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Abstract 
Path planning is an essential step in robotic 

applications; it allows the robot to execute the task 
successfilly, without any collisions with neighbouring 
objects. As path planning performances directly depend 
on the nature and the encoding of an environment 
representation, various approaches can be considered. In 
this paper new strategies are studied and compared with 
classical ones: multi-resolution vs standard occupancy 
grids andprobabilistic vs deterministic datasets. The goal 
is to identify the best solutions for path planning and 
collision avoidance in semi autonomous robotic systems 
operating in complex environments. 

Keywords: Path Planning, robotics, collision avoidance, 
occupancy maps. 

1. INTRODUCTION 

Avoiding collisions during the movement of a mobile 
robot is a critical issue that implies efficient path planning 
strategies. Numerous approaches have been proposed in 
the literature. However, few of them demonstrate 
sufficient reliability to operate in very complex 
environments, especially in 3D cases. 

Multi-resolution occupancy grids [I] and their compact 
encoding structures known as quadtrees (in 2D) and 
octrees (in 3D) eliminate much of the redundancy existing 
between neighbouring clusters. Results obtained in this 
research work also demonstrate that path planning delays 
can be significantly reduced when multi-resolution maps 
are used due to an important reduction in the number of 
steps needed to identify a sequence of collision-free 
regions to traverse. 

Furthermore, datasets containing obstacle information 
can be defined in different formats. The standard 
empty/occupied representation has been widely used. 
Unfortunately, it does not encode measurement and 
registration errors that could lead to erroneous mapping of 
the environment. A probabilistic approach has been 

introduced [2] which demonstrates important advantages 
over binary (empty/occupied) representations by allowing 
a direct computation of potential fields as uncertainty is 
already encoded in the dataset. 

This paper presents a comparative study between 
classical occupancy representations and the latest 
probabilistic techniques under various resolution 
mappings in the context of mobile robot path planning. 
Experiments that are reported in this paper demonstrate 
the superiority of these modern environment-mapping 
schemes over classical representations. 

2. OVERVIEW OF TECHNIQUES 

2.1 Multi-resolution grids 
The objective of using multi-resolution grids is to 

reduce the number of steps in the robot path. By grouping 
together large regions of similar occupancy state, we can 
lower the number of steps required when fmding the 
trajectory and reduce memory requirements. The 
comparison done here is between two tree-like structures: 
one where all the cells are of fixed size and one of multi- 
resolution. Figure l a  illustrates a simple environment with 
fixed-sized cells; when compared with a multi-resolution 
encoding (as shown in Figure Ib), there are much more 
cells to process in the standard representation. As a 
consequence, using a multi-resolution scheme 
significantly reduces model computation. 

a) b) 
Fig. 1. a) Standard fixed-size grid; b) multi-resolution grid. 

CCECE 2004 - CCGEI 2004, Niagara Falls, Mayimai 2004 
0-7803-8253-6/04/%17.00/02004 IEEE 

- 1127 - 



2.2 Probabilistic datasets 
Even the most accurate range sensors are often error- 

prone. Therefore, obtaining many samples of the same 
data point is important for the robustness of the 
environment model. Inspired by a 2D approach 
introduced by Elfes [2], Payeur et ai. have proposed a 
method of 3D data fusion [3] where a probability (with 
0.0 representing empty space and 1.0 corresponding to 
occupied space) is used to encode the occupancy of a 
given cell, as opposed to discrete occupancy levels 
(occupied, empty or unknown). This probability is based 
on the number of measurements and the fusion of those 
readings. A probabilistic model of a simple environment 
is shown in Figure 2. For clarity, only 5 levels of 
probability are used and mapped as grey levels ranging 
from black (occupied space) to white (empty space). 

Fig. 2. Probabilistic encoding of a workspace, 

The occupancy of cells inside obstacles is unknown 
and given a probability of 50% (shown with the middle 
shade of grey). Outward from the obstacle edges, the 
probability lowers as the certainty that cells are empty 
increases. 

2.3 Potential fields 
Potential fields have been used for nearly 20 years in 

robotic applications [4]. They give an efficient 
representation of an environment to be used in path 
planning. The process can be seen as letting a marble fall 
from a hill and reaching the lowest point of a valley. It 

usually relies on two distinct artificial fields: a repulsive 
field that pushes the robot away from obstacles and an 
attractive field that pulls the robot towards the goal. The 
combination of these fields is used for path planning. 

However, the main drawback of this approach is the 
appearance of local minima: places in the environment 
that lead the robot to be trapped before it reaches the goal 
position. Many researchers have proposed ways to 
overcome this [5][6][7], but an appealing approach 
remains that of LalibertC and Gosselin [8], which 
discretizes the fields. The attractive field is computed by 
means of wave propagation from the target position. This 
yields a model that is exempt of local minima. When 
combined with probabilistic datasets, this approach 
simplifies the calculations of the repulsive field as the free 
space can be determined by applying a threshold on the 
probability of occupancy [9 ] .  

3. EXPERIMENTAL. STEPS 
The four approaches that are examined result from the 

combination of standard or multi-resolution grids with 
deterministic or probabilistic datasets. All approaches use 
the same basic steps: fmd the free space beyond a security 
margin from obstacles, determine the attractive field by 
calculating the distance to the goal position and calculate 
the collision-free path by following the down slope from 
the start to the goal position. The resulting output paths 
are shown and analyzed in the following subsections, 

3.1 Standard grids and deterministic datasets 
This combination is the classical approach found in the 

literature. Its performances are used here as a comparison 
to the other methods. It uses simple, discrete occupancy 
grids that are represented in the form of binary images. 
The image is encoded into a tree structure where the cells 
are all of the same size. Here, the repulsive field is 
calculated by fmding the distance (in number of empty 
cells) from the nearest object for every cell in the grid. A 
threshold is then applied over these distances to obtain the 
representation of empty space as shown in Figure 3b. 

Fig. 3. Determination of free space and collision-free paths between a set of obstacles: 
a) sample space, b) free space, c) attractive field computed on the free space, d) resulting paths. 
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By wave propagation starting from the goal position 
(near the top left comer, denoted “G”), the attractive field 
is computed for the cells inside the free space. Each cell is 
assigned a distance (in number of cells) to the target 
position, this is shown in Figure 3c, where the farthest 
distance is displayed in black and gradually becomes 
lighter towards the target position. The output path is 
simply calculated by taking the gradient of this field and 
following the “down slope”. Here, paths are presented for 
two starting positions (denoted SI and S2) and are 
superimposed unto the original image of obstacles as 
shown in Figure 3d. The space left between the robot 
trajectories and the obstacles results from the addition of a 
safety margin all around the obstacles. 

3.2 Multi-resolution grids and deterministic 
datasets 

In our second set of experiments, the same path 
planning method is applied hut with multi-resolution 
representation of the free space. The attractive field is 
now calculated in the number of multi-resolution cells 
rather than in the number of pixels. This drastically 
reduces the amount of searches to determine a safe path. 
The resulting paths computed on the same environment 
are illustrated in Figure 4a. The black cells are those that 
are to be visited by the robot. 

3.3 Standard grids and probabilistic datasets 
With probabilistic datasets, the environment 

description is no longer discrete (occupied or empty), but 
rather provides a probability between 0 (white) and 1 
(black) that a given area is occupied. The free space 
between obstacles is determined by thresholding the 
probabilistic dataset (usually a value under 50% is 
preferable since it excludes the insides of obstacles). This 
procedure saves the expensive computation of distances 
all around the obstacles and automatically implies a 
proper safety margin around all obstacles. In the example 
shown in Figure 4b, a threshold of 33% has been applied. 
The “fuzziness” around the obstacle boundaries illustrates 
the progressive variation of the occupancy probability that 
typically results from the uncertainty of sensor readings. 

When the potential field path planning approach is 
applied on this space representation, the collision-free 
paths are not significantly modified in comparison with 
their deterministic counterparts. 

3.4 Multi-resolution grids and probabilistic 
datasets 

For the fourth part of our experiments, probabilistic 
occupancy representations similar to those used in section 
3.3 have been encoded in a multi-resolution grid on which 
the potential field path planning strategy has been applied. 
The resulting occupancy representation and collision-free 
paths are shown in Figure 4c. This combination leads to 
significant improvements in the calculation of the 
potential fields and of similar safe trajectories. 

4. RESULTS 
The efficiency of the four combinations has been 

analyzed based on several tests performed on different 
environment configurations with various starting and goal 
positions. The results presented below represent an 
average of all experiments for each of the four 
approaches. The environments are defmed as b i n w  
images of 5 12x512 pixels. Simulations were run on a 600 
MHz SGI 320 workstation. 

In Table 1, a comparison of the time required for 
determining the free space (computing repulsive field and 
encoding it in a tree structure) from the environment 
description is shown. We observe that the use of multi- 
resolution grids allow to reduce computation times by 
40% on average when compared to standard grids while 
probabilistic datasets offer a 30% reduction. when 
probabilistic datasets and multi-resolution grids are used 
in conjunction, the computation times have been reduced 
by a factor of 3.5 (70% reduction on computation time). 

Table 1: Free space computation times (seconds) 
I Deterministic I Probabilistic 

Standard grid I 6.97 I 4.49 
Multi-resolution grid I 4.32 I 1.98 

a) b) C) 

Fig. 4. Collision-free paths computed from a) a multi-resolution gnd with deterministic dataset, 
b)  a standard grid with probabilistic dataset. c) a multi-resolution grid with probabilistic dataset. 
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As path planning is the most critical step in many 
autonomous robotic applications, Table 2 displays the 
computational times required for path planning. We 
observe that the multi-resolution grids reduce path 
planning time by 30% on average while the use of 
probabilistic datasets results only in marginal variations. 

Table 2: Path planning computation times (seconds). 
I Deterministic I Probabilistic 

Multi-resolution grid I 2.25 I 2.25 
Standard grid I 3.22 I 3.37 

Table 3 presents an indication of the efficiency of the 
entire process including free space calculation, attractive 
field computation and path planning. We observe that the 
use of multi-resolution grids tends to reduce computation 
time by about 30% with respect to standard grids. The 
introduction of probabilistic encoding generates an extra 
15% saving on computation time. 

Table 3 Full program wmputation times (sewnds) 
I Deterministic I Probabilistic 

Multi-resolution grid I 12.45 1 10.05 
Standard grid I 17.08 I 14.82 

The average path length (number of cells from start to 
goal) is another important factor in path planning. 
Experimental path lengths are summarized in Table 4. On 
average, paths computed with a multi-resolution 
representation count 20 times less steps than those based 
on a standard grid. On the other hand, datasets encoding 
does not influence the number of steps along the paths. 

Table 4: Path steps count (number of cells visited) 
I Deterministic 1 Probabilistic 

Standard grid I 948.2 1 948.2 
Multi-resolution grid I 45.7 I 45.7 

5. ANALYSIS 
Computation times and path lengths are significantly 

improved by the use of multi-resolution grids in 
comparison with path planning based on standard fixed- 
sized grids. This mainly results from the lower number of 
searches that need to he performed since multi-resolution 
cells cover larger uniform areas. In combination with the 
important reduction of computation times spent on data 
fusion when using multi-resolution grids [3], the benefits 
of a strategy based on multi-resolution models are clear. 

The introduction of probabilistic datasets in 
replacement of deterministic ones mainly influences the 
computation of repulsive potential fields and the 
determination of free space. As expected, it has a 
marginal effect on the path planning performance as well 
as on the location of the trajectory in general. However, in 
environments where narrow corridors have to he 
traversed, the richness of a probabilistic representation 
provides knowledge on the reliability of the environment 
model. In a deterministic representation, this uncertainly 
can at hest be encoded into fixed safety margins around 

each obstacle and therefore does not provide any 
flexibility to the path planning operation. 

The experiments presented here have been performed 
on a 2D environment to provide a clearer analysis of robot 
behaviours. The research is currently generalized to 3D 
environments and manipulators trajectory planning. Due 
to the computational explosion associated with the 
addition of the third dimension, it is expected that 
improvements in computational times will be more 
significant in 3D space. 

6. CONCLUSION 
In this research work, potential field path planning 

based on four different encoding schemes has been 
studied and performances have been compared. Multi- 
resolution grids reveal to offer a significant advantage on 
almost all aspects of the path planning process in 
comparison with standard grids. Similarly, using 
probabilistic datasets also contributes to reduce 
computational times while improving the flexibility of the 
path determination. This demonstrates that it is worth to 
pursue research efforts on robot path planning with multi- 
resolution probabilistic representations. 
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