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Abstract 

 
In this paper, we propose a new approach for 

obstacle detection based on the analysis of images 
taken by uncalibrated stereo rig. This system can be 
divided in to two main stages. The first one deals with 
computing the fundamental matrix from the matching 
between points of interest in order to compute a dense 
disparity map. Whereas the second one presents a very 
simple and faster method for obstacle detection, by 
using the segmentation image. Indeed, the combination 
of the segmented image and the disparity map are 
going to permit us to extract the vertical 3D segments 
that will indicate us the presence of obstacles in the 
scene. This approach allows us to detect several 
numbers of obstacles of varied shapes and sizes. This 
obstacle detection stage can be viewed as the first 
stage of a free space estimator which can be 
implemented in a mobile robot.  
 
1. Introduction 
 

One of the classical research problems in the field 
of computer vision is that of stereo, i.e., reconstruction 
of the 3D geometry of a scene from a pair of left and 
right 2D images. Stereo vision has a wide range of 
applications, including video coding, view synthesis, 
object recognition and safe navigation.    

Obstacle detection [2-5,11,17,18] is one of the 
fundamental problems of mobile robotics. In order to 
navigate in the world, it is necessary to detect those 
portions of the world that are dangerous or impossible 
to traverse.  Detection of the obstacles implies directly 
or indirectly, the use of some kind of 3D information, 
and this is the reason why the active sensors, such as 
laser or radar, are the prime choice of industry. 
However, the use of a high resolution, high accuracy 
stereovision algorithm provides comparable results in 
3D estimation, while delivering a larger amount of 
data, thus making the grouping and tracking task 

easier, and allowing a detection of free space in the 
indoor environment. 

The stereovision –based approaches [7] have the 
advantage of directly measuring the 3D coordinates of 
an image. The main constraints concerning 
stereovision applications are to minimize the 
calibration and stereo-matching errors in order to 
increase the measurement accuracy and to reduce the 
complexity of stereo correlation process.  

Our approach is also based on the construction of 
the dense disparity map from the pair of rectified 
images that provides us a good geometric 
representation of the scene.  We also applied a 
segmentation method to the image by using the  Sobel 
filter.                 

 Our main contribution lies in developing a simple 
method that combines the result of segmentation step 
and the disparity map computed for the 3D vertical 
segment  extraction that represent the obstacles of the 
scene. The advantage of this approach is that it is very 
fast and permits us to detect a big number of obstacles 
of varied shapes and sizes. 

This paper is organised as follows: section 2 
presents the stages of the method proposed.  In section 
3, experiments on real image and an analysis of the 
results are presented. Finally, we make concluding 
remarks. 
 
2. Proposed approach 
 

A In this section, we describe the basic steps of our 
approach. We show how theses steps can be performed 
quickly and robustly. The stereo images have been 
acquired from two CCD cameras mounted on mobile 
robot. The two cameras are at the same height above 
the ground. 
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2.1. Detection of the features points and 
matching 
 

The points to detect in an image must be features 
points of the image in order to facilitate their matching. 
For it we used the detector of Harris [8] .Once these 
points are detected we make the matching. The 
similarity between two portions of two images of a 
same scene is computed by using the correlation 
measure. This measure is calculated between two 
windows, in general squared and centered on the points 
to put in correspondence. The principal goal of most 
correlation based algorithm is to find the corresponding 
point on which to perform the correlation. The 
traditional way of obtaining the correlation consists of 
computing the correlation score for every point in the 
image by taking a fixed window in the left image and a 
shifting window in the right image. The second 
window is moved in the right image along the epipolar 
line.     

For each point, the correlation score is computed. 
Different correlation scores algorithms are used in 
stereovision. We have chosen the normalized 
correlation named ZNCC [9] for its robustness. The 
value of the correlation score vary between -1 and +1, 
the value +1 indicates the points are greatly correlate, -
1 the opposite. In order to validate the corresponding 
between points, the matching is done from the left 
image to the right image and from the right image to 
the left image and we consider valid match only those 
which give us the best correlation score. Figure 1 
shows the left and right images with features points. 

 

  
 

Figure 1 Left and Right images overlaid with features 
points and the matching. 

 
2.2. Estimation of the fundamental matrix 
 

The fundamental matrix F links the left image to the 
right image. This means that for each point of the 
image plane of the left camera, the fundamental matrix 
‘F' gives us the epipolar line corresponding to it in the 
image plane of the right camera such as pT

r F pl= 0 
where P(x,y,z) is the 3D point and pr(xr,yr) its 

projection in the right image and pl(xl,yl) its projection 
in the left image. To estimate the parameters of the 
fundamental matrix, several methods have been 
presented in the literature [6,10,13,15]. Most of these 
methods use a given number of pairs of matched points 
in the pair images: we find the linear methods and the 
non linear methods. In our case, we used the non linear 
methods, although difficult to implement, they offer an 
enormous advantage because they are robust since they 
minimize the errors of matching and succeed to a better 
estimation of the fundamental matrix [15]. Therefore, 
we used the methods of Gauss - Newton and 
Levenberg-Marquardts [12]. 
 
2.3. Rectification of the stereo images 
 

A constraint that is often considered in stereo vision 
systems is the epipolar geometry constraint. This 
constraint involves that any point lying on an epipolar 
line in one image necessarily corresponds to a point 
lying on the homologous epipolar line in the other 
image. Thus, the rectification is an important stage 
since it allows the use of a simple epipolar geometry in 
which the epipolar lines are parallel to the lines of 
images [13,14]. After rectification of the two images, 
the matched points have necessarily the same ordinate 
in the two images, and the search of the point of the 
second image corresponding to a given point of the 
first image is limited therefore to a one-dimensional 
search along a horizontal line of the second image 
situated to the same ordinate, rather than a bi-
dimensional search in a region of the second image.   

     We have chosen to implement the described 
method in [16], it is based only on the knowledge of 
the fundamental matrix and the epipolar constraint to 
rectify a pair of images. It consists in determining two 
matrixes of rectification one for the left image and the 
other for the right image. Figure 2 shows an example 
of the left and right image obtained after rectification 
step. 

 

 
  
 Figure 2 Left and Right images obtained after the 

rectification step. 
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2.4. Dense disparity maps estimation from 
stereo images 
 

The disparity map calculation is expensive both in 
cost and in time. Our aim is to overcome the limitation 
by developing a method that with a very low 
computational cost so that, it can be used for real time 
applications. The method [1] combines two algorithms: 
the first one reduces the space of search of the 
matching points by using one interval of disparity. The 
second one allows accelerating the process described 
previously by using a multi-resolution algorithm where 
the matching is performed at several levels of 
resolution by using a pyramid structure.  

The principle of the computation of the disparity 
map is for every point of the first image: 

1 - Compute the correlation score between windows 
of the image centered in this point and a window of the 
same size centered in every point of the other image 
susceptible to correspond to it, this means that it has 
the same ordinate since the images are rectified. 

2 - Choose as correspondent of this point the one 
that maximizes the correlation score, and deduct the 
disparity. It is important to know how to restrict the 
space of research of the correspondences in the second 
image for two reasons: Evidently, in the first, the 
bigger the number of candidates to the correspondence, 
the longer time of computation. In the second, the 
bigger the number of candidate, the bigger risks to do 
false matching. Therefore, we reduce this space of 
research by the choice of one interval of disparity 
[Dmin,Dmax], corresponding to a segment of the  
epipolar line.  We determine this interval by measuring 
the disparity of the features points detected at the first 
stage of our approach. Dmin corresponds to the 
smallest disparity and Dmax to the biggest disparity. 
The method described previously is accelerated by 
using a pyramidal multi- resolution that has the effect 
to accelerate the computation and to reduce the interval 
of disparity [Dmin,Dmax]. A multi-resolution pyramid 
is a set of images of decreasing resolution (levels), the 
basis being the  origin image (level 1) and the top, the 
image of lower resolution(level N) .Each  level of the 
multi - resolution  pyramid  has  a  resolution  of 

 A/[n(N-1) ] by B/[n(N-1)] with: 
A: number of columns of the initial image. 
B: number of lines of the initial image. 
N: number of level (N different from 1). 
n: the reduction factor . 
     The images of reduced resolution are obtained 

by a reduction by sampling while taking 1 pixel on      
n (n factor of reduction) in comparison with the 
previous level (see Figure 3). 

 

 
 

Figure 3 Calculation of the levels of the multi - 
resolution pyramid. 

 
     The computation of the disparity map operates, 

at first, on the superior level which corresponds to the 
smallest resolution with the ZNCC correlation 
algorithm.   This first step will give us a first disparity 
map on which we will base to compute the disparity 
map of the next lower level. For a pixel p(x,y) of level 
N, we will look for the disparity value ''v '' that 
corresponds to it in the  reduced image of  level N+1, 
this value ''v'' allows us to search for the pixel that 
corresponds to it in a zone centered on the pixel distant  
of n*v pixels of p at  the  level N in the other image. 
As we will go back up progressively in the levels of 
resolution, we will improve the precision of the results. 

 
2.5. Segmentation 
 

The detection of the contours of an image reduces 
significantly the quantity of data and eliminates the 
information that can judge less important, while 
preserving the structural properties of the image. A 
several methods of contour detection exist. We have 
chosen the Sobel filter because it is fast and easy to 
implement [11] and the results obtained are 
satisfactory. It detects the horizontal and vertical 
segment separately on an image in the grey level (See 
Figure 4(a) and 4(b)). 

 

  
    Left  image               (a)     Image  segmented 
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    Left  image               (b)     Image  segmented 

 Figure 4 Image obtained after the segmentation stage. 
 
2.6. Obstacles detection 
 

A In the last years, obstacles detection has been a 
major research topic in computer vision. In fact, in 
literature, several hypotheses concerning the indoor 
environments are used in order to facilitate the process 
[7]. In this paper we assume that most obstacles are of 
quasi - vertical geometry. From this hypothesis, the 
presence of a three-dimensional vertical segment in the 
image can be considered like the presence of an 
obstacle in the environment of the robot. By using the 
disparity map previously calculated and the 
segmentation of the image we can detect the present 
obstacles in the scene.  
 
2.6.1.  Selection of 3D segments. A 3D shape can be 
approximated by means of one or several 3D straight 
segments. By using the Sobel Filter, the 3D shapes are 
decomposed into 3D segments. In this step, in order to  
select precisely the  3D segments that belong to 
obstacles, we calculate and threshold the inclination 
angles of 3D segments with respect to the ground. The 
inclination angle β of a 3D segment with respect to the 
ground (See Figure 6) is a pattern that can be used to 
detect obstacles. Indeed, if the inclination angle of 3D 
segment tends towards 0, the 3D segment usually 
belongs to the ground. If this angle tends to 90, then it 
belongs to obstacles. 

     In a first step, we compute the vector V of the 
straight line which contains the 3D segment in the 
stereoscopic vision system used (Figure 5), and these 
coordinates constitute the following vector V:   

V= (Vx   Vy   Vz).  
Where:    
Vx = px  * ((mr *bl – ml * br) +  w/2 * (ml – mr)).        
Vy = py  * ((bl - br) + h/2 * (ml - mr)),  
Vz = f  * (ml - mr). 
 
With:  
mr ,bl , ml and  br are calculated by a least square 
method. 

 
fr  : xr  → mr   *  yr + br,            fl  : xl  → ml  *  yl + bl 
Where: 
fr  :  the equation of the projection  of the 3D 

segment in the right rectified image. 
fl   :  the equation of the projection  of the 3D 

segment in the left rectified image. 
w: width of the rectified image.   
h: height of the rectified image.   
f: focal length.   
px: width of the pixel of the CCD camera.   
py: height of the pixel of the CCD camera.   
     In a second step, the inclination angle of 3D 

segment is computed with respect to the ground by 
using geometry properties.  To compute fr we choose 
two points that belong to the right projection of the 3D 
segment. And to compute fl we look for the 
correspondents of the two points used in the 
calculation of  fr  by  using  the disparity map.   Indeed,  
xl = xr ± d,  where d is  the disparity value computed  
by our algorithm described in section 2.4. 
 
2.6.2.  Algorithm of obstacle detection   
 

  
1. Computing  the V coordinates. 
2. If  ( Vx = 0 and  Vz = 0 ) then β = π/2 

Else  
3. If (β ≥ threshold) then the segment 

belonging to an obstacle. 
 

      In our approach, we are limited to detect the 
vertical segments. The advantage of this approach is 
that it is very fast and permits us to detect a big number 
of obstacles of varied shapes and sizes. 

 
3. Experimental results 
 

To validate the method developed in the previous 
section, we tested it on two pairs of real images of 
different scenes.  The stereo images have been 
acquired from two CCD cameras mounted on mobile 
robot. The two cameras are at the same height above 
the ground, and the floor can present some motives as 
shown in Figure 4 (a). The figures 1,2 and 4  illustrate 
the results obtained at each stage of our system 

Figure 5 Inclination angle β  of  3D segment.
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(matching, rectification and segmentation). On the 
other hand, the computing of the disparity map is made 
by using the ZNCC correlation with a window of 3x3 
sizes. Besides, the disparity map has been calculated 
with a two levels of pyramidal resolution with factor 
reduction equal to 2. The Figure 6 shows the 
experimental results of the extraction of 3D segments 
of obstacles.   The obstacles are represented by the 3D 
vertical segments. The nearest segment, give us the 
distance of the obstacle in relation to the stereovision 
system. 

   
           (a)                                                    (b) 
Figure 6: Experimental results of the extraction of 

3D segments of obstacles. The obstacles are 
represented by the 3D vertical segments. 

 
4. Conclusion 
 

A In this paper we have presented an approach for 
obstacle detection without camera calibration since the 
approach does not need any information about the 
configuration of camera. The detection process is 
based on the rectification of a pair of images and 
computing a dense disparity map. We also applied a 
segmentation method to the image by using the filter of 
Sobel. Our main contribution lies in developing a 
simple method that combines the result of 
segmentation step and the disparity map computed for 
the vertical 3D segment extraction that represents the 
obstacles of the scene. The advantage of this approach 
is that it is very fast and permits us to detect a big 
number of obstacles of varied shapes and sizes. Beside, 
we will be able to improve this approach by 
proceeding, in addition to what has been proposed in 
this paper, to the oblique segment extraction, and make 
an estimation of the free space in order to construct the 
free space card which can be implemented in an 
autonomous mobile robot to allow a safe navigation. 
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