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Abstract−− Localization and Mapping are fun-

damental problems in the field of mobile robotics 
that have been receiving considerable attention of 
the scientific community in the last ten years. Most 
of the work in this area is developed using personal 
computers and it still a challenge to execute these 
algorithms on embedded systems. This paper de-
scribes the analysis and embedded implementation 
of particle filter and occupancy grid algorithms, used 
for localization and mapping respectively. Experi-
mental results and performance analysis were ob-
tained using the softcore Altera Nios II running on 
Stratix II FPGA devices.  

Keywords −− Embedded Systems, Mobile Robot-
ics, Localization, Mapping. 

I. INTRODUCTION 
In the last years a considerable amount of research in 
mobile robotics has been focusing on localization and 
mapping. Particularly, the problem of simultaneous lo-
calization and mapping (SLAM) has been receiving at-
tention from the researchers in the field. A large part of 
the approaches for these problems are based on prob-
abilistic theory.   

Some works describe theoretical proofs of the con-
vergence of the problem (Dissanayake et al., 1999); ex-
perimental verification of the adaptation of the robot 
behavior to improve the precision (Leonard and Feder, 
1999) and different implementations for robots in exter-
nal and internal environment (Leonard and Feder, 1999) 
(Castellanos et al., 1999). However, those solutions are 
developed to solve a conceptual problem that in most 
cases requires a large amount of computation to be exe-
cuted in real time. As most of these implementations are 
design to be executed on personal computers, embedded 
solutions for these problems still pose challenges due to 
their computation limitations.  

This paper presents an embedded implementation for 
particle filter and occupancy grid algorithms, used re-
spectively for mobile robot localization and mapping. 
Our approach is based on code originally developed in C 
language, which was analyzed and modified to be exe-
cuted on an embedded system based on a field pro-
grammable gate array (FPGA) device.  

The rest of the paper is organized as follows. Section 
II presents an introduction for the FPGA technology. 

Section III describes the particle filter algorithm, used 
for robot localization. A brief description of the occu-
pancy grid algorithm used for the mapping is presented 
in the Section IV. Section V describes the implementa-
tion of the algorithms in FPGA. Section VI presents the 
experimental results and Section VII shows the conclu-
sions and proposes some future work.     

II. FPGA TECHNOLOGY 
With the evolution of the micro-electronics, FPGA 
becomes an intermediate element among the General 
Purpose Processors and Application Specific Integrated 
Circuit (ASIC) (Dehon,1996).     

A specific application project, in general, is very 
inefficient or inappropriate for others applications. Due 
to the possibility of reconfiguration of the circuits, a 
FPGA can operate as a variety of specific architectures 
(Cappelatti, 2001).       

A FPGA is a digital integrated circuit that contains a 
regular structure of configurable cells and a 
programmable interconnection, and can be used to 
implement arbitrary digital systems, limited for the 
number of cells and available interconnections. When a 
FPGAs is configured for some application, it can be 
viewed like ASICs (Hauck, 2000).     

As in general-purpose processors, FPGAs are pro-
grammed after the production to solve many com-
putational tasks. However it is possible to explore the 
parallelism of the application program implementing 
different parts of the program, inside of the FPGA. As 
an example, some parts of the program can be executed 
in a regular general-purpose processor (which can be 
placed inside the FPGA) and the intensive computa-
tional part of the code can be executed on dedicated 
hardware parts of the FPGA. This can result on a 
considerable performance gain when compared to 
traditional software implementations executed on 
general-purpose processors.   

III. PARTICLE FILTER 
Particle filter is a sampling-based estimated method de-
rived from the Bayes filter (Dellaert et al., 1999). In the 
mobile robotics localization context, each particle corre-
sponds to the possibility of the robot being at a specific 
position. This localization method requires some previ-
ous knowledge about the environment, usually repre-
sented as a map. Particles propagation (action model) is 


