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１．Introduction 
In order to navigate planetary rovers to its destination, it is very important for them 

to know its position. In the ARLISS Comeback Competition, GPS is available for 
localization of small-sized rovers, therefore the localization problem is a trivial matter 
in the competition. However, in actual planetary environments, such as Mars or the 
moon, GPS is NOT available, basically. Therefore, it is very important for navigation 
researches of mobile robots to consider localization methods without GPS. 

According to the above situation, we propose a long range navigation competition, 
called “Rover comeback competition without GPS” in the black rock desert, which is a 
parallel competition of ARLISS Comeback Competition. In 2010, Yoshida-Nagatani 
laboratory (in Tohoku university) and Takadama laboratory (in Dentsu university) will 
demonstrate long range navigation for mobile robots without GPS. If you are interested 
in participating in such challenge, please contact to us. (The email address is attached to 
the bottom of this proposal.) 

 

２．Tentative rules 
An aim of this competition is to navigate mobile robots from the start point, to visit to 

the destination area, and to come back to the start point in prohibition of the use of GPS. 
In this case, a demand of rover’s capability, such as sensor's ability and calculation speed, 
is much larger than rovers in ARLISS Comeback Competition. Thus, the size of the 
rover should be increased. To cope with this situation, we assume that rovers do not 
have to be lifted off by rockets in this competition. In a future, we may have a comeback 
competition with rocket’s launching. However, CURRENTLY, we do not include a weight 
limitation rule for this competition. 

Currently, we assume that the destination area is located at 3km far from the start 
position, but it can be changed. Furthermore, we assume that the start point is the 
landing site of the rover’s carrier. Therefore, we accept that some communication devices 
or beacon devices can be located at the start point. However, it is prohibited to use large 
laser tracking devices at the point. 

This is a brand-new competition, so that we can change rules flexibly. If you have any 
suggestions, comments, and questions, please let us know. 

 
 
 
 
 
 



３．Example method: Skyline Based Localization 
In this competition, rovers can’t use GPS signal, so it should use other information to 

localize itself. In Yoshida-Nagatani laboratory (Tohoku university), Skyline based 
localization is adopted for global localization that uses matching technique between 
memorized geographic information and observed skyline information obtained by 
omni-directional camera. The following figure is a summary of the method. The left 
figure shows an abstraction of skyline from omni-directional image, and the right figure 
shows a generation algorithm of candidates of imaginable skylines generated by 
geographic information (Digital Elevation Map: DEM) that is obtained by an 
observation satellite. The localization is conducted by matching the observed skyline 
with the candidates.  

Meanwhile, DEM of the lunar surface was obtained by “KAGUYA”, Japanese 
observation satellite of the moon. Therefore, the above method is applicable on the 
moon.  

 

 

 

The above example is one example, and we may have better localization methods 
without a use of GPS. If you have any idea, please try it in the black rock desert! 
 

4．Contact information 
Associate Professor, Keiji Nagatani (Tohoku University, Jpapn)  
Email: keiji@astro.mech.tohoku.ac.jp 
 


