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In this paper, the adaptive second order sliding mode (SOSM) controller is designed for two input - two 
output (TITO) uncertain nonlinear systems and the robustness properties are ensured in the presence of 
uncertainties and bounded external disturbances. The objective is to design a controller that ensures 
stability and path tracking despite the effects of coupling. To this end, the system model is divided into 
two subsystems, and the coupling effects between such subsystems are considered as uncertainties. The 
sliding mode approach with PI sliding surface is used to remove the offset and converge the steady state 
error to zero. To avoid chattering phenomenon, Second order sliding mode method is proposed. Using 
adaptive switching gain, a new method is presented which unlike other methods, does not require the 
upper bound of the system uncertainties in the design procedure. Robustness properties against system 
uncertainties and external disturbances are  shown by the Lyapunov stability theorem. Finally, the 
proposed method is used to control azimuth and elevation angle of  a laboratory helicopter with two 
degrees of freedom. Simulation results show performance of the algorithm in the presence of 
perturbations. 
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Fig. 1 Second Order Sliding Mode [26] 
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Fig. 2 CE150 laboratory helicopter [12] 
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Fig. 3 Torques action on the body in the vertical and horizontal 
planes [27] 
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Table 1 Physical parameters of the elevation angle  

 

I   1kg · m  

  )(rad  

     N.m

   2N.m

 3N.m

 4N.m

 5  N.m  

      rad/s  

mkg 

gm/s  

l   Z     m  

  ---  

 ---  

   )  y(N.m.s  

  6 )  y(N.m  

1-  Moment of Inertia 
2-  Centrifugal Torque  
3-  Friction Torque 
4-  Gravitational Torque 
5-  Gyroscopic Torque 
6-  Coulomb 

        .
    

)33(  =  
3 ) 33 ( 

)34(  = sin  

)35( = sign( )

)36(  = sign +

)  33)  (36 (2 
  

  

.     
        

         
      

         
     

  
)37(  =  

 

)38(  =
1

( )  

)39( =

)40( = sign( )

)41( = +  
 )  37)  (41 (3 

   4  .  
 - 

   
=  
=

1
( sin + ( ) + cos )
1

+
1  

1
+

1

=
1

( )

1
+

1

=
1

+
1

)42(  =
1

+

 ) 42(= , , = x3 x4 x7 x8

x9    DC  
  DC  

 )  .42 (4 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.5

3.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.53.1
https://mme.modares.ac.ir/article-15-11372-en.html


    

    -      

13941512  195  

2   
Table 2 Physical parameters of the azimuth angle  
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Table 3 Physical parameters of the helicopter motors  
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Fig.  4 The complete block diagram of the helicopter system 
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Fig.  5 Step response of the proposed controller (a, b)- 
Position angle, (c, d)- Control signal (e, f)- Adaptive gain 
parameter 

5  ) a b(- ) c d( - 
)e f(-   

  

  

0 10 20 30 40 50
0

0.5

1

Time (sec)

El
ev

at
io

n 
an

gl
e[

ra
d]

(a)

 

 

Reference
ASOSM

0 10 20 30 40 50
0

0.5

1

Time (sec)

A
zi

m
ut

h 
an

gl
e[

ra
d]

(b)

 

 

Reference
ASOSM

0 10 20 30 40 50
0

0.2

0.4

u 1 

Time (sec)

(c)

0 10 20 30 40 50
0

0.05

0.1

0.15
u 2 

Time (sec)

(d)

0 10 20 30 40 50
0.5

0.55

0.6

0.65

 K
2S

1

Time (sec)

(e)

0 10 20 30 40 50
0.02

0.04

0.06

K 2S
2

Time (sec)

(f)

0 10 20 30 40 50
0

0.5

1

T ime (sec)

El
ev

at
io

n 
an

gl
e[

ra
d]

(a)

 

 

Reference
ASOSM

0 10 20 30 40 50
0

0.5

1

T ime (sec)

A
zi

m
ut

h 
an

gl
e[

ra
d]

(b)

 

 

Reference
ASOSM

0 10 20 30 40 50
0

0.2

0.4

u 1 

Time (sec)

(c)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.5

3.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.53.1
https://mme.modares.ac.ir/article-15-11372-en.html


    

    -      

13941512  197  

  

  

  
Fig. 6 Square wave of the proposed controller (a,b)- Position 
angle, (c,d)- Control signal (e,f)- Adaptive gain 
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Fig.  7 Step response of the proposed controller in the 
presence  of  pulse  disturbance  (a,  b)-  Position  angle,  (c,  d)-  
Control signal (e, f)- Adaptive gain 
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Fig.  8 Step response of the proposed controller in the 
presence of sinusoidal disturbance (a, b)- Position angle, (c, 
d)- Control signal (e, f)- Adaptive gain 
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Fig.  9 Step response of the proposed controller in the 
presence of step disturbance (a, b)- Position angle, (c, d)- 
Control signal (e, f)- Adaptive gain 
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