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1. Introduction  
 

Self-localization, a basic problem in mobile robot systems, can be divided into two sub-
problems: pose tracking and global localization. In pose tracking, the initial robot pose is 
known, and localization seeks to identify small, incremental errors in a robot’s odometry 
(Leonard & Durrant-Whyte, 1991). In global localization, however the robot is required to 
estimate its pose by local and incomplete observed information under the condition of 
uncertain initial pose. Global localization is a more challenging problem. Only most 
recently, several approaches based on probabilistic theory are proposed for global 
localization, including grid-based approaches (Burgard et al., 1996), topological 
approaches (Kaelbling et al., 1996) (Simmons & Koenig, 1995), Monte Carlo localization 
(Dellaert et al., 1999) and multi-hypothesis tracking (Jensfelt & Kristensen, 2001) 
(Roumeliotis & Bekey, 2000). By representing probability densities with sets of samples 
and using the sequential Monte Carlo importance sampling (Andrieu & Doucet, 2002), 
Monte Carlo localization (MCL) can represent non-linear and non-Gaussian models well 
and focus the computational resources on regions with high likelihood. So MCL has 
attracted wide attention and has been applied in many real robot systems. 
But traditional MCL has some shortcomings. Since samples are actually drawn from a 
proposal density, if the observation density moves into one of the tails of the proposal 
density, most of the samples’ non-normalized importance factors will be small. In this case, 
a large sample size is needed to represent the true posterior density to ensure stable and 
precise localization. Another problem is that samples often too quickly converge to a 
single, high likelihood pose. This might be undesirable in the case of localization in 
symmetric environments, where multiple distinct hypotheses have to be tracked for 
extended periods of time. How to get higher localization precision, to improve efficiency 
and to prevent premature convergence of MCL are the key concerns of the researchers. To 
make the samples represent the posterior density better, Thrun et al. proposed mixture-
MCL (Thrun et al., 2001), but it needs much additional computation in the sampling 
process. To improve the efficiency of MCL, methods adjusting sample size adaptively over 
time are proposed (Fox, 2003) (Koller & Fratkina, 1998), but they increase the probability of 
premature convergence. Although clustered particle filters are applied to solve premature 
convergence (Milstein et al., 2002), the method loses the advantage of focusing the 
computational resources on regions with high likelihood because it maintains the same 
sample size for all clusters.  In this paper, a new version of MCL is proposed to overcome 
those limitations. Samples are clustered into groups which are also called species. A 
coevolutionary model derived from competition of ecological species is introduced to 
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make the species evolve cooperatively, so the premature convergence in highly symmetric 
environment can be prevented. The population growth model of species enables the 
sample size to be adjusted according to the total environment resources which represent 
uncertainty of the pose of the robot. And genetic operators are used for intra-species 
evolution to search for optimal samples in each species. So the samples can represent the 
desired posterior density better, and precise localization can be realized with a small size 
of sample. Compared with the traditional MCL, the new algorithm has the following 
advantages: (1) it can adaptively adjust the sample size during localization; (2) it can make 
stable localization in highly symmetric environment; (3) it can make precise localization 
with a small sample size.  

 
2. Background  
 

2.1  Robot Localization Problem  
 

Robot localization is to estimate the current state tx of the robot, given the information 
about initial state and all the measurements tY  up to current time: 

                                                      },,1,0|{ ttyY t
t ==   (1) 

Typically, the state tx is a three-dimensional vector including the position and direction of 
the robot, i.e. the pose of the robot. From a statistical point of view, the estimation of tx  is 
an instance of Bayes filtering problem, which can be implemented by constructing the 
posterior density )|( t

t Yxp . Assuming the environment is a Markov process, Bayes filters 
enable )|( t

t Yxp  to be computed recursively in two steps. 
Prediction step: Predicting the state of the next time-step with previous state 1−tx  

according to the motion model ),|( 11 −− ttt uxxp : 
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Update step: Updating the state with the newly observed information ty  according to the 
perceptual model )|( tt xyp : 
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2.2  Monte Carlo localization (MCL)  
 

If the state space is continuous, as is the case in mobile robot localization, implementing 
equations (2) and (3) is not trivial. The key idea of MCL is to represent the posterior 
density )|( t

t Yxp by a set of weighted samples tS : 
 },,1|),{( )()( NjwxS j

t
j

tt ==   (4) 
Where )( j

tx  is a possible state of the robot at current time t. The non-negative numerical 
factor )( j

tw  called importance factor represents the probability that the state of robot is 
)( j

tx at time t. MCL includes the following three steps: 
(1) Resampling: Resample N samples randomly from 1−tS , according to the distribution 

defined by 1−tw ; 
(2) Importance sampling: sample state )( j

tx  from ),|( 1
)(

1 −− t
j

tt uxxp  for each of the N possible 
state )(

1
j

tx − ; and evaluate the importance factor )|( )()( j
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