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Abstract: - This paper presents the development of an optimal self-tuning PID controller for vibration 
suppression of flexible manipulator structures using particle swarm optimization (PSO).  A simulation 
environment characterizing the dynamic behavior of the flexible manipulator system was first developed using 
finite difference (FD) approach to acquire the input-output data of the system. The global search technique of 
PSO is used to estimate the model transfer function through parametric identification in comparison to the 
conventional recursive least square (RLS) method. Next, the control structure comprises conventional PID 
controller and an intelligent PID incorporated PSO controller for position and vibration control respectively 
acted on flexible manipulator model system. Behavior of system response including hub angle and end-point 
displacement are recorded and assessed. The validation of the algorithm is presented in time and frequency 
domains. It was demonstrated that proposed controller is effective to move the flexible link to the desired 
position with suppression of vibration at end-point of a flexible manipulator structure. 
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controller 
 

1 Introduction 
Unwanted vibration reduction of flexible 
manipulator has received substantial attention in 
these recent years. The increased utilization of 
flexible manipulator has been motivated by the 
requirement of industrial applications since its offer 
several advantages over rigid manipulator including 
light weight, lower energy consumption, safer 
operation due to reduced inertia, smaller actuator 
requirement, less bulky design, more transportable 
and maneuverable [1,2,3]. Due to flexibility, 
manipulator systems will demonstrate vibration 
when subjected to disturbance forces [4]. The 
manipulator will vibrate during maneuver and 
become more severe when maneuver becomes faster 
[5]. This unwanted vibration will bring difficulty in 
accurate positioning of flexible manipulator and 
may reduce the system effectiveness. This highly 
non-linear dynamics of the system make control of 
flexible manipulators become complicated. If 
advantages of flexible manipulator are not to be 
sacrificed, thus an accurate model and efficient 
controls system need to be studied and developed. It 
is important to control this non-linear dynamics of 
the system as the flexible manipulator need to have 

reasonable end-point accuracy in response of input 
commands. 

Generally, the purpose of vibration control in 
flexible manipulator is to suppress the unwanted 
vibration with satisfactory end-point tracking. A 
number of approaches have been proposed and 
developed for control of flexible manipulator. 
However, PID control is still one of the most widely 
used in industries even with the introduction of 
many control theories and approaches. PID control 
is popular due to low cost, simple in control 
structure, as well as easy to maintain and 
implement. This demonstrated by Mahamood and 
Pedro [6] which implemented PD-PID controller for 
control of two link flexible manipulator. Ahmad et 
al. [7] investigated a hybrid controller incorporated 
collocated PD controller and a feedforward 
controller based on input shaping for vibration 
suppression and end-point trajectory tracking of 
flexible robot manipulator. The effectiveness of the 
proposed controller for corresponding system was 
shown. 

In PID control, finding optimum PID gains is 
very important in order to give a satisfactory system 
response. Improper PID gains optimization may 
lead to poor robustness and slow recovery [8]. 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL Hanim Mohd Yatim, Intan Z. Mat Darus

E-ISSN: 2224-2856 55 Volume 9, 2014

mailto:hanim.yatim@gmail.com�


Several investigations have applied intelligent 
techniques for optimization of PID parameters such 
in [8] where Genetic Algorithm (GA) and 
Differential Evolution (DE) were applied to 
optimize PID controller for high order system, 
system with time delay and non-minimum phase 
system. The performance of the PID control systems 
was also compared with Ziegler-Nichols method. 
Results indicate the effectiveness of GA and DE in 
tuning PID parameters compared to conventional 
method. 

Md Zain et al. [9] proposed GA for tuning PID 
controller for flexible manipulator in vertical 
motion. The advantages of the proposed control 
schemes were shown. However, this paper focused 
on utilization of global search method of PSO for 
active PID control of single-link flexible 
manipulator constrained in horizontal motion. 

PSO is a global, stochastic optimization 
technique inspired by social behavior of bird 
flocking or fish schooling [10,11]. PSO 
implementing an information sharing approach 
within the search space in order to find an optimum 
solution. Advantages of PSO are it has only a few 
parameters to adjust with exclusion of crossover and 
mutation operator which possesses the properties of 
easy implementation and fast convergence. PSO has 
been found to be robust and widely applied in 
continuous and discrete optimization problems and 
promisingly suitable for both scientific and 
engineering applications [12,13,14].  

Applications of PSO in control system can be 
seen in many research papers. Jaafar et al. [15] 
utilized PSO-tuned PID controller for nonlinear 
gantry crane system. Their results indicated an 
effective controller to move the trolley as fast as 
possible to the desired position with low payload 
oscillation.  Selvan et al. [16] presented a new 
insight in PSO algorithm for tuning PID parameters. 
PID controller was tested on several different plant 
transfer functions conformed to the theoretical 
predictions. The result was compared with the 
conventional Ziegler-Nichols method and it was 
found that the latter method provides better results 
and faster convergence. 

In this paper, global search of PSO is utilized to 
optimize the PID controller gains. Prior to this, a 
simulation environment characterize dynamic 
behavior of the flexible manipulator structure is 
developed using FD method. Then, PSO based 
identification is employed to obtain the transfer 
function of the system responses in comparison to 
conventional RLS method.  

 

Subsequently a control structure with two PID 
controllers is proposed for position tracking and 
end-point vibration reduction respectively. The 
proposed controller is implemented in Matlab 
simulation environment and its performance is 
assessed.  

 
 

2 Simulation of Flexible Manipulator 
Structure 
Fig. 1 shows a single-link flexible manipulator 
that can be modelled as a pinned-free flexible 
beam.  

The pinned end of the flexible beam of 
length L is attached to the hub with inertia Ih, 
where an input control torque τ(t) is applied at 
the hub by a motor and payload mass Mp is 
attached at the free end. E, I and ρ represent the 
Young Modulus, second moment of inertia and 
mass density per unit length of the flexible 
manipulator respectively. 

 
Fig. 1: Schematic diagram of the flexible 

manipulator system 
 

Let XOOYO and XOY be the stationary and 
moving coordinates respectively. For an angular 
displacement θ(t) and an elastic deflection 
v(x,t),  the total (net) displacement w(x,t) of a 
point along the manipulator at a distance x from 
the hub can be described as a function of both 
rigid body motion and elastic deflection 
measured along the line OX. 

 
( ) ( )txvtxtxw ,)(, += θ  

 
The well-known governing equation of a flexible 

manipulator can be formulated as [17,18] 
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The corresponding boundary and initials 
conditions at the pinned and free ends of the 
manipulator are obtained as 
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The fourth-order PDE in (2) represents the 

dynamic equation describing the motion of the 
flexible manipulator. Note that the model in (2) does 
not incorporate damping.  

A number of approaches have been proposed and 
developed for dynamic modeling of flexible 
manipulator. Finite difference (FD) method has 
been widely used to solve differential equations. It 
has been reported that the method is simple in 
mathematical terms, easy to program and more 
convenient for uniform manipulator structure [2]. 

A simulation algorithm characterizing the 
dynamic behavior of the flexible manipulator 
structure is thus developed using FD method to 
obtain the numerical solution of the PDE in (2). In 
the case of a flexible manipulator, a two 
dimensional coordinate system is considered. This 
involves dividing the manipulator into n sections 
each of length Δx and deflection of each section at 
sample times Δt. Thus, a solution of the PDE is 
obtained using the central difference approximations 
for the partial derivative terms of the response w(x,t) 
of the manipulator at points x = iΔx and t = jΔt. 

A solution of the PDE in (2) can be obtained as, 
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Eqn. (4) gives the displacement w ji 1+, of grid 

points i=1,2,…,n of the manipulator at time step 
j+1. Note that in evaluating the displacement 
at 11 +− jnw , and 1+jnw , , the fictitious displacement at 

jnjn ww ,, , 12 ++ and 11 −+ jnw , are required. These can be 
obtained by utilized the boundary conditions in (3) 

and thus the discrete form of the corresponding 
boundary conditions are 
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The above equation (4) can be written in a matrix 

form as:  
CFBWAWW ,,, ++= −+ 11 jijiji  

 
where 1+ji ,W  is the displacement of grid points i = 
1,2,…,n of the manipulator at time step j + 1. ji ,W  
and 1−ji ,W  are the corresponding displacements at 
time steps j and j-1 respectively. A and B are 
constant matrix nxn matrices where depends on 
flexible manipulator specifications and the number 
of sections the manipulator is divided into, C is a 
constant matrix related to input torque and F is an 
nx1 matrix related to time step Δt and mass per unit 
length of the flexible manipulator. 

To study the dynamic behavior of the flexible 
manipulator system, a thin aluminium alloy of 
flexible manipulator with dimensions 0.96 x 
0.01923 x 0.0032004 m³, mass density per area, ρ, 
2710 kg/m² , Young’s Modulus, E, 7.11× 1010 N/m2  

and second moment of inertia, I, 5.1924× 10-11 m2  is 
considered. The response of the flexible manipulator 
is monitored for duration of 3.0 seconds with 
sampling time 0.2 ms and the system behaviour is 
observed and recorded at the hub and end point of 
the manipulator. 

The first three modes of vibration of the 
manipulator calculated based on equation (7)[19] 
are obtained at 12.60 Hz, 40.83 Hz and 85.19 Hz 
where first mode being dominant mode. 
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Validation of the developed finite difference 

model was carried out by comparing the simulation 
result with the calculated results at resonant modes 
as given in Table 1. The algorithm was implemented 

(3) 

(4) 

(7) 

(5) 

(6) 
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on the basis of varying number of sections along the 
link manipulator. 

 
Table 1: Modes of vibration with varying number of 

FD sections 
No. of 

Sections 
Mode 1 (Hz) Mode 2 (Hz) Mode 3 (Hz) 

12.60 % 
Error 

40.83 % 
Error 

85.19 % 
Error 

5 6.65 47.22 25.00 38.77 45.00 47.18 
10 10.00 20.63 31.64 22.51 64.95 23.76 
15 11.65 7.54 35.00 14.28 71.60 15.95 
20 11.65 7.54 36.63 10.29 74.95 12.02 
 
It is noted that the frequency parameter 

corresponding to the first mode of vibration 
converges to a reasonably stable value with the 
algorithm using at least 15 sections. It was also 
appeared that the error converges to minimum as the 
number of sections increases. It can be concluded 
that 20 sections will be reasonable to use for the 
simulation algorithm characterizing the dynamic 
behaviour of the flexible manipulator system to 
have a reasonable accuracy. 

Using the validated FD method, the manipulator 
is divided into 20 equal length sections. For 
simplicity purposes, the effects of hub inertia and 
mass payload are neglected. Throughout this 
simulation, a bang-bang torque input with an 
amplitude ±0.3 Nm and duration of 0.5 seconds is 
applied at the hub of the manipulator as shown in 
Fig. 2. This type of input is chosen so that the 
manipulator will accelerate, decelerate and stop 
accordingly at the desired positions. 
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Fig. 2: Input torque bang-bang 

 
Figs. 3 and 4 show the dynamic response of hub 

angle and end-point displacement of the flexible 
manipulator respectively in time and frequency 
domain. The first resonant mode captured by both 
responses is at 11.65 Hz.  

 
 

 
 

3 Recursive Least Square 
Recursive least squares (RLS) is a well-known 
method uses an iterative refinement technique to 
continuously tune estimated parameters using 
knowledge of some existing parameters as well as 
previous history (e.g., inputs, outputs) [20].  
 The RLS algorithm is based on mathematical 
weighted LS and creates continuous estimation for a 
set of unknown system parameters. The RLS 
algorithm is described by the following set of 
equations [20]: 
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where the error is,  
 )(ˆ)()()( 1−−= iixiyiE T β  
 

)(ˆ iβ is the unknown parameter vector, x(i) is the 
regression vector and y(i) is the system output 
vector. λ is defined as the forgetting factor or 
weighting factor which reduces the influence of old 
data usually taking the form, 0 < λ < 1. 

 

0 0.5 1 1.5 2 2.5 3
0

2

4

6

8

10

12

14

16

18

20

Time (second)

H
u

b
 a

n
g

le
, 
(d

e
g

re
e

)

Hub Angle

 
(a) Time domain 

 

0 10 20 30 40 50 60 70 80 90
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

Frequency (Hz)

M
a

g
n

it
u

d
e

 (
d

e
g

/H
z
)

 
(b) Spectral density 
Fig. 3: Hub angle 
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(a) Time domain 
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(b) Spectral density 

Fig. 4: End-point displacement 
 
 
4 Particle Swarm Optimization (PSO) 
Particle Swarm Optimization (PSO) is a population 
based, global, stochastic optimization technique 
introduced by Kennedy and Eberhart [10,11]. The 
search process of PSO can be described through the 
stages shown in Fig.5. 
 

 
Fig. 5: Flowchart of PSO algorithm 

 
PSO is initialized with a group of random 

particles, move in the search space of an 
optimization problem. Each particle is associated 
with a position and a velocity. The particles evaluate 
their positions based on a global fitness value and 
have a memory to remember their best position in 
the search space.  

At each iteration, particles are updated with two 
‘best’ values.  The first one is called pbest )( idP , 
which is the best position a particle has visited so 
far. Another ‘best’ value is the global best or gbest 

)( gdP , obtained so far by any particle in the 
population. After finding the pbest and gbest, 
particle is then accelerated toward those two best 
values by updating the particle position and velocity 
for the next iteration using the following set of 
equations [21]: 
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)(tvid and )(txid  are the current velocity and 
position vector of the i-th particle in the d-
dimensional search space respectively. The 
cognitive part 1C encourage the particles to move 
towards their own best position so far and the social 
component of 2C  represents the collaborative effect 
of the particles in finding the global optimum 
solution [11]. Usually 221 == CC  and rand is the 
random number between 0 and 1. 

k  is the inertia serves as memory of the previous 
direction, preventing the particle from drastically 
changing direction. High value of k  promote global 
exploration and exploitation, while low value of k  
leads to a local search. The common approach is to 
provide balance between global and local search by 
linearly decrease k  during the search process. 
Decreases the inertia over time can be expressed as 
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T
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maxT  is the maximum number of time step the 

swarm is allowed to search. kstart and kend are the 
starting and end point of inertia weight set as 0.9 
and 0.25 respectively. 

 
 

5 Parametric Identification 
Relationship between input and output of the system 
is required to develop a suitable model of the system 
[20]. For this purpose, it is essential to determine an 
appropriate order and parameters for the model that 
best fits that relation. The most basic relationship 
between the input and output of a system is given by 
ARX model described as 

 

(12) 
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z-1 is defined by a backshift operator, white 
noise, ( ) 0=tξ , n is the orders of the model and 
[a1,…,an,b1,…,bn] are estimated model parameters. 
In this study, ( )tu  and ( )ty  are the system input and 
output vector respectively which substituted by the 
torque bang-bang (Fig.2) as input and the system 
response of hub angle and end-point displacement 
(Figs. 3 and 4) as measured output of the system. 
Therefore, the corresponding transfer function 
of the system model ( )1−zH  can be represented 
as follows  
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Thus, the main objective of system identification 

is to optimize the model parameters as best as 
possible. The performance of optimization formula 
is evaluated by setting their objective function as 
mean square error (MSE) defined as  
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t
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where, S represents the number of samples and 

e(t) is the predicted error between the desired output 
and estimated model output. 
 
   
6 Control Schemes 
In this work, the proposed control structure for 
vibration control of the flexible manipulator is 
introduced. Initially, a collocated PID control is 
developed for rigid body motion. Subsequently an 
intelligent PID tuning by PSO controller is 
implemented for flexible body motion. These two 
loops are combined together to give control inputs 
to the flexible manipulator system. A block diagram 
of the control scheme is shown in Fig. 6. 

 
Fig. 6: Block diagram of proposed controller 

 
 

6.1 Collocated PID control 
For rigid body motion control, θd(t), θ(t) and e(t)  
represents reference hub angle, hub angle and error 
of the system respectively as shown in Fig. 7. 
Essentially, PID control system is adopted to 
position the flexible link to the desired angle of 
demand. Here the motor gain, Ac and sensor gain, G  
are set as a linear gains. C and H are the transfer 
function of controller and flexible manipulator 
respectively. The hub angle signal is fed back and 
used for control purpose.   
  

 
Fig. 7: PID control structure 

 
For the closed loop signal in Fig. 7, the control 

signal Um(s) can be written as 
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where, s is the Laplace variable. Error function of 
the system ( )se  defined as 
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The closed loop transfer function is therefore 
obtained as 
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where H(s) is the open loop transfer function from 
the input torque to the hub angle obtained through 
the parametric identification process. In this study, 
PID parameter is determined from the auto-tuning 
function in Matlab software.  

 
 

6.2 Intelligent PID-PSO control 
An intelligent PID control is utilized to suppress an 
unwanted vibration at the end-point of flexible link. 
For flexible body motion control, Kps, Kis and Kds are 
proportional, integral and derivative gains 
respectively. From Fig. 8, y(t) and ev(t)  represents 
end-point displacement and error of the system 
respectively. yd(t) represents reference end-point 
displacement which is set to zero as the control 
objective to have zero vibration.  
 

 
Fig. 8: Intelligent PID-PSO control structure 

 
The end-point displacement signal is fed back 

and thus controls input Up(s) can be defined as 
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Since the reference end-point displacement was 

set to zero signal, the error function ev(t) is defined 
as 
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The closed loop transfer function is therefore 
obtained as 
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where G(s) is the open loop transfer function from 
the input torque to the end-point displacement 
obtained through the parametric identification 
process. To design a particular control loop, the Kps, 
Kis and Kds controller parameters were tuned using a 
global optimization method of  PSO so that control 
input Up(s)  provide acceptable performance of 

flexible manipulator system. In PID-PSO tuning 
procedure, PID parameters are optimized by 
assigning three swarms in search space where each 
swarms representing each parameter of Kps, Kis and 
Kds. The minimization of MSE is performed by PSO 
to tuning PID gains and set as objective function for 
optimization formula.  
 
 
7 Implementation and results 
Hub angle and end-point displacement response of 
flexible manipulator structure was modeled with the 
parametric identification approaches of RLS and 
PSO algorithm using an ARX model structure. The 
obtained system model is then used in the control 
structure of flexible manipulator includes collocated 
PID control for rigid body motion and intelligent 
PID-PSO control for flexible motion control. 
 
 
7.1  RLS modeling 
The flexible manipulator was modeled with RLS 
algorithm using measured input-output data from 
dynamic modeling of the system (Section 2).  

The model was observed with different orders 
and the best result was achieved with an order 3. 
Forgetting factor for end-point displacement 
response is determined as 0.9 while for hub angle 
response is assigned to 0.1. The simulated output of 
hub angle and end-point displacement in both time 
and frequency domains are shown in Figs. 9 and 10. 
It was noted that correlation tests for RLS model 
were within 95% confidence interval. The best 
results of RLS algorithm achieved are presented in 
Table 2. 
 
 
7.2 PSO modeling 
Investigations were then carried out for modelling 
with PSO algorithm using the input-output data 
obtained from dynamic simulation of flexible 
manipulator system. The model achieved the best 
result with an order of 2. The PSO was designed 
with 50 individuals in each iteration with maximum 
number of iterations was set to 100. The best MSE 
results of PSO algorithm achieved with their 
transfer function obtained are depicted in Table 2.  

The corresponding correlation tests for 
identification using PSO were found to be within 
95% confidence interval indicating adequate model 
fit. Figs. 11 and 12 show the simulated output of 
hub angle and end-point displacement in time and 
frequency domains. 
 

(24) 

 

(23) 

(25) 
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 From Table 2, corresponding MSE results 
reveals that the identification using PSO has 
performed far better than that with RLS for both hub 
angle and end-point displacement. It is 
demonstrated that PSO are successfully find an 
optimum global solution for identification where the 
conventional method fail. Due to its effectiveness, 
PSO algorithm is adopted in subsequent 
investigations as an optimization tools for vibration 
control of flexible manipulator. 
 
 

 
(a) Actual and predicted RLS output in time domain 
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(b) Spectral density of output 

Fig. 9: Hub angle modeling using RLS 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
From Figs. 9, 10, 11 and 12, it is noted that the 

simulated output using RLS and PSO match the 
actual output very well for the time domains 
mapping of both response. This is further 
demonstrated by the frequency domain plots which 
show that the model has successfully characterized 
the system dynamics especially the first three modes 
of vibration. The first vibration mode captured by 
both RLS and PSO is recorded at 11.65 Hz, which is 
very close to the theoretical vibration mode with 
percentage of error 7.46% 

 

0 2000 4000 6000 8000 10000 12000 14000
-1.5

-1

-0.5

0

0.5

1

1.5

Time (samples)

N
o

rm
a
li
z
e
d

 M
a
g

n
it

u
d

e
 o

f 
e
n

d
-p

o
in

t 
D

is
p

la
c
e
m

e
n

t

End-Point Displacement

 

 
RLS Prediction

Actual

 
(a) Actual and predicted RLS output in time domain 
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(b) Spectral density of output 

Fig. 10: End-point displacement modeling using 
RLS 
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Table 2: Parametric Identification 
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(a) Actual and predicted PSO output in time domain 
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(b) Spectral density of output 

Fig. 11: Hub angle modeling using PSO 
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(a) Actual and predicted PSO output in time domain 
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(b) Spectral density of output 

Fig. 12: End-point displacement modeling using 
PSO 

 

7.3 Control Results 
Proposed control schemes are implemented and 
tested within Matlab environment of the flexible 
manipulator. Hub angle and end-point displacement 
responses of the system is measured and analyzed to 
study the performance of the proposed controllers. 
The performances are assessed in terms of input 
tracking and vibration suppression achieved with the 
controllers. 
 
 
7.3.1 Rigid motion control 
Rigid motion control of flexible manipulator has 
been controlled by collocated PID controller 
(Section 6.1). The flexible link of the manipulator is 
required to follow a step input of 19º. The PID 
parameters are deduced using auto-tuning function 
in Matlab software and the transfer function is 
provided from the open loop response of input 
torque to hub angle obtained using RLS and PSO 
algorithm. The controller parameters obtained as 
shown in Table 3.  
 

Table 3: Performances of input tracking for all 
models 

Modeling 
domain 

PID 
Parameter 

Tracking 
capabilities 

SSE OS 
(%) 

Ts (s) 

RLS Kpr= 80.03 
Kir= 9.96×10−2  
Kdr = 20.59 

0 0 1.039 

PSO Kp= 1.96×105 
Ki= 5000.41  
Kd= 100.39 

0 0 0.264 

 
The corresponding hub angle responses of the 

manipulator using the PID control are shown in Fig. 
13. It is clear that the response from PID control is 
almost indistinguishable and an acceptable hub 
angle response was achieved. The manipulator 
reached the desired angle with zero steady state 
error (SSE) and zero overshoot (OS) for both 
models but PSO model reached desired angle faster 
with settling time, Ts of 0.264 s. 
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Fig. 13: Input tracking by PID controller 

 
 

7.3.2 Flexible motion control 
Intelligent PID controller was employed to actively 
suppress the unwanted vibration at the end-point of 
flexible manipulator. In this study, 30 particles are 
considered with 50 iterations for PSO algorithm to 
tune the PID controller. For purposes of 
comparison, the flexible body motion also control 
by PID controller where the parameters being tuned 
by autotuning function in Matlab software. Table 4 
shows the optimal PID parameters achieved for RLS 
and PSO models.  

Figs. 14 and 15 shows the simulated output of 
vibration suppression of PID controller in time and 
frequency domains for RLS and PSO model 
respectively. The RLS algorithm achieved the best 
MSE level of 6.7042×10−8 while PSO algorithm 
achieved the best MSE level of 3.9334×10−8 in the 
50th iteration as shown in Figs. 14(a) and 15(a). 
Figs. 14(b)-(c) and 15(b)-(c) show the control 
system performance in this case. It is noted from 
time domain mapping, PID controller actively 
suppress the unwanted vibration at end-point. This 
is further demonstrated by the frequency domain 
plots which show the significant amount of spectral 
attenuation at the resonant mode. 

The spectral attenuation achieved by PID and 
PID-PSO controller for both models has been 
depicted in Table 4. It is reveals that PSO model has 
a better identify model where the attenuation 
achieved is bigger than RLS model. It is also 
demonstrated that the developed PSO for tuning 
PID controller has performed far better in the 
suppression of vibration of the flexible manipulator 
structure as compared with the conventional PID 
controller.  

 
 
 
 
 

Therefore optimizations of PID parameters are 
crucial in order to improve overall performance of 
the system and PSO algorithm is effective as an 
optimization tools. 
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(b) End-point vibration suppression in time domain 
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Fig. 14: Performance of proposed controller on RLS 
model 
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(b) End-point vibration suppression in time domain 
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Fig 15: Performance of proposed controller on PSO 
model 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
8 Conclusion 
This paper has presented design of an optimum PID 
controller using PSO for control of a flexible 
manipulator system. A simulation environment 
characterizing the dynamic behavior of the flexible 
manipulator system was first developed using finite 
difference method. Subsequently, flexible 
manipulator system has been modelled using PSO 
modelling techniques in comparison with 
conventional RLS method in order to obtain the 
transfer function of the system response. Next, 
hybrid PID controller was employed for control of 
flexible manipulator. The optimum gains that 
acquired through global search of PSO technique 
has been tested on the control structure. System 
responses including input tracking and vibration 
suppression at the end-point has been evaluated.  
Simulation results reveals that proposed controller 
has successfully position the flexible link to the 
desired position with reduction of vibration at end-
point. 
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