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Abstract 
  

In this paper the motion control of a pattern tracking 
nonholonomic mobile robot is presented. In many 
applications localization of the mobile robots is subjected,  
different from the existing studies, here a similar closed loop 
system has been developed, but instead of estimating local 
coordinates, control problem is constructed as keeping close 
to a pattern under predefined constraints. Since the dynamic 
equations of the model are nonlinear, feedback linearization 
have been applied to control the mobile robot. To implement 
the control algorithm Quanser's QBot and a portable 
computer connected to its head camera have been used. 

  
1. Introduction 

  
Mobile robots are used in lots of areas from industrial 

applications to space projects. A general problem in those 
applications is the trajectory tracking. 

There are numerous studies over visual based localization 
and tracking of the mobile robots. A fundamental study based on 
linearization can be found in [1]. Different methods for the 
tracking control exist, such as backstepping method is used in 
[2], optimal tracking control method developed in [3], [4] has 
used pole placement method while, a novel linear interpolation 
method is used in [5]. In [6,7] robust controllers are designed 
and in [8] neural dynamics are used. Another classification can 
be done according to the application; in some cases instead of 
visual data, other sensing abilities are used, such as thermal 
vision [9] or iGPS and Odometry [10] and also there are other 
cases where computational time has more importance [11] or 
tracking vehicle is obstructed with objects [3,12]. And also in 
some other applications, a line with bounded curvatures is 
tracked with visual feedback [13] or keeping the visual data 
source inside the viewing area is the control aim [14]. Moreover 
in some of the studies estimators are used [6,15,16]. 

Most of the studies use the velocity model of the mobile 
vehicles. But in [2,7] torque model of the mobile vehicles are 
used. A combined kinematic-torque control law is developed in 
[2], In [7] a sliding mode controller for trajectory tracking is 
designed. Such as in [6] a robust control method is used for 
noises in the visual data and also a visual state estimation 
method is developed to determine the velocity of the target. 
While in [15,16] extended kalman filter is used. 

In this paper, feedback linearization is used to eliminate the 
nonlinear terms in the dynamic equations of the closed loop 
system and a simple damped system is obtained.  

The rest of the paper is organized as follows: The kinematic 
equations of the mobile robot and the dynamic equations 
defining the error terms of the closed loop system are given in 
Section 2. Feedback linearization based control method is given 

in Section 3. Experimental study achieved to prove the designed 
method and its results are given in Section 4. Conclusion and the 
future works are given in Section 5. 

   
2. Mathematical Model 

  
The mobile robot consists of two motor driven wheels and 

two free spinning passive wheels. The effects of the passive 
wheels are ignored, the robot is symmetrically shaped and the 
center of the mass is located at the geometric center of the body. 
Robot and the pattern are modeled under Cartesian coordinates. 
These Parameters and the vehicle are illustrated in Fig. 1. 

  

 
  

Fig. 1. Model of the nonholonomic mobile robot 
  

2.1. Kinematic Equations 
 
The kinematic model of the robot depending on wheel 

velocities can be given as,  
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Instead of using velocities, the following input 

transformation can be regarded: 
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Moreover to define the error terms of the system, some 

assumptions should be considered. The equations will hold only 
if the pattern is inside the front half plane of the robot. Since the 
pattern should be kept visible to the camera in application, the 
opposing situations are already discarded by this way.  

System has two error terms symbolized as �� and �!, here �! 
represents the orientation error to the pattern and �� represents 
the distance error. It should be kept in mind that in the model, 
robot is considered as a point. But in application we should 
reduce the distance error with some constant to avoid collisions 
with the pattern. For this purpose, a safety circle is defined with 
radius "#$%. 

 
The error terms can be given as, 
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2.2. Dynamic Equations 
 

Derivation of the error terms can be written as, 
 

 ��� 	 
0�1203401567�1'73471*
&'03401*86'73471*8  (5) 

 

 ��! 	 
0�1273471547�12034015'9:6�;<=*8  � ��� . (6) 

 
Replacing the robot dynamics,  
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obtained and redefining the trigonometric equations we get, 
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As a result, terms depending on the local coordinates are 

eliminated. The remaining terms consist of trigonometric 
functions, errors and control signals. 

 
3. Feedback Linearization 

 
The ability to use feedback to convert a nonlinear state 

equation into a controllable linear state equation by cancelling 
nonlinearities requires the nonlinear state equation to have the 
suitable structure [18]. 

To achieve an exponentially stable system, the input signals �� and �� can be choosen as, 
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and as a result, dynamic equations becomes: 
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Here G� and G� are arbitrary constant parameters. 
 

4. Experimental Studies 
 
To apply the control algorithm, Quanser’s QBot is used. This 

mobile vehicle is constructed over iRobot Create platform and 
consists of a Linux based target computer with wireless 
communication.  The control algorithm constructed under 
MATLAB SIMULINK platform can be complied and uploaded 
to this device to create a real-time application. The configuration 
of the application can be seen on Fig. 2. 

 

 
 

Fig. 2. System Configuration 
 
For image processing operation an OpenCV based library, 

ARma is used [19]. This software tool directly gives the 
coordinates of the recognized pattern. After applying some 
transformations, it is possible to reach the error terms as defined 
in the theoretical part. 

Since the image processing software require higher 
computing power. It will not be possible to directly implement 
the entire algorithm to the Linux target located on the robot. 
Instead, the image processing algorithm is operated over a 
portable computer and the processed data is read through 
wireless communication by the robot. Meanwhile the process is 
started, stopped and tracked by MATLAB SIMULINK platform 
and all process data can be recorded. 

At the first step, the image processing algorithm detects the 
pre-defined pattern and locates its coordinates in the camera 
coordinate system. The data that is sufficient to determine the 
error terms is served on a listening TCP connection. A data 
request from the Linux target over the robot starts the next step 
and it continues with calculation of the error terms in the target. 
The last step is calculating the control signals to be applied as 
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wheel speeds of the robot. An illustration of the data flow can be 
seen in Fig. 3. 

 

  

Fig. 3. Data flowchart 
 
The parameters of the application can be found in Table 1. 

All of the metric parameters are in millimeters and angles in 
radians. 

 
Table 1. Parameters of the application 

  G� G� H  "#$% ��(0) �!(0) 
1 1.2 250mm 400mm 550mm 0.18 

 
The application specific equations of the control signals are 

given below, 
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The results of the application are given in Fig. 4 and Fig. 5. 

  
Fig. 4. Orientation error due to time 

 

 
Fig. 5. Distance error due to time 

 
As it can be seen in the results, distance error converges to 

zero in a short time. On the other hand orientation error 
converges close to zero with an unexpected small overshoot. 
The reason for the overshoot is commonly about the time delay 
caused by the wireless communications. And the negligible 
steady state error is caused by the quantization error mostly 
caused by the type conversion transformations. 

 
5. Conclusions 

 
The motion control of a pattern tracking nonholonomic 

mobile robot has been presented in this paper.  The feedback 
linearization based controller has been designed and applied 
over Quanser QBot platform successfully and the experimental 
results achieved are confirmative. 

This application can be extended for wide range use by using 
improved cameras and other sensors. At the moment detection 
range is limited depending on the visual capabilities. Moreover 
studies can be extended by using other methods that can deal 
with uncertain time delays caused by wireless network. 
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