. (2016) 1–5. 
doi:10.1109/TASC.2016.2609924. 

7.  S.A. Dutta, F.H. Ghorbel, R.K. Stanley, Simulation and Analysis of 3-D 
Magnetic Flux Leakage, Ieee Trans. Magn. 45 (2009) 1966–1972. 

8.   Z. Karim, M.Z. Nuawi, J.A. Ghani, S. Abdullah, M.J. Ghazali, 
Optimization of Integrated Kurtosis-Based Algorithm for Z-Filter ( 
I-Kaz TM ) Coefficient Using Multi Level Signal Decomposition 
Technique, 14 (2011) 1541–1548. 

9.   Y. Singh, A.S. Chauhan, Neural Networks In Data Mining, J. Theor. 
Appl. Inf. Technol. 5 (2009) 1–154. 

10. H. Wenhua, Y. Ping, R. Haixia, Application of 
Damping-Boundary-based PSO to MFL Signal Inversion, (2011). 
doi:10.1109/ICMTMA.2011.135. 

11. J. Chen, S. Huang, W. Zhao, Three-dimensional defect inversion from 
magnetic flux leakage signals using iterative neural network, IET Sci. 
Meas. Technol. 9 (2015) 418–426. doi:10.1049/iet-smt.2014.0173. 

12. A. Joshi, Wavelet transform and neural network based 3D defect 
characterization using magnetic flux leakage, Int. J. Appl. Electromagn. 
Mech. 28 (2008) 149–153. 

13. P. Ramuhalli, L. Udpa, S.S. Udpa, Electromagnetic NDE signal 
inversion by function-approximation neural networks, IEEE Trans. 
Magn. 38 (2002) 3633–3642. doi:10.1109/TMAG.2002.804817. 

14. Z. Yang, G. Dai, W. Li, Y. Jiang, Research on magnetic flux leakage 
signals quantity technology of tank floor corrosion defects based on 
artificial neural networ, 5th Int. Conf. Nat. Comput. ICNC 2009. 2 
(2009) 245–249.  
 
 
 

I-KazTM representation 
on 

sample 1 (Groove 
6.0mm, t) 

 



 
Characterization of Defect for Magnetic Flux Leakage in Non-Destructive Test using I-Kaztm  

 

886 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: E6041018520 /2020©BEIESP 
DOI:10.35940/ijrte.E6041.018520 
Journal Website: www.ijrte.org 
 

 
15. doi:10.1109/ICNC.2009.460. 
16. Y. Shi, C. Zhang, R. Li, M. Cai, G. Jia, Theory and Application of 

Magnetic Flux Leakage Pipeline Detection, (2015) 31036–31055. 
doi:10.3390/s151229845. 

17. K. Mandal, D.L. Atherton, A study of magnetic flux-leakage signals, J. 
Phys. D. Appl. Phys. 31 (1999) 3211–3217. 
doi:10.1088/0022-3727/31/22/006. 

18. M. Li, D.A. Lowther, The Application of Topological Gradients to 
Defect Identification in Magnetic Flux Leakage-Type NDT, 46 (2010) 
3221–3224. 

19. S. Tupsie, A. Isaramongkolrak, P. Pao-la-or, Analysis of 
Electromagnetic Field Effects Using FEM for Transmission Lines 
Transposition, Eng. Technol. 3 (2009) 870–874. 

20. F. Ji, C. Wang, S. Sun, W. Wang, Application of 3-D FEM in the 
simulation analysis for MFL signals, Insight Non-Destructive Test. 
Cond. Monit. 51 (2009) 32–35. doi:10.1784/insi.2009.51.1.32. 

21. L. Louis, WORKING PRINCIPLE OF ARDUINO AND USING IT AS 
A TOOL FOR STUDY AND RESEARCH Leo, Int. J. Control. Autom. 
Commun. Syst. 1 (2016) 21–29. doi:10.5121/ijcacs.2016.1203. 

22. M.U. Ashwini, J.K. Menosha, V.P. K, A. Sridevi, Implementation Of Ac 
Power Stand By Switch- Off Outlets Using Arduino Mega2560, Int. J. 
Sci. Eng. Res. 7 (2016) 205–209. 

23. M. Rizal, J.A. Ghani, M.Z. Nuawi, C.H.C. Haron, The application of 
I-kaz???-based method for tool wear monitoring using cutting force 
signal, Procedia Eng. 68 (2013) 461–468. 
doi:10.1016/j.proeng.2013.12.207. 

24. Z. Karim, H.A.R. Izatul, S. Mastura, A.R. Bahari, J.A. Ghani, M.Z. 
Nuawi, Material Mechanical Property Correlation Study Using 
Vibration Signal Analysis 1, Aust. J. Basic Appl. Sci. 7 (2013) 94–99. 

25. C.F. T. Ying, P. Meng, Feature extraction Based on the Principal 
Component Analysis For Pulsed Magnetic Flux Leakage Testing, Int. 
Conf. Mechatron. Sci. Electr. Eng. Comput. (2011) 2563–2566. 

26. W. Dehui, S. Lingxin, W. Xiaohong, L. Zhitian, A Novel 
Non-destructive Testing Method by Measuring the Change Rate of 
Magnetic Flux Leakage, J. Nondestruct. Eval. 36 (2017) 24. 
doi:10.1007/s10921-017-0396-6. 

27. S. Mukhopadhyay, G.P. Srivastava, Characterisation of metal loss 
defects from magnetic flux leakage signals with discrete wavelet 
transform, NDT E Int. 33 (2000) 57–65. 
doi:10.1016/S0963-8695(99)00011-0. 

28. Y. Li, G.Y. Tian, S. Ward, Numerical simulation on magnetic flux 
leakage evaluation at high speed, NDT E Int. 39 (2006) 367–373. 
doi:10.1016/j.ndteint.2005.10.006. 

 

AUTHORS PROFILE 

 
 
 
 

 
 
 
 
   

 
 
 
 
 
 
 
 
 
 
 
 

 
 
    
 
      
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rizauddin Ramli received the Bachelor degree in 
mechanical engineering from the Kyoto University, Japan, 
in 1997, the Master in mechanical and system engineering 
and Ph.D. degree in manufacturing system from the Gifu 
University, Japan, in 2005 and 2008, respectively. He is 
currently an Associate Professor in the Department of 
Mechanical and Materials, Faculty of Engineering and 
Built Environment, National University of Malaysia. His 
research interests include Intelligent manufacturing 
systems, robotics, control and artificial intelligent. 

Nor Afandi Sharif received the Bachelor degree in 
Manufacturing Engineering (Robotic and Automation) and 
Master in Manufacturing Engineering from the Universiti 
Teknikal Malaysia Melaka, Malaysia, in 2007 and 2014. 
He currently on going his Ph.D in Mechanical and material 
form Universiti Kebangsaan Malaysia, UKM in the area of 
NDT and signal processing. He is currently working as a 
Lecturer in the field of mechatronic in German Malaysian 
Institute, Malaysia. His research interest is in 
Nondestructive test, signal processing and robotic.  

 

Mohd Zaki Nuawi received the Bachelor and and master 
degree in INSSET, France and Ph.D in Universiti 
Kebangsaan Malaysia. He is currently an Associate 
Professor in the Department of Mechanical and Materials, 
Faculty of Engineering and Built Environment, National 
University of Malaysia. His research interests include 
Acoustic and Vibration, Signal Analysis, Condition-Based 
Monitoring and Machining Condition Monitoring 

Khairulbadri Ahmad received the Bachelor degree in 
Mechatronic Engineering from University of Nottingham 
(Malaysia Campus) in 2011 and Master in Control system 
Engineering from the University of Sheffield in 2014,. He 
currently on going his Ph.D in control system from 
Universiti Teknologi Malaysia. He is currently working as 
a Senior Lecturer in the field of mechatronic in German 
Malaysian Institute, Malaysia. His research interest is in 
control system, signal processing and robotic.  

 


