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 Due to the unknown nonlinear friction, there was a barricade preventing the precision of manipulators from further 

improvement. To overcome this challenge, the dynamic model of 2-degrees of freedom (DOF) robot manipulator 

based on LuGre friction is established in this paper. The adaptive sliding mode observer (ASMO) is used to 

estimate the immeasurable states, meanwhile the fuzzy logic system (FLS) to approximate the friction. On this 

foundation, an adaptive finite-time trajectory tracking control is designed to improve controlled system robustness. 

In particular, with the Lyapunov stability theory, the proposed scheme can be proved to make the errors be 

finite-time stable. Finally, simulation results show that the control scheme has a good control effect of the 

manipulators. 
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1. Introduction 

In the past several decades, the emergence of robot manipulators 

has greatly improved productivity. However, due to the existence of 

nonlinear elements including friction in the system, and the 

difficulty in obtaining accurate system parameters, it is difficult to 

control the manipulator with high accuracy. Therefore, a controller 

with targeted performance is design to suppress or eliminate the 

impact of the above conditions. 

The control of uncertain robotic manipulators is challenging due 

to their friction. It is necessary to establish an accurate friction 

model of the manipulator before compensating the nonlinear 

components of the system. Actually, most of the model-based 

friction compensation methods use typical friction models, such as 

viscous and Coulomb friction. Therefore, Canudas. [1-2] propose a 

new dynamic model for friction, this model has included most of 

the friction phenomena observed in experiments. 

Technique based on FLS [3-5] has been widely employed to 

approximate and compensate for the unknown function. In [6], a 

robust positioning control scheme has been developed using friction 

parameter observer and recurrent fuzzy neural networks based on 

the sliding mode control. Deng YP. [7] proposed an adaptive 

fractional fuzzy control that guarantees tracking errors tend to an 

arbitrary small region is established for robotic manipulators, The 

main idea of this work consists in using fractional input to control 

complex integer order nonlinear systems.  

In the practical applications design of the robot manipulator 

control scheme, the velocity and acceleration signals are used which 

must be known for practical implementation of the controllers, but 

only the position signal measurement is available. Therefore, with 

the SMO based on second-order exact differentiation (SOED) [8] is 

introduced and used as an accelerometer and velocity estimator [9]. 

However, SMO ignore the important influence of the sliding mode 

gain on the sliding mode motion. in [10] proposed a novel 

adaptive-gain sliding mode observer. 

  In order to further improve the tracking performance, many 

nonlinear control methods have been utilized to control robot 

manipulator systems, such as iterative learning control for 

time-varying systems subject to variable pass lengths [11], a new 

nonlinear self-tuning PID control [12], reconfigurable tolerant 

control with actuator faults [13], a stable robust impedance control 

with time-delay compensation [14], under the control of these 

methods, the robot manipulator performance from different aspects 

was improved to a certain extent. In the robust control schemes, due 

to its employment of a variable structure control concept sliding 

mode control (SMC) has been successfully applied to the control of 

robot manipulator [15,16]. 

Among the typical non-linear control methods, SMC [17-18], 

widely used in complex linear and non-linear system control with 

uncertain parameters and unknown disturbances, is developed for 

tracking control problems. However, classical SMC guarantees 

asymptotic convergence of system state but cannot obtain 

convergence to the equilibrium point in finite time. Therefore, 

terminal sliding mode control (TSMC) strategy [19,20] has become 

a hot topic in non-linear control system design. It can obtain a 
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finite-time convergence with robustness control performance. Li et 

al. [21] proposed A new design approach of a multiple input 

multiple output adaptive fuzzy terminal sliding mode controller 

(AFTSMC) for robotic manipulators is described in this article. The 

AFTSMC incorporating the fuzzy logic controller (FLC), the TSMC, 

and an adaptive scheme, is designed to retain the advantages of the 

TSMC while reducing the chattering. Esmaeili et al. [22] aims to 

design a data driven observer-based model free adaptive terminal 

sliding mode controller for rigid robot manipulators whose models 

are unknown in advance, and tracking accuracy of the controller is 

improved. Furthermore, fast terminal sliding mode controller 

(FTSMC) scheme can not only ensure the trajectory of 

tracking-error converge to a small neighborhood of equilibrium 

point in finite-time but also obtain some superior properties such as 

fast response, better disturbances rejection and improvement of 

control accuracy [23]. Truong et al. [24] propose a backstepping 

global fast terminal sliding mode control for trajectory tracking 

control of industrial robotic manipulators in this article to improve 

the dynamic performance and fast convergence of TSMC, which 

also obtains a finite-time convergence. Doan et al. [25] to enhance 

the response, fast convergence time, against uncertainties, and 

accuracy of the tracking position, the novel fast terminal sliding 

mode manifold (FTSMM) is developed. Then, a supper-twisting 

control law (STCL) is applied to combat the unknown nonlinear 

functions in the control system. Finally, the proposed controller is 

launched from the proposed sliding mode manifold and the STCL to 

provide the desired performance. In addition, the chattering problem 

has been alleviated by replacing sgn function to fal  function 

[26]. 

Furthermore, featured with a selected performance function, it 

can be guaranteed that tracking errors remain in prescribed 

performance region, transient performance is a more prior index in 

comparison with the steady-state one. To achieve presented 

transient response and steady-state bounds on tracking errors, 

Prescribed performance control (PPC) has been proved to be a 

powerful tool [27].The performance functions mentioned above 

contain various design parameters but the quantitative relationship 

between them is unclear. Therefore, in [28], a new performance 

function called finite-time performance function (FTPF) is defined 

for the first time. Further, a new finite-time form of performance 

function is defined to constrain the trajectory tracking errors in [29]. 

Several control techniques have been integrated with robot 

manipulator, such as SMC, fuzzy logic control, finite-time 

performance function control, adaptive control. Accordingly, this 

paper proposed a fuzzy adaptive finite-time prescribed controller of 

strong robustness and good performance to compensate for the 

friction and immeasurable states of the robotic manipulator system. 

The main works are summarized as follows: 

⚫ Friction force caused by bristles contact is considered in the 

input of manipulators system, which effectively describes the 

nonlinear terms in the modeling process. By characteristic 

analysis, the friction is effectively estimated by FLS.  

⚫ Based on high-order sliding mode (HOSM) differentiator, an 

ASMO with SOED and highly robust performance is used to 

solve “only the position measurement and the velocity and 

acceleration unknown” of implement the controllers in 

practical applications. 

⚫ To reduce the chattering phenomena, a new design scheme for 

a fast terminal sliding surface is presented. Compared with the 

traditional sliding mode, it can achleves faster response. The 

closed-loop system is analyzed by the Lyapunov theory. 

2. System description 

The dynamics equation of 2-DOF robotic manipulator is 

described in [30] by  

 ( ) ( ) ( ) ( ),M a C v v G F v   + + + =          (1) 

where ( ) ( ) ( ),  , ,  M C v G    represents the positive definite 

moment of inertia, the Coriolis centripetal forces, and the 

gravitational forces, respectively.  1 2,  = ,  1 2,v v v=  and 

 1 2,a a a=  stands for the angular positions, the angular velocities 

and the angular accelerations, respectively. 
2R   is the control 

input torque. ( ) 2F v R  represents the frictional force. 

Assumption 1 [1]: Based on the actual working environment, it is 

assumed that the friction F  exerted by people and the 

environment is bounded. 

Property 1: There exists a parameter matrix D  and ( )M  , 

( ),C v , ( )G   satisfies  

( ) ( ) ( ) ( ), , , ,M C v G f v D       + + + =       (2) 

where ( ), , ,v R     is a regression matrix. 

Lemma 1 [31]: Suppose that ( )f x  be a Lipschitz continuous 

function defined on a compact set  . For anywhere always exists 

a FLS such that  

ˆsup ( ) ( )
x

f x f x 


= −  .            (3) 

Lemma 2 [32]: The observer state   3

1 2 3, ,z z z z R=   

converges to the vector of derivatives of the output  , ,v a , for a 

finite-time  

 
( )( )V

T
r

  


                      (4) 

where 0 1  , ( ) ( )min max/r B D = . 

Lemma 3 [33]: Consider a scalar dynamic system 

( ) ( ) ( )1 2sgn ,  y 0 0y k y k y= − − =         (5) 

where, 
1 20,  0k k  . the Eq.5 in a finite-timeT , which is stable. 

Otherwise, the settling time T  for any 0 1q  of system with 

respect to x  is limited by 

( )
( )1 /

(1 )1

(1 ) (1 )

p p

p g
T V x

q p q 

−

−
    
  −   

− −     

.   (6) 

The control objective is to develop a fuzzy adaptive finite-time 

prescribed control scheme for 2-DOF robotic manipulator dynamics 

under immeasurable states and friction nonlinearity in this paper, 

such that 

⚫ Combining the developed ASMO and FLS, the precise 

trajectory tracking performance of   is obtained, while the 

stability of whole closed-loop system is guaranteed. Based on 

finite-time stability theory, the errors of tracking signals, FLS 

approximations, and ASMO errors remain within the 

specified interval with faster response.  

⚫ Based on finite-time control theory and FTPF, using this 

method, finite-time stability of system is achieved. An 

adaptive fuzzy controller with prescribed performance is 

given to further reduces the complexity of calculation and 
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improve the transient performance and steady-state 

performance. 

3. Control design 

In Eq.1, the term ( )F v stands for nonlinear friction force. The 

LuGre friction model captures most of the friction behavior that has 

been observed experimentally[1], such as Stribeck velocity, viscous 

friction and Coulomb friction force. In this paper, the LuGre friction 

model is used to model the friction dynamics of the 2-DOF 

manipulators. 

LuGre friction model is based on the average behavior of the 

bristles. And the average deformation of the bristles z is described 

as 

( )

vdz
v z

dt h v
= −                   (7) 

where ( )h v  is the Stribeck effect, and it is given by 

 ( ) ( ) ( )
2

/

0
sv v

f c f s f ch v e   
−

= + −           (8) 

where
0  is the stiffness, f c and f s  represents the coulomb 

friction and the stiction force. sv  is used to describe the stribeck 

velocity. 

Viscous friction can be added to friction, which is a term 

proportional to relative velocity. Thus, LuGre friction model defined 

as 

 
0 1 2( )

dz
F v z v

dt
   
 

= + + 
 

              (9) 

where
1 and

2  stands for the damping coefficient and the viscous 

friction coefficient, respectively.   is the friction factor. 

FLS is adopted to approximate continuous function ( )f x  in 

robotic manipulator, the foundation of the FLS is composed of the 

following fuzzy If-Then rules: 

( )

1 1
ˆ:    A  and  and   A  THEN  is Bi l l l

n nR IF x is x is f   (10) 

where 1,2,...,l N= , N  is the number of fuzzy rules, 

 1 2, , , nx x x x=  is a mapping from an input vector, ˆ f  is the 

FLS output variable, 1A l
 and Bl

 denote the fuzzy sets associated 

with the fuzzy membership functions ( )
1Al ix  and ( )

Bl f , 

respectively. 

By using singleton fuzzifier, center average defuzzification and 

product inference, the output of the FLS is given by 

 
( )

( )
( )1

1

1 1 A

1 1 A

( )
ˆ ˆ( )

l

l

N n

l l i i T

i
N n

l i i

f x x
f x x

x


 



= =

= =

= =
 
 

 

 
      (11) 

where  1 2 1 2, , , , , ,i N Nf f f    = =   is the weighting 

vector, ( )
B

max ll
f R

f f


= being an adjustable value, and ( )
1Al ix

is the membership function value of the fuzzy variable, 

 1 2( ) , , ,
T

Nx   = is a fuzzy basis function vector as 

 
( )

( )

1

1

1 A

1 A

( )
l

l

n

i i

l
N n

l i i

x
x

x






=

= =

=
 
 



 
.             (12) 

The ideal weight can be defined as 

 ( ) ( )ˆarg min sup
i

i f x f x


 



 = −
 

            (13) 

where 
NR   is a compact region for 

i . 

The design of manipulators controller requires the position, 

velocity, and acceleration to be used which must be known for 

practical implementation of the controller. However, in the robot 

manipulators system, only the position and velocity measurements 

are available. Thus, the acceleration estimator is required to 

implement controllers. Basically, the velocity and acceleration 

signals are calculated by SMO as 

2/3

0 1 0 0 1

1/2

1 2 1 0 1 0 2

2 3 2 1

( )

( )

( )

z q z z z

z q z z

sgn

z z z

z q z z

sgn

sgn

 = − − − +

= − − − +

= − −

.        (14) 

In Eq.14, 
iq  is suitably chosen parameter and 

0z = ，
1z v= ，

2z a= . However, the sgn  function may cause a chattering 

problem. To alleviate chattering problem, replacing sign function to 

fal function 

2/3

0 1 0 0 1

1/2

1 2 1 0 1 0 2

2 3 2 1

( )

( )

( )

z q z z z

z q z z

fal

z z z

z q z z

fal

fal

 = − − − +

= − − − +

= − −

.        (15) 

where nonlinear function fal  is expressed as 

1
,

( , , )

( ),

e
e

fal e
e

e sgn e






 



−




= 




          (16) 

where 0 1   is system adjustable positive parameter and

0 1   is filtering factor. The current observer errors equation 

are 
1 1z = − , 

2 2v z = − , 
3 3a z = − . 

The symmetric positive matrices ,  BD  are 

 TDA A D B+ = −                (17) 

where the Hurwitz matrix A  is 

1

2

3

1 0

0 1

0 0

q

A q

q

− 
 

= −
 
 − 

.               (18) 

When the observation errors is large, a larger adaptive gain 

should be used to make the system achleves faster response, and 

conversely. As a result, an adaptive sliding mode gain function is 

given by 

1

2

,
( )

,

w
w t

w

  

 

− 
= 


              (19) 

where   is the max allowable error value. 
1w  ,

2w  represents 

the maximum gain and the minimum gain, respectively. adaptive 

parameter   is Eq.19 

 1 1 2 3max , , ,0       = − − − .      (20) 

To ensuring finite-time convergence and strong robustness. 

Define a manipulator tracking error as 

( ) 1 , ,d de a a a v a −= − = + −         (21) 
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where ( ) ( ) ( ) ( ), , , ( )v a M a a C v v G f v   = − + + + , de  − , 

2*2

1 2[ , ]diag R=  . 

Assumption 2: The desired trajectory 
d , 

dv  and
da  are 

continuous and bounded. 

Assumption 3: ( ), ,v a  is bounded by the condition defined 

as  

( ), , ( , )v a v                 (22) 

with ( , ) 1, ,v v  =    ,  1 2 3, ,
T

D D D = , 0iD  . 

In order to characterize the convergence rate and steady-state 

error, the following positive decreasing function is constructed as 

the prescribed performance function 

( )
1

0

0
( ) ,  

f

f

t

t t f

f

t t
et

t t



 



 
 − −
 − 






 

+= 




       (23) 

where 
0 0   and 0   are the initial and ultimate error 

boundaries, respectively. 0   determines the convergence rate. 

The prescribed bound of the tracking error ( )ie t  is retained by 

the following constrained condition 

( ) ( ) ( )i ie t t E = .            (24) 

Subquently, design the error transformation function as 

( )
i i

i i
i

e e
E

e e

 

 


−

−

−
=

+
.             (25) 

From the Eq.23, 
i  are transformed to 

1 1
log

2 1
i

E

E


+
=

−
.                (26) 

In order to improved tracking accuracy and reduced chattering. 

Therefore, a sliding surface is described by  

1 2 ( )rs E E sig E = + +             (27) 

where ( ) ( )11 sgn
rrsig e e e=  .  

To guarantee finite-time convergence, a reaching law is expressed 

as  

( ) ( )1 2sgns k s k s= − −                (28) 

with 0k  . 

Considering that friction of system are influenced by 

environmental factors, the complete control law   is given as 

eq estu u +=                    (29) 

where equ  is equivalent control used for feedforward 

compensation of nominal dynamics. While estimation control 
estu  

is used to estimate friction force and uncertainties dynamics under 

disturbance. 

The equivalent control term equ  of manipulators is developed as 

( )1

1 2eq

r

du a r E E 
−

= + + .               (30) 

The estimation control term estu  is expressed as 

( ) ( ) ( )( )0 1 2 1 2,ˆ ,est z z z k sgn s ku s= + +         (31) 

where  ( ) ( ) ( ) ( )0 1 2 2 2 1
ˆ, , , (ˆ )Tz z z M z z C v z G x    = − + + +  ,

W  is the estimation error of weight vector and
* ˆW W W= − . 

Theorem 3: Considering robotic manipulator dynamics (1), 

complete sliding mode control law   is established dynamically 

and obtains finite-time convergence under Lemma 2. 

Proof: To obtain the stability of the robotic manipulator system, 

choose a Lyapunov function as  

21 1

2 2

T

i

V s  


= +                    (32) 

then the derivative of Eq.32 is obtain as  

1
ˆT

i

V ss  


= + .                     (33) 

Substituting the derivative of Eq.27 into Eq.35, as 

( )( )1

1 2

1
ˆ

r T

i

E EV s e r  


 
−

+= + + .        (34) 

According to Eq. 25, Eq.34 can be realized as 

( ) 

( )

1

1

1 2

( , ,

1
ˆ)

d

r T

i

V s a v a

r e e

 

  


−

−
+

= + −

+ +
.            (35) 

Substituting the control law   into Eq.35, one gets 

( ) ( ) 

( ) ( )( )

( ) 

( ) ( )( )

0 1 2

1

1

1

2

( , , , ,

1
ˆ

(

ˆ

)

1
ˆ)

T

i

T

i

T

i

V s v a z z z

k sgn s k s

s x

ksgn s k s

s

s



 


  

 


−

−

= −

+ +

= − +

+

−

− +

.        (36) 

The adaptation law for ̂  is given as 

( )1ˆ
is x  −= .                  (37) 

According to adaptive law ̂ , reaching law s  and Assumption 

3, Eq.36 is realized as  

( ) ( )( )1 2 )V k sgn s k ss − + .              (38) 

The equilibrium of Eq.38 is finite-time stable with the settling 

time T  bounded by 

( )

1

2
max

2 2

1
( )

2 1

c
T T V x

k q k q

   
 = +     − −     

        (39) 

where 0c  . Based on the abovementioned analysis, the structure 

of the closed-loop system is depicted in Fig. 1. 

Remark: The settling time function Eq.39 is rely on the design 

parameters. It is clearly observed that the 
maxT  is inversely 

proportional to ik , while increasing of ik increases response speed 

but worse chattering reduction of whole closed-loop system. 

Consequently, to obtain finite-time convergence and reduce the 

chattering problems should be considered in the choice of the 

parameter ik  simultaneously.
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Equivalent Control Term

Robot

Friction Nonlinearity

0 1 2( )
dz

f v z v
dt

   
 

= + + 
 

Environment

Estimation Control Term

( ) ( ) ( )( )0 1 2, ,ˆ
est z z z ksgn s ku s= + +

Adaptive Law

( ) ( )

( ) ( )

,M a C v v

G F v

 

 

+

+ + =

Adaptive Law

1

2

,
( )

,

w
w t

w

  

 

− 
= 



SOED

 Sliding Surface

1 2 ( )rs E E sig E = + +

fuzzy logic system

( )*Tf x  = +( )1ˆ
is x  −=

( )1

1 2eq

r

du a r E E 
−

= + +

the output of the FLS

( )ˆ ˆ( ) T

if x x =

2/3

0 1 0 0 1

1/2

1 2 1 0 1 0 2

2 3 2 1

( )

( )

( )

z q z z z

z q z z

fal

z z z

z q z z

fal

fal

 = − − − +

= − − − +

= − −

Performance Function

( )
1

0

0
( ) ,  

f

f

t

t t f

f

t t
et

t t



 



 
− − 

 − 





 

+= 




 

Fig. 1. Block diagram of the closed-loop system. 

4. Simulation 

As shown in Fig.2, a robotic manipulator with 2-DOF freedom is 

constructed. 

g

2m

2l

1l

2

1

1

2
1m

 

Fig. 2. 2-DOF robot manipulators Schematic Diagram. 

In order to show the ability of the presented control, simulations 

of a 2-DOF robotic manipulator dynamics system are carried out. 

We define the positive definite inertia matrix ( )0M  , the 

centrifugal and Coriolis matrix ( )0 ,C v , and the vector of 

gravitational torques ( )0G   are expressed as 

( ) 2 2 2 2

2 2

2 c 2 s c s

c s

a c d b c d
M

b c d b


+ + + + 
=  

+ + 
       (40) 

( ) ( )

( )
2 2 2 2 2 2

2 2 1

2 s 2 c s c
( , )

s c 0

c d v c d v
C v

c d v


 − + − + 
=  

− 
     (41) 

( ) 2 12 2 12 1 2 1

2 12 2 12

c s ( ) c

c s

ce de a b e e
G

ce de


+ + − + 
=  

+ 
      (42) 

where 6.7a = , 3.4b = , 3c = , 0d = , ( )2 2cos c = , ( )2 2sin s = , 

1 2 12cos( ) c + = , 
1 2 12sin( ) s + = , 

1 1cos( ) c = , 
1 1 2 1* *e m m l=  

2

2 1*l l− , 
2 /11e g= , 9.8g = , 

1 1m = , 
2 1/ 2m =  are masses 

of the link; 
1 1l = , 2

1

12
l =  are lengths of the links; 1 , 2  

represents the control input; g  is accelerations of gravity; define 

( )sini is = ， ( )cosi ic = ， 1 2  = + . 

Further, the desired inputs are selected as 

1

2

0.2sin( / 2) 0.2sin( )            

0.2cos(0.5 0.2) 0.2cos(0.7 )

d

d

t t

t t

  



= +


= − − +

.        (43) 

The control parameters are selected as
1 250,  5 = = , 

,  (5,7) =0.2, 0.3diag   == . The parameters defined in the 

reaching law s  are selected as 1 25,  20k k= = . And the 

parameters of ASMO are selected as 
1 2 34,  4,  2,q q q= = =  

1,  1 1,  2 2w w = = = .The parameters defined in the prescribed 

performance function are chosen as 
0 2 / 3 = , 0.05 = , 

0.08 = . In this scenario, the parameters of friction force is 

shown in Table I. 

Tab. 1. The parameters of friction force 

Parameters and Value Unit 

1f c =   /N m  

1.5f s =   /Ns m  

5

0 10 =   /Ns m  

5

1 10 =   N  

2 0.4 =   N  

0.001sv =   /m s  

The Gaussian membership functions is selected as 

( )
1

2

A
exp( )

/ 24
l

l

i i

i

x x
x



 −
= − 

 
              (44) 

where  / 6, /12,0, /12, / 6
Tl

ix    = − − , 1,2,3,4,5i = , 
iA



M. Huang et al. / IJAMCE 6 (2023) 74-81 

 

are NB, NS, NO, PS, PB, respectively. 

To counteract chattering problem, the sgn  function in Eq.31 is 

replaced by a new gain function 

( ) ( ) ( )( )0 1 2 1 2, ,ˆ
est z z s k su z k K= + +         (45) 

where, based on fal  function, the new gain function is defined as 

( )
( )

( )

1

1

1

1

1

, ,

,     

         
,                      

fal s
K s

s

s s sn

s

sg




  

 






−

−

=

 


= 




.          (46) 

Consider controller   is designed for robotic manipulator 

dynamics (1) under reference trajectory 
d  and initial states 

( )0 0d = , ( )0 0.2d = , ( )0 0.5d = . 

 

Fig. 3. Tracking performance. 

 

Fig. 4. Tracking errors. 

 

Fig. 5. Control input  . 

 

Fig. 6. Friction and compensation (0) 0 = . 

 

Fig. 7. Friction and compensation (0) 0.2 = . 

 

Fig. 8. Friction and compensation (0) 0.5 = . 

Simulation results are show in Figs. 3-8. Fig. 3 gives the tracking 

performance of joints 1 and 2. Fig. 4 indicates that the tracking 

errors. meanwhile, ( )0 0d = and ( )0 0.2d =  are obviously 

repelled from the performance function bounds ( )t , which is 

equivalent to that the output constraints are not violated. But it is 

obvious that the constraints of ( )0 0.5d = is breached. The 

control inputs are presented in Fig. 5. From Figs. 6-8 indicates that 

the simulations about the approximation effect of the uncertainty 

term f  under the action of FLS. We find that the simulation data 

of the proposed controller with model error and friction 

compensation of f̂  can quickly estimate the desired term f , and 

the ASMO is capable of estimating for the effect of the 

immeasurable states, but the transient performance has been 

deteriorated without any compensation of the large initial error. 

From these results, desired performances of the proposed control 

law in terms of fast response, small steady-state errors and good 
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position tracking. 

In the section, we verify the effectiveness of the finite-time 

control. The initial value of ( )0d is ( )1 0 0.8d = , ( )2 0 1d = . 

The convergence rate of finite-time control is relative with the 

controller parameters, and in order to show this relationship, three 

cases of controller parameters 1k and 2k  are carried out, i.e., case 

1: 1 25, k 20k = = ; case 2: 1 210, k 25k = = ; and case 3: 

1 215, k 30k = = . According to Fig. 9, it is easy to find that 

trajectories of Joint 1 and Joint 2 of case 3 can better track the 

desired trajectory 
d  compared with cases 1 and 2. In Fig. 10, 

controllers 
1 2  ，  are plotted, and we can see that, A large 

ik  

will converge quickly, but an excessively large 
ik  will cause 

chattering. 

 

Fig. 9. Tracking errors. 

 

Fig. 10. Control input  . 

It is ready to know from Fig. 9 that as the gains 
1k  and 

2k  

increase, the tracking error e1 decreases faster. As the gains 
1k  and 

2k  increase, it is found from Eq.39 that 
maxT  also increases, 

therefore, the convergence rate will be greater, and both setting time 

and steady-state errors will be smaller. 

5. Conclusion 

A trajectory tracking problem with the help of ASMO and FLS 

are studied for robot manipulator in the presence of friction and 

immeasurable states in this paper. The simulation results for the 

presented control scheme of the robot manipulator that the proposed 

method has great capability to counteract chattering problem. 

Furthermore, The proposed control scheme can maintain high 

precision tracking of the desired joint angle under the condition of 

changing friction, and has good robustness. 

References 

[1] Canudas D, Olsson H, Astrom. K, et al. A new model for control of 

systems with friction[J]. IEEE Transactions on Automatic Control, 1995, 

40(3):419-425. 

[2] Mon YJ ,  Lin CM. Double inverted pendulum decoupling control by 

adaptive terminal sliding-mode recurrent fuzzy neural network[J]. Journal 

of Intelligent and Fuzzy Systems, 2014, 26(4):1723-1729. 

[3] Chen Q,  Tao M,  He X, et al. Fuzzy Adaptive Nonsingular Fixed-Time 
Attitude Tracking Control of Quadrotor UAVs[J]. IEEE Transactions on 

Aerospace and Electronic Systems, 2021, 57(5): 2864-2877. 

[4] Deng Y. Adaptive finite-time fuzzy command filtered controller design for 

uncertain robotic manipulators[J]. International Journal of Advanced 

Robotic Systems, 2019, 16(1). 

[5] Xy A, Li PB, Sc B. Robust adaptive fuzzy sliding mode trajectory tracking 

control for serial robotic manipulators[J]. Robotics and 

Computer-Integrated Manufacturing, 2021, 72. 
[6] Han SI,  Jeong CS,  Yang SY. Robust sliding mode control for uncertain 

servo system using friction observer and recurrent fuzzy neural networks[J]. 

Journal of Mechanical Science & Technology, 2012, 26(4):1149-1159. 

[7] Deng YP. Fractional-order fuzzy adaptive controller design for uncertain 

robotic manipulators[J]. International Journal of Advanced Robotic 

Systems, 2019, 16(2). 

[8] Levant A, Robust exact differentiation via sliding mode technique[J]. 
Automatica, 1998, 34(3):379-384. 

[9] Van M, Ge SS, Ren HL, Robust Fault-Tolerant Control for a Class of 

Second-Order Nonlinear Systems Using an Adaptive Third-Order Sliding 

Mode Control[J]. IEEE Transactions on Systems Man Cybernetic-Systems, 

47(2): 221-228, 2016. 

[10] Yang C, Ma T, Che Z, et al, An Adaptive-Gain Sliding Mode Observer for 

Sensorless Control of Permanent Magnet Linear Synchronous Motors[J]. 

IEEE Access, 6:3469-3478, 2017. 
[11] Shi JT, Xu JX, Iterative Learning Control for Time-Varying Systems 

Subject to Variable Pass Lengths: Application to Robot Manipulators[J]. 

IEEE Transactions on Industrial Electronics, 67(10):8629-8637, 2020. 

[12] Pradhan SK, Subudhi B, Position control of a flexible manipulator using a 

new nonlinear self tuning PID controller[J]. IEEE/CAA Journal of 

Automatica Sinica, 7(1):1-14, 2018. 

[13] Xiao B, Yin S, Gao H, Reconfigurable Tolerant Control of Uncertain 

Mechanical Systems With Actuator Faults: A Sliding Mode 
Observer-Based Approach[J]. IEEE Transactions on Control Systems 

Technology: 1-10, 2017. 

[14] Souzanchi-K M, Arab A, Akbarzadeh-T MR, et a, Robust Impedance 

Control of Uncertain Mobile Manipulators Using Time-Delay 

Compensation[J]. Control Systems Technology IEEE Transactions on, 

26(6):1942-1953, 2018. 

[15] Lee J, Chang PH, Jin M, Adaptive Integral Sliding Mode Control With 
Time-Delay Estimation for Robot Manipulators[J] IEEE Transactions on 

Industrial Electronics, PP(8):1-1, 2017. 

[16] Zhu Y, Qiao J, Lei G, Adaptive Sliding Mode Disturbance Observer-Based 

Composite Control With Prescribed Performance of Space Manipulators 

for Target Capturing[J] IEEE Transactions on Industrial Electronics, 

66(3):1973-1983, 2018. 

[17] Lee J, Chang PH, Jin M, Adaptive Integral Sliding Mode Control With 

Time-Delay Estimation for Robot Manipulators[J]. IEEE Transactions on 
Industrial Electronics, 64(8):6796-6804, 2017. 

[18] Zhu YK, Qiao JZ, Guo L, Adaptive Sliding Mode Disturbance 

Observer-Based Composite Control With Prescribed Performance of Space 

Manipulators for Target Capturing[J]. IEEE Transactions on Industrial 

Electronics, 66(3):1973-1983, 2019. 

[19] Ahmed S, Wang H, Tian Y, Adaptive Fractional High‐order Terminal 

Sliding Mode Control for Nonlinear Robotic Manipulator under 
Alternating Loads[J]. Asian Journal of Control, 2020, 23(4):1900-1910. 

[20] H. Shen, YJ. Pan, Tracking Synchronization Improvement of Networked 

Manipulators Using Novel Adaptive Non-Singular Terminal Sliding Mode 

Control[J]. IEEE Transactions on Industrial Electronics, 2020, 

68(5):4279-4287. 

[21] Li T,  Huang YC. MIMO adaptive fuzzy terminal sliding-mode controller 

for robotic manipulators[J]. Information SciencesInformatics and 

Computer Science, Intelligent Systems, Applications: An International 
Journal, 2010, 180(23): 4641-4660. 

[22] Esmaeili B, Salim M, Baradarannia M, et al. Data-driven observer-based 

model-free adaptive discrete-time terminal sliding mode control of rigid 

robot manipulators[C]. 2019 7th International Conference on Robotics and 

Mechatronics (ICRoM). 2019. 

[23] Song ZK, Li HX, Sun KB. Finite-time control for nonlinear spacecraft 

attitude based on terminal sliding mode technique[J]. ISA Transactions, 

2013, 53(1):117-124. 
[24] Truong TN, Vo AT,  Kang H J . A Backstepping Global Fast Terminal 

Sliding Mode Control for Trajectory Tracking Control of Industrial Robotic 

Manipulators[J]. IEEE Access, 2021, PP(9): 31921-31931. 

https://www.webofscience.com/wos/author/record/29197435
https://www.webofscience.com/wos/author/record/8280068
https://www.webofscience.com/wos/author/record/1526432
https://www.webofscience.com/wos/author/record/29706096
https://www.webofscience.com/wos/author/record/13085669
https://www.webofscience.com/wos/author/record/15320762


M. Huang et al. / IJAMCE 6 (2023) 74-81 

 

[25] Doan QV, Vo AT, Le TD, et al, A Novel Fast Terminal Sliding Mode 

Tracking Control Methodology for Robot Manipulators[J]. Applied 

Sciences, 2020, 10(9). 

[26] Han JQ, From PID to Active Disturbance Rejection Control[J]. IEEE 

Transactions on Industrial Electronics, 56(3):900-906, 2008. 

[27] Bu XW, Prescribed performance control approaches, applications and 

challenges: A comprehensive survey[J]. Asian Journal of Control, 2022, 
25(1):241-261. 

[28] Liu Y, Liu XP, Jing YW. Adaptive neural networks finite-time tracking 

control for non-strict feedback systems via prescribed performance[J]. 

Information Sciences, 2018, 468:29-46. 

[29] Jiang T, Huang J, Li B. Composite Adaptive Finite-Time Control for 

Quadrotors via Prescribed Performance[J]. Journal of the Franklin Institute, 

2020, 357(10). 

[30] Manceur M, Essounbouli N, Hamzaoui A. MIMO second order sliding 
mode fuzzy type-2 control[C]. IEEE International Conference on Systems 

Man & Cybernetics, 2010:1812-1820. 

[31] Huo B, Xia Y, Yin L, et al, Fuzzy adaptive fault-tolerant output feedback 

attitude-tracking control of rigid spacecraft[J]. IEEE Transactions on 

Systems, Man, and Cybernetics: Systems, 2017, 47(8):1898–1908. 

[32] Basin M. Finite- and fixed-time convergent algorithms: Design and 

convergence time estimation[J]. Annual Reviews in Control, 48:209-221, 
2019. 

[33] Basin M, Yu P, Shtessel Y. Finite- and fixed-time differentiators utilising 

HOSM techniques[J]. IET Control Theory & Applications. 

11(8):1144-1152, 2016. 

 

Mingyu Huang received the B.E. degree in 
Electrical and Intelligent Building from the 
College of Information and Control 
Engineering, Qingdao University of 
Technology, Qingdao, China in 2020. He is 
currently pursuing the Master’s degree with 
the School of Information and Control 
Engineering, Qingdao University of 
Technology, Qingdao, China. His current 
research interests include robotic manipulator 
control, sliding mode control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guofa Sun received his B.E. degree in 
automation from Qingdao Technological 
University, Shandong, China, in 2008, and M. 
E. degree in control science and engineering 
from Beijing Institute of Technology, Bejjing, 
China, in 2010, respectively. He has a Ph.D. 
in control science and engineering from 
Beijing Institute of Technology, Bejjing, 
China, in 2015.His current research interests 
include adaptive control, intelligent control, 
output feedback control, active disturbance 

rejection control, and control theory and applications. 
 

Guoju Zhang received the bachelor’s degree 
in Electrical engineering and automation 
from the School of Information and 
Electrical Engineering, Shenyang 
Agricultural University, Shenyang, China, in 
2019. He is currently pursuing the graduation 
degree with the School of Qingdao 
University of Technology, Shandong, China. 
His current research interest includes 
adaptive control. 
 

Erquan Zhao received the B.E. degree in 
automation from the College of Energy 
and Mechatronics Engineering, Hunan 
University of Humanities, Science and 
Technology, Loudi, China in 2020. He is 
currently pursuing the Master’s degree 
with the School of Information and Control 
Engineering, Qingdao University of 
Technology, Qingdao, China. His current 
research interests include robotic 

manipulator control, sliding-mode control, and ADRC 

https://www.webofscience.com/wos/author/record/6972215
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AU%22,%22rowText%22:%22Anh%20Tuan%20Vo%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/author/record/15310874
https://www.webofscience.com/wos/author/record/22632079
https://www.webofscience.com/wos/author/record/123322
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22CF%22,%22rowText%22:%22IEEE%20International%20Conference%20on%20Systems,%20Man%20and%20Cybernetics%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/author/record/31623745

