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ABSTRACT 
 
In this paper, an automatic approach of road 
network and main roads extraction from high-
resolution images is proposed. The idea of 
extraction combine between the efficient of 
utilization of color image and a traditional method 
which is classification by introducing fuzzy logic for 
a global extraction of road network. Then we 
propose an algorithm of street extraction which is 
based on simple mathematical and geometrical 
concepts. The proposed method transforms the 
roads network into a graph composed of polylines.  
This technique is tested on IKONOS images and 
compared with QUICKBIRD images.    
 
INTRODUCTION 
 
In recent years, many approaches have been 
exploited for automatic urban road extraction. 
Most of these approaches are based on complex 
image processing ,such as mathematical 
morphology and filtering (HUI LONG and 
ZHONGMING ZHAO 2005),Filtering(Wang and 
Howarth 1987), 2D Gabor filter (HANG JIN, 
YANMING FENG and Maoxun Li 2011), Markov 
fields( MERLET and ZERUBIA 1996),multiresolution 
analysis (Baumgartner et al.1999; Couloigner and 
Ranchin 2000),multiresolution snakes (Renaud 
Pétrie and Thierry Ranchin 2004), mathematical 
morphology and markov random fields ( Géraud T 
and J.Mouret 2004). Here we try to propose a fast 
method which is based on combined multi-spectral 
images into real compositions, which offer us a 
better view for a road extraction object. This 
method is based on the formalization of human 
observation into rule decision by fuzzy logic, and 
the utilization of some mathematical and 
geometrical concepts.   
 
 

 
TEST DATA 
 
The study images are located at an urban area 
from Algiers and Oran, Algeria.  The source data 
are IKONOS and Quickbird multispectral image 
taken in 2004. The images used are a real 
composite color of multispectral bands.   
 
METHODOLOGY OF EXTRACTION   
 
The proposed procedure of road network 
extraction is as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur
e 1: 
Flow chart of the Road network extraction procedure 

 
Global Road network extraction 
 
The road Network is globally extracted by an 
efficient method proposed and based on a rule of 
decision which is based on fuzzy logic and 
classification on the real composite color images 
(RGB). The idea is to translate human observations 
that the road is appearing as blue segments in a 
high resolution image. The method of offered 
extraction is deducted from the following mask 
calculated on a colored picture by the following 
transformation: 
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I : The composite color of red, green and infrared 
channels. 
    The corresponding function of radiometry 
M: The mask image 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: IKONOS image en of real composite color 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: correspondent mask 
 

Consider: (I) the original image of real composite 
color.   (   )  (     ) is the color of the pixel (i, 
j) of the image (I). The totality of the road network 
is identified by following rule decision: 
 
Rule1: 
 
IF   b=max(r,g,b)  and  b<200 THEN class=Road  
        ELSE class=Not -road 
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B: The binary image of post classified road 
Network calculated from I.  
    The binary image function 

The result of this classification is a binary image 
which will be used in the follow step. The final  
 
road network is then extracted in two tasks: the 
extraction of street segment and intersections. 
 

Extraction of street segments and intersections 
The above classification allows us to extract the 
totality of the road network which is composed 
from street segments and intersection, and the 
small streets between buildings. Our object is the 
extraction of the road network with principal 
street segments only. 
 
       
 
A road network    is composed from a set of 
streets segments   and Intersections   : 
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Street segment extraction: 
 
This method of extraction consists of 2 main steps, 
the choice of a start point manually on the 
selected road from the network road extracted in 
the following step and the progress to a next point 
which is selected according to a recursive 
proposed algorithm. The next point become then a 
start point until an end-point or a selected end-
point. 
 

 
Figure 4: Steps of extraction 

 
A street segment    is a continuous road so it can 
be represented by a curve passing by a number of 
points from this segment. Consider    ( ) this 
curve: 
 

   ( )  ∑   ( )

 

   

 

 
n: number of points. 
   ( )  Straight line i. 
 
The curve    ( ) is composed by connection 
between small straight lines    ( ), each line 
substitutes a small segment from the segment   . 
The strait line is determined by connection 
between a start point and an end point where 
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each end point becomes a start point of the next 
line, the road traced is then a curve of straight 
lines. So the asked question is How to select the 
next point? The answer is: The next point is 
selected at d pixels of the start point from a band 
of (txl) pixels. The next question become so, how 
to select the next point from the band? The 
answer is the following algorithm. 
 
Progress algorithm 
Starting from a start point the procedure begin by 
selecting a direction of progress define by   , a 
move distance d and a window  of txl pixels 
perpendicular to the start point, in which will be 
chosen the next point.(Figure 05) is the different 
positions of band selection. 
 -   can be the following angles :45°,    90°,   135°,    
180°,      225°,    270°,    315°,     0°. 
Algorithm 
-Select a start point        and an end point 
     manually from the image. 
-Enter the move distance d 
-Enter the appropriate direction    
-Enter the length of the window l 
Repeat 
-determine C a square (3x3) from the window 
defined by   witch satisfied the rule2. 
-   centre of the square C 
-Connect by a straight line between     and          
-          
Until the distance between    and      is inferior 
to d 
 

 

 

 

 

 

 

 

 
Figure 5:  different progress positions with a move distance d=5 
pixels and a band (3x11) pixels 
 

The next point is then selecting from a band of txl 
pixels by the following rule decision: 
Rule2:“Select the square (3x3) from the window 
(3xl) which has the max of black point” 
This steps is so based on a local classification 
which classify the band into two classes, a square 
(3X3) selected from the band which present road 
class and the rest not road. The next point is then 
the square centre. The street segment is extracted 
so as a curve of small strait lines. 
 

 Intersection extraction 
Intersections are extracted by the same 
methodology of street segment extraction by 
considering an intersection as contiguity of a street 
segment. The problems appear when an 
intersection is around or a crossword. We have 
proceeded in these regions by a local classification 
by rule1. The region is selected manually and 
treated separately.  
 
RESULTS AND DISCUSSION 
The proposed method is tested on IKONOS image 
(spatial resolution of 4 meters) and QUICHBIRD 
image (spatial resolution of 1 meter). The different 
steps leading to final results are detailed below. 
Fig 6.b and Fig 7.b represent the results of the first 
proposed step of extraction which is based on 
thresholding and fuzzy logic. All main street 
segments and some secondary roads between 
buildings are extracted, but with some 
misclassified pixels due to same spectral property 
and common radiometric characteristics of road 
pixels, and the appearance of vehicles over the 
road and trees aside. Fig 6.c and Fig 7.c represent 
the final results of extraction. The network is 
detected by extracting each street segment 
separately between a start point and an end point. 
 

 
 
 
 
 
 
 
 
 
 
Figure 6: (a) IKONOS image, (b) Global extraction, (c) Streets 
segments extraction, (d) Superposed results. Extraction of 
network with d=11 pixels and a window of (3x17) pixels 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: (a) IKONOS image, (b) Global extraction, (c) Streets 
segments extraction, (d) Superposed results. Extraction of 
network with d=11 pixels and a window of (3x17) pixels 

The results below are obtained by d=11 pixels. A 
smaller moving distance procures a winding street 
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segment and a longer one can cause a deviation 
from the street segment. Also a long or small 
window of extraction guide to deviation from the 
road. Indeed, the proposed method depends 
widely of the moving distance and the dimension 
of the band used and they are depending of 
resolution. For a very high resolution we have 
large road (Fig 8), so we need to use large band 
and long moving distance in order to extract the 
road. So the choice of parameters is the important 
task in the proposed method. This proposed 
method is tested on Quickbird image of very high 
resolution. The experimental results are shown 
below. 
 

 
Figure 8: (a)QUICKBIRD image, (b) Global extraction, (c) Street 
segment extraction, (d) Superposed result. Extraction of 
network with d=17 pixels and a window of (17x33) pixels 

 

The present experimental results allows us 

to conclude that the window dimension 

depend of the road larger that depend 

therefore of resolution.  

 
 Conclusion 
A road network is a complex object in high 
resolution imagery. It combines between more 
than a road, which represent a segment of 
homogenous and not homogenous surfaces. In this 
article a new method of road network extraction 
from IKONOS high resolution imagery is present. 
This method is based on the image color and some 
radiometric and geometric properties. The 
processing algorithm is composed of two 
sequential steps: a global extraction of the road 
network with a rule decision proposed which is 
used as an input data of the second steps. This 
step is the separate extraction of street segments. 
The method depends of the parameters used in 
the extraction. The results of street segments 
extraction are precise for IKONOS images. This 
method can be adapted for very high resolution 
with not very large streets, a disadvantage of the 
method which can be resolve by extracting the 
two extremity of the road.  
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