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The light weight characteristic offered by flexible structures can be easily influenced to the excessive 

vibration and it also brings several problems including instability, fatigue, bending and low performance. 

Therefore, it is compulsory to suppress the undesired vibration of flexible structures due to sustain its 

performance. This paper presents the development of hybrid controller known as fuzzy-PID based controller 

for vibration suppression of the horizontal flexible plate structure. Initially, the experimental rig was 

designed and integrated with the instrumentation system for vibration data collection purpose. The vibration 

data obtained experimentally was used to model the dynamic system based on auto-regressive with 

exogenous input structure using evolutionary swarm algorithm. The model obtained in simulation 

environment was then used for the development of PID-Fuzzy based controller. The performance of 

proposed controller was validated by exerting two types of disturbances to the system for robustness 

verification. It was indicated that PID-fuzzy controller was achieved higher attenuation value at the first 

mode of vibration by achieving 32.14 dB attenuation in the system. The attenuation value has been reduced 

from 103.5 dB to 71.36 dB, equivalent to 31.05 % attenuation, after the introduction of vibration control. 

The mean squared error achieved by the controller is 0.0237, compared with 0.6655 before the activation of 

controller. 

1. Introduction

Recently, it becomes a growing trend among the industries to reduce the weight of mechanical 

structures for minimizing the production cost and increasing the system effectiveness. 

Meanwhile, the characteristics offered by the flexible plate structure such as lightweight, faster 

response, less power consumption and less bulky design have received significant 

considerations by the industries to apply its advantages into their engineering applications. The 

flexible plate has been used in numerous industry applications such as aircraft body, automotive 

structure, robotic arm, electronic board design, bridge decks, and conveyor system [1]. 

 Nevertheless, the vibration of the flexible plate structure is a critical problem faced by the 

industries, particularly in the airport baggage transport conveyor, micro hand surgery system 

and semiconductor manufacturing industry which have a light weight characteristic and 

relatively low damping for the fundamental and initial models. This drawback is often a limiting 

factor in the structure performance that can lead to the instability, fatigue and structural 

damages. Moreover, the frequency associated with this structure is commonly low which makes 

the nodes vibration control become an important issue for the light flexible structures [2, 3]. 
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Due to this problem, it brings the idea to control the unwanted vibration using passive and 

active control methods. Nevertheless, the passive control method has two major obstacles which 

are ineffective at low frequency range and only efficient for a narrow band of frequency. In fact, 

an active vibration control (AVC) method is more efficient, reliable and flexible in controlling 

the unwanted vibration of flexible structure. The potential of active vibration has been received 

remarkable attention from the researchers for effective vibration suppression in many 

engineering applications [4, 5].  

This paper presents the development of Fuzzy-PID based controller for vibration 

suppression of horizontal flexible plate system. The model of the system will be developed using 

system identification via evolutionary warm algorithm based on input-output vibration data 

collected experimentally. An approximate model achieved in this study will be used as a 

platform of Fuzzy-PID based controller development. 

2.    Active Vibration Control 

Recently, it becomes a growing trend among the industries to implement lightweight of 

mechanical structures to their applications. However, a major consideration that needs to be 

taken into account is the system vibration arising from the structural flexibility. The flexible 

plate is easily affected by external force which will lead to vibration on the system. A large 

number of discrete frequencies in the system will generate high amplitude of vibrations, which 

will lead to some issues such as noise, fatigue, wear, failure, and may decrease the performance 

of the flexible plate system. Thus, active vibration control (AVC) is proposed to overcome the 

problems related to low frequency system.  The concept of AVC technique is to cancel the 

vibration at a desired location using the superposition of waves by generating secondary 

vibration of destructive interferes with unwanted vibration source [6, 7]. 

In order to achieve a satisfactory result in suppressing the unwanted vibration of the system, 

hence, the horizontal flexible plate system need to be modelled properly. Finite difference 

method (FDM) and finite element method (FEM) are popular approaches which has been 

applied by many researchers on the dynamic behaviour development of flexible plate systems 

previously. However, the disadvantages of this methods are computational complexity and 

consequent software involved in its formulations. To date, system identification technique is 

one of the potential candidates in obtaining the accurate model of dynamic systems based on 

input and output data. Many researchers have used system identification approach in modelling 

the flexible structure system [8]. 

In this research, the dynamic model system has been developed using evolutionary swarm 

algorithm via particle swarm optimization based on input-output vibration data obtained 

experimentally and the transfer function obtained will be used in the development of controller 

for vibration suppression of horizontal flexible plate. Details regarding PSO algorithm and 

modeling results can be found in [9]. The transfer function obtained using PSO modeling is 

described as in the Equation (1). 
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3.    Fuzzy-PID based Controller 

Many strategies have been proposed by researchers to obtain the best tuning method where 

improper tuning method may lead to poor robustness, cyclic and slow recovery of the system. 

Therefore, this research presents the development of hybrid controller known as Fuzzy-PID 
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based controller (F-PID) for vibration cancellation of the horizontal flexible plate system. The 

main aims is to achieve the best tuning methods and better control strategy for further 

improvement of the control performance. The developed hybrid controller will be developed in 

a MATLAB/Simulink environment and validated by exerting different types of disturbances 

into the system.  

The F-PID based controller is proposed due to its advantages in providing an effective 

methodology to develop the controller without using advanced mathematics. The details 

regarding the fuzzy controller can be described as follows: 

 

i. Fuzzification 

 

Fuzzification is a process of transforming crisp values into grades of membership 

for linguistic terms of fuzzy sets. The fuzzification process generates and extracts 

the membership functions (MFs) of input and output variables, then converting 

those into the linguistic variables [10]. 

 

ii. Fuzzy Rule Base 

 

The fuzzy rule base is the set of condition which needs to be followed by the fuzzy 

system in order to achieve the system output based on the given input. The 

dynamic behaviour of fuzzy system can be described in the linguistic rules of the 

fuzzy set and correlated in IF-THEN form [11]. 

 

iii. Fuzzy Inference System 

 

Fuzzy inference system (FIS) is defined as a system that uses fuzzy set theory in 

mapping input to the outputs. The mapping provides a basic from which decisions 

can be made or patterns discerned. The purpose of inference is to justify the fuzzy 

input to the rule base on one hand and generate the fuzzy output for every rule by 

identifying the rule output in the space on the other [12]. 

 

Figure 1 shows the block diagram of F-PID based controller used in this study. Based on 

the PID parameters tuned by Ziegler-Nichols tuning rules, the fuzzy system will select the best 

values of KP, KI and KD with the chosen disturbance applied on the system before feeding the 

signal into the PID controller. Usually, the fuzzy structure is developed based on error, e and 

change of error de/dt which applied as input in the fuzzy system. All of the fuzzy operations 

will be simulated using MATLAB/Simulink and the operation is used to determine the best 

parameters due to achieve the higher attenuation at the first mode of vibration for vibration 

suppression of horizontal flexible plate system. Figure 2 presents the F-PID based controller 

scheme in MATLAB/Simulink. 

 

4.    Results and Discussions 

In this study, the trapezoidal shapes membership function is used for both input variables (error 

(e) and derivative error (de/dt)) while Gaussian curve membership function is used for the whole 

output variables. The MFs is selected in this study and frequently chosen by many researchers 

because of its simplicity and convenience. The input interval for error is [-2 2] and the input 

interval for derivative error is [-1 1]. For the output interval, the value is determined based on 
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Ziegler-Nichols value. Thus, the outputs interval used in this study are [3.5 4], [0.01 0.03] and 

[3.5 4] for KP, KI and KD, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The block diagram of F-PID based controller. 

Figure 2. The block diagram of F-PID based controller in MATLAB/Simulink environment. 

 

There are five linguistic descriptions used in the F-PID based controller known as negative 

large (LN), negative small (SN), zero (ZE), positive small (SP) and positive large (LP). The 

input and output membership functions used in the F-PID based controller are displayed in 

Figures 3 and 4, respectively. Table 1 describes the 25 rules based for F-PID based controller 

used in this study.  

 

 

 

 

 

 

 

Figure 3. Input membership function used in the F-PID based controller 
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Figure 4. Output membership function used in the F-PID based controller 
 

Table 1. Rule based used in the control scheme  

 

 

 

 

 

 

 

 

 

Initially, a sinusoidal type of disturbance was fed to the system. The disturbance applied in 

the disturbance has the same frequency which was used in the development of ARX model.  

Figure 5 indicates the attenuation value in time and frequency domains achieved by the F-PID 

based controller under sinusoidal disturbance. It is observed that the F-PID based controller 

under sinusoidal disturbance has successfully suppressed the unwanted vibration in the 

horizontal flexible plate. Besides, the results prove that F-PID based controller has successfully 

achieved 32.14 dB attenuation in the system at the first mode of vibration. 

The attenuation value has been reduced from 103.5 dB to 71.36 dB, equivalent to 31.05 % 

attenuation, after the introduction of vibration control. The mean squared error achieved by the 

controller is 0.0237, compared with 0.6655 before the activation of controller. The input and 

output intervals in the fuzzy system and the mean squared error achieved by the F-PID based 

controller under sinusoidal disturbance are as tabulated in Table 2. The attenuation level and 

percentage of reduction achieved by the F-PID based controller under sinusoidal disturbance 

are listed in Table 3. 

  
 

 

 

 

 

 

 

 

(a)                                                          (b) 

Figure 5. The F-PID based controller under sinusoidal disturbance. a) Time domain, b) Frequency domain 

 

Table 2. The input and output interval and MSE obtained by F-PID based controller using sinusoidal disturbance 
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Controller 

Input Interval Output Interval Mean 

Squared 

Error (MSE) Error 
Derivative 

Error 
KP KI KD 

Without 

Controller 
- - - - - 0.6655 

F-PID [-2 2] [-1 1] [3.5 4] 
[0.01 
0.03] 

[0.005 
0.006] 

0.0237 

 

 

Table 3. The PID parameters and attenuation level achieved by F-PID based controller with sinusoidal disturbance 

Controller 
PID Parameters 

Decibel 

Magnitude 

(dB) 

Attenuation 

Level (dB) 

Percentage of 

Reduction 

KP KI KD 1st mode 1st mode 1st mode 

Without 

Controller 
- - - 103.50 reference reference 

 F-PID 3.9 0.02 0.005 71.36 32.14 31.05 % 

 

Due to verify the robustness of developed control scheme, the analysis is further continued 

by introducing the real disturbance to the system. Figure 6 presents the performance of F-PID 

based controller under real disturbance in time and frequency domains, respectively. Here, it 

shows that the performance of the controller under real disturbance is enhanced since the 

percentage of reduction in the system is increased. The maximum attenuation achieved by F-

PID based controller is 31.99 dB. The attenuation value has been reduced from 52.97 dB to 

20.98 dB, equivalent to 60.39 % attenuation, after the introduction of vibration control. Besides, 

it is also noticed that the performance of the controller is still in maintain and robust conditions 

although the system is exerted with the real disturbance collected through experimental work. 

 In addition, it also can be seen that the vibrating frequency response in real disturbance is 

different from the vibrating frequency response in sinusoidal disturbance. This is caused by the 

different disturbance vibrating frequency response exerting into the system. The magnitude of 

the signal in frequency response is slightly different under real disturbance as compared with 

the magnitude of the signal in frequency response under sinusoidal disturbance. This is due to 

the effect of the control action upon the vibrating horizontal flexible plate system. The input and 

output intervals in the fuzzy system and the mean squared error achieved by the F-PID based 

controller under real disturbance are as tabulated in Table 4. In addition, the attenuation level 

and percentage of reduction achieved by the F-PID based controller under real disturbance are 

as listed in Table 5. 

 

 

 

 

 

 

 

 

 

(a)                                                            (b) 

Figure 6. The F-PID based controller under real disturbance. a) Time domain, b) Frequency 

domain 
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Table 4. The input and output interval and MSE obtained by F-PID based controller using real disturbance 

 

Controller 

Input Interval Output Interval Mean 

Squared 

Error (MSE) Error 
Derivative 

Error 
KP KI KD 

Without 

Controller 
- - - - - 0.0077 

F-PID [-2 2] [-1 1] [3.5 4] 
[0.01 

0.03] 

[0.005 

0.006] 
0.0012 

 

 

Table 5. The PID parameters and attenuation level achieved by F-PID based controller with real disturbance 

Controller 
PID Parameters 

Decibel 

Magnitude 

(dB) 

Attenuation 

Level (dB) 

Percentage of 

Reduction 

KP KI KD 1st mode 1st mode 1st mode 

Without 

Controller 
- - - 52.97 reference reference 

 F-PID 3.9 0.02 0.005 20.98 31.99 60.39 % 

 

5.    Conclusion 

This paper presents the development of hybrid controller known as Fuzzy-PID based 

controller for vibration cancellation of horizontal flexible plate system. The model of the system 

was developed using evolutionary swarm algorithm based on Auto-regressive with exogenous 

(ARX) input structure. The developed model was used as a platform of controller development 

in this study. It is noticed that the F-PID based controller was successfully suppressed the 

unwanted vibration in the system where the controller reduce the attenuation value of the system 

from 103.5 dB to 71.36 dB, equivalent to 31.05 % attenuation, after the introduction of vibration 

control. Due to verify the robustness of the controller, different type of disturbances known as 

real disturbance was introduced in the system.  Here, it shows that the performance of the 

controller under real disturbance is enhanced since the percentage of reduction in the system is 

increased. The maximum attenuation achieved by F-PID based controller is 31.99 dB. The 

attenuation value has been reduced from 52.97 dB to 20.98 dB, equivalent to 60.39 % 

attenuation, after the introduction of vibration control. Thus, it can be concluded that the F-PID 

based controller has successfully suppressed the undesired vibration of the horizontal flexible 

plate system. 
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