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Abstract This paper describes an implementation of autonomous navigation of a 
mobile robot indoors. The implementation includes map building, path planning, 
localization, local path planning and obstacle avoidance. ICP(Iterative closest 
point) is employed to build grid based map using scanned range data. Dijkstra 
algorithm plans the shortest distance path from a start position to a goal point. 
Particle filter estimates the robot position and orientation using the scanned range 
data. Elastic force is used for local path planning and obstacle avoidance towards a 
goal position. The algorithms are combined for autonomous navigation in a work 
area, which comprises indoor environments with different types. The experiments 
show that the proposed method works well for safe autonomous navigation. 
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1 Introduction& 

Autonomous navigation is one of the most fundamental functions for practical use 
of a mobile robot. There have been abundant researches on autonomous 
navigation indoors and many of them are implemented for practical use. However, 
still these algorithms are not easily accessible to users for practical use. 
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Sometimes, users feel difficulty adapting algorithm components for navigation 
implementation. As an example, though there are many algorithms for obstacle 
avoidance, it is not easy to incorporate the algorithm into navigation software for 
practical implementation. This paper reports one of the successful implementation 
of the indoor navigation which is practically feasible in the respect that it 
combines map building, path planning, localization, local path planning and 
obstacle avoidance, and path tracking in a coherent manner[1]. Section 2 describes 
each algorithm component for integrated navigation implementation and section 3 
shows an example of navigation in a building using the proposed method. Section 
4 concludes the research results. 

2 Element Technology for Navigation 

2.1 Map Building 

The map required for the navigation is built before the navigation and is provided 
to the motion algorithms. For the map building, ICP (Iterative closest point) 
algorithm is used. The ICP provides grid based map using the scanned range data 
gathered by a Laser range finder (LRF) mounted on a mobile robot which is 
driven by an operator. Fig. 1 shows a grid map of a building. The map represents 
an environment of 100m length with 40m width work area of a floor by the grid 
resolution of 10cm×10cm. 

 
Fig. 1 A grid map of the work area of 100m×40m  

2.2 Localization 

A particle filter based method, called the MCL (Monte Carlo Localization) is used 
for estimation of robot location[2]. As with usual Bayes filtering estimation 
methods, the MCL consists of prediction and correction steps. Table 1 shows 
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pseudo code of the MCL algorithm. Every particle of the method represents a 
possible location of the robot. Line 3 of the Table 1 depicts the prediction step 
which calculates a possible location of a particle based on dead reckoning. Line 4 
assigns belief to each predicted particle using measured sensor data. In our 
research, the data for belief calculation is the scanned range data to the wall from 
the LRF on board the robot. Lines 6 to 9 resamples possible locations form the 
predicted particles to provide corrected possible locations. Therefore, these lines 
correspond to the correction step and complete an iteration of the MCL. 

Table 1 Localization method using particle filter 
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X X
for m to M do

x sample motion model u x

measurement model z x m
endfor
for m to M do

draw i with probability

add x to X
endfor
return X











 











 

2.3 Path Planning and Obstacle Avoidance 

The global path from a starting location to a goal location is planned using 
Dijkstra algorithm, which yields the shortest path through way points in the 
map[3]. 

Once the way points from a starting location to a goal location are given, local 
path planning and tracking is needed to move the robot through the way points 
while avoiding local obstacles detected during the navigation. Applying virtual 
elastic force and repulsive force to the path segment from the robot to the adjacent 
way point produces smooth and collision free local path to the way point. The 
following equation is used for the repulsive force from the obstacles. 
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Eq. (1) describes repulsive force field and Eq. (2) calculates the repulsive force i
r f  

from obstacles to the robot located at i
jP . In these equations, )( i

jPd is the shortest 

distance between i
jP  and obstacles, rd  is the virtual distance of repulsive field 

influence, and rK  is the control parameter of the repulsive force. Elastic force 

exerted to the point i
jP  which is on the local path is given by the Eq. (3) [4]. 
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i
jd is the distance between i

jP and i
j P1 , and the cK is the elastic force parameter. 

The force to the robot at i
jP is the sum of the repulsive force and elastic force.  

Fig. 2. shows collision avoidance of local path to the way point in a simulation 
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Fig. 2 Obstacle avoidance process using the elastic force  

2.4 Integration of the Algorithm Components 

The method integrates the algorithm components in a coherent manner[5]. Map 
building algorithm provides map data to path planning, local path planning and 
tracking. Localization algorithm provides the robot location to local path planning 
and tracking. Planned global path is provided to local path planning and tracking. 
Detected obstacle is fed to local path planning and tracking. There algorithms are 
interconnected, and finally the local path planning and tracking produces 
command to the robot, that is, linear speed and angular speed of the robot motion. 
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3 Experiments 

The method is implemented for navigation in a building of work range 100m×40m. 
The range sensor used for map building, localization, and obstacle detection is the 
LMS511 of Sick. The experiment uses a differential drive mobile robot. The 
maximum speed is set to be 1.0m/sec. Fig. 3 shows the navigation path and the 
path generated by Dijkstra algorithm. Fig. 4 shows an autonomous navigation 
trajectory.  

The overall distance from the initial location to the goal location is 165m, and it 
takes 255sec for the travel, thus the average speed is 0.65m/sec. One of the 
corridors has the width of 2.2m and length 9.5m, and the other has the width 
2.35m and the length 37m. The robot was able to avoid passers-by in the narrow 
corridors as well as in the lobby. 

 

 

Fig. 3 Trajectory of robot motion in the experiment. 

 

Fig. 4 Trajectory of an autonomous navigation in the experiment. 
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4 Conclusion 

The paper reports an implementation of autonomous navigation in indoor 
environment. It integrates several algorithms for mapping, planning, localization, 
and tracking, Through experiments, the method reveals reliable and robust 
navigation performance. There are other algorithm elements to be integrated to the 
proposed method such as map update and path re-planning. When the robot 
detects an obstacle which stationary, then the map should be updated to include 
the obstacle. Also, if the corridor along which the planned path lies is blocked by 
obstacles, the path should be re-planned globally. 
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