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Abstract—Convergence speed for system identification 
and estimation is a popular topic for determining the 
kinematics and dynamic identification/estimation of the 
parameters of robot manipulators. In this paper, adaptive 
fuzzy inverse dynamic system estimation is used to 
improve robust modeling, especially for a serial links 
robot manipulator. The Lyapunov technique is used to 
analyze the convergence rate of the tracking error and 
increase the accuracy response of the parameter 
estimation. Performance of robot estimation is conducted, 
and the results show fast convergence of the proposed 
finite time technique for a 6-DOF robot manipulator. 
 
Index Terms—Finite-time, robot manipulator, fuzzy 
logic inverse dynamic modeling, parameter estimation, 
unknown dynamic parameters. 
 

I.  INTRODUCTION 

Robotics has become a critical area for industries and 
academic communities in recent years. Various types of 
robots have been introduced by robotics research centers 
around the world. One of the essential industrial 
applications of robots is robot manipulators. Industrial 
robot manipulators have been extensively used in two 
parallel areas: industries and academic applications [1]. 
These types of robots have three main challenges: 
modeling, control, and fault diagnosis. The main issue 
concerning robot manipulators is dynamic behaviors. 
Such systems are highly nonlinear; the variation of time 
and coupling are affected between joints and links. 
Because of these issues, modeling, control, and diagnosis 
of faults in these systems are significant problems. 
Newton-Euler (NE) system modeling is one of the critical 
forward and backward system modeling methods for 
robot manipulators. Based on the literature [2], various 
researchers have been using this method for robot 
modeling and design model-reference controller/fault 
identification. Despite various advantages of the NE 
method, accuracy and unknown parameters are two main 
drawbacks of this technique.  

 

To address these drawbacks, the least square [3] 
method was introduced to identify unknown parameters 
in robot manipulators. Various other techniques focus on 
successful access to identify the unknown parameters, but 
few consider fast convergence. Fast convergence has 
played an essential role in accurate modeling of the 
uncertainties [4]. 

The first vital part for system analyses is system 
modeling and estimation. In recent years, system 
estimation for linear and nonlinear systems have 
expanded significantly. Different techniques for system 
estimation have been introduced, such as linear and 
nonlinear system techniques. Linear system estimation 
(ARX, ARMAX, AR, etc.) has been used in many 
applications, but for accurate estimation in the presence 
of noise and uncertainties, these techniques have various 
problems. To improve the performance of linear 
estimation techniques, nonlinear techniques for system 
estimation have been introduced in the literature [5]. 
Nonlinear estimation techniques can be divided into three 
main categories. The first nonlinear identification 
technique is a mathematical parameter identification 
technique, such as the ARX-Laguerre method. This 
technique has been used in different systems for 
estimation, such as bearing and distillation columns [6, 7]. 
The second type of nonlinear system identification 
method is intelligent techniques, such as fuzzy logic, 
neural network, and intelligent adaptive techniques. 
These techniques have been used in various applications, 
such as robotics and rotation machinery [8, 9]. The third 
technique for system identification is the hybrid method. 
The ARX-intelligent technique and ARX-Laguerre 
intelligent method are two essential methods included in 
hybrid system estimation techniques. 

In this paper, we developed an adaptive fuzzy method 
to estimate and model robot manipulator parameters. 
Inverse dynamic modeling and fast convergence 
challenges are solved via application of a robust adaptive 
technique in the fuzzy logic algorithm. Therefore, the 
main contributions of this research paper are as follows: 
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1) A robot manipulator is modeled with the minimum 
error based on the fuzzy logic algorithm. 

2) An adaptive technique is used to improve the 
robustness and increase the convergence speed. 

 
This paper has the following sections. Related work 

will be presented in Section 2. The paper challenge and 
proposed method objectives will be presented in Section 
3. Section 4 provides the proposed method. The results 
and discussion will be presented in Section 5. Section 6 
concludes this paper. 

NOMENCLATURE 

Γ  Torque 

RN Inertia matrix 

RΘ  Nonlinear term 

RΩ  Gravity 

( , )R q qΨ    Uncertain and unknown parameter 

( )R qΦ   Coriolis force 

( )XR q  Centrifugal force 

ϖ  Bounding function 

ˆ ( , )R q qΨ   Dynamic model of uncertainty 

( , )R q qΨ∆   Bounded uncertainty 

I  Identity matrix 

,m me Γ  Fuzzy inputs 

mσ   Fuzzy outputs 

, ,m m m
eH H fΓ   Fuzzy sets 

,H fµ  Fuzzy set membership function 

mδ  Firing strength part 

,H fµ  Non-fuzzy membership definition 

( )x∂  Adaptive learning function 

,x y  Tuning parameters in fuzzy modeling 

e  Performance index 

 

II.  RELATED WORK 

Modeling of industrial systems such as robot 
manipulators has an important role in designing model-
reference controllers and model-reference fault indicators. 
Tischler [11] introduced various system identification 
techniques to control aircraft. A review of various 
techniques for nonlinear system identification methods is 
proposed in [12]. In this research, the authors compared 
seven different system estimation methods, namely: (a) 
linearization, (b) the time domain method, (c) frequency 
domain techniques, (d) the time-frequency domain 
technique, (e) the modal method, (f) the block-box 
technique, and (g) the numerical model updating method. 
Based on [12], the numerical model updating method 
based on the Bayesian method increases the performance 
in uncertain systems. The application of system modeling 
and estimation of the system’s dynamic behavior in fault 
detection and identification (FDI) has been proposed in 
[13]. In [13], canonical variable analysis is introduced for 
system estimation, fault detection, and fault identification. 

The application of artificial intelligence in system 
identification and system estimation is proposed in [14]. 
In that research, the system is modelled by the system’s 
data using the neural network technique. The adaptive 
network-based fuzzy inference system (ANFIS) system 
estimation technique is proposed in [15]. Based on [15, 
16], the neural network method improves the 
performance of derivative techniques, heuristic methods, 
and hybrid techniques.   

 

III.  PROBLEM OF ROBOT INVERSE DYNAMIC MODELING 

Modeling the dynamics of the system has been used for 
many applications, such as system behavior 
understanding and design model-based control algorithms. 
For robot manipulators to design motion controllers, 
accurate modeling of the robot manipulator can play an 
important role. For robot manipulator modeling, we have 
two essential options: mathematical modeling from the 
system’s physics and system identification modeling. 
Regarding the literature [10], the dynamic behavior of the 
robot manipulator is entirely nonlinear. Based on the NE 
theory, the general form of the dynamic formulation of 
the robot manipulator is written as the following equation: 
 

( )[ ] ( , ) ( ) ( , )NR q q R q q R q R q qθ Ω ΨΓ = + + +            (1) 
 

Based on [10], the nonlinear effect of the robot 
manipulator parameters can be defined as follows: 
 

2( , ) ( )[ ] ( )[ ]XR q q R q q q R q qθ Φ= +                 (2) 
 

In the robot manipulator, the unknown and uncertain 
parameters can be defined as the following: 
 

2( , ) ( )[ ] ( )[ ] ( )R q q R q q q R q q R qΨ Φ Χ Ω= ∆ + ∆ + ∆           (3) 
 

To model the robot manipulator based on the 
mathematical (physical) algorithm, (1), (2), and (3), the 
actual angular/prismatic position of the robot manipulator 
is represented as (4): 
 

1[ ] ( ) ( ( , )) ( , )Nq R q R q q R q q−
Θ Ψ= × Γ − +∫∫ ∫∫            (4) 

 
2( , ) ( )[ ] ( )[ ] ( )R q q R q q q R q q R qΘ Φ Χ Ω= + +                (5) 

 
1

2

( , ) ( )( ( )[ ]

( )[ ] ( ))
NR q q R q R q q q

R q q R q

−
Ψ Φ

Χ Ω

= ∆ +

∆ + ∆

  


              (6) 

 
According to (3) and (4), the main challenge for 

mathematical modeling of the robot manipulator for 
control or fault identification is unknown and uncertain 
parameters. Based on the robot manipulator dynamic 
formulation, the mathematical formulation of the robot 
manipulator is incredibly complicated and uncertain, 
therefore, the task of modeling is a significant challenge. 
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To address this challenge, this research proposes the use 
of an adaptive ARX-Laguerre system estimation 
technique. A block diagram of the proposed method is 
depicted in Fig. 1.  
 

 
Fig.1. Block diagram of the proposed method for system modeling 

The range of frequency response for a six degrees of 
freedom (DOF) robot manipulator is illustrated in Fig. 2. 
According to this figure, the resonance frequency for this 
system is approximately 25.5( )

sec
Rad . 

 

 
Fig.2. Robot manipulator frequency response 

Based on Fig. 1, fuzzy logic is one of the critical 
methods for system modeling that works in unknown 
conditions. This technique can be used for systems that 
have limited mathematical definitions. To reduce the 
modeling error and improve the modeling accuracy, a 
proposed system estimation based on adaptive fuzzy 
algorithm is presented.  
 

IV.  PROPOSED METHODOLOGY 

The proposed method is comprised of four major parts: 
(a) system modeling based on the ARX technique, (b) 
evaluation of the ARX system estimation based on the 
Laguerre technique and design ARX-Laguerre system 
estimation, (c) evaluation of the performance of the 
system estimation based on the flexible (fuzzy) technique, 
and (d) use of the adaptive technique to improve the 
accuracy of the system estimation performance.  

It is known that uncertainty is a significant challenge 
for control and fault identification. Two essential 
methods can be used to handle uncertainties. The first one 
is random modeling based on probability, and the second 
technique is extracting equations related to the 
uncertainties and unknown parameters. Based on the 
second method, the system works in a satisfied condition, 
however, it has uncertain and unknown parameters. One 
of the main techniques to solve the uncertainties based on 
the second technique is the use of intelligent methods. 
Different techniques have been used for system modeling 
based on intelligent techniques, such as fuzzy logic, 
neural network, data-driven, and machine learning. These 
techniques have been used to improve the performance of 
the linear system estimator as a hybrid technique. The IF-
THEN rules beside the membership function can be used 
to solve the uncertainties problem as the deterministic 
technique. 

Based on its definition, uncertainty is divided into two 
main categories. The first type is structure uncertainty, 
which used when there are inaccuracies in the system’s 
dynamic parameters. Solving the challenge of structural 
uncertainties is significant to design a model-reference 
controller or fault identifier. The second type of 
uncertainty is unstructured uncertainty while reflecting 
the error in the unmodelled system’s dynamic. It is 
imperative to define the band of uncertainties as follows:  
 

2( )[ ] ( )[ ] ( )R q q q R q q R q ϖΦ Χ Ω∆ + ∆ + ∆ ≤          (7) 

 
Based on (7), if we do not have any information about 

uncertainties or the bounding function, this type of 
uncertainty is introduced as unstructured uncertainty. 
Therefore, the central concept has defined a function for 
estimation of the system uncertainty.   

The next challenge to define the effect of uncertainty is 
dynamic system uncertainty. When the system’s 
uncertainty is changed over time (frequency), modeling 
the uncertainties in this condition is challenging and 
includes the dynamics of the sensor, system resonance, 
and noise, which is measured by sensors. In this condition, 
the adaptive method is recommended to solve the 
challenge of dynamic uncertainties. The adaptive 
technique is used to design a robust estimator for 
dynamic modeling of the robot manipulator. Two 
techniques can be defined as the uncertainties: the 
additive method and multiplicative technique, which is 
defined as follows. Regarding (8) and (9), both 
techniques are suitable to describe the structure and 
unstructured uncertainties.  
 

ˆ( , ) ( , ) ( , )
( , ) ( , ) ( , )

R q q R q q R q q
R q q R q q R q q ϖ

Ψ Ψ Ψ

Ψ Ψ Ψ

= + ∆

→ − = ∆ ≤

  

  
        (8) 

 
Based on these two equations, two types of 

uncertainties are lumped into (8) or (9), which caused an 
increase of modeling accuracy and simplified the design 
model-reference controller or fault identifier.   
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ˆ( , ) ( , )( ( , ))
ˆ ˆ( , ) ( , ) ( , ) ( , )

ˆ( , ) ( , )

ˆ ( , )

R q q R q q I R q q

R q q R q q R q q R q q

R q q R q q

R q qϖ

Ψ Ψ Ψ

Ψ Ψ Ψ Ψ

Ψ Ψ

Ψ

= + ∆

→ − = ∆

≤ ∆

→≤

  

   

 



        (9) 

 
Based on Fig. 1, the first step to system modeling in 

this research is the ARX method. This technique is a 
powerful system identification methods. The ARX 
technique is defined as the following expressions: 
 

1 2

1 2

( ) ( 1) ( 2) ... ( )

( 1) ( 2) ... ( ) ( )
w q

i i

n

q q q n e

κ κ κ κ

α κ α κ α κ κ

∂ + ∂ − + ∂ − + + ∂ − =

− + − + + − +

  
       (10) 

 
1

1

( ) ( 1) ... ( )

( 1) ... ( ) ( )
q q

i i

n

q q n e

κ κ κ

α κ α κ κ

∂ = − ∂ − − − ∂ − +

− + + − +

 
           (11) 

 

1 1

( ) ( ). ( )
[ ... ... ]

[ ( 1)... ( ) ( 1)... ( )]
q i

w i

e

n q q n

κ ϖ κ χ κ
χ ε ε

ϖ κ κ κ κ

∂ = − +


=
 = −∂ − −∂ − − −

        (12) 

 
Regarding (10)-(12), linear modeling of the robot 

manipulator is defined by 
 

( ) [ ( 1), ( 2),..., ( )
, ( 1), ( 2),..., ( )]

w

i

n
q q q n
κ κ κ κ
κ κ κ

∂ = Ω ∂ − ∂ − ∂ −

− − −
           (13) 

 
*

2

0

arg min { ( , )}

1( , ) ( ( ) ( ) )
k

fu q

fu q
k

κ ϖ κ χ

ΩΩ = Ω

Ω = ∂ −∑
                (14) 

 
This method is accurate for system estimation, but it 

has some issues concerning accurate system estimation 
and robustness. Based on Fig. 1, to evaluate the ARX 
estimation method, a Laguerre extended ARX technique 
is recommended. The ARX-Laguerre technique has 
improved the robustness and precision of the system 
estimation. To modify the performance of the ARX 
system estimator, a nonlinear mathematical based system 
estimator (ARX-Laguerre technique) is used as follows: 
 

21

,
0 1

21

, ,
0 1

,

1 1 ,( ) ( ( ) ( ))

1 1 ,
. ( ) ( ( )

( )). ( )

N
n

m n
j

N
n

n q n
j

n I

zK
Z Z

z
K

Z Z
q

α

β

α α
α

α α

β β
β

β β

ζ ζκ κ
ζ ζ

ζ ζ
ϖ κ

ζ ζ

κ ϖ κ

− ∞

=

− ∞

=

− −
∂ = ∗∂

− −

− −
+ ∗

− −

∑ ∑

∑ ∑         (15) 

 
( ) ( )[ ( 1), ( 2),..., ( )

, ( 1), ( 2),..., ( )]
m q

i

n

q q q n

κ κ κ κ κ

κ κ κ

∂ = ∂ ∂ − ∂ − ∂ −

− − −
      (16) 

 

Based on the ARX-Laguerre function, (15), the 
polynomial function is proposed in (16) and (17).  
 

0 1 1
1

1 2 1 2
1 11

( ) ( )

( ) ( ) ...

n

ii ii
ii

n n

ii ii ii ii
ii ii

A

A A

κ κ

κ κ

=

= =

∂ = ∂ + ∂ +

∂ ∂ +

∑

∑∑
              (17) 

 
The coefficient in the ARX-Laguerre polynomial 

function is represented as 
 

( ) 1
( )

( ( ) 1 1
q

i
q q q i

ii ii n
A

q ii n n n n

κ
κ

κ

∂ − ≤ ≤=  − − + ≤ ≤ +
        (18) 

 
where the coefficient decision is proposed by (19)-(21). 
 

( )!
( !)( !)

1

( ) ( )

nn rr
rr nn

q q
q

κ χ κ

+

=

∂ = Φ∑                     (19) 

 
1 2 1 2( ) [ , ,..., ] [ , ,..., ]q qq q qκ∂ = Φ Φ Φ ×            (20) 

 

( )! 1
( !)( !)

1

( )

,
,

,

,
,

nn rr
rr nn

r
rr

rr rr

k q ϑ η

ϑ
ϑ ϑ

ϑ ϑ

ϑ
η

ϑ ϑ

+
−

=

∂ = Φ× = ×

Φ
= Φ −

∂
=

∑ 






 

           (21) 

 
Regarding Fig. 1, to modify the performance of the 

ARX-Laguerre technique, the fuzzy logic technique is 
recommended in this research. Based on the bound of the 
uncertainties, the primary objective is to present a 
systematic fuzzy algorithm to model the multi-input-
multi-output (MIMO) systems in the presence of 
unknown parameters. Based on the fuzzy algorithm, this 
technique consists of the following parts: fuzzification, an 
IF-THEN rule, a reasoning mechanism, and 
defuzzification. The primary challenge of system 
modeling based on the fuzzy algorithm is improving the 
performance of the knowledge base and inference part. 
The fuzzy IF-THEN rule is defined as the following 
equation: 
 

 (N): If  is H  and e  is H  then  is m m m
m m e mRule fσΓΓ        (22) 

 
The fuzzy sets, H ,H  , and  m m m

e fΓ , can be defined by 
the following types of the membership function: 
 

, ,( ) .H f m H fmµ δ µ=                 (23) 
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The membership function is defined by two inputs 
(error and change of error) and an output (fuzzy function). 
To improve the ARX-Laguerre performance, five 
linguistic variables for inputs are defined. The fuzzy rule 
table is shown in Table 1.   

Table 1. Fuzzy rule base for the fuzzy ARX-Laguerre technique 

 
 

Based on (22) and (23), the direct fuzzy reasoning 
(DFR) defuzzification scenario is defined as 
 

, ,

, ,

. .( ). ( )
( , )

.( ). ( )
H f m H f m

m m m
H f m H f m

e
e

e

η µ µ
σ

µ µ

Γ
Γ =

Γ
∑
∑

      (24) 

 
max  ( )

mf mη µ σ=                     (25) 
 

According to this part, the system’s estimation output 
based on the fuzzy ARX-Laguerre technique is more 
accurate and robust than the ARX-Laguerre and pure 
ARX techniques. The fuzzy ARX-Laguerre lookup table 
is illustrated in Table 2. 

Table 2. Lookup table for the fuzzy ARX-Laguerre technique 

 
 

After designing the proposed fuzzy ARX-Laguerre 
method for system estimation, based on Fig. 1, the 
adaptive technique is designed based on the following 
steps. The adaptive system modeling has four main steps: 
(a) learning the definition, (b) tuning the learning, (c) 
decreasing the number of rule-bases, and (c) system 
modeling. The learning part is defined as  
 

1 2

1 2

( ) ( ) ( )

( , ,..., )

( ) ( ( ), ( ),..., ( ))

l l T

l m T

l m T

x x x

x x x x

α β α β

α α α α

β β β β

∂ = =

=

=

∑
            (26) 

 

2

2

( exp( ( ) )
( )

( exp( ( ) )

l x y
x

x
x y

x

α β

α

α β

α

α
− 

− 
 ∂ =

− 
− 

 

∑ ∏

∑ ∏
          (27) 

 

ˆ( | ) ( )TL x xαα α β=                  (28) 
 

The minimum error is defined to tune the learning 
techniques as follows: 
 

ˆarg min[sup ( | ) ( ) ]L x xλ α σ= −               (29) 

 
To obtain the best modeling estimation, the minimum 

error goes toward zero. The number of rule-bases is one 
of the main factors in designing the fuzzy algorithm and 
an online tuner. To reduce the fuzzy rule base and 
increase the fuzzy performance, we divided the fuzzy 
system’s modeling into the three sub-fuzzy systems as 
follows: 
 

1
1
1 1 1 1

1 2

( , ) ( , )

( , ,..., )

T
l

T
l m

q q q qα β

α α α α

∂ =

=

 
                       (30) 

 
2

2
2 2 2 2

1 2

( , ) ( , )

( , ,..., )

T
l

T
l m

q q q qα β

α α α α

∂ =

=

 
                     (31) 

 
3

3
3 3 3 3

1 2

( , ) ( , )

( , ,..., )

T
l

T
l m

q q q qα β

α α α α

∂ =

=

   
                     (32) 

 
 

After defining the three steps of the learning 
techniques, the learning part based on the new definition 
is defined as follows: 
 

1
1( , ). ( , )l q q S q qαα β= −∂                    (33) 

 
2

2 ( , ). ( , )l q q S q qαα β= −∂                   (34) 
 

3
3 ( , ). ( , )l q q S q qαα β= −∂                     (35) 

 
In the last step, the system is modelled (estimated) by 

the following equation: 
 

1 2 3( , , ) ( , ) ( , ) ( , )T T T
l l lq q q q q q q q qα β α β α β∂ = + +              (36) 

 
To minimize the performance index, we defined it as 

follows: 
 

*
2

*( ( ) )
y y

y
e

N

β β

β

 −
− 

  =
∑ ∏

                  (37) 

 
A block diagram of adaptive fuzzy ARX-Laguerre 

system estimation is illustrated in Fig. 3. After designing 
an adaptive fuzzy ARX-Laguerre system estimation, 
analysis of the system convergences is the next step. 
Based on (37), to improve the speed of convergence, the 
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system’s error has been rewritten as 
 

2( ) ,
100%

,
rre

α ϑ ∂
= ×

∂ ∂
                       (38) 

 
Therefore, we have 

 

{ }

( )! 1
( !)( !)

1

1

nn rr
rr nn

q

e α

+
−

=

− ≤∑                        (39) 

 

 
Fig.3. Block diagram of the adaptive fuzzy ARX-Laguerre system 

estimation technique 

 
( )!
( !)( !)

1
( )!
( !)( !)

1

( ) ( )

( ) ( )

n n r r
r r n n

n
h

n n r r
r r n n

n
h

κ κ

κ ϑ ψ κ

′ ′ ′ ′+
′ ′ ′ ′

′ ′=
′ ′ ′ ′+
′ ′ ′ ′

′ ′=

∂ = ∂ Φ →

∂ =

∑

∑

 



 



 



                (40) 

 
( )!
( !)( !)

1

,

,

n n r r
r r n n

q q rr
q qq rr q q

ϑ λ
η

′ ′ ′ ′+
′ ′ ′ ′

= +

∂ = Φ − ∑  


  
 

                (41) 

 
Based on (41), the speed of the convergence is 

improved compared with other methods. Table 3 
illustrates the lookup table performance in the adaptive 
fuzzy ARX-Laguerre technique for system estimation. 

Table 3. Lookup table for the adaptive fuzzy ARX-Laguerre technique 

 
 

Based on Tables 2 and 3, the adaptive algorithm 

improves the system’s estimation performance in the 
adaptive fuzzy ARX-Laguerre system estimation 
technique. 
 

V.  RESULTS AND DISCUSSION 

To validate the proposed method, linear system 
estimation, nonlinear mathematical system estimation, 
and the proposed method (adaptive fuzzy nonlinear 
system estimation) are compared. Figure 4 illustrates the 
estimation performance of the robot manipulator based on 
the linear (ARX) technique. 
 

 
Fig.4. Linear system estimation for the robot manipulator 

The rate of error for linear system estimation is 
illustrated in Fig. 5. Based on the figure, the linear 
estimation technique can estimate with approximately 
75% accuracy. The transfer function of linear estimation 
for the robot manipulator is 
 

4 3 2

4 3 2
2 3 6 8
6 4 3 9

S S S SH
S S S S

+ − − +
=

+ + − +
                (42) 

 
Based on (42), the system’s estimation accuracy is 

approximately 75%, but this system is modeled to the 
fifth order. Decreasing the system’s order causes a 
decrease in convergence speed. 
 

 
Fig.5. Estimation error (accuracy) for the robot manipulator based on 

the linear estimation technique
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To increase the accuracy and reduce the system’s 
estimation order, nonlinear mathematical system 
estimation is presented. Figure 6 demonstrates the 
estimation accuracy for the robot manipulator based on 
the nonlinear mathematical based (ARX-Laguerre) 
method. 
 

 
Fig.6. Mathematical nonlinear system estimation for the robot 

manipulator 

Based on Fig. 6, the transfer function for the ARX-
Laguerre robot manipulator system estimation is 
 

3 2

3 2
5 2 7 12

5 2 8
S S SH
S S S

+ + +
=

+ + +
                   (43) 

 
The rate of accuracy for this method is approximately 

82%. According to (43), the system’s order reduces, 
which caused an increase in the convergence speed 
compared with linear system estimation. Figure 7 shows 
the error of the signal estimated based on the 
mathematical nonlinear system estimation technique. 
 

 
Fig.7. Estimation error (accuracy) for the robot manipulator based on 

the mathematical nonlinear technique 

Based on Fig. 7, the estimation accuracy compared to 
linear system estimation (see Fig. 5) is increased; 
however, the system’s order is decreased. Therefore, the 
accuracy performance is increased, the system’s order is 
decreased, and the convergence speed is also increased. 
Figures 8 and 9 illustrate the power of the proposed 

method estimation and accuracy of the system’s 
estimation. 
  

 
Fig.8. Proposed fuzzy system estimation for the robot manipulator 

Based on Fig. 8, the system’s estimation order based 
on the adaptive fuzzy logic modeling decreases to the 
second order, and the accuracy also increases to 
approximately 92%. The transfer function for adaptive 
fuzzy estimation is calculated as follows 
 

2

2
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S SH
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+ +

=
+ +

                    (44) 

 

 
Fig.9. Estimation error (accuracy) for the robot manipulator based on 

the proposed fuzzy technique 

 

VI.  CONCLUSION 

Mathematical models are significantly important in the 
analysis and design of the controller and observer for 
nonlinear systems (e.g., robot manipulators), but it is 
impossible to accurately model the physical system by 
mathematical system estimation. To address this 
challenge, high speed convergence adaptive fuzzy ARX-
Laguerre modeling was presented in this paper. 
According to the results, the proposed method increased 
the accuracy from 75% in the linear (ARX) technique to 
92%. The proposed method reduced the system’s order 
for estimation from the fifth order in the linear technique 
to the second order. Based on the order and accuracy, the 
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convergence speed was sharply increased compared to 
the linear system modeling. Furthermore, this technique 
provides a reliable model for the system’s 
control/observer, system’s analysis, and fault diagnosis of 
the robot manipulator. 

ACKNOWLEDGMENT 

This work was supported by the Korea Institute of 
Energy Technology Evaluation and Planning (KETEP) 
and the Ministry of Trade, Industry & Energy (MOTIE) 
of the Republic of Korea (No. 20162220100050, No. 
20161120100350, and No. 20172510102130).  

REFERENCES 
[1] Kaushik, Amitava, and Anjan. "Experimental Study: 

Control of Robot Manipulatorss." Intelligent Control. 
Springer, Singapore, 2018. 281-293. 

[2] Ngoc Son, N.; Anh, H.P.H.; Thanh Nam, N. Robot 
manipulator identification based on adaptive  
multiple-input and multiple-output neural model 
optimized by advanced differential evolution algorithm. 
Int. J. Adv. Robot. Syst. 2016, 14, doi:1729881416677695. 

[3] Gao, Guanbin, et al. "Structural parameter identification 
for 6 DOF industrial robots." Mechanical Systems and 
Signal Processing 113, 2018: 145-155. 

[4] Yang, Chenguang, et al. "Adaptive parameter estimation 
and control design for robot manipulators with finite-time 
convergence." IEEE Transactions on Industrial 
Electronics 65.10, 2018: 8112-8123. 

[5] Phatak, Sayali S., et al. "Modeling individual differences: 
A case study of the application of system identification 
for personalizing a physical activity intervention." 
Journal of biomedical informatics 79, 2018: 82-97. 

[6] El Anes, Amani, Saber Maraoui, and Kais Bouzrara. 
"Optimal expansions of multivariable ARX processes on 
Laguerre bases via the Newton–Raphson method." 
International Journal of Adaptive Control and Signal 
Processing 30.4, 2016: 578-598. 

[7] Najeh, Tawfik, et al. "Input fault detection and estimation 
using PI observer based on the ARX-Laguerre model." 
The International Journal of Advanced Manufacturing 
Technology 90.5-8, 2017: 1317-1336. 

[8] Sanchez, Mauricio A., Oscar Castillo, and Juan R. Castro. 
"Generalized type-2 fuzzy robot and a performance 
comparison with interval type-2 and type-1 fuzzy 
systems." Expert Systems with Applications 42.14, 2015: 
5904-5914. 

[9] He, Wei, Yuhao Chen, and Zhao Yin. "Adaptive neural 
network control of an with full-state constraints." IEEE 
transactions on cybernetics 46.3, 2016: 620-629. 

[10] Van, Mien, Shuzhi Sam Ge, and Hongliang Ren. 
"Finitetimefault control for robot using time delay 
estimation and continuous nonsingular sliding mode 
control." IEEE transactions on cybernetics 47.7, 2017: 
1681-1693. 

[11] Tischler, Mark B. "System identification methods for 
aircraft flight control development and validation." 
Advances In Aircraft Flight Control. Routledge, 2018: 
35-69. 

[12] Noël, Jean-Philippe, and Gaëtan Kerschen. "Nonlinear 
system identification in structural dynamics: 10 more 
years of progress." Mechanical Systems and Signal 
Processing 83, 2017: 2-35. 

[13] Li, Xiaochuan, et al. "Canonical Variable Analysis for 

Fault Detection, System Identification and Performance 
Estimation." International Conference Design and 
Modeling of Mechanical Systems. Springer, Cham, 2017. 

[14] Huang, Yuhao, et al. "An application of evolutionary 
system identification algorithm in modelling of energy 
production system." Measurement 114, 2018: 122-131. 

[15] Karaboga, Dervis, and Ebubekir Kaya. "Adaptive network 
based fuzzy inference system (ANFIS) training 
approaches: a comprehensive survey." Artificial 
Intelligence Review, 2018: 1-31. 

[16] José L. Medina-Catzin, Anabel Martin-Gonzalez, Carlos 
Brito-Loeza, Victor Uc-Cetina, "Body Gestures 
Recognition System to Control a Service Robot", 
International Journal of Information Technology and 
Computer Science, 2017, Vol.9, No.9, pp. 69-76. 

 
 
 
Authors’ Profiles 
 

Farzin Piltan is a research associate in the 
department of electrical and computer 
engineering at the University of Ulsan, Ulsan, 
South Korea. He is also a senior researcher 
and the president of the IRAN SSP research 
and development center, Shiraz, Iran. He has 
published more than 170 peer reviewed 

research articles and nine books. He is also an editorial board 
member of four academic journals. His research interests 
include fault diagnosis, nonlinear control, system modeling, and 
embedded systems. 
 
 

Shahnaz Tayebihaghighi is a research 
associate at the IRAN SSP research and 
development center. She has published nine 
peer reviewed research articles and three 
books. Her research areas are nonlinear 
model-reference control, artificial intelligence, 
and system modeling. 

 
 

Amirzubir Sahamijoo is a research assistant 
at the Institute of Advanced Science and 
Technology, Research Center, IRAN SSP.  
 
 
 
 

 
 

Hossein Rashidi Bod is a research student at 
the Institute of Advanced Science and 
Technology, Research Center, IRAN SSP.  
 
 
 
 

 
 

Somayeh Jowkar is a research associate at 
the IRAN SSP Research and Development 
Center.  
 
 
 



Adaptive Finite-Time Convergence Fuzzy ARX-Laguerre System Estimation 

Volume 11 (2019), Issue 5                                                                                                                                                                       35 

Jong-Myon Kim (M'05) received his B.S. 
degree in electrical engineering from 
Myongji University, Yongin, South Korea in 
1995, M.S. degree in electrical and computer 
engineering from the University of Florida, 
Gainesville, FL, USA in 2000, and Ph.D. 
degree in electrical and computer 

engineering from the Georgia Institute of Technology, Atlanta, 
GA, USA in 2005. He is currently a professor with the 
Department of IT Convergence and Vice President of the 
Foundation for Industry Cooperation at the University of Ulsan, 
Ulsan, South Korea. His research interests include multimedia-
specific processor architecture, fault diagnosis and condition 
monitoring, parallel processing, and embedded systems. Dr. 
Kim is a member of the IEEE Industrial Electronics Society. 
 
 
 
 
How to cite this paper: Farzin Piltan, Shahnaz TayebiHaghighi, 
Amirzubir Sahamijoo, Hossein Rashidi Bod, Somayeh Jowkar, 
Jong-Myon Kim, "Adaptive Finite-Time Convergence Fuzzy 
ARX-Laguerre System Estimation", International Journal of 
Intelligent Systems and Applications(IJISA), Vol.11, No.5, 
pp.27-35, 2019. DOI: 10.5815/ijisa.2019.05.04 
 


	I.  Introduction
	II.  Related Work
	III.  Problem of Robot Inverse Dynamic Modeling
	IV.  Proposed Methodology
	V.  Results and Discussion
	VI.  Conclusion
	Mathematical models are significantly important in the analysis and design of the controller and observer for nonlinear systems (e.g., robot manipulators), but it is impossible to accurately model the physical system by mathematical system estimation....
	convergence speed was sharply increased compared to the linear system modeling. Furthermore, this technique provides a reliable model for the system’s control/observer, system’s analysis, and fault diagnosis of the robot manipulator.
	Acknowledgment
	References


