
 

  
Abstract—Debilitating conditions for patients with hand tremor 

may find their daily activities such as writing and holding objects 
affected. Thus an active tremor device could be an option to suppress 
hand tremor. This study presents a tremor test rig as the initial stage 
to develop active controller. The system identification is used to 
locate approximate models of tremor test rig based on observed input 
output data pairs. The parametric identification of the hand tremor 
using least square (LS) with auto-regressive exogenous input (ARX) 
model structure is considered. Ones the model is obtained, the PI 
controller is used to actuate the linear voice coil actuator (LVCA) for 
tremor suppression. The accelerometer is used for feedback 
controller. The genetic algorithm (GA) is employed to optimize 
parameter of PI controller. The findings verified that the dynamic 
model obtained is the best description to represent tremor test rig and 
the system show stability. In simulation study, the PI controller 
optimized by GA was work well to suppress tremor on test rig model. 
 

Keywords—Active Force Control, Active Tremor Control, 
Tremor.  

I. INTRODUCTION 
REMOR may describe as involuntary, rhythmic or shaking 
movement of one or more body part at a relatively fixed 

frequency and amplitude [1]-[2]. The frequency of tremor 
regularly occurs at range 4 to 12 Hz [3]. The most commonly 
tremor happens at the hand [4]. Tremor patient may suffer 
difficulty in doing daily activities such as holding or eating 
and at worst situation it may give depressed mood for the 
patient [5]. There are three main types of tremor which are 
resting, postural and action tremor. Resting tremor happens 
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when the muscles stay relax. Postural tremor appears when a 
part of the body is elevated against gravity. Meanwhile action 
tremor happens when a part of body moves deliberately. 

Several cause of tremor has been found out for instance 
stress, smoking, alcohol, use of certain drugs and others [6]-
[7]. Excessive alcohol consumption may kill certain nerve 
cell, resulting tremor especially in the hand. There is no cure 
for tremor but some medicine or surgical treatments can be 
used to slow down the tremor progress.  

Another alternative way is using biomechanical loading as a 
technique to suppress the effect of tremor. It can be separated 
into active and passive device. This study intended to develop 
an active tremor device by initially proposed the tremor test 
rig that able to emulate actual hand tremor in postural 
condition. Bear in mind, an active device does not intend 
continuously suppress tremor as the device purposely in 
helping patient doing desire task at certain time in which it 
gives advantages compare to the passive one. Prior to embed 
an active controller into the device, the controller and system 
need carefully design in simulation work. Therefore, it is 
essential to find out the transfer function of the test rig that 
can represent the model of the rig. One way is to use system 
identification method. The major aim of system identification 
is to determine approximate or accurate models of dynamics 
systems based on observed inputs and outputs. System 
identification is widely use in the application to control the 
physical system or to predicts its behaviour under different 
operating condition [8].  

In this research, dynamic modelling of a tremor test rig is 
considered using parametric model. The selected parametric 
model type is auto-regressive exogenous input (ARX) model 
structure and for estimate model using least square (LS) 
estimation. The next step is to design the PI controller to 
actuate the linear voice coil actuator (LVCA) to suppress hand 
tremor on test rig. In order to get the best suppression effect of 
the tremor, the parameter of PI controller should be properly 
tune. For this, the task will be done by using genetic algorithm 
(GA) technique. The performance of the control system is 
assessed through a rigorous simulation study presented and 
discussed in this paper. 

II. METHODOLOGY 
A. Experimental Rig 

In this study, a fake model of hand-arm is used to simulate 
the hand tremor. The material used to fabricate hand model is 
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urethane rubber and it has stiffness and feel like a real human 
hand. A lightweight accelerometer is employed to quantify the 
tremor signal. For actuation system, a bi-directional linear 
voice coil actuator (LVCA) is exercised to counter act the 
effect of tremor. 

Fig. 1 shows the configuration of tremor test rig. The 
experimental test rig consists of several main components 
such as two springs, two rod bar and two holders. Shaker are 
assemble at the beneath of inter connector bar and its function 
is to excite the hand model. To hold the upper rod bar firmly, 
bearings are used. The bearings also help to provide smooth 
upwards and downwards vertical movements.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Hand-arm model rig. 
  

Springs separated the rod bars into two sections (upper and 
lower) and help to provide a good vertical vibration oscillation 
when the shaker vibrates. The hand-arm model is placed 
horizontally on the holders at the test rig. This represents the 
hand-arm vibration which resembles the hand postural. Velcro 
belts are used to ensure that the hand-arm model is held firmly 
onto the holder. This is to prevent energy losses when the 
hand-arm model is excited. 

B. Experimental Rig 
Fig. 2 depicts an experimental environment in which the 

configuration of experimental setup and devices that are used. 
A light-weight tri-axial accelerometer; mounted at the palm 
that purposely to assess the dynamic response at the point.  
Meanwhile, the linear voice coil actuator is attached parallel 
to the location of the sensor for the reason of collocated 
control. Since the hand-arm is vibrating in vertical direction in 
postural tremor, the Z-axis is the primary plane of 
measurement on the model. 

The output voltage from the accelerometer is directed 
connect to the analog input of Data Acquisition System (DAS) 
while the analog output of the DAS sent a voltage signal to the 
LVCA to drive the actuator. The data transferred between 
input and output of DAS card were recorded and displayed on 
the personal computer via LabVIEW software version 8.6.  

Here the PRBS signal is injected to the LVCA and the 
dynamic response of the hand is accessed by means of 
accelerometer. Both input and output data were recorded for 
the purpose to exercise it in identification process. Prior of 
measurement, the band pass Butterworth filter with cut-off 
frequency at 2-30Hz is employed to reduce the noise signal 
from the accelerometer. The experimental work need to design 
properly in terms of noise cancellation and the right 
arrangement of test rig so that the output of models response 
is fits with the system response and hence gives small 
variance of error. 
The analysis routine of system identification is carried out in 
Matlab environment. The data are then properly formatted 
using Microsoft Excel before finally imported to the Matlab 
software for further analysis. The outcome from the analysis is 
the transfer function that describes the tremor test rig.  The 
time domain and frequency domain as long as the correlation 
tests results also were displayed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The experimental setup. 
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III. SYSTEM IDENTIFICATION 

A. Parametric Modeling 

A parametric method can be described as a mapping from 
the experimental data to the estimated parameter vector. In 
this investigation, parametric identification of the hand tremor 
using least square (LS) with auto-regressive exogenous input 
(ARX) model structure is considered. The basic structure of 
the ARX model is the linear difference equation [9]: 
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which the input signal denotes as   while output signal is  

and  denoting as zero mean white noise. Equation (1) may be 
rewrite in discrete linear transfer function form:  
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where the )( 1−zA  and )( 1−zB  are polynomials with 

associated parameters of autoregressive and exogenous parts, 
respectively as: 
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The relationship of the electromagnet force and the 
current of the coil can be expresses as,  
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Fig. 3 illustrated the ARX model structure, in which the AR 
refers to the autoregressive part ( ) ( )ityzA and X to the extra 
input ( ) ( )ituzB which is called as exogenous variable in 
econometric.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Model structure of ARX 
 
The residual or prediction error is given by: 
 

( ) ( ) ( )iii tytyte ˆ−=                   (5) 

 
Substituting equation (6) into equation (2), thus the 

predicted output can be expressed in the following form: 
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For more compact notation, the above predictor can be 

presented in discrete vector form: 
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Substituting equation (6) into equation (2), thus the 

predicted output can be expressed in the following form 
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For more compact notation, the above predictor can be 

presented in discrete vector form: 
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where, ( )xty i |ˆ  is the predicted output. 
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B. Model Estimation 
In this paper, the least square (LS) estimation is considered 

as a deterministic approach to the estimation problem. The LS 
algorithm is based on the steepest descent method [10]. In 
least square estimation, the performance index is described as: 
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By minimizing the performance index with respect to x , 
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Thus, the least square solution for the parameter vector   is: 
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C. Model Validation 
Model validation is used as a tool to measure how well an 

obtained model to represent the system. It is a statistical test 
that shows the degrees of the relationship between two 
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variables (input voltage from LVCA to acceleration signal). 
Equation (14) to equation (18) derives the 5 standard 
correlation tests that used in model validation [11].  
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where, )()]()([)( τδετετφ εε =−= ttE shows the auto-

correlation of the residuals should be an impulse, and 
τεττφ ε ∀=−=       0)]()([)( ttuEu  indicates the cross-

correlation function between input 
τεττφ ε ∀=−=       0)]()([)( ttuEu and residuals )(tε . The 

model of the system is suffice if the residuals errors, )(tε   for 

all lags within 95% confident bands or  N/96.1  (where N is 
the data length). 

IV. PROPOSED CONTROLLER SYSTEM 

A. PI controller 
In this study, only the PI controller which is part of PID 

family is used due to the unstable response of LVCA with the 
present of derivative action (D). PI is a controller structure 
consisting of proportional action and integral action. PID 
control is the most commonly applied control algorithm and is 
frequently used to introduce newcomers to the basic concepts 
of control system design. The PI algorithm was described as: 
 

( ) kIPk edtKKu ∫+=  

 
where ku , PK , IK  and e(t) stands for the controller 

output, proportional gain, integral gain and the error, 
respectively. 

B. Genetic Algorithm 
The genetic algorithm (GA) is a well-known optimization 

technique which has a successful history in solving 
optimization problems since it was first invented by John 
Holland in the mid 1970s [12]. It used the random search as a 
strategy which explores in the problem space and also 
balances between exploration and exploitation. GA most 
commonly used as the optimal solution problem in control 
application especially in tuning PID parameters [13]. The 
technique also may adapt to solve multi-objective problem 
[14]. The performance indices or cost function is given in 
terms of the error tremor between the system output and a 
reference input. Certainly, the ideal reference input target is 
set to be zero which means no tremor on hand. 

In this paper, the integral of absolute error (IAE) is used as 
performance indices. IAE sum of areas above and below the 
set point, this penalizes all errors equally regardless of 
direction. The lower scores of IAE represent the higher fitness 
of individual. For stopping criterion, the maximum number of 
generations is used at which the cycle of evolution is repeated 
until 70th loop. 

 

∫=
T

dtErrorIAE
0                  

 (19) 

where, Error = r(t) – y(t), T = number of samples, r(t) = 
reference input and y(t) = measured variable. Actually, the 
population of candidate solution begins the exploration 
without any information. The genetic operators manipulate 
and improve each chromosome to find better solution. 

The best individual in the final population is the pursuit 
value that represent PK and IK parameters. Table 1 shows the 
initialize parameter of GA that has been used in this study. 
Fig. 4 depicts the flowchart of the algorithm used to simulate 
evolution of this study. The basic process of GA can be 
concluded as: 
a) Representation: Randomly initialize population 

(typically, a chromosome in a binary string). 
b) Evaluation: Decode each initial chromosome to real 

numbers to obtain the variable x. Evaluate the objective 
function of all initial individual in the population. 

c) Selection: Select two chromosomes (parent) from the 
population. Stronger individuals have a higher chance to 
be selected. 

d) Crossover: Mating the selected parents with crossover 
probability Pc to produce offspring. 

e) Mutation: Mutate offspring, occasionally flipping a 0 to 1 
or vice versa with respect to the mutation probability, 
Pm. 

f) Reinsertion: Replace the old individual by the new 
offspring to maintain the size of population. In case to 
avoid the good offspring from destroy, the elitist strategy 
is implemented. 

g) Repeat the cycle in step b) to f) until maximum 
generation is accomplished. 

 
Table 1: GA tuning parameters 

Parameters Value 
Lower limit [ PK , IK ] [0,0] 

Upper limit [ PK , IK ] [30,10] 

Number of bits [ PK , IK ] [15,14] 
Crossover 0.7 
Mutation 0.01 

Maximum number of generation 100 
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Fig. 4: Flowchart of the genetic algorithm 
 

V. RESULTS AND DISCUSSIONS 
In order for the input to be persistently exciting, a pseudo-
random binary sequence (PRBS) signal was injected to excite 
the LVCA at the test rig. Fig. 5 shows the input signal which 
is the PRBS signal with a level of ±0.7V. Fig. 6 depicts the 
output signal which is the acceleration signal obtained from 
the miniature accelerometer. The system response was 
observed over duration of 10 seconds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: PRBS input signal 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6: Acceleration output signal 

 
 

For simulation purpose, the best result was achieved with 
model order 4 which gives smallest MSE level. Fig. 7 
illustrated the poles zeros in z-plane. The system show 
stability as all poles lay inside the unit circle.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Z-plane 
 

In this study, the first 5000 data is used for train the model 
and the whole 10000 data is used for validation purpose 
including the remains 5000 data that had not been used in 
training process. The validation test is intended for the whole 
set of data so that overall prediction error could be used in the 
correlation test. Fig. 8(a) and 8(b) depicts the comparison 
between the actual data and LS predicted output in terms of its 
magnitude and error, respectively. As can be seen in Fig. 8(b), 
the error shows small variant in which the MSE level is 
0.00049. The findings actually indicated that the model output 
fits and can be used to represent the tremor test rig. The 
transfer function between the input voltages of LVCA to the 
acceleration output of hand tremor response can be 
summarized as follows: 
 

4321

4321

306.01216.01764.09938.01
007207.00006237.0006685.0005336.0

−−−−

−−−−

+−−−
−−−

zzzz
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Fig. 9 shows the results of correlation test. It was noted 

that, all correlation tests of the tremor test rig model show that 
the correlation functions were within the 95% confidence 
interval indicating an adequate model fit. 
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(a) The actual and LS predicted output 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Error between the actual and LS predicted output 
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Fig. 8: LS estimation with PRBS input 
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Fig. 9: Corelation tests of LS with PRBS input. 
 
 
 
As shown in Figure 10, the GA effectively starts converging 
to the global optimum parameter at the 48th generation with 
the IAE level was found at 3222.77. Figure 11 depicts the 
convergence parameter of PI controller. Table 2 shows the 
outcome parameter computed by GA at the last generation. 
During the 10 s simulation period; the acceleration response 
of the human hand tremor oscillates between ± 2m/s2 as 
portrayed in Fig. 12 (a). By implemented the PI controller 
with GA optimization method, the scheme was able to reduce 
tremor up to ± 0.8 m/s2. Meanwhile, Fig. 12(b) shows the 
favorable outcome of the proposed controller in attenuate 
hand tremor amplitude peak as much as 85.05% with 
coherence frequency at 8.545Hz.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10: Convergence of objective function 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11: Convergence of PI controller 
 

Table 2: Parameters computed using GA for PI controller 

 
 
 
 
 

 
 
 
 
 
 
 
 

Parameters Value 

PK  29.982 

IK  8.387 
IAE level 3222.7697 
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(a) Time domain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Frequency domain 
Fig. 12: Acceleration behavior of the hand tremor using GA 

 
Theoretically, the findings prove that the proposed PI 

controller optimized by GA is capable of working with linear 
voice coil actuator and manages to suppress human hand 
tremor. Hence, the outcomes of the study present an important 
finding and an initial stage that may assist researcher to design 
and develop anti tremor equipment utilizing voice coil 
actuator.  

VI. CONCLUSION 
System identification is used to characterize the model of 

the tremor test rig based on the input-output data pairs. The 
input of the model is the PRBS signal in voltage form that 
excites the LVCA while the model output is the acceleration 
signal which indicates the tremor response at the palm. The 
study findings reveal that all poles are within the stable 
region. The small variant of error indicates that the model 
obtained fits with the system response. The results were found 
to be within 95% confidence level thus confirming its 
accuracy. The obtained transfer function model of the tremor 
test rig or plant was used in simulation study to design active 
controller. Here PI controller optimized by GA was proposed 
as a controller to suppress the tremor model. Findings proved 

that the controller perform well to attenuate the tremor based 
on the acceleration feedback. In future plan, the controller 
parameter will be tested on test rig so that the controller will 
be implemented in real time application and thus the idea to 
develop anti tremor device will be more realistic. 

ACKNOWLEDGMENT 
The authors would like to thank the Malaysian Ministry of 

Science, Technology and Innovation (MOSTI) and Universiti 
Teknologi Malaysia (UTM) for their continuous support in the 
research work. 

 

REFERENCES   
[1] J. Zhang, F. Chu and M. Nizamuddin, DSP Controller Based Signal 

Processing of Physiological Hand Tremor, Proceeding of the American 
Control Conference, vol. 3, 2005, pp. 1569-1574. 

[2]  M. Engin, A recording and analysis system for human tremor, 
Measurement, vol. 40, No. 3, 2007, pp. 288-293. 

[3] S. Papapetropoulos, B. V. Gallo, A. Guevera, C. Singer, G. Mitsi, C. 
Lyssikatos, J. R. Jagid, Objective tremor refistration during DBS surgery 
for Essential Tremor, Clinical Neurology and Neurosurgery, Vol. 111, 
No. 4, 2009, pp. 376-379. 

0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

 

 

Frequency (Hz)

Po
w

er
 ((

m
/s2 )2 /H

z)

X: 8.545
Y: 598.5

8.4 8.6 8.8
0

50

100

 

 
X: 8.545
Y: 89.48 Simulated Hand Tremor

PI control

0 1 2 3 4 5 6 7 8 9 10

-2

0

2

4

Time (sec)

A
cc

 (m
/s

2 )

 

 

Simulated Hand Tremor
PI control

 

INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION

Issue 6, Volume 7, 2013 473



 

[4] A. As’arry, A. Cheraghizanjani, M. Z. Md. Zain, M. Mailah, M. Hussein, 
Z. M. Yusop, Recent Researches in Computational Techniques, Non-
Linear Systems and Control - Proc. of the 13th WSEAS Int. Conf. on 
MAMECTIS'11, NOLASC'11, CONTROL'11, WAMUS'11 , pp. 23-26.  

[5] A. As’arry, M. Z. Md. Zain, M. Mailah, M. Hussein, Z. M. Yusop, Active 
Tremor Control in 4-DOFs Biodynamic Hand Model, International 
Journal of Mathematical Models and Methods in Applied Sciences, issue 
6, vol. 5, 2011, pp.1068-1076.  

[6]  S. Smaga, M.D. Tremor, American Family  Physician, vol. 68, no. 8, 
2003, pp. 1545-1552. 

[7] A. As’arry, M. Z. Md. Zain, M. Mailah, M. Hussein, Z. M. Yusop, Study 
of Active Force Control in Biodynamic Hand Model, Recent Advances in 
Computers, Communications, Applied Social Science and Mathematics -
Proceedings of ICANCM'11, ICDCC'11, IC-ASSSE-DC'11 , pp. 11-15. 

[8] M. H. Shaheed, M. O. Tokhi, Dynamic modelling of a single-link flexible 
manipulator: parametric and nonparametric approaches, Journal 
Robotica, vol. 20, no. 1, 2002, pp. 93-109. 

[9] L. Ljung, System Identification: Theory for the user, Prentice Hall PTR, 
1999. 

[10] B. Widrow, J. R. Glover, J. M. McCool J. Kaunitz, C. S. Williams, R. H. 
Hearn, J. R. Zeidler, E. Dong and R. C. Goodlin, Adaptive Noise 
Cancelling: Principles and Applications, Proceedings of the IEEE, vol. 
63, no. 12, 1975, pp. 1662–1676. 

[11] S. A. Billings and W. S. F. Voon, Correlation based model validity tests 
for non-linear models, International Journal of Control, vol. 44, no. 1, 
1986, pp. 235-244. 

[12] J. H. Holland, Adaptation in Natural and Artificical System, University of 
Michigan Press, USA, 1975. 

[13] S. Sornmuang and S. Sujitjorn, GA-Based PIDA Control Design 
Optimization with an Application to AC Motor Speed Control, 
International Journal of Mathematics and Computer in Simulation, issue 
3, vol. 4, 2010, pp. 67-80. 

[14] A. Sukstrienwong, Solving multiobjective optimization under bounds by 
genetic algorithm, International Journal of Computers, issue 1, vol. 5, 
2011, pp. 18-25. 

 
 
 
Azizan As’arry was born in Kuala Lumpur, Malaysia on the 8th of December 
1984. He obtained his Diploma, Bachelor Degree and Master in Mechanical 
Engineering from the Universiti Teknologi Malaysia, Malaysia, in 2005, 2007 
and 2009, respectively. His major field of study is control and mechatronics. 
He is currently a PhD student in Mechanical Engineering at the Universiti 
Teknologi Malaysia, Malaysia. His research interests include vibration 
control, smart actuator, system modeling and simulation and human vibration. 
 
Mohd Zarhamdy Md. Zain was born in Perlis, Malaysia on the 8th August 
1977. He obtained his Bachelor Degree in Mechanical Engineering from the 
Universiti Teknologi Malaysia, Malaysia, in 1999 before acquiring Masters of 
Science and Phylosophy of Doctore qualifications from the University of 
Sheffield, UK in 2002 and 2006 respectively both in Control Engineering. His 
major field of study is flexible  robot control and mechatronics. He is currently 
a Senior Lecturer at the Universiti Teknologi Malaysia, Malaysia and his 
research interests include iterative learning control, applied mechatronics, 
system modeling and simulation. 
 
Mohamed Hussein graduated from UTM with a Bachelor degree in 
Mechanical Engineering in 1987 and acquired Masters of Science in 
Advanced Manufacturing Systems and Technology from University of 
Liverpool, UK in 1992. He completed his PhD at the De Montfort University, 
UK (Leicester) in 2008 in the field of Mechatronics. He is currently an 
Associated Professor and Head of Applied Mechanics Department, Faculty of 
Mechanical Engineering, UTM. His research interests in Mechatronics include 
machine control, robotics, real-time virtual control and industrial automation. 
 
Musa Mailah received his BEng degree in Mechanical Engineering from 
UTM in 1988 and later his MSc and PhD in Robotic Control and 
Mechatronics from the University of Dundee, UK in 1992 and 1998, 
respectively. His major field of study is robot control and mechatronics. He is 
currently a Professor at the Universiti Teknologi Malaysia, Malaysia and his 
research interests include intelligent active force control of dynamical 
systems, applied mechatronics, system modeling and simulation. 

 
Zulkifli Mohd Yusop was born in Johor, Malaysia on the 19th of 
October1987. He obtained his Bachelor in Electrical Control and 
Instrumentation from the Universiti Teknologi Malaysia, Malaysia, in 2009. 
His major field of study is control and mechatronics. He is currently a Master 
student in Mechanical Engineering at the Universiti Teknologi Malaysia, 
Malaysia. His research interests include vibration control, system modeling 
control system, simulation and human vibration.  
 
Mohd Shariff graduated from UTM with Bachelor Degree in Mechanical 
Engineering in 1987 and acquired Masters of Science in Instrumentation and 
Analytical Science from University of Manchester Institute Science and 
Technology (UMIST), UK in 1992. He completed his PhD at the Cranfield 
University, UK in 2003 in the field of Aircraft Structure and Design. He is 
currently a Senior Lecturer and Head of Bachelor of Aeronautical Engineering 
Programme, Faculty of Mechanical Engineering, UTM. His research of 
interests is in helicopter technology. 
 
 
 
 

 

INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION

Issue 6, Volume 7, 2013 474




