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Abstract: Control of robotic systems is vital due to wide range of their applications because this system is 
multi-input multi-output, nonlinear and uncertainty. Consequently, it is difficult to design accurately 
mathematical models for multiple degrees of freedoms robot manipulator. Therefore, strong mathematical 
tools used in new control methodologies to design a controller with acceptable performance. As it is 
obvious stability is the minimum requirement in any control system, however the proof of stability is not 
trivial especially in the case of nonlinear systems. One of the best nonlinear robust to control of robot 
manipulator is sliding mode controller. A review of sliding mode controller for robot manipulator will be 
investigated in this paper. 
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INTRODUCTION

There are a lot of control methodologies that can be 
used for control of robot manipulators. These range of 
various controllers applied from linear to nonlinear, to 
lots of non-classical non-linear and adaptive non-
classical non-linear. In this paper an attempted has been 
made to do a review of Sliding Mode Control (SMC) 
for robotics manipulator. 

Non linear control methodologies are more general 
because they can be used in linear and non linear 
systems. These controllers can solve different problems 
such as, invariance to system uncertainties and
resistance to the external disturbance. The most
common non linear methodologies that have been
proposed to solve the control problem consist of the 
following methodologies: feedback linearization control 
methodology, passivity-based control methodology,
sliding mode control methodology, robust Lyapunov-
based control methodology, adaptive control
methodology and artificial intelligence-based
methodology [1].

Sliding Mode Controller (SMC) is a powerful
nonlinear controller which has been analysed by many 
researchers especially in recent years. This theory was 
first proposed in the early 1950 by Emelyanov and 
several co-workers and has been extensively developed 
since then with the invention of high speed control 
devices [2, 3]. The main reason to select this controller 
in wide range area is have acceptable control
performance and solve two most important challenging 

topics in control which names, stability and robustness 
[1, 4, 5]. However, this controller used in wide range 
but, pure sliding mode controller has following
disadvantages. Firstly, chattering problem; which can 
caused the high frequency oscillation of the controllers 
output. Secondly, sensitivity; this controller is very 
sensitive to the noise when the input signals very close 
to the zero. Last but not the least, nonlinear equivalent 
dynamic formulation; which this problem is very
important to have a good performance and it is  difficult 
to calculation because it is depending on the nonlinear 
dynamic equation [6-9].

Chattering phenomenon can cause some problems 
such as saturation and heat for mechanical parts of 
robot manipulators or drivers. To reduce or eliminate 
the chattering, various papers have been reported by 
many researchers and classified in two most important 
methods, namely, boundary layer saturation method and 
estimated uncertainties method [1, 3, 10-20].

In recent years, artificial intelligence theory has 
been used in sliding mode control systems. Neural
network, fuzzy logic and neuro-fuzzy are synergically 
combined with sliding mode controller and used in 
nonlinear, time variant and uncertainty plant (e.g., robot 
manipulator). The strategies for robotics are classified
in two main groups: classical and non-classical
methods, where the classical methods use the
mathematical models to control systems and non-
classical methods use the artificial intelligence theory 
such as fuzzy logic, neural networks and/or neuro-
fuzzy.



World Appl. Sci. J., 18 (12): 1855-1869, 2012

1856

After the invention of fuzzy logic theory in 1965 
by Zadeh, this theory was used in wide range
applications. Fuzzy Logic Controller (FLC) is one of 
the most important applications in fuzzy logic theory. 
This controller can be used to control of nonlinear,
uncertain systems and transfer expert knowledge to 
mathematical formulation. However pure FLC works in 
many areas but, it cannot guarantee the basic
requirement of stability and acceptable performance
[12]. Some researchers applied fuzzy logic
methodology in sliding mode controllers (FSMC) to 
reduce the chattering and equivalent problems in pure 
sliding mode controller so called fuzzy sliding mode 
controller [21-25] and the other researchers applied 
sliding mode methodology in fuzzy logic controller
(SMFC) to improve the stability of system that is most 
important challenge in pure FLC [26-29].

Fuzzy Sliding Mode Controller (FSMC) is a sliding 
mode controller which combined to Fuzzy Logic
System (FLS) to reduce or eliminate the high frequency 
oscillation (chattering), to compensate the unknown 
system dynamics and also to adjustment of the linear 
sliding surface slope. H.Temeltas has proposed FSMC 
to achieving robust tracking of nonlinear systems. C. L. 
Hwang have proposed a fuzzy model based sliding 
mode control based on N fuzzy based linear state-space
[24, 30]. A multi-input multi-output FSMC to reduce 
the chattering and constructed to approximate the
unknown system has been presented for a robot
manipulator [22]. 

Sliding Mode Fuzzy Controller (SMFC) is a fuzzy 
logic controller based on sliding mode methodology to 
reduce the fuzzy rules and to refine the stability of close 
loop system. Research on SMFC is significantly
growing as their applications, for instance, in control 
robot manipulator which, have been reported in [26-
29]. H.K.Lee have presented self tuning SMFC to
reduce the fuzzy rules, increase the stability and to 
automatically adjusted control parameters. Palm R has 
proposed SMFC to increase the robustness and
trajectory disturbance [11, 31].

Another method to intelligent control of robot
manipulator is Artificial Neural Networks (ANNS) or 
Neural Networks (NNs). It is a parametric nonlinear
function and the parameters are the weights of the NNs. 
It can be used in two areas in robotics, namely, control 
robot manipulator and identification. Neural networks 
control is very effective tool to control robot
manipulator when robot manipulators have uncertainty 
in dynamic part. With this method, researcher can
design  approximator  for  an  unknown  dynamical 
system only by knowing the input-output data of
systems (i.e., training data) [9, 32].

Adaptive control used in systems whose dynamic 
parameters  are  varying and need to be training on line. 

In general states adaptive control classified in two main 
groups: traditional adaptive method and fuzzy adaptive 
method, that traditional adaptive method need to have 
some information about dynamic plant and some
dynamic parameters must be known but fuzzy adaptive 
method can training the variation of parameters by 
expert knowledge. Combined adaptive method to
artificial sliding mode controllers can help to
controllers to have better performance by online tuning 
the nonlinear and time variant parameters. F Y Hsu 
have presented adaptive fuzzy sliding mode control,
which can update fuzzy rules to compensate nonlinear 
parameters and guarantee the stability robot
manipulator controller. Y.C. Hsueh have presented self 
tuning sliding mode controller which can resolve the 
chattering problem without to use of satura tion function 
[33, 34]. 

This paper is organized as follows. In section 2, 
main subject of sliding mode controller and formulation 
are presented. This section covered the following
details, classical sliding mode control, model of robotic 
manipulators, classical sliding for robotic manipulators, 
equivalent control and chatter free sliding control. A 
review of the fuzzy logic system is presented and 
introduces the description and analysis of fuzzy logic 
systems and adaptive fuzzy control in section 3. In 
section 4, review of adaptive fuzzy sliding mode
control is presented. This section covered the following 
details, description of most important algorithms and 
comparison between these algorithms. In section 5,
review of neural sliding mode controller are presented,
this method is used to training and estimation to reduce 
the chattering and estimation the equivalent part. In 
section 6, the conclusion is presented.

INTRODUCTION TO CLASSICAL 
SLIDING MODE CONTROL

This section provides a review of classical sliding
mode control and the problem of formulation based on 
[3, 35-37]. Consider a nonlinear single input dynamic 
system of the form:

(1)

where u is the vector of control input, x(n) is the nth 
derivation of x, 

is the state vector, ƒ(x) is unknown and b(x) is of 
known sign. The control problem is truck to the desired 
state,
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and have an acceptable error which is given by:

(2)

Consider a time-varying sliding surface s(x,t) is 
given by:

(3)

where λ is the positive constant. Most of researcher 
used an integral term to further penalize tracking error 
as follows:

(4)

The main target in this methodology is keep s(x,t) 
at zero when tracking is outside of s(x,t). Therefore, one 
of the common strategies is to find input U outside of 
s(x,t)

(5)

where ζ is strictly positive constant, so, equation (5) 
forces tracking trajectories towards sliding condition as 
shown in Fig. 1. A simple solution to get the sliding 
condition when the dynamic parameters have
uncertainty is the switching control law:

(6)

where the  is the positive constant. Since the 
control input U has to be discontinuous term, the
control switching could not to be perfect and this will 
have chattering. Chattering can caused the high
frequency oscillation of the controllers output and fast 
breakdown of mechanical elements in actuators.
Chattering is one of the most important challenging in 
sliding mode controllers which, many papers have been 
presented to solve this problems [37]. Figure 2 shows 
the chattering as a result in control switching.

Several different methods have been proposed to 
reduce and eliminate the chattering, but two basic
common method presented in this paper:

• The  boundary layer  method,  which  in  this 
method  the  basic idea is replace the discontinuous 

Fig. 1: Sliding surface (J.J. Slotine and H. Asada,
41986)

Fig. 2: Chattering as a result of imperfect control
switching (Slotine and Li, 1991)

method by saturation(linear) method with small
neighbourhood of the switching surface. This
replace caused to increase the error performance. 
Several papers have been presented about trade-off
between performance and chattering [11-13].
Therefore, to have a smote control law, the
saturation   function   Sat(S/∅)  added  to  the 
control law:

(7)

The control input U is shown in Fig. 3.
R. Palm has presented a fuzzy method to nonlinear 

approximation instead of linear approximation inside 
the boundary layer to improve the chattering and
performance result. Figure 4 shows the nonlinear
operating line [11].

L.X. Wang has proposed a method, universal
approximation methods, to approximate any continuous 
function on a compact set to arbitrary accuracy based 
on stone-weierstrass theorem. Emami have proposed 
fuzzy logic approximation to improve the palm method 
in calculate nonlinear approximator inside the boundary 
layer [12, 13]. 



World Appl. Sci. J., 18 (12): 1855-1869, 2012

1858

Fig. 3: Control law in the boundary layer (Slotine and 
Li, 1991)

Fig. 4: Nonlinear operating line (Palm, R., 1992)

• Estimated uncertainty method, which this method 
used the uncertainty estimator for compensation of 
the uncertainties structures and unstructured of the 
plant. If estimator has an acceptable performance 
to compensate the uncertainties there is no need to 
use discontinuous control law to achieve sliding 
mode which, caused to reduce or eliminate the
chattering. This method implement by some
researchers in different area [15, 16, 18, 38-41].

• Elmali and Moura have presented sliding mode
control with perturbation estimation method
(SMCPE) to reduce the classical sliding mode
limitation [15, 38, 39]. This method was tested for 
the tracking control of the first two links of a
SCARA type HITACHI robot. Figure 5 shows the 
block diagram of this method to reduce or
eliminate the chattering. Figure 6 shows the
experimental  block  diagram  representation  of 
SMC and SMCPE. 

Y. Li and Q. Xu have introduced adaptive SMCPE 
with PID sliding surface [41]. This method has better 
performance   than   the  previous method (e.g., Elmami

et al., Moura et al.). Figure 7 shows the block diagram 
of the adaptive SMCPE PID robust controller.

Model of robotic manipulator: The dynamic
equations of robot manipulators with rigid links can be 
written as:

M(q)q V(q,q)q G(q)
•• • •

+ + = Γ  (8)

where, V (q, ) : Centrifugal and Coriolis forces, G(q) : 
Gravity forces, G: Generalized forces, M(q) : Mass 
Matrix-Kinetic Energy Matrix, q: Generalized Joint
Coordinates. By writing the velocity dependent term

V(q,q)
•

 in different form, all the matrices become
functions of only the manipulator position; in this case 
the dynamic equation is called configuration space
equation and has the following form: [42]
If

2

V(q,q) B(q).[q.q] C(q)[q ]
• • • •

= +
2

M(q).q B(q)[q.q] C(q)[q] G(q)
•• • • •

⇒ τ = + + + (9)

where,

n(n 1)
B(q) n

2
−

= ×  matrix of coriolis torques, 

C(q) n n= ×  matrix of centrifugal torques,

n(n 1)
[qq] 1

2

• • −
= ×  vector of joint velocity products given 

by :

1 2 1 3[q .q ,q .q , . . . . . . . ]
•
• • •

2

[q] n 1
•

= ×  vector given by: 
2 2

1 2[q ,q , . . . ]
• •

.

The angular acceleration is found as to be:

2

1q M (q).{ [B(q).qq C(q).q g(q)]}
•• • • •

−= τ− + + (10)

Classical sliding mode control for robotic manipulator
It is well known that the equation of multi DOF 

manipulator governed by the equation (9) and the
tracking error is defined as:

(11)
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Fig. 5: The block diagram representation of the experimental set-up (Elmali and Olgac, 1992)

Fig. 6: Block diagram representation of: (A) SMC, (B) SMCPE (Elmali and Olgac, 1996)

Fig. 7: Block diagram of the adaptive SMCPE-PID robust controller (Yangmin and Qingsong, 2009) 

where qd is desired output and qa is actual output. The 
sliding surface is defined as follows:

(12)

where λ is chosen as the bandwidth of the robot 
manipulator controller. The time derivative of S is:

(13)

The Lyapunov function V defines as: 

(14)

Based on above discussion, the control law for a 
multi DOF robot manipulator can be written as:

(15)

where, the model-based component Ueq compensate for 
the nominal dynamics of systems. So Ueq can calculate 
as follows:
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(16)

and Udis can calculate as follows:

(17)

To reduce the chattering problem, the saturation 
function introduced in control law instead of sign
function as follows:

(18)

where ∅ is the width of the boundary layer, therefore 
the control output can be write as follows:

(19)

Figure  8-11  shows  the  tracking  joint  and 
tracking errors for two degrees of freedom robot
manipulator [43].

INTRODUCTION TO FUZZY CONTROL

After the introduced fuzzy set theory in 1965 by 
Zadeh (Zadeh) fuzzy systems have been widely used in
different area, especially in nonlinear and complex
control methodology [44]. This method can transfer
expert to mathematical knowledge. In control robot
manipulator it can used in different area (e.g., estimate 
the dynamic part, tuning the parameters and……) by 
used if-then rules. Fuzzy logic control (FLC) systems, 
do not use complex mathematically models of plant for 
analysis. This method is free of some of the problems 
associated with the model-based techniques that used in 
classical controllers. It mu st be noted that application of 
fuzzy logic is not limited only to systems difficult for 
modelling [45-48] but also this method can help
engineers to design controller significantly easier. 

Design and analysis fuzzy logic system:  A block
diagram of fuzzy controller shows in Fig. 12. However
the  application  area  for  fuzzy  control is really wide, 
the basic form for all command types of controllers 
consists of: Input fuzzification (binary-to-fuzzy [B/F] 
conversion),   Fuzzy    rule  base,   Inference  engine
and Output deffuzzification (fuzzy-to-binary [F/B]
conversion) [49].

The basic structure of a fuzzy controller is shown 
in Fig. 13. 

This controller has two inputs ( e,e
•

) and one output 
(t).  Two   inputs   are   used  for  accessing  the  current

Fig. 8: (a) Tracking and (b) errors of joint 1 in classical 
SMC (Xiaosong Lu, 2007)

Fig. 9: Control input; joint 1 (Xiaosong Lu, 2007)

Fig. 10: (a) Tracking and (b) errors of joint 1 in classical 
SMC by using saturation function (Xiaosong 
Lu, 2007)

conditions of the process. The inputs are error (e) which 
measure the difference between desired and actual

position and the rate of error (e


 ) which measure the 
difference between desired and actual velocity. The
complete fuzzy rule base for conventional fuzzy
controller is shown in Table 1. 



World Appl. Sci. J., 18 (12): 1855-1869, 2012

1861

Fig. 11: Control input; joint 1 SMC with saturation
function (Xiaosong Lu, 2007)

Fig. 12: Block diagram    of    pure   fuzzy   controller 
(S. Mohan and S. Bhanot, 2006)

Fig. 13: Structure of fuzzy logic controller (S. Mohan 
and S. Bhanot, 2006)

Fuzzy logic and its application to sliding mode
controller: Many  combinations  of  fuzzy logic
systems  with  sliding  mode  method have been 
proposed by several researchers. As mention
previously, SMFC is fuzzy controller based on sliding 
mode method for easy implementation, stability and 
robustness. The SMFC initially proposed by Palm to 
design  nonlinear  approximation  boundary  layer
instead of linear approximation [11]. Emami have
proposed fuzzy logic approximate inside the boundary 
layer  [13]. The  main  drawback  of  SMFC is the value 
of sliding surface λ must be pri-defined very carefully 
and the  most  important  advantage of SMFC compare 
to  pure  SMC  is  design  a  nonlinearity  boundary 
layer.  Control  rules  for  SMFC  can  be  described as 
[11, 31, 50, 51]:

Table 1: Rule table for fuzzy controller (S. Mohan and S. Bhanot, 
2006) for 2 DOF robot manipulator

e,e
•

NB NM NS ZE PC PM PB

NB NB NB NB NM NS NS ZE
NM NB NM NM NM NS ZE PS
NS NB NM NS NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PS PM PB
PM BS ZE PS PM PM PM PB
PB ZE PS PS PM PB PB PB

Table 2: Rule table for SMFC (F.C, Sun et al., 1996)

jS
•

∆uej

Sj N Z P

P Z N N
Z P Z N
N P P Z

          IF S is<ling.var> THEN U is<ling.var> (20)

Table 2 shows the sliding mode fuzzy rule table [51]
Although most of time the control performance for 

FLC and SMFC is similar to each other, but SMFC has 
two most important advantages:
The number of rule base is smaller
Increase the robustness and stability
In this method the control output can be calculated by

(21)

where  is the nominal compensation term and τfuzzy(s) is 
the output of sliding mode fuzzy controller. Figure 14 
shows the block diagram of SMFC.

The most important target in FSMC is design
sliding mode control combined to fuzzy logic systems 
to solve important problems in classical sliding mode 
controller. Several papers have been proposed about 
this method and several researchers’ works in this area 
[52-57]. Figure 15 shows the fuzzy model base sliding 
mode controller which including a fuzzy equivalent
control that was employed to obtain the desired control 
behaviour and a fuzzy switching control was applied to 
reinforce system performance.

Adaptive fuzzy control: For any plants (e.g., robot 
manipulators) whose time variant, adaptive control can
learn the dynamic parameter to design an acceptable 
controller. All pure fuzzy controllers have common
difficulty, which  they need to find several scale factors.
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Fig. 14: The structure of SMFC (H.K. Lee, 1994)

Fig. 15: Fuzzy model base sliding mode controller (C.L. Hwang and S.F. Chao, 2004) 

Fig. 16: The structure of MIMO fuzzy login systems (B.K. Yoo abd W.C. Ham, 2000)

Therefore, adaptive method can adjust and tune
parameters. Research on adaptive fuzzy control is
significantly growing, for instance, the different
adaptive  fuzzy  controllers  have  been  reported  in 
[58-65].

ADAPTIVE FUZZY SLIDING MODE CONTROL

The addition of adaptive methodology to a fuzzy 
sliding mode controller caused to improve the tracking 
performance by online tuning the parameters. The
adaptive  sliding  mode  controller  is  used  to  estimate 
the    unknown     dynamic    parameters    and   external 

disturbances. Several researchers works on adaptive
sliding mode control and their applications in robotic 
manipulator in the following references [33, 66-79].
Generally, adaptive fuzzy sliding mode control of robot 
manipulator classified in two main groups: multi-input
multi-output (MIMO) and single-input single-output
(SISO) fuzzy systems. MIMO and SISO fuzzy systems
are designed to compensate the uncertainties of the 
robot manipulator.

The general MIMO if-then rules are given by [68]:

then (22)
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Fig. 17: The structure of adaptive fuzzy compensate control of robot manipulator (B.K. Yoo and W.C. Ham 2000)

Fig. 18: Performance MIMO adaptive fuzzy sliding
mode controller (B.K. Yoo and W.C. Ham
2000) a) Error performance, b) Torque
performance to show chattering

Fig. 19: The structure of a SISO fuzzy logic controller 
(B.K. Yoo and W.C. Ham 2000)

Fig. 20: Adaptive fuzzy sliding mode controller (Y, Guo 
and P.Y. Woo, 2003) a) Torque performance b) 
Error performance with load and disturbance

where, l = 1,2,3,…,m are fuzzy if-then rules, x and y 
are the inputs and outputs vectors of fuzzy systems. 
Figure 16 shows the structure of MIMO fuzzy logic 
system.Several papers have been used MIMO fuzzy 
systems in compensation [33, 66, 68-69, 76].

Yoo and Ham have proposed a MIMO fuzzy
system  to  help  the  compensate  and  estimate  the 
torque coupling. In n-DOF robot manipulator with k 
membership function for each input variable, the
number  of  fuzzy  rules  for  each  joint  is  equal  to 
3k2n   that   will  be   result   in  high   computation  load
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and  also  this  controller has  chattering. This method
can  only  tune  the  consequence  part  of  the  fuzzy 
rules  [66, 68]. Figure 17 shows the structure of
adaptive fuzzy compensator control of robot
manipulator.

The   validity   of   the   control   performance  in
this   method   are   shown   by  computer  simulations
of  two  DOF  robot  manipulator  which  is  shown  in 
Fig. 18.

Medhafer have proposed an indirect adaptive fuzzy 
sliding mode controller to control robot manipulator
[76]. This MIMO algorithm, are applied to estimate the 
nonlinear dynamic parameters. If each input variable 
have K2 membership functions, the number of fuzzy 
rules for each joint is  Compared with 
the previous algorithm the number of fuzzy rules are 
reduce by introduce the sliding surface as inputs of 
fuzzy systems. This method also cannot tuning for the 
premise part of the fuzzy rules but it can attenuated the 
chattering.
The general SISO if-then rules are given by [68]:

then
(23)

where,   l = 1,2,3,…,M   are   fuzzy   if-then   rules   and 
j = 1,2,3,…,m. Figure 18 shows the structure of SISO 
fuzzy   logic   system.   Several   papers  have  been
used  SISO  fuzzy  systems  in  compensation  [67, 73-
75, 80-82].

Y. Guo and P. Y. Woo have proposed a SISO
fuzzy system to help compensate and reduced the
chattering [80]. First if each input variable have K2
membership functions the number of fuzzy rules for 
each joint is K2 which is decreased vis -a-vis previous 
algorithm and the chattering is also alleviate. Figure 20 
shows tracking performance in this method for two link 
robotic manipulator.

The previous methods used only for tuning the 
consequence part of fuzzy rules. C. M. Lin and C. F. 
Hsu can solve this problem with design the premise part 
[71]. These researchers can tune both consequence and 
premise parts of fuzzy rules. In this method the number 
of fuzzy rules equal to K2 and the computational load is 
low but it has chattering. Figure 20 shows the block 
diagram of adaptive fuzzy sliding mode control.

Shahnazi have proposed a SISO PI direct adaptive 
fuzzy sliding mode controller based on Lin and Hsu 
algorithm to reduce or eliminate chattering [73, 74].
This method can tune premise and consequence part 
and the number of fuzzy rules are equal to K2. The 
bounds of PI controller and the parameters are online 
adjusted by low adaption computation. Figure 22 shows 
the tracking performance in adaptive fuzzy PI sliding 
mode controller.

NEURAL NETWORK AND ITS APPLICATION 
TO SLIDING MODE CONTROLLER

Many combinations of neural network and sliding 
mode method have been proposed by several
researchers in some paper journals [83-88] and several 
paper conferences [89-93]. The sliding mode neural
network initially has been proposed by R. Safaric et al
to design estimator for nonlinear uncertain parameter 
[94]. Figure 23 shows the sliding mode neural network 
controller.

M. Lee and have proposed a robust neural
controller to improve the uncertain estimation [83]. C. 
K. Lin has presented sliding mode based on fuzzy 
neural network controller [85]. The applications of
neural network in adaptive sliding mode controller have 
been proposed by S. H. Huh and shows in Fig. 24 [86].

The application of neural-fuzzy network in
adaptive sliding mode control to improve the
performance has been presented by C. S. Chen and 
shows in Fig. 25 [87].

Fig. 21: Block diagram of adaptive fuzzy sliding mode controller (C.M. Lin and C.F. Hsu, 2004)
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Fig. 22: Tracking performance in adaptive fuzzy PISMC (Shahnazi et al., 2006) 
a) Torque performance b) Error performance

Fig. 23: Sliding-mode neural network controller (R. Safaric et al., 1996)

Fig. 24: Schematic diagram of the variable structure model reference adaptive control (S.H. Huh et al., 2007)

Fig. 25: Neuro fuzzy adaptive sliding mode controller (C.S. Chen, 2008)
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The application of neural-fuzzy network in
adaptive sliding mode control to improve the
performance has been presented by C. S. Chen and 
shows in Fig. 25 [87].

CONCLUSIONS

In this paper, review of sliding mode control is 
discussed for robotic manipulators. In this paper, first of 
all, main subject of classical sliding mode controller are 
presented. Classical sliding mode controllers have some 
disadvantages, therefore, in the next part fuzzy logic 
system presented to reduce or eliminate these problems. 
Because robot manipulator is nonlinear and uncertain 
system therefore most of researchers work on adaptive 
part to estimation the non linear and uncertain term of 
robot manipulator.
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