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Abstract— Flexible plate structure is a chosen technology 
used for many applications since past decades ago. However, 
this structure has a disadvantage that needs to be avoided which 
is easy to vibrate. Thus, this project presents the modelling of 
horizontal flexible plate system using bio-inspired flower 
pollination algorithm. The objective is to obtain an accurate 
model of the real system in the simulated environment. The 
collected of real vibration data through experimental study was 
then utilized to develop the dynamic system model based on 
linear autoregressive with exogenous (ARX) model structure 
and optimized by flower pollination algorithm (FPA). The 
algorithm is a novel bio-inspired optimization algorithm that 
mimics the real-life processes of the flower pollination. The 
gained model in this simulation is approved utilizing the most 
minimal mean squared error, correlation tests, and pole zero 
graph stability due to check the robustness of the model. The 
performance of the developed model was then compared with 
the conventional algorithm known as recursive least square 
(RLS). The best model achieved in this study will be used as a 
platform of controller development using active vibration 
control technique.  

Keywords—recursive least square, flower pollination 
algorithm, evolutionary swarm algorithm, system identification, 
flexible plate structure 

I. INTRODUCTION 

In the past several decades, a flexible structure is widely 
used in various applications. Based on previous researches, 
this structure has been used in various study such as fluid, 
chemical, spacecraft and many more [1–4]. Different elements 
will be implemented to the structure like frames, shells, 
beams, and plates for different applications in order to produce 
good effect results [5]. Flexible structure systems are known 
to demonstrate an intrinsic property of vibration when 
subjected to disturbance forces, leading to components and 
structural damage [6]. 

The thin rectangular plate structures are the most 
commonly used in the industrial applications such as bridge 
decks, solar panels, airport baggage transport conveyor and 
electronic circuit board design [5]. Most of the industry's 
applications use flexible structure compared to rigid structures 
due to its advantages such as lightweight, reliable and high 
efficiency. In some reasons, the advantages can be the 
downside of a flexible structure. The lightweight of the 
flexible structure can be easily influenced by the vibration 
which will cause damage to the structure [7]. Thus, the 

unwanted vibration should be removed to sustain an effective 
system. 

In order to obtain a better controller, a proper model of the 
system need to be modelled at initial. Recently, one of the 
well-known methods has been given attention by the 
researchers, which is using system identification technique.  
System identification is a candidate used to describe 
mathematical tools and algorithms that build dynamical 
models from measured data. The practical application 
domains include pattern recognition, time-series prediction, 
Boolean function generation, and symbolic regression [6]. 

System identification had experienced an evolution from 
time to time. Previously, the methods used to model a 
structure are Finite Difference and Finite Element methods 
which are also categorized in system identification. In some 
time, the conventional algorithm is gradually prefaced as one 
of the methods to represent the modelling. The latest system 
identification that had been developed by the researchers is an 
evolutionary swarm algorithm which is bio-inspired the real-
life processes. For instances, the algorithms that recently done 
by the researchers are particle swarm optimization (PSO), 
artificial bee colony (ABC), bat algorithm (BAT), flower 
pollination, firefly and many more. 

Recently, a great attention has been received by flower 
pollination algorithm due to its ability in solving 
computationally complex and mathematically intractable 
problems. Inspired by the thoughts of previous research, thus, 
this study presents the modeling of a horizontal flexible plate 
structure using evolutionary swarm algorithm via flower 
pollination algorithm (FPA) and the performance of proposed 
method will be compared with the conventional algorithm 
known as recursive least square (RLS). 

II. EXPERIMENTAL SETUP 

An information securing framework is utilized as an 
accumulation of programming and equipment to gauge or 
control the physical qualities of a framework. A total 
information procurement framework comprises of DAQ 
equipment, sensors and actuators, signal conditioning 
equipment, and a PC running DAQ programming. Along 
these lines, from the test arrangement, the info yield vibration 
information were gathered for flat adaptable plate structure 
framework. The exploratory apparatus included the parts of 
mechanical, electrical, and hardware which are work 
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generator, control enhancer, attractive shaker, DAQ 
framework, and piezo-pillar type accelerometer. 

The primary part for this examination is the adaptable 
structure displayed by square, meager, and level aluminium 
plate and has the steady estimation which is 0.6m for each 
side. The position picked for the plate structure is flat with all 
edges clipped. The chose excitation point will create the 
method of vibrations of the adaptable plate structure. So as to 
energize the structure, a self-form attractive shaker was put a 
ways off of 1cm parallel to the changeless magnet connected 
at the excitation point. The attractive shaker was associated 
with capacity generator through power enhancer in which the 
capacity generator is an electronic test gear to produce various 
sorts of electrical waveforms during making of incitation force 
[8]. 

Next, two bits of piezo-shaft type accelerometers were 
connected at two unique positions which are perception and 
identification focuses. The reason for the accelerometers is to 
get the increasing speed signal in the trial. The National 
Instrumentation (NI) and information procurement framework 
(DAQ) which are mounted inside the PC used to examine the 
info yield analyse information where the accelerometers were 
straightforwardly associated [9]. Fig. 1 demonstrates the test 
arrangement utilized in this examination for accumulation 
information while Fig. 2 demonstrates the schematic chart of 
experimental arrangement. 

 

Fig. 1.  The experimental arrangement utilized in this examination a) the 
combination of information securing and instrumentation framework into the 
test rig, b) perspective on the sensors from the base of the plate [10]. 

TABLE I. NAME OF COMPONENT IN EXPERIMENTAL 
SETUP 

No. Instrumentation 

1. Function Generator 

2. Power Amplifier (Type 2706) 

3. Personal Computer with Matlab Software 

4. Data Acquisition System (PCI 6259) 

5. Accelerometer (Kistler-8636C50) 

6. Magnetic Shaker 

7. Experimental Rig 

 

Fig. 2. The schematic diagram of experimental setup [10]. 

III. SYSTEM IDENTIFICATION 

System identification is a potential technique in obtaining 
the accurate model of dynamic system based on input-output 
acquired data from experiment. This method represent the 
dynamic response in the form of mathematical models [9]. 
Previously, there are conventional algorithm such as least 
square, recursive least square, neural network, differential 
evolution and many more. However, recently, there is 
improvement from conventional algorithm to evolutionary 
swarm algorithm. Evolutionary swarm algorithm which is also 
known as intelligent algorithm is inspired from nature in 
solving the optimization problem. The example of the 
intelligent algorithm are bacterial foraging, genetic algorithm, 
cuckoo search, flower pollination and many more. 

A. Recursive Least Square (RLS) 
Recursive Least Square Algorithm (RLS) is one of the 

ordinary calculations that had been utilized to show the 
gathered information around to the plate structure. This 
customary calculation will deliver the fix result for the 
approval tests for various model request consequently, it is 
simpler contrasted with intelligent algorithm. In RLS, there is 
a parameter which loads late information all the more 
vigorously known as an overlooking variable where the worth 
is in the scope of 0 to 1 [11]. The hypothetical formula for 
RLS calculation is represented as below [12]: 
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 is a present parameter vector,  is the least square 

weighting element,  is a matrix that corresponding to 

change of recently evaluated vector,  is present 

estimation error,  is recently assessed vector, λ is a 

forgetting factor,  and  is the system input and 
output respectively [13]. 

B. Flower Pollination Algorithm (FPA) 
Flower Pollination Algorithm (FPA) had been found by 

Yang (2012) and it is roused with the fertilization procedure 
of plants [14]. This FPA mirrors the propagation of flower by 
means of fertilization process. To put it plainly, flower 
fertilization is connected with the exchange of pollen grains 
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because of flying creatures or creepy crawlies which act as 
pollinators [15]. here are two significant types of fertilization 
which are biotic and abiotic fertilization and it is plainly 
clarified in 4 guidelines [16]: 

 
1. Biotic or cross-fertilization is considered as global 

fertilization process and the dust conveying 
pollinators move in a manner that obeys Levy flights.  

2. Abiotic or self-pollination is viewed as local 
pollination process. 

3. Pollinators can create bloom consistency which is 
proportionate to propagation strength which is 
relative to the similarity of two blossoms included.  

4. The connection or exchanging the local and global 
pollination can be constrained by utilizing switch 
likelihood p ϵ [0, 1]. 

As to be justifiable, the rules above should be changed 
over into updating conditions. In example, the main standard 
expressed is identified with global fertilization. For this 
procedure, the flower pollen gametes are conveyed by the 
pollinators, for example, bugs or flying creatures. These 
pollinators will travel to every part of the dust over a long 
separation in light of the fact that these pollinators frequently 
fly and move in an any longer range. Subsequently, this 
progression is represented by: 

 )(1 gbestxLxx t
i

t
i

t
i ����  (5) 

Where  is the pollen i at iteration t and gbest is the 
current best solution found among all solutions at the current 
generation. L is the Levy flights dependent on step size relates 
to the quality of the fertilization. L can be utilized to copy the 
conduct of creepy crawlies which can travel through long 
separations utilizing different separation steps. This Levy 
distribution legitimate for huge advance size (s>0). 
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Here,  is the standard gamma work with  = 1.5 [17]. For 
local fertilization, it is represented as: 
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In which, and  are pollen from various lower of same 

plant species copying the flower consistency in a limited 
neighborhood.  

Bloom fertilization exercises can be occurred at both local 
and global. Be that as it may, in a genuine nature process, 
nearby bloom patches are bound to be pollinated by local 
blossom dust contrasted with those distant. So as to copy this, 
rule 4 is applied where switch likelihood is proficiently used 
to switch between global to local fertilization [16]. Fig. 3 
presents the flowchart of FPA. 

 

Fig. 3. Flow chart for flower pollination algorithm system identification. 

IV. RESULT AND DISCUSSION 

System identification was selected in developing 
mathematical model of flexible plate system via evolutionary 
swarm algorithm. This algorithm were inspired with the 
biological system happen in nature. The algorithm proposed 
for this study is flower pollination (FPA) where this algorithm 
mimics the reproduction of flower via pollination process. 
Based on previous research, FPA had been applied in least 
number of engineering application [18]. Thus, this algorithm 
was selected in this study in order to achieve the main purpose 
which is to develop mathematical modelling for determining 
the transfer function of horizontal flexible plate system. 

The system representation was developed based on ARX 
model structure in MATLAB software. Heuristic method was 
chosen order as there is no specific knowledge in selecting the 
best model order. From the previous experiment, 5000 
datasets had been collected and divided into two groups of 
data points. Both divided groups consists of 2500 data points 
respectively. The first group known as training data points was 
used in estimating the model parameters whilst the second 
group was used for validation of the estimated parameter. 
There were three considered criteria in obtaining the best 
represented model which are listed below: 

� The lowest mean squared error (MSE) in testing data 
system. 

� Correlation test for the developed model must be 
within 95% of confidence level. 

� The system has a very good stability. 

A. Modelling using Recursive Least Square 
For RLS tuning process, two parameters that need to tune 

which are forgetting factor and model orders. Table 1 shows 
the parameters used to obtain the best model representing 
flexible plate structure. Based on the tuning, it shows that 
with the factor of 0.4 and model order of 12, the best model 
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for flexible plate structure was achieved. The model had 
achieved the lowest mean squared error for RLS 

identification which are  and  
for training and testing data, respectively. Figs. 4 and 5 show 
the actual and prediction outputs of the system in the time and 
frequency domain, respectively, while Fig. 6 shows the error 
between actual and estimated outputs of the system. 

TABLE II. THE SET OF PARAMETERS USED FOR RLS MODELING 

Parameters Value 
Model order 12 

Forgetting factor 0.4 

 

 
Fig. 4. Actual and prediction outputs of the system in the time domain using 
RLS modelling chart for flower pollination algorithm system identification. 

 

Fig. 5. Actual and prediction outputs in the   frequency domain using RLS 
modelling. 

 

Fig. 6. Error between actual and estimated outputs of the system using RLS 
modelling. 

 Meanwhile, the correlation tests and pole zero diagram 
are plotted in Figs. 7 and 8, respectively. The correlation tests 
were carried out to determine the effectiveness of the 
developed model. For RLS algorithm, the model is biased as 
the results for auto correlation was observed over the 95% of 
confidence level. According to pole-zero diagram, the 

developed model clearly show the stability of the system in 
RLS modelling as all the poles were located in the unit circle. 
The discrete transfer function obtained from the best model 
order as in Table 2. 

TABLE III. DISCRETE TRANSFER FUNCTION FOR RLS MODELING 

Transfer Function  

Numerator  Denominator  

 a1 = -0.1084 b1 = -0.2862  

 a2 = 0.0625 b2 = -0.1016  

 a3 = 0.1415  b3 = 0.02019 

 a4 = -0.03345  b4 = 0.07373  

 a5 = -0.3125 b5 = 0.06755  

 a6 = -0.4341 b6 = -0.02379  

 

                               (a)                                                     (b) 

Fig. 7. Correlation tests for RLS modelling: (a) Auto correlation, (b) Cross 
correlation. 

 

Fig. 8. Pole-zero diagram of the system using RLS modelling. 

B. Modelling using Flower Pollination Algorithm 
The similar process was applied in obtaining the best 

model for FPA which is tuning the involved parameters 
which were population size, maximum generation, switch 
probability and model orders. Based on the parameters listed 
in Table 3, the best model order for the structure was found 
to be the second order. The lowest MSE achieved for FPA 

identification are  and  for 
training and testing data, respectively. Fig. 9 shows the 
plotted result for mean squared error versus the number of 
generations for FPA modelling. Next, Figs. 10 and 11 show 
the actual and predicted outputs for the system in time and 
frequency domains, respectively. It is proved that the 
developed model is able to imitate the measured outputs very 
well. Other than that, the error between actual and estimated 
output using FPA modelling is plotted in Fig. 12 
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TABLE IV.  THE SET OF PARAMETERS USED FOR FPA MODELING 

Parameters Value 

Maximum generation 1400 

Population size 25 

Switch probability, p 0.8 

Model order 4 

Number of parameters 8 

 

 
Fig. 9. Mean squared error versus the number of generation using flower 
pollination modelling. 

 

 

Fig. 10.  Actual and prediction outputs of the system in the time domain 
using FPA modelling. 

                    

Fig. 11. Actual and prediction outputs in the frequency domain using FPA 
modelling. 

 

Fig. 12.  Error between actual and estimated outputs of the system using FPA 
modelling. 

 Figs. 13 and 14 indicate the correlation tests and pole-zero 
diagram, respectively. The correlation tests are important as 
it is one of the validation to determine the effectiveness of the 
developed system. FPA modelling indicate that the obtained 
model is unbiased when the results were observed to be 
within the 95% confidence level. According to stability, the 
pole-zero diagram proved that all the poles were in the unit 
circle. The discrete transfer function obtained from the best 

model order for FPA modeling as in Table 4. 

 

                            (a)                                                      (b) 

Fig. 13.  Correlation tests: (a) Auto correlation, (b) Cross correlation. 

 

Fig. 14.  Pole-zero diagram of the system using FPA modelling. 

TABLE V. DISCRETE TRANSFER FUNCTION FOR FPA 
MODELING 

Transfer Function  

Numerator  Denominator  

 a1 = -0.2315 b1 = -1.01 

 a2 = 0.3649 b2 = 0.3248  

 a3 = 0.2546  b3 = 0.05497 

 a4 = -0.5764 b4 = 0.1078  
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V. CONCLUSION 

This paper had discussed on the dynamic response system 
represent flexible plate structure using system identification 
technique. The main objective of this study which is to 
develop mathematical model of horizontal flexible plate 
system via conventional and intelligent algorithm had 
achieved using recursive least square (RLS) and flower 
pollination algorithm (FPA). The mathematical model 
developed was validated by three methods which are lowest 
mean squared error, pole-zero stability and correlation tests 
within 95% of confidence level. The best developed model 
obtained must fulfil these criteria, thus it is approximately 
representing the horizontal flexible plate system and continue 
for vibration suppression of plate system. Based on this 
research, it was found that FPA had achieved to model the 
approximate flexible plate system and fulfil the criteria of 
validation which are lowest mean squared error, high stability 
and good correlation tests compared to RLS. RLS had 
achieved the best model in model order 12 but has biased in 
correlation tests in which in which not correlated up to 95% of 
confidence level. This correlation tests is important for 
effectiveness developed model validation. To be conclude, 
FPA has successfully represented the model of horizontal 

flexible plate system accurately. 
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