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Abstract: - Home service robot are not working in the fixed task such as industrial robot, because they are together with 
human in the same indoor space, but have to do in much more flexible and various environments. Most of them are 
developed on the base of the wheel-base mobile robot in the same method as a vehicle robot for factory automation. In 
these days, for holonomic system characteristics, omni-directional wheels are used in the mobile robot. A holonomic 
robot, using omni-directional wheels, is capable of driving in any direction. But trajectory control for omni-directional 
mobile robot is not easy. Especially, azimuth control which sensor uncertainty problem is included is much more 
difficult. This paper develops trajectory controller of 3-wheels omni-directional mobile robot using fuzzy azimuth 
estimator. A trajectory controller for an omni-directional mobile robot, which each motor is controlled by an individual 
PID law to follow the speed command from inverse kinematics, needs a precise sensing data of its azimuth and exact 
estimation of reference azimuth value. It has imprecision and uncertainty inherent to perception sensors for azimuth. In 
this paper, they are solved by using fuzzy logic inference which can be used straightforward to perform the control of the 
mobile robot by means of the fuzzy behavior-based scheme already existent in literature. Finally, the good performance 
of the developed mobile robot is confirmed through live tests of path control task.  
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1   Introduction 

Mobile robot has great applicable potential in human 
society in the future. The functions will no longer be 
restricted to accomplish tasks in assembly and 
manufacturing at a fixed position. In order to accomplish 
practical tasks, a mobile robot has to be navigated 
smoothly in the real world wherein unexpected changes 
take place. Conventional wheeled mobile robot(WMR) is 
restricted in their motion because they cannot move 
sideways without a preliminary maneuvering. Various 
mechanisms have been developed to improve the 
maneuverability of WMR. But they have never made the 
conventional WMR overcome the problem of 
non-holonomic system. For example, a differential drive 
design which has two motors mounted in fixed positions 
on the left and right side of the robot. Then, the 
differential wheel drive has a kind of deficiency. It cannot 
drive in all possible direction. For this reason, this robot 
is called 'non-holonomic'. In contrast, a holonomic robot, 
using omni-directional wheels, is capable of driving in 
any direction. In the last few years, Swedish omni- 

directional wheeled mobile robot (OWMR) has received 
growing attention among the mobile robotics researchers. 
[1,2,3] In this paper, a Swedish OWMR is, with a 
proposal of new control algorithm, developed as a 
holonomic mobile robot.  

The trajectory control of OWMR is so difficult because 
it has much more uncertainty than conventional WMR. 
The dynamic equation is nonlinear and time-varying in 
the extreme. Thus, this paper presents accurate trajectory 
control method of 3-wheels omni-directional mobile 
robot using fuzzy azimuth estimator. The OWMR of this 
paper has three omni-directional wheels, arranged 120 
deg apart. Each wheel is driven by a DC motor installed 
with an optical shaft encoder. A gyro sensor is used for 
the perception of azimuth. It is controlled by independent 
PID law for each motor to follow the speed command 
from inverse kinematics without considering the coupled 
nonlinear dynamics explicitly in the controller design. A 
trajectory controller for an omni-directional mobile robot 
needs a precise sensing data of its azimuth and exact 
estimation of reference azimuth value. It has imprecision 
and uncertainty inherent to perception sensors for 
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azimuth. The imprecision is made by sensor noise and 
aliasing. The uncertainty consists of disturbance and slip 
of mobile robot. In this paper, they are solved by using 
fuzzy logic inference which can be used straightforward 
to perform the control of the mobile robot by means of the 
fuzzy behavior-based scheme already existent in 
literature. An azimuth estimator is designed by 
Mamdani-typed fuzzy inference method. Also, it is 
perfectly implemented on the 3-wheels OWMR 
developed in this paper. 
The paper is organized as follows: the kinematics model 
for a 3 Swedish wheeled mobile robot is derived in the 
Section II. The tracking control algorithm and the fuzzy 
azimuth estimator are explained in Section III. 
Experimental results of the trajectory controller are 
reported and live test results of 3-wheels ODMR are 
given, in Section IV. At last, some concluding remarks 
are addressed in Section V. 
 
2   Dynamics of OWMR 
As a first step to develop a robot controller, the equations 
of robot motion need to be derived. Several simplifying 
assumptions are made. For example, it is assumed that 
there is no slip in all the three wheels, and the friction 
force is simplified to be represented by a viscous friction 
coefficient. Electrical time constant of the motor is also 
neglected. It is expected that the feedback controller 
based on this simplified model can compensate the 
unmodeled dynamics. There are two coordinate frames 
used in the modeling: the body frame and the world frame. 
The body frame is fixed on the moving robot with the 
origin in the center of chassis, the world frame is fixed on 
the play ground, and symbols used in OWMR dynamic 
model is listed, as shown in Fig. 1.[3]  

 

 
 

Fig. 1. Force Analysis and Nomenclature 

 
In the body frame and by Newton’s law, we can have 
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From the force analysis in the body frame, we have 
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From geometry of 3-wheels OWMR in Fig. 1, we have 
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The dynamics of each DC motor can be described as 

equation (4) and (5). 

                EkiR
dt
di

L maa
a

a =++ w3               (4) 

              amm ik
n

RfbJ 200 =++ ww               (5) 

E , ai , aL , aR  is the applied armature voltage, the 
armature current, the armature inductance, the armature 
resistance, in the order named. 3k  is the back emf 
constant and 2k  is the motor torque constant. 0J  is the 
combined inertia of the motor, gear train and wheel 
referred to the motor shaft and 0b  is the viscous friction 
coefficient. 

Because the electrical time constant of the motor is 
very small comparing to the mechanical time constant, 
we can neglect dynamics of the motor electric circuit, 
which leads to 0=

dt
di

L a
a

 and ( )na kE
R

i w3
1

-= . From those, 

we can derive the dynamics of the three identical motors. 
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From combination of the upper equations, we get the 

dynamic model of the mobile robot in the body frame 
with the applied motor voltage 1E , 2E , 3E  as shown in 
equation (7).  
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3   Tracking Control and Fuzzy Estimator  

This section represents accurate trajectory control 
method of 3-wheels omni-directional mobile robot using 
fuzzy azimuth estimator. The OWMR of this paper has 
three omni-directional wheels, arranged 120 deg apart. 
Each wheel is driven by a DC motor installed with an 
optical shaft encoder. A gyro sensor is used for the 
perception of azimuth. It is controlled by independent 
PID law for each motor to follow the speed command 
from inverse kinematics without considering the coupled 
nonlinear dynamics explicitly in the controller design. 
The controller structure using fuzzy azimuth estimator is 
shown in the Fig. 2. 
 

 
 

Fig. 2. The Tracking Control Structure 

The state and output equations (6) and (7) are 
described in the absolute coordinate system. It should be 
noted, however, that the control input is the quantity in 
the moving coordinate system. Therefore, the control 
input in the absolute coordinate system must be 
transformed into the control input for each assembly, i.e., 
signal expressed in the moving coordinate system, if the 
control input is designed in the absolute coordinate 
system. Then, the transformation for each input can be 
derived from kinematics as follows. 
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A trajectory controller for an omni-directional mobile 

robot needs a precise sensing data of its azimuth and 
exact estimation of reference azimuth value. It has 
imprecision and uncertainty inherent to perception 
sensors for azimuth. The imprecision is made by sensor 
noise and aliasing. The uncertainty consists of 
disturbance and slip of mobile robot. As we can see in Fig. 
2, they are solved by using fuzzy logic inference which 
can be used straightforward to perform the control of the 
mobile robot by means of the fuzzy behavior-based 
scheme already existent in literature. The new 
enhancement azimuth is derived as equation (9). 

 
))()(()1()1( kkKkk gyrodFGdd yyyy -++=+¢    (9) 

 
)(kdy is the kth azimuth angle computed from 

trajectory planning, )(kgyroy  is the kth output of gyro 

sensor and  )1( +¢ kdy  is new value of the (k+1)th 
azimuth. Its gain KFG is in real-time tuned by fuzzy 
azimuth tuner of Fig. 3.  

 

 
 

Fig. 3. Fuzzy Azimuth Tuner 
 
Mamdani’s inference engine is used in fuzzy azimuth 

tuner. Input signal is change rate of error between desired 
azimuth and gyro/encoder sensors. Output is gain of 
azimuth estimator KFG . Fuzzy rule base of linguistic 
variables is given in Table 1.  
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Table 1.  Fuzzy Rule Base 

Change Rate 
of Error 

eg &y  
NE ZE PE 

ee &y  
NE PB PS NS 
ZE PS ZE NS 
PE PS NS NB 

 
Premise and consequent membership functions are 

designed through partitioning technique of experimental 
data from gyro and encoder sensors. They are shown in 
Fig. 4 and Fig. 5. 

 

 
Fig. 4.  Premise Membership Functions 

 

 
Fig. 5.  Consequent Membership Functions 

 
4   EXPERIMENT AND RESULTS 

A mobile robot with three omni-directional wheels is 
developed as Fig. 6. The DC motor which the rated 
torque is 31Kg·cm is used for driving the omni- 
directional wheeled mobile robot. The diameter of 
omni-directional wheel is 79mm and the distance from 
center point of robot to wheel is 198mm.  

 
 

Fig. 6. The 3-Wheels OWMR  
The configuration of tracking control system is given 

in the Fig. 7. The encoder sensors are used for the 

measurement of the rotation speed of DC motors and 
Gyro sensor measures the posture angle of OWMR.   

 
 

Fig. 7. Configuration of Control System 
 

The tracking control results are shown in the Fig. 8. Fig. 
8.a shows the tracking result from the starting moving 
angle 30o to the ending moving angle -150o without 
self-rotation. Fig. 8.b and Fig. 8.c show the same results 
as Fig. 8.a on different moving angles. We can confirm 
the good performance of the tracking control using fuzzy 
estimator through the experimental results of the 
designed OWMR.   

  
a. Moving Angle : 30°→ -150° 

 

 
b. Moving Angle : 45°→ -135° 

 

 
c. Moving Angle : 60° → -120° 

             
Fig. 8. The Tracking Control without Self-Rotation 
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 The results of tracking control with self-rotation are 
shown in the Fig. 9. The precise movement control with 
self-rotation guarantees the holonomic characteristics of 
OWMR. Through the below results, we can confirm the 
good performance of a holonomic system. 

 

 
a. Moving from front to right with self-rotation 

 

 
b. Moving from back to left with self-rotation 

  
Fig. 9. The Tracking Control with Self-Rotation 
 

 
5   CONCLUSION 

A holonomic mobile robot using 3 omni-directional 
wheels is developed in this paper. Its tracking controller, 
which each motor is, on the base of posture, controlled by 
an individual PID law to follow the speed command from 
inverse kinematics without considering the coupled 
nonlinear dynamics explicitly in the controller design, 
and fuzzy azimuth estimator, which is used 
straightforward to perform the control of the mobile robot 
by means of the fuzzy behavior-based scheme already 
existent in literature, are presented in this paper. Also, the 
good performance of the developed mobile robot is 
confirmed through live tests of path control task.  
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