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Abstrac —In this paper, backstepping method (BM) is proposed 

for a single-link flexible mechanical manipulator. In each step of this 
method a positive value is obtained. Selections of the gain factor 
values are very important because controller will have different 
behavior for each different set of values. Improper selection of these 
gains can lead to instability of the system. In order to choose proper 
values for gains BELBIC method has been used in this work. Finally, 
to prove the efficiency of this method, the obtained results of 
proposed model are compared with robust controller one. Results 
show that the combination of backstepping and BELBIC that is 
presented here, can stabilized the system with higher speed, shorter 
settling time and lower overshoot in than robust controller. 
 

Keywords—single-link flexible manipulator, backstepping, 
BELBIC 

I. INTRODUCTION 
ECHANICAL manipulators have lots of applications in 
industries. Technological developments, controlling 

methods have been sophisticated and new system control with 
conventional methods is not feasible. Human capability of 
dealing with these kinds of systems has resulted in 
researchers’ tendency towards human based controlling 
methods.Lots of controllers and methods have been proposed 
in order to control manipulators.  

Vicente Feliu et al. [1], have presented a new feed forward 
method to amend flexible manipulator dynamics in order to 
have an optimal design for maximum load. M.S. Alam et al. 
[2], have design a feed forward command shapers with multi-
objective genetic optimization for vibration control of a 
single-link flexible manipulator. A combination of fuzzy logic 
with genetic algorithm optimization for a single-link flexible 
manipulator can be seen in [3]. Kerem Gurses et al. [4] have 
used an array of fiber optic curvature sensors and PZT 
actuators to control the vibration of a single-link flexible 
manipulator. A PZT actuator control of a single-link flexible 
manipulator based on linear velocity feedback and actuator 
placement can be seen in [5] that used intelligent equipments 
specifically piezoelectric material in order to obtain Lyapunov 
function using PD feedback and voltage signals to drive PZT 
actuator. Barun Pratiher et al. have investigated non-linear 
vibration and behavior of a single link viscoelastic Cartesian 
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manipulator [6]. In [7] a combination of sensor based active 
controller and piezoelectric actuators is utilized in order to 
control end position a two-link flexible manipulator. Ismael 
Payo et al. [8], utilized a modified PID to control force of a 
very lightweight single-link flexible arm based on coupling 
torque feedback in two states of no-load and tracking. In [9] a 
simplified and reduced model for a single-link flexible 
manipulator is presented and system identification has been 
investigated. S.B. et al. have designed a vibration controller 
for a single-link flexible arm considering its disturbances [10].  
Furthermore, a strain gauge based controller for single-link 
flexible arms in very lightweight robots is designed that is 
robust for maximum payload [11]. A robust distributed 
controller has been designed for a single-link Cartesian smart 
materials robot (SCARA) that is tolerant of distortions [12]. 
 Y. Cao et al designed a new manipulator that was utilized 
for a trajectory input tracking experiment [13]. Proposed 
controller is based on PID and FLT design. In [14] and [15] 
backstepping method of a single-link flexible robotic 
manipulator is utilized for trajectory input tracking. 

Nonlinearity of unknown parameters is always the main 
problem of manipulators. Real time implementation of 
NARMA-L2 controller has designed in [16] for controlling a 
DC motor of single link manipulator considering unknown 
dynamics. Positive position feedback (PPF) method is one of 
the most efficient methods for intelligent actuators.  

 Slewing and vibration control of a single-link flexible 
manipulator has done by Jinjun shan et al, [17], using PPF 
controller for a PZT actuator. A new modeling to single-link 
flexible manipulator using singular perturbation method is 
presented in [18] which were controlled by  method. In 
[19], a combination of nonlinear backstepping control and 
adaptive control has been proposed to design a controller for a 
flexible joint manipulator. A hybrid of adaptive and sliding 
control method has utilized to control a single-link flexible-
joint robot with mismatched uncertainties [20]. PID-based 
control of a single-link flexible manipulator that was 
optimized by genetic algorithm was proposed in [21] in order 
to control vertical motions. B.A. Md Zain, et al [22], utilizing 
parametric techniques of RLS with Genetic Algorithms 
proposed a dynamic modeling for a Single-link flexible 
manipulator. 

 In [23, 24] new controlling methods based on a hybrid 
strategy and integral resonant control (IRC) were proposed 
respectively in order to control vibration damping and precise 
tip-positioning of manipulator. Utilizing H∞-based PID 
                                                                                                     
 

Optimal Controller with Backstepping and 
BELBIC for Single-Link Flexible Manipulator 

Ali Reza Sahab and Amir Gholami Pastaki 

M 



International Journal of Information, Control and Computer Sciences

ISSN: 2517-9942

Vol:5, No:7, 2011

799

 

 

controller position of single-link manipulator has been 
controlled [25].  In [26], a bond graph modeling technique 
was used to track the trajectory path of flexible space robot. A 
combination of backstepping method and high-order 
differential neural network was used to control flexible-joint 
manipulator [27]. In [28, 29] two BELBIC robust adaptive 
controller for stable uncertain nonlinear systems and 
aerospace launch vehicle control were introduced 
respectively. Also a PID and BELBIC controller designs in 
path tracking problem was introduced in [30] as an intelligent 
auto pilot. 

In this paper utilizing backstepping method (BM) a 
controller is designed to stabilize the system states of a single-
link flexible mechanical manipulator. Then applying presented 
BELBIC model introduced in [30] ,[31] the controller is 
converted to an intelligent one in order to optimize BM. This 
proposed model is simulated and obtained results show that in 
comparison with robust controllers proposed system is faster 
and more proper. 

II. MODELING AND PROBLEM FORMULATION 
The proposed scheme above will be applied to a single-link 

flexible-joint manipulator. Giving a priori the motor inertia, it 
identifies the rest parameters of the system without requiring 
acceleration signals. Details are given in the following. The 
dynamics of a single-link flexible-joint manipulator, in state-
space representation, can be described by [32]. 
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Where 1x  is the link position, 2x  is the link angular 
velocity, 3x is the motor rotor position, 4x  is the motor rotor 
angular velocity, lJ is the link inertia, rJ is the motor rotor 
inertia, ek is the joint elastic constant, m is the link mass, l  is 
the link length, g is the gravity constant, μ  is the viscosity, 
and )(tu  is the control input.The system parameters are 
chosen from [33] that list in table 1. 

III. BACKSTEPPING METHOD 
Considering the strictly feedback nonlinear system as (2) 

where T
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The first subsystem is changed to be 11 ux =& . Choosing 

111 xku −= with 01 >k , the origin of the first subsystem 01 =x  
is asymptotically stable, and Lyapunov function is 
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Which is in the form of BM, so 2u  is as follow: 
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Where 02 >k  . This equation asymptotically stabilizes 

)0,0(),( 21 =xx and Lyapunov function is as (8). 
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The remaining step can be deduced by analogy. Until step 
n , the actual control law )(xu nϕ=  shall be determined, 
which can asymptotically stabilize (2). BM is expanded for 
class of nonlinear MIMO systems [34]. 

IV. CONTROL MANIPULATOR SYSTEM 
BM is used to control the states 4321 ,,, xxxx  to origin point 

)0,0,0,0( , via the torque u calculated with four steps. 
 

Step 1. The first subsystem of (1) is 
21 xx =&                                                                                  (10) 

Lyapunov function and 2x are obtained as (11) and (12). 

2
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Step 2. Considering ),( 21 xx  of (1) 

TABLE I 
PARAMETERS OF SYSTEM 

Symbols Values Units 

mgl  5 mN.  

lJ  1 
2.mKg  

rJ  0.3 
2.mKg  

μ  0.1 SmKg 2.  

ek  100 mN.  
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3x and Lyapunov function are taken as (14) and (15). 
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Step 3. Considering 321 ,, xxx  of the (1) 
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4x and Lyapunov function are taken as (17) and (18). 
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Step 4. Considering all states of (1), u  as an actual control 
input and Lyapunov function are taken as (19) and (20). 
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V. BRAIN EMOTIONAL LEARNING BASED INTELLIGENT 
CONTROLLER (BELBIC) 

In this method base of learning are emotional factors like 
excitement and anxiety. Here the roots of distress are assumed 
as stimulants and the control system should react in the way 
that reduces the system anxiety caused by these stimulants. 
BELBIC has some input sensors that can be chosen by 
designer. Each input sensor has two different states that can be 
described as: 
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In which is is ith input sensor and v and w are two states 
that are depended on input sensor and can be obtained from: 
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In which α and β are teaching coefficients and rew is 
reward signal that in this work is chosen as a linear function 
of system error. Controlling vector u is: 

∑∑ −= ii OAu                                                                 (23) 

Reward signal is supposed as follow: 
2
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VI. NUMERICAL SIMULATIONS 
This section presents numerical simulations flexible link 

manipulator. The Optimal Backstepping Method (OBM) is 
used as an approach to control manipulator system and 
eventually the results of this would be compared with the 
control result of Robust Control Method (RCM) [35].  

Fig. 1, 2, 3 and 4 show that 4321 ,,, xxxx of Manipulator 
system can be stabilized with the control law u that is 
obtained as (19) to the origin point )0,0,0,0( . 
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Fig. 1 Link position of manipulator 
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Fig. 2 Link angular velocity of manipulator 
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Fig. 3 Motor rotor position of manipulator 
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Fig. 4 Motor rotor angular of manipulator 

VII. CONCLUSION 
In this paper a single-link flexible manipulator and its 

stability had been investigated. Then, in order to improve its 
stability a non-linear backstepping controller had been 
designed. Whereas, backstepping based controller had 
positive gain factors, choosing improper values might result 
instability of the controlled system. Hence, to modify the 
controller a BELBIC controller was utilized. Comparison 
between the results of backstepping and BELBIC hybrid 
controller and conventional robust one proved the efficiency 
of this work design. Obtained results from simulation 
illustrated that proposed controller could settle and stabilize 
mentioned manipulator with higher speed, lower overshoot 
and shorter settling time. 
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