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Abstract – In this paper, we propose cooperative 
localization scheme based feedback control for the 
multiple omni-directional mobile robots. Using the 
proposed cooperative localization scheme, localization 
capability of each mobile robot is enhanced, although 
some of the robots loss its absolute position measurement. 
Position error is bounded based on relative measurements 
which is unbounded for dead reckoning.  Implementation 
results are also provided to validate the theory.  
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1. Introduction 
 

Localization is one of the most important issues for the 
control of mobile robots. By using the data from both 
proprioceptive and exteroceptive sensors, the position and 
orientation of mobile robot can be estimated. Without 
absolute measurement, such as in GPS denied environment, 
mobile robot needs the position and orientation 
information to navigate itself. To deal with this 
localization problem, various methods are provided such 
as SLAM (Simultaneous Localization and Mapping) and 
CL (Cooperative Localization). [2, 6] 

In case of multiple mobile robot system, by sensing one 
another, mobile robot can obtain relative position and 
orientation information. By exploiting this relative 
measurements, each mobile robot can enhance localization 
capability in the case of with or without absolute 
measurement [1]. There have been several results on 
cooperative localization. There is cooperative scheme 
based on visual sensor which is omni-directional camera 
[3]. It is focused on manipulation and maintaining 
formation. In outdoor, a team of mobile robots localizes 
based on distributed EKF (Extended Kalman Filter) 
algorithm [4].  

In this paper, we propose CL scheme and feedback 
control using the state information obtained from the CL 
scheme for omni-directional mobile robot based on [1]. 
Using the proposed CL scheme, we provide experimental 
results for three omni-directional mobile robots which 
have large wheel slip. With one mobile robot’s absolute 
measurement from motion capture system, the other 
mobile robots get relative position information from 
camera and follow desired trajectory based on estimated 
state from CL scheme. 
 

2. System Description 
 

2.1 Omni-directional mobile robot 
 

We use omni-directional mobile robots for cooperative 
localization. The kinematics of the mobile robot is given 
by  

   (1) 

 
where   and  are the linear velocity of the mobile robot 
w.r.t. the body frame,  is the rotation angle of the body 
frame of the mobile robot w.r.t. the inertial frame,  is the 
rotational velocity of the mobile robot,  is the 
rotation matrix of the body frame of the mobile robot w.r.t. 
z-dir rotation of the inertial frame,  is the length from 
geometric center to the wheel,  is the radius of the wheel, 

 is a gear ratio,  is the rpm of each wheel 
[5]. 

 
2.2 Marker Detection 
 
The process of detecting marker is given. First, from 

camera we get an image file and convert it to a binary 
image, then segment with the adaptive threshold method. 
Second, find square contours which enclosed by 4 lines. 
Finally, we confirm whether each contour is the marker 
based on known properties of marker. We achieved all this 
process of detecting marker with OpenCV libraries [7]. 

 
2.3 Algorithm 

 
In [1], the author presents an EKF-based cooperative 

localization algorithm. The multiple mobile robot system 
are treated as a centralized system and cooperative 
localization algorithm performs data fusion with the data 
from both proprioceptive and exteroceptive sensors on 
each mobile robot. When two of mobile robots meet, cross 
correlation term effects on covariance of the two mobile 
robot. Through propagation and prediction, the Kalman 
filter equations of centralized system distribute the process 
into each mobile robot [1]. In this paper, we modified 
propagation model in this algorithm for wheeled mobile 
robots to omni-directional mobile robots. 
 

3. Experiment 
 

In experiment, we use PSeye camera which can capture 
images with frame rates of 60Hz at a 640x480 pixel 
resolution. The camera and the marker of own ID are 
mounted on the mobile robot. Each mobile robot shares its 
relative measurement from the camera. We also use 
motion capture system (Vicon) and regard the positioning 
information it gives as absolute position and orientation of 
mobile robots. Mobile robot 3, see Fig. 1, gets its absolute 
position from Vicon and can see others, but not 
simultaneously. Mobile robot 1 and 2 cannot see each  
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Fig. 1.  The omni-directional mobile robots used 

in trajectory following experiment. 
 

  
Fig. 2. Tracking error with Vicon, Dead reckoning and 

estimation error with CL 
 

  
Fig. 3. Estimation error in first experiment and  

tracking error in second experiment 
 
other and only can see the mobile robot 3. In the first 
experiment, mobile robots 1 and 2 follow desired circle 
trajectory using the position and orientation information 
from Vicon while estimating their state information using 
the CL scheme. In second experiment, mobile robot 1 and 
2 follow desired circle trajectory only using the CL scheme 
without Vicon information. Mobile robot 3, in first and 
second experiment, obtains absolute position and 
orientation information from Vicon and follows desired 
circle trajectory. 
 With omni-directional wheels, the mobile robot 
inevitably moves with slip. Slip makes it hard to estimate 
its position through dead reckoning even more than usual 
wheeled mobile robot. Figure. 2 is the results of first 
experiment. Red line, tracking error by dead reckoning, is 
not bounded. Blue line, tracking error of using Vicon, is 
bounded about 1~2cm. Green line, position estimation 
error by CL scheme, is bounded about 5cm. Figure. 3 is 
the results of second experiment. Blue lines of mobile 

robot 1 and 2, tracking error of state estimated by CL 
scheme not using Vicon, are bounded about 7~10cm. Red 
lines of mobile robot 1 and 2 are same with green line in 
Fig. 2. As mobile robot 3 gets absolute position and 
orientation information from Vicon in first and second 
experiment, both blue and red line of mobile robot 3 are 
tracking error of using Vicon. 
 The CL scheme doesn`t work when the mobile robot 
misses other mobile robot in its view. In case of missing 
other mobile robot, the mobile robot uses relative 
information from other mobile robot which is seeing it. 
The trajectory error fluctuates when the mobile robot 
misses other mobile robot. 
 

4. Conclusion 
 

 In this paper, we validated our proposed cooperative 
localization scheme and feedback control for the omni-
directional mobile robot through experiment. With one 
mobile robot gets the absolute measurement, CL scheme 
provides bounded localization error though dead 
reckoning cannot provide. CL scheme provides bounded 
localization error when other mobile robot’s state was 
estimated both with and without information from Vicon.  
Also with relative pose measurement to other mobile robot, 
each mobile robot follows desired trajectory with bounded 
error.  
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