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Abstract
In this paper, a study of the control mobile platform by the nonlinear decoupling 

technique is proposed. Due to the wheeled platform is constrained to some 
nonholonomic conditions, a coupling matrix exists in the control input of the equation of 
motion, which will cause some difficulties in designing a controller based on the 
independent input. By providing a pseudo-inverse matrix to eliminate the coupling term 
and then employing the two loops design, the tracking issue of the mobile platform can 
be addressed.
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I. Introduction

The discussion of the controlling a 
wheeled mobile platform can be traced 
back to a decade before [1-4]. Many 
researchers study this problem from 
modeling a wheeled mobile platform. In 
order to obtain the dynamic model of the 
mobile platform, a simple mechanical 
structure is employed, which a platform 
with two wheels in the rear to provide a 
driving torque and one wheel in the front to 
give a direction control. With the Lagrange 
formulation and the kinematic 
nonholonmic constraints such as no 
slipping occurs between the wheels and 
ground and the mobile can not move in 
lateral direction, the dynamic equation of 
the mobile platform can be constructed. 
Due to the dynamic behavior of the 
wheeled platform is confined to the 
nonholonomic constraints; the dynamic 
equations of the mobile platform will be 
nonlinear and parameter-dependent.
However, the issue about how to solve this 
nonlinear equation to find a controller such 
that the mobile platform can follow the 
designated path still attracts researcher’s
attention. Among them, Yamamoto [2-4]
focused on the dynamic behavior of a 
moving platform and the manipulator 
position. As the output equation is the final 
position of the manipulator, the command 

following problem can be rephrased as the 
trajectory tracking problem. Shen Lin and 
Goldernberg proposed a neural-network 
control of mobile manipulator [9-10]. 
Using neural-network control with on-line 
learning algorithms, they can design a 
robust-adaptive controller without 
requiring off-line tuning. Fierro and Lewis 
[7] also design a controller by application 
of neural-network theory. However, they 
combine adaptive backstepping and 
Lyapunov stability theory to develop so 
called a kinematic/torque control law to 
design a controller. By using this technique, 
they can deal with more control problems 
such as: tracking a reference trajectory, 
path following and stabilization about a 
desired posture. Y. Kanayama [11] and C. 
Samson [12-13] provided a nonlinear 
feedback controller design.

However, most results of the previous 
study to design the controller starts from 
the error model then derived the velocity 
tracking as this error terms. An alternative 
design is proposed in this paper, which is 
simpler and effect to deal with a 
complicated dynamic equation. Due to a
wheeled platform is constrained to some 
nonholonomic conditions, a coupling 
matrix exists in the control input term of 
the motion equation, which will cause 
some difficulties in constructing a 
controller to those design based on the 
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independent input. By providing a
pseudo-inverse matrix to eliminate the 
coupling term and then employing the two 
loops design, a tracking issue of the mobile 
platform can be addressed.

This paper is organized as follows. 
Section II is the introduction of the 
dynamic model of the mobile platform. The 
decoupling matrix is constructed in section 
3.  Section 4 presents the loop control 
design to address the tracking issue.
Simulation result is presented in section 5. 
Final remark is in section 6.

II.The dynamic model of a 
wheeled mobile platform

In this section, the motion equations 
and constraint equation of a wheeled 
mobile platform will be derived. 

In figure 1, the point ),( yxc is in the 

mass center of the platform respected to the 
frame YX � . The nonholonomic constraint 
is stated as no slipper occurs between the 
wheels and ground which is in terms of the 
following equation

0sincos ��� ��� ��� dxy (1)

or
0)( �qqA � (2)

where � �dqA ��� �� cossin)( and 

� �Tyxq �� .

The dynamic equation is derived from the 
Lagrange formalism as the following:

The total energy of the mobile platform is 
the kinetic energy. Then the Lagrangian 
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As results, the equation of motion of a 
wheeled mobile platform with
nonholonomic constraints can be 
established as

�	 )()(),(),()( qAqEqqFqqqCqqM T��

 �����

    (5)
and the kinematics relation                        

)()( tvqSq ��     (6)

In which, nq �� is the generalized 

coordinates , )(qM is nn
 inertial matrix, 

),( qqC � is nn
� the centripetal and 

coriolis matrix, nqqF ��),( � is the friction 

and gravity matrix, )(qE is rn 
 input 

matrix, 	 is r dimensional input vector, 
)(qA is nm
 Jacobin matrix and� is the 

vector constrain force. )(tv is the velocity 

vector of the mobile in the mass center c ,
)(qS is the transition matrix between the 
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moving frame and the inertial frame.
For more detailed results, interesting reader 
can refer to [3, 14].          

As more specified, the structure of the 
mobile platform is given as the following:
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m : the mass of the platform
d : the distance between COM and the 

center axis of
the wheel.

I : the moment of the inertial.
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� : the radius of the wheel.

R : the distance from the center axis to 
the wheel.

r	 , �	 represent the control torque in right 

and left wheels respectively.
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In which v represents the forward 
linear velocity and w is the angular 
velocity.

Figure 1. The coordinate of the mobile 
platform

In figure1, ),( cc YX is the Cartesian 

coordinate of the center of mass (COM) of 
the mobile platform and � is the 
orientation of the platform.

III.Construction of a seudo-
inverse matrix

A theorem is furnished to construct a 
pseudo-inverse matrix as the following.

Theorem 1: Moore-Penrose pseudo 
inverse

If a matrix )( nmA 
 is full rank, the 

Moore-Penrose pseudo inverse can be 
directly calculated as follows:

1. 1)(: �
 �� TT AAAAnm

X

Y

�

cX
cY

R

),( yxc

d



214

2. TT AAAAnm 1)(: �
 ��

From (5), there is a 
matrix )(qE coupling with the control 

input	 , which will cause some difficulties
in designing a controller based on the 
independent input. By applying theorem 1, 
a pseudo-inverse matrix can be constructed 

as 
�
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multiply (5) by )(q� and neglect the 

friction and gravity term ),( qqF � , (5) can 

be recast as
��	�� )()(),()()()( qAqqqqCqqqMq T����
� ����

                     (8)
, or simplified notation as
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Because, )(qM is not a square matrix, 

if a pseudo inverse matrix )(qM 
 can be 

found, then (9) is rewritten as the following 
result,

))()()(( �	 qAqqCqMq ��� 
 ��� (10)

and )(qM 
 can be obtained again from 

the theorem 1.

In our case, the structure of )(qM 
 is 

the following.
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IV.The two loop control 
design of tracking target

The objective of this paper is to 
propose a controller such that the input 
torque applied to the two wheels can drive 
the mobile to follow the designated path or 
chase after another cart. For further details
of the controller design, the mobile 
tracking problem needs to be defined first 
which described as the following. Given a 

reference cart velocity �
�

�
�
�

�
�

r

r
r w

v
� find the 

control input such that the mobile can 
move as the same trajectory as the 
reference cart. The proposed controller 
design of tracking mission can be 
accomplished by employing two loop 
designs. The inner loop is nonlinear 
decoupling input and the outer loop is
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output injection of the error between the 
reference trajectory and the mobile 

trajectory which is depicted as the figure 2.

Figure 2. the two loop design control

Let the nonlinear decoupling input

�	 )()( qAqqCde 
� � and outer loop 

injection )()( 10 qqHqqH rrinj �� �
��	

plugging into (10), which is
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IkH 00 � , IkH 11 �

I is the identity matrix and 0k , 1k are 

positive constants.
The proof the proposed controller can 

be stabilized system and follow the desired 
path is straightforward.

From (12), the closed loop system is 
derived as 
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With adequately choosing 0k and 1k ,

the closed system is asymptotically
stable .In other words, the cart can follow 

the command �
�

�
�
�

�

r

r

q
q
�

which is the 

designated path.

V.Simulation

Given the reference input 
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conditions was set to 
�
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. Our 

goal is to design a controller such that 
mobile cart with the following property can
follow the eference path: 

10�m , 5�I , 5.0�R , 05.0�� , 1�d

and two constants are picked as 10000 �k ,

1001 �k . With the providing velocity 

� �TrV 15.2� , the reference cart forms a 

circular path shown in figure 3.By utilizing 
the proposed controller, the outcome of 
simulation is presented in figure 4 which 
shows the mobile cart starts from the initial 
state then follow the circular path. From 
those results, it is shown feasible and 
effective of the proposed control law can 
accomplish the tacking mission.

Fig 3. the reference trajectory
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Fig4. the mobile trajectory

Fig 5. The mobile velocity
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VI.The conclusion

In this paper, the study of control a 
mobile platform with Nonholonomic 
conditions by employing the nonlinear 
decoupling method is proposed. Due to 
the existence of the Jacobin matrix in the 
input term of the mobile cart dynamic 
equation, it is difficult to directly utilize 
the nonlinear decoupling technique. By 
providing a pseudo-inverse matrix the 
problem can be solved. From simulations, 
it is shown feasible and effective of the
proposed control law can accomplish the 
tacking mission.
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