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Highlights 

1. This paper presents a novel neural network adaptive sliding mode control 

(NNASMC) method for the dynamic controller design of an omnidirectional 

vehicle.  

2. Kinematic and dynamic modeling of the omnidirectional vehicle is presented with 

uncertainties and unknown external disturbances.  

3. Artificial neural network (ANN) based adaptive law is introduced to model and 

estimated the various uncertainties disturbances. 

4. The performance of the proposed NNASMC method is verified through computer 

simulations and physical experiments on the omnidirectional vehicle plantform. 

5. Results validate the effectiveness and robustness of the NNASMC method in 

presence of uncertainties and unknown external disturbances. 
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Neural Network Adaptive Sliding Mode Control for Omnidirectional 

Vehicle with Uncertainties 

Abstract:  

This paper presents a novel neural network adaptive sliding mode control (NNASMC) method to 

design the dynamic control system for an omnidirectional vehicle. The omnidirectional vehicle is 

equipped with four Mecanum wheels that are actuated by separate motors, and thus has the 

omnidirectional mobility and excellent athletic ability in a narrow space. Considering various 

uncertainties and unknown external disturbances, kinematic and dynamic models of the omnidirectional 

vehicle are established. The inner-loop controller is designed based the sliding mode control (SMC) 

method, while the out-loop controller uses the proportion integral derivative (PID) method. In order to 

achieve the stable and robust performance, the artificial neural network (ANN) based adaptive law is 

introduced to model and estimated the various uncertainties disturbances. Stability and robustness of the 

proposed control method are analyzed using the Lyapuov theory. The performance of the proposed 

NNASMC method is verified and compared with the classical PID controller and SMC controller 

through both the computer simulation and the platform experiment. Results validate the effectiveness 

and robustness of the NNASMC method in presence of uncertainties and unknown external 

disturbances. 

Keywords: omnidirectional vehicle, sliding mode control, Mecanum wheel, artificial neural network. 

1. Introduction 

Omnidirectional vehicles can perform translational and rotational motion independently and 

simultaneously. Therefore, omnidirectional vehicles are being been widely used on various occasions, 

especially those in narrow spaces, such as hospitals, factories and sheltered workshops for disabled 

people. The Mecanum wheel omnidirectional vehicles (MWOV) is common example of mobile 

vehicles with the omnidirectional ability [1-3]. The Mecanum wheel consists a series of passive rollers, 

which are mounted at 45° angle around its hub circumference, is a special kind of wheels that can allow 

the lateral movement without changing attitude of the wheel itself [4-7]. Owning to the sidesway 

characteristic of Mecanum wheels, the MWOV can move to any position without changing its 

orientation, which is different from conventional vehicles. In particular, the MWOV has the outstanding 

flexibility and maneuverability of movement in the narrow workspace, and thus, it has been effectively 

and efficiently applied to logistics sorting factory, soccer robots, hospitals, military, home applications 
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and so on [8-10]. Research on MWOVs is so popular around the world, especially the vehicle that is 

equipped with four Mecanum wheels [1-3] [11-12]. In the four Mecanum wheels vehicle, the four 

wheels are arranged symmetrically on the geometric center of the vehicle, and four separate motors 

drives the four wheels respectively.  

Due to the coordination and cooperation of the four individual motors as well as the various 

uncertainties in the real world, the high-precision motion control of the MWOV is a challenging issue 

for researchers. Various control algorithms [13-19] were applied to the motion control of the robot 

during past decades, including sliding mode control (SMC), robust control, adaptive control, 

disturbances observer-based control, and so on. Chen et al. [13] presented an adaptive sliding-mode 

dynamic controller for asymptotically stabilizing the non-holonomic mobile robot to a desired trajectory 

without considering the uncertainties. Miao et al. [14] proposed a novel adaptive neural network 

controller for trajectory tracking of autonomous underwater vehicle, which employing radial basic 

function neural network to account for modeling errors. Kim et al. [15] designed a robust adaptive 

controller to overcome uncertainties and external disturbances for the mobile robot under 

non-holonomic constraints can achieve perfect velocity tracking. Purwin and Andrea [16] proposed an 

algorithm to generate a trajectory and optimal control for four wheeled omnidirectional vehicles under 

limited friction condition. However, most of the above control methods depend on the modelling 

accuracy of the vehicle, and thus, cannot have a satisfactory handle on the model uncertainties and 

unknown external disturbances well, especially on the Mecanum wheel vehicle. 

The SMC is one of the effective approaches that can theoretically achieve the perfect control 

performance of the nonlinear dynamic system with model uncertainties [20-22]. Ashrafiuon et al. [20] 

presented a sliding mode tracking controller for trajectory tracking of autonomous surface vessels, 

which uses two sliding surfaces for surge tracking errors and lateral motion tracking errors. Qian et al 

[21] developed a robust control method that combined SMC and the nonlinear disturbances observer for 

formation maneuvers of a multi-agent system with uncertainties. Ferrara and Incremona [22] proposed 

an integral suboptimal second-order SMC algorithm for robot manipulators to solve motion control 

problems.  

Actually, considering that uncertainties and external disturbances often exist in the omnidirectional 

motion system, it is necessary to design an adaptive law to help the SMC method improve the 

robustness. In particular, for the MWOV system, the dynamic changing uncertainties have the serious 

impact on the vehicle, for instance, cause the vehicle to deviate from its desired trajectory. In [23], an 



adaptive SMC controller based on dynamic structure fuzzy wavelet neural networks was proposed for 

industrial robot manipulator control system with uncertainties and disturbances. In [24], a novel 

adaptive tracking controller based on neural networks is proposed for mobile robots to implement the 

trajectory tracking mission. In [25], an adaptive SMC method was applied to a three wheel 

omnidirectional mobile robot with both structured and unstructured uncertainties. Yang et al. [26] 

proposed a control scheme based Radial Basis Function (RBF) neural network to learn the unknown 

robot manipulators dynamics. 

Motivated by these previous work about SMC and adaptive control methods, a neural network 

adaptive sliding mode control (NNASMC) method for dynamic control of the MWOV system with 

modeling uncertainties and unknown external disturbances is derived in this paper. The approximation 

ability of artificial neural networks is employed to estimate the various uncertainties in the model. 

Stability and robustness of the proposed control method are analyzed using the Lyapunov theory. The 

performance of the proposed NNASMC method is verified and compared with the classical proportion 

integral derivative (PID) controller and SMC controller through computer simulations and platform 

experiments on the omnidirectional vehicle. Results validate the effectiveness and robustness of the 

NNASMC method in presence of uncertainties and unknown external disturbances.  

The rest of this article is organized as follows. In Section 2, kinematics and dynamics of the 

omnidirectional vehicle with uncertainties are modeled. Section 3 presents the proposed control scheme 

in detail, which is followed by the stability analysis in Section 4. Simulation and experimental results 

are given in Section 5 and Section 6, respectively. Finally, the conclusion is given in Section 7. 

2. Model Description 

Kinematics depicts the mathematical relationship between the position and velocity of the vehicle, 

while dynamics can clearly describe the role of the force on the position and speed of the vehicle. In this 

section, the kinematic model and the dynamic model are presented for the omnidirectional vehicle 

equipped with four Mecanum wheels (as is shown in Fig. 1), which considering model uncertainties and 

unknown external disturbances [1-3], [27-28]. 

2.1. Kinematics 

As is shown in Fig. 1, in the MWOV, four wheels are arranged symmetrically on the geometric 

center of the vehicle body to achieve the uniform load of each wheel and the stability of supporting 

structure. Each wheel is driven by a DC motor independently to produce the torque required for the 



motion of the vehicle. Due to the geometric characteristics of the Mecanum wheel, the robot can 

achieve omnidirectional motion on the platform through appropriate combination of speeds of the four 

wheels. For the derivation of the equation of motion, we have the following two assumptions. 

Assumption 1  The vehicle moves on the horizontal plane and the plane. 

Assumption 2  All the components of the vehicle, including wheels, are rigid. 

In Fig. 1, three coordinate frames are established, including the fixed coordinate frame O, the 

vehicle moving coordinate frame 
rO , and the wheel coordinate frame w

iO  (i = 1, 2, 3, 4). The point 

rO  is the gravity center of the vehicle. 

 

Fig.1 Kinematic geometry of a MWOV 

 
 

Fig.2 Structure sketch of the Mecanum wheel 

The inverse kinematics model and kinematics model of the mobile vehicle as shown in Fig. 1 is 

given as follows: 
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where 
i  (i=1, 2, 3, 4) is the wheel angular velocity around the hub, =

T
v

x yq v v v    is the 

velocity vector of wheel in coordinate frame O, W and L are translational distance between rO and w

iO in 

x and y direction respectively and R is the wheel radius. 

2.2. Dynamics 

The MWOV with uncertainties moving on a plane flat surface is developed using Lagrange 

method. In order to derive the equation of motion, the following assumptions are considered. 

Assumption 3  The moving coordinate frame Or lies on the center of gravity of the vehicle. 

Assumption 4  The vehicle moves on a planar surface and its potential energy is kept constant, 

where the potential energy is zero. 

Assumption 5  Neglecting the inertia of rollers of the Mecanum. 

Using the Lagrange method the dynamics is obtained as: 

( ) ( ) ( )w dM q q D q q u t                              (3) 

where Dw is the coefficient of the wheel’s viscous friction, 1 2 3 4( )=[ ( ) ( ) ( ) ( ) ]Tu t u t u t u t u t , 

( )( 1,2,3,4)iu t i   represents the control input of each wheel, d  represents external 

disturbances, 1 2 3 4=[ ]Tq      is the angular velocity of the Mecanum wheel. Considering the 

parameter variations in the vehicle, the positive definite system inertia matrix ( )M q  can be 

respectively expressed as 0( ) ( )M q M q M  , while the coefficient of the wheel’s viscous friction 

( )wD q  can be expressed as 0( ) ( )w w wD q D q D   , where M  and 
wD  are the perturbed terms, 

0 ( )M q  and 0 ( )wD q  are the nominal values. Hence, the dynamic model of the vehicle is as follows: 

0
0( ( ) ) ( ( ) ) ( )w w dM q M q D q D q u t                         (4) 

Therefore, 

0
0 ( ) ( ) ( ) ( ) ( )w d wM q q D q q u t Mq D q u t E q                   (5) 
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, 0 0 0 0 0
1 2 3 4( ) [ ]T

w w w w wD q D D D D , ( ) d wE q Mq D q   , and ( )E q  is the function about the model 

uncertainties and the external disturbances, m is the total mass of the vehicle, and zI , I  denote the 

moment of inertia of the vehicle’s body and the wheels, respectively. 

3. Methodology 

In this section, a stability controller based on NNASMC is designed to enable the omnidirectional 

vehicle to track the desired trajectory in presence of uncertainties and unknown external disturbances. 

The designed control scheme is divided into two parts, namely the kinematics controller for the 

outer-loop and the dynamic controller for the inner-loop, which can be seen in Fig. 3. The outer-loop 

controller adopts the classical proportion integral derivative (PID) control method. In the inner loop, the 

NNASMC is proposed to achieve the stable and robust performance, as is shown in Fig. 4.  

 
Fig.3 Diagram of the control system 



 

Fig.4 Diagram of the inner-loop controller based on NNASMC 

3.1. SMC law 

The SMC method is utilized to design a dynamic tracking controller in this subsection, so that the 

actual position of the wheel converges to the control position. Because the sliding mode control 

algorithm is strongly dependent on the model, the design of sliding mode control law first assumes that 

there is no uncertainty in the system model, that is, the system parameters are known, and the 

disturbance is zero. Before designing the SMC controller, the dynamic model of the vehicle is rewritten 

as follows: 
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where define the function of 1
0( ) ( ) ( )g q M q E q and suppose that the uncertainty ( )g q is zero. Then, 

the following equation is obtained: 

1
0 0 = ( ) ( ) ( )q M q u t H q q                              (7) 

The control objective is to make the actual position q  of the wheel follow the reference position 

dq  precisely, that is, the tracking error 4 1( )w de t q q    is as close to zero as possible. To achieve 

precise and fast control objective, the following sliding surface is defined as: 

4 1 4 1 4 4 4 1( ) ( ) ( )w ws t e t e t                               (8) 



where 4 1 1 2 3 4( ) ( ) ( ) ( ) ( )
T

w w w w

we t e t e t e t e t
    and 4 4 1 2 3 4( )diag      is a design constant 

positive matrix. Differentiating the above sliding-surface variable with respect to time t, the following 

equation is obtained: 
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Here, the following reaching law is adopted: 

1 2
4 1 4 4 4 1 4 4 4 1( ) ( ) sgn( ( ) )s ss t k s t k s t                       (10) 

where 1 1 1 1 1
4 4 1 2 3 4( )s s s s sk diag k k k k  , 2 2 2 2 2

4 4 1 2 3 4( )s s s s sk diag k k k k  are constant matrices and 

positive definite, and the switching function 4 1sgn( ( ) )s t   is a discontinuous function, which can be 

given as follows [29]: 
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According to (9) and (10), the following equation is obtained: 
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Above all, the SMC controller based on reaching law can be expressed as follows: 

 1 2
4 1 0 4 4 4 1 4 4 4 1 4 4 0( ) ( )( ( ) sgn( ( ) ) ( ) ( ) )s s

d du t M q k s t k s t q q q H q q                (13) 

where the switching function is used to improve the robustness of the system, but it will also cause 

undesired chattering and the chattering may cause high-frequency control input. Moreover, to improve 

the robustness of the system with uncertainties and decrease the chattering produced by the switching 

function, the ANN based adaptive law is introduced. 

3.2. Neural network adaptive law 

Many parameters in the dynamic system are difficult to measure accurately, and the existence of 

external disturbances makes it difficult to get a precise mathematical model. In this paper, RBF neural 

network is utilized to emulate the uncertain nonlinear function by creating an adaptive control law. 

Figure 5 shows a multi-input multi-output (MIMO) RBF neural network structure, which consists of 

three layer network structures, i.e., the input layer, hidden layer and output layer. There are 7 neurons 

employed in the hidden layer of this paper. 



 

Fig.5 MIMO RBF neural network structure 

In the case of the mathematical model with uncertainty ( )g q , the sliding mode control law is 

obtained as follows:  
1 2

4 1 0 4 4 4 1 4 4 4 1 4 4 0
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    (14) 

where 4 1 4 4 0( ) ( ) ( ) ( )in d df x q q q H q q g q       . The RBF neural network are employed as a 

universal approximator to emulate any real continuous function 4 1( )inf x 
with its optimal parameters, 

the form is as follows: 

*
4 1( ) ( ) ( )T

in in inf x W h x x                           (15) 

where 1 2[ , , , ]T n

in nx x x x R  is the input vector, * 4 pW R   represents a vector of optimal network 

weights, 1 2( ) [ ( ), ( ) ( )]T p

in in in p inh x h x h x h x R   represents a vector of basis function and there are 7 

neurons in the hidden layer of the network, that is 7p  , ( )inx is approximation error of the network, 

which is bounded with ( )in Nx  , and N is an unknown positive constant. For RBF neural 

network, the basis function ( )j inh x  is a particular network architecture with the form of Gaussian 

functions as [17]: 

2

( ) ( )
( ) exp

2

T

in j in j

j in

j

x c x c
h x

b

  
  

  
                       (16) 

where jc is the coordinate vector of the center point of the Gauss basis function of the j neuron of the 

hidden layer, jb  is the width of the center point of the Gauss basis function of the j neuron of the 

hidden layer. 



In terms of this RBF neural network, the approximate value 4 1
ˆ( )inf x   is applied to estimate the 

unknown nonlinear function 4 1( )inf x 
. The function 4 1

ˆ( )inf x  is designed as: 

4 1
ˆ ˆ( ) ( )T

in inf x W h x                             (17) 

where 4ˆ T pW R  represents an updated weight matrix, and the function approximation error is given as 

follows: 

4 1 4 1 4 1

*
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Using the approximation ability of RBF neural network, the NNASMC control law is obtained as 

follows: 

1 2
4 1 0 4 4 4 1 4 4 4 1 4 1

ˆ( ) ( )( ( ) sgn( ( ) ) ( ) )s s

inu t M q k s t k s t f x                      (19) 

It is need to construct an adjustment mechanism for eliminate the unknown nonlinear function

4 1( )inf x 
, and the state inputs of RBF neural network is defined as: 

4 1 4 1[ ( ) ( ) ]T

in w wx e t e t q q                          (20) 

4. Stability analysis 

Theorem 1: Consider the dynamic model of the omnidirectional mobile vehicle based on 

Mecanum wheel with uncertainties and external disturbances, as shown in Eq. (5). The proposed neural 

network adaptive sliding mode control (NNASMC) Eq. (19), if the weight of neural network is updated 

according to Eq. (21), then the stability of the closed-loop system can be guaranteed and the tracking 

error will converge to zero vector asymptotically. 

4 1
ˆ ( ) ( )T

inW h x s t                            (21) 

Proof: Let the Lyapunov function candidate be defined as 

1
4 1 4 1

1 1( ) ( ) ( )
2 2

T TL s t s t tr W W

                        (22) 

where 1  is a positive-definite matrix, and ( )tr  is the trace operator. 

The derivative of Lyapunov function L along to time as: 

1
4 1 4 1( ) ( ) ( )T TL s t s t tr W W

                              (23) 

Substitute Eq. (9) into the Eq. (23), one can get: 
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Substitute Eq. (6) into the Eq. (24), we yields: 
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Inserting Eq. (18) and Eq. (19) into the Eq. (25), we have 
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where 1 2
4 4 4 4,s sk k 

are positive definite matrices and * ˆW W W 
. *W is a constant and represents a vector 

of optimal network weights and Ŵ  is a variable and represents an updated weight matrix, hence

ˆW W 
. Therefore, L can be expressed as follows:  
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We define 1 2
1 4 1 4 4 4 1 4 1 4 4 4 1( ) ( ) ( ( ) ( ) ( ) )T s T s

inL s t x k s t s t k s t        , where ( )in Nx  , 

1
4 4 4 1 4 1( ) ( ) 0s Tk s t s t    , and we assume 2

4 4
sk  satisfies 2

4 4
s

Nk   , thus, we get: 

1 2
1 4 1 4 4 4 1 4 1 4 4 4 1

2 1
4 1 4 4 4 1 4 4 4 1 4 1

( ) ( ) ( ( ) ( ) ( ) )
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T s T s
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s s T
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With the adaptive control law Eq. (21) and the inequality of Eq. (28), the function of L  is derived 

as: 
1 2

4 1 4 4 4 1 4 1 4 4 4 1

1
4 1

1 2
4 1 4 4 4 1 4 1 4 4 4 1

2 1
4 1 4 4 4 1 4 4 4 1 4 1

( ) ( ) ( ( ) ( ) ( ) )

ˆ     ( ( ) ( ) )
  ( ) ( ) ( ( ) ( ) ( ) )

  ( ) ( ) ( ) ( ) 0

T s T s
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T T
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T s T s
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s s T

N

L s t x k s t s t k s t

trW W h x s t

s t x k s t s t k s t

s t k s t k s t s t







     





     

     

  

  

  

   

           (29) 

Therefore, according to Lyapunov stability theorem the closed-loop system is asymptotically stable, 

and the tracking errors will converge to zero set within a finite time, which means the sliding surface is 

asymptotically stable. 

5. Simulation Results 

In order to illustrate the effectiveness of the proposed control scheme, two simulations for trajectory 

tracking of the omnidirectional mobile vehicle are performed in MATLAB/Simulink environment. In 

addition, the performance of the NNASMC control method are compared with the SMC control method 

and conventional PID control method, and we consider the uncertainties and external disturbances of 

the model in the simulations. The neural networks include 7 neurons and the parameters of the control 

scheme that proposed in this paper are selected as: 1
4 4 (15 15 15 15)sk diag  ,

2
4 4 (10 10 10 10)sk diag  , 4 4 (15 15 15 15)diag  , 10b  , 



1.5 1 0.5 0 0.5 1 1.5
1.5 1 0.5 0 0.5 1 1.5
1.5 1 0.5 0 0.5 1 1.5
1.5 1 0.5 0 0.5 1 1.5

c

   
 
  
 
   
 
   

. 

The physical parameters of MWOV are listed in Table I. 

Table I Physical parameters of the vehicle 

No. Symbol Parameter Unit Value 

1 m Mass of the vehicle kg 10.7 

2 R Wheel radius m 0.076 

3 W Width of the platform m 0.25 

4 L Length of the platform m 0.225 

5 zI
 Inertia of the vehicle 2kg m  0.32 

6 I
 Inertia of the wheel 2kg m  0.029 

7 0
wD  Coefficient of the wheel  0.4 

A. Case 1: S shape curve trajectory 

The equation of the S shape curve trajectory is given as: 
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where t is the simulation time in seconds and satisfies 0t  .The initial posture of the mobile vehicle is

   0 0 0T T
x y   . To verify the efficient and effective properties of the control scheme that 

proposed this paper for MWOV with uncertainties and external disturbances, robustness tests have been 

done in the simulation experiment. The external disturbances in the dynamic model d  is given by

 =20 sin( ) sin( ) sin( ) sin( ) T

d t t t t , and the uncertainties is acting on the system during the 

simulation experiment at t=15s, which lasts for 2s. The uncertainties is taken as follows: 
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The S shape curve trajectory tracking results of the experiment with traditional PID controller, SMC 

controller and NNASMC controller in x-y plane is presented in Fig. 6. The tracking performance along 

x and y directions are shown in Fig.7 (a) and (b), respectively, and Fig.7(c) presents the rotation angle 

tracking result of the vehicle. It can be seen that in Fig.6 and Fig.7 the performance of the proposed 

approach is better than that of the SMC approach and traditional PID control method with the system 



under effects of uncertainties and external disturbances. When the uncertainties are fed from 15s to 17s, 

NNASMC has better robustness and trajectory tracking performance. In Fig.8 the tracking errors of the 

three applied control methods in the three coordinate directions are shown. It is observed from Fig.8 that 

the proposed control scheme has smaller tracking error, faster convergence rate and higher tracking 

precision than the other two control method applied in this paper. In Fig.9 the speed of MWOV and 

angular velocity of four wheels are shown. 

 
Fig.6 S shape curve trajectory tracking ability of the PID, SMC, and NNASMC in x–y plane 

   
(a) (b) 

 



(c) 
Fig.7 Trajectory tracking results in different directions. (a) Trajectory tracking in x-coordinate. (b) Trajectory tracking in 

y-coordinate. (c) Trajectory tracking of rotation angle. 
 

 
 

(a) (b) 

 
(c) 

Fig.8 Trajectory tracking error in different directions. (a) Trajectory tracking error in x-coordinate. (b) Trajectory 
tracking error in y-coordinate. (c) Trajectory tracking error of rotation angle. 

  
(a) (b) 

Fig.9 (a) Trajectory curve in x-coordinate, y-coordinate and rotation angle curve respectively. (b) Angular velocity of 

four wheels. 



B. Case 2: Lemniscate trajectory 

The equation of the Lemniscate trajectory is given as: 
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where t is the simulation time in seconds and satisfies 0t  .The initial posture of the mobile vehicle is

   0 1 0T T
x y   .Like case 1, we also added external disturbances and uncertainties to the 

system in the experiment, and the external disturbances in the dynamic model 
d is the same as case 1. 

The uncertainties is given as follows: 
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where 16, 1   , and the uncertainties is acting on the system during the simulation experiment at 

t=14s, which lasts for 4s. 

Figure 10 shown the lemniscate trajectory tracking results of the traditional PID controller, sliding 

mode controller and the proposed control scheme, and the tracking performance along x, y direction and 

the rotation angle tracking result are shown in Fig.11 (a) , (b) and (c), respectively. Form Fig.10 and 

Fig.11, it can be seen that NNASMC has better robustness and trajectory tracking performance 

compared to the other two controllers, especially when the system is subjected to uncertainties and 

unknown external disturbances. Moreover, in Figs. 12, the position tracking errors in the x, y directions 

and the rotation angle tracking error are shown. From position tracking error results, it is observed that 

the NNASMC has smaller tracking errors compared other two controllers with the system under the 

effect of model uncertainties and external disturbances. In Fig.13 the speed of MWOV and angular 

velocity of four wheels are shown. 



 
Fig.10 Lemniscate trajectory ability of the PID, SMC, and NNASMC in x–y plane 

  
(a) (b) 

 

(c) 
Fig.11 Trajectory tracking results in different directions. (a) Trajectory tracking in x-coordinate. (b) Trajectory 

tracking in y-coordinate. (c) Trajectory tracking of rotation angle. 



  
(a) (b) 

 

(c) 
Fig.12 Trajectory tracking error in different directions. (a) Trajectory tracking error in x-coordinate. (b) Trajectory 

tracking error in y-coordinate. (c) Trajectory tracking error of rotation angle. 

  
(a) (b) 

Fig.13 (a) Trajectory curve in x-coordinate, y-coordinate and rotation angle curve respectively. (b) Angular velocity of 

four wheels. 

From these simulation results, it can be concluded that the NNASMC control scheme has better 

robust capability including the shorter convergence time and smaller tracking error. These simulation 



results also reflect the adaptability of NNASMC control approach which makes the closed-loop control 

system have much better adaptive ability for the four Mecanum wheels omnidirectional mobile vehicle 

dynamic system in presence of uncertainties and external disturbances. Therefore, the NNASMC 

control law is effective and feasible for tracking control of MWOV with uncertainties and unknown 

external disturbances. 

6. Experiments 

To verify the efficacy of the NNASMC controller, we realize this system on an actual MWOV as 

shown in Fig. 14. A real-time control system has been implemented by using the Robot Operating 

System (ROS). There are two computers has been adopted, the computer with Linux 14.04 system has 

the specification as, Intel Core-i5 CPU 2.60 GHz and 4 GB RAM and the computer with Windows 10 

system has the specification as, Intel Core-i5 CPU 3.30 GHz and 4 GB RAM. The experimental setup 

and the Block diagram of ROS MATLAB/Simulink experiment scheme is shown in Fig. 14. 

During real-time implementation the ode8 (Dormand-Prince) solver available in 

MATLAB/Simulink 2017b is used to solve the equation. Matlab Robot Operating System Toolbox is 

utilized to develop an interface between ROS and MATLAB/Simulink 2017b. When the run is started, 

the two computers send and receive data in the form of messages in ROS to compose a closed loop 

system. 

 

Fig.14 Experimental setup and block diagram of the experiment scheme 

In order to prove the supremacy of the proposed controller over SMC and PID, two experiments are 

conducted and the results is shown in Fig. 15 and Fig. 16. The speed of MWOV in x, y direction and 

rotation speed as the desired signal of MATLAB/Simulink node. In the result figures, the black line 

represents reference signal, the green line represents the signal with PID controller, the blue line 

represents the signal with SMC controller and the red line represents the signal with NNASMC 

controller. 



A. Experiment 1: Rectangle trajectory 

The rectangle trajectory is chosen as desired trajectory, and the dimensions of the trajectory are 2 m 

in length and 2 m in width. The rectangle trajectory curves in x–y plane are shown in Fig. 15(a), the 

tracking performance along x and y direction and rotation angle tracking results are shown in Fig. 15(b), 

the velocity along x and y direction and rotation angular velocity results are shown in Fig. 15(c), the 

line speed curve of four wheels are shown in Fig. 15(d) and the real motion experiment environment is 

shown in Fig. 15(e). 

 
(a) (b) 

  
(c) (d) 



 

(e) 

Fig.15 Experimental results. (a) Trajectory curve in x–y plane. (b) Trajectory curve in x-coordinate, y-coordinate 

and rotation angle curve respectively. (c) The speed curve in x-coordinate, y-coordinate and rotation speed curve 

respectively. (d) Line speed of four wheels. (e)Real motion experiment environment. 

B. Experiment 2: Lemniscate trajectory 

The Lemniscate trajectory is chosen as desired trajectory in this experiment. The trajectory tracking 

curves in x–y plane are shown in Fig. 16(a), the tracking performance along x and y direction and 

rotation angle tracking results are shown in Fig. 16(b), the velocity along x and y direction and rotation 

angular velocity results are shown in Fig. 16(c), the line speed carve of four wheels are shown in Fig. 

16(d) and the real motion experiment environment is shown in Fig. 16(e). 

 

    (a) (b) 



 

      (c) (d) 

 

(e) 

Fig.16 Experimental results. (a) Trajectory curve in x–y plane. (b) Trajectory curve in x-coordinate, y-coordinate 

and rotation angle curve respectively. (c) The speed curve in x-coordinate, y-coordinate and rotation speed curve 

respectively. (d) Line speed of four wheels. (e)Real motion experiment environment. 

From the trajectory curve results of the two experiments, the NNASMC, SMC and PID control 

scheme are not much difference, the response trajectory curve have the same excellent quality. The 

efficacy of NNASMC can also be proved from the velocity curves, which show that the control system 

based on NNASMC controller has smaller trajectory tracking error and less chattering of linear velocity 

and angular velocity. The speed along x and y direction and rotation speed as shown in Fig.15(c) and 

Fig.16(c), the line speed of four wheels as shown in Fig.15(d) and Fig.16(d) illustrate that the proposed 

control scheme has better performance compared with SMC and PID controller. 



7. Conclusion 

In this paper, an ANN based adaptive SMC scheme is proposed for the MWOV in presence of 

uncertainties and external disturbances. The kinematic and dynamic models are established for the 

MWOV with uncertainties and external disturbances. To achieve the robustness of the control system, 

the SMC based dynamic controller is designed, while the ANN based adaptive law is introduced to 

model and estimate the various uncertainties disturbances. In addition, the PID controller is applied to 

the out-loop controller for the trajectory-tracking. According to the Lyapunov theory, the stability of the 

proposed NNASMC method is proved. The performance of the proposed NNASMC method is verified 

and compared with the classical PID and SMC methods through simulations and experiments on the 

omnidirectional vehicle. Results validate the effectiveness and robustness of the NNASMC method in 

presence of uncertainties and unknown external disturbances. In the following work, the study of 

autonomous obstacle avoidance in the process of trajectory tracking is under investigation. 
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