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Abstract: This study proposes an approach for an extraction of a road network and its nodes from
satellite imagery. A model of integration of obtained results in a geographical information system GIS
will be presented. We first of all pose the problem of extraction of a road network and its nodes; we
thus suggest an approach which is founded on the information theory and the mathematical
morphology. This approach made it possible to obtain a set of data. That made it possible to present a
model of integration of the extracted road network and its nodes in a geographical information system
GIS; it is applied for that the geometrical representation of the images is as near as possible to the
reality. The performances of this work were tested on satellite images of Algeria sites. The practical
results obtained are in general satisfactory except in some cases, they are less interesting because of the
number of parameters which exist in the suggested methods.
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INTRODUCTION

The object of this work is the use of satellite images to extract a road network and its nodes. In this paper
we also present a model of integration of the extracted road networks and its nodes in a GIS. The methods of
extraction of the road network can be classified in two principal categories: i) local methods based on a
radiometric criteria and ii) total methods based on geometrical and radiometric criteria. Several works use these
methods. For examples: those of (Mohammadzadeh, et al., 2004) on the automatic extraction of linear structures
of satellite images on Iran; (Lacoste, et al., 2005) present a synthesis of the not supervised procedures of
extraction of linear network in teledetection; (Doucette, et al., 2001) present a method of extraction of the roads
based on classification. Other works are older. Thus, (Barzohar, et al., 1996) discuss the research of the
principal roads on air photographs by using stochastic geometrical models. Finally (Airault, et al., 1995)
describe a method of detection and restitution of the road network.

We present in this paper the methodological approach, our model of integration of roads data and the first
results. To validate this study, we present the results on satellite imagery of Algeria.

Methodological Approach:

Our approach consists to use the information theory and the mathematical morphology to obtain a road
network and its nodes; a road network can be defined like a set of roads which can cross two to two in a node.
To pass from the road network to card, the cartographic co-ordinates are calculated; the final step consists to the
creation and the management of roads data base (Jedynak., 1994; Estival., 1986; Géraud, et al., 2004; Nougrara,
et al., 2006; Bachari, et al., 2007; Nougrara, et al., 2007; Nougrara, et al., 2009; Nougrara, et al., 2009;
Nougrara, 2009; Nougrara, et al., 2011).

Extraction of a Road Network and its Nodes:
To extract a road network and its nodes from the initial image, we propose an approach based on the
information theory and the mathematical morphology.

Extraction of a Road:

The optimal way of a road is that which minimizes the variance calculated in the possible directions of
propagation, which maximizes the covered distance and which is most rectilinear. We must detect homogeneous
elements then linear components of the road.

Detection of Homogeneous Elements:

The detection of homogeneous elements of the road requires the construction of four masks for each
direction: 0, /4, /2 and 3m/4. We recognize for each mask a road zone and two zones out road. For each mask
we measured the relative homogeneity between the road zone of the mask and the out road zone. The various
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masks are represented by Table 1 (a clic ¢ is a not empty subset of a system of neighbours S such as two distinct

points from ¢ are neighbours).

Table 1: Four masks.

Number of cliques of road zone and the two

0,1) (1,1)
(1,1) (2,1)

out road zones respectively. 13 5 5
Co-ordinates of each clic of the road zone (-2,0) (-2,1) (-2,-1) (-2,0) (-2,1) (-2,2)
and the two out road zones respectively. (-1,0) (-1,1) (-1,-1) (-1,0) (-1,1) (-1,2)
(0,0) (0,1) (0,-1) (0,0) 0,1) (0,2)
(1,00 (1,1) (1,-1) (1,0) 1,1 (1,2)
2,00 (2,1) 2,-1) (2,0) 2,1) (2,2)
(-2,0) (-1,0)
(-1,0) (0,0)
(0,0) (1,0)
(1,00 (2,0)
(-2,1) (-1,1)
(-1,1) (0,1)

Number of cliques of road zone and the two 9 5 5
out road zones respectively.
2,2) 2,
Co-ordinates of each clic of the road zone (-2,-1) (-L,1) (-2,-3)(-2,-2) (-2,-1) (-2,0)
and the two out road zones respectively. (-1,-1) (-1,0) (1,2) (1,1) (-1,0) (-1,1)
(-1,0) (0,0) (0,-1) (0,0) 0,1) (0,2)
(0,0) (0,1) (1,0) (1,1) (1,2) (1,3)
0,1) (1,1) 2,1 (2,2) 2,3) (2,4
(1,1) (1,2)
1,2) (2,2)
2,2 (2,3
Number of cliques of road zone and the two 13 5 5
out road zones respectively.
Co-ordinates of each clic of the road zone (0,-2) (1,-2) (-1,-2) (0,-2) (1,-2) (2,-2)
and the two out road zones respectively. (0,-1) (1,-1) (-1,-1) (0,-1) (1,-1) (2,-1)
(0,0) (1,0) (-1,0) (0,0) (1,0) (2,0
0,1) (1,1) (-1,1) (0,1) 1) (2,1
0,2) (1,2) (-1,2) (0,2) 1,2) (2,2)
(0,-2) (0,-1)
(0,-1) (0,0)
(0,0) (0,1)
0,1) (0,2)
(1,-2)(1,-1)
(1,-1) (1,0)
(1,0) (1,1)
(1,1 (1,2
Number of cliques of road zone and the two 9 5 5
out road zones respectively.
Co-ordinates of each clic of the road zone (2,-2) 2,-1) 2,-3)(2,-2) 2,-1)(2,0)
and the two out road zones respectively. 2,-1) (1,-1) (1,-2) (1,-1) (1,0) (1,1)
(1.-1) (1,0) (0,-1) (0,0) 0,1) (0,2)
(1,0) (0,0) (-1,0) (-1,1) (-1,2)(-1,3)
0,0) (0,1) (2,1) 2.2) (-2,3)(-2,4)
0.1) (-L1)
(-L1)(-1.2)
(-1.2) (-2,2)
(-2,2) (-2,3)

Criteria of Homogeneity:

Consider P a set of the pixel sites of the initial image; X, a radiometric value of the pixel p (x,€ {0, ...,255})
and k a direction of propagation of p (ke {0, /4, n/2, 3n/4}).

In each site p we calculate the value 1, in the following way:
1- Ry, R’, R”’}: road zone, first out road zone and second out road zone respectively.
N, N, N”’i: numbers of the cliques of the Ry, between Ry and R’ and between R, and R’y respectively.
Sk, S’, S”’ : values allowing to measure the homogeneity inside Ry, relative heterogeneity between Ry and R,
and between Ry and R’y respectively, obtained by:

Sk :Zi,jeRk(P (| Xi— Xj | )/Ni

S’k =Tierkjerk (1-¢ (| Xi = X; YN M
8k =Tierkjerk (1-¢ (| Xi = X; 1)N;
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Where:

1-( X - X1 /0if | X - X €[0,4];
(P(|Xi_Xj|): )
0 else

2- For each direction of propagation k, we calculate the following minimal value:
ming = min (S, $’, $7k) (3)

3- Value r, corresponds to the maximum of the four values min, corresponding to the four directions of
propagation: 0, n/4, n/2 and 3n/4.

Tp = Max (MiNyq,MiNj=r/4,MiNg=r/2, MiN=3/7/4) 4)

4- In order to be able to eliminate the too low values from r,, we determine for each site p, the adjacent
points which are in the same direction and around him. The number of the adjacent points corresponds to the
parameter f which definite size of the window fxf as we will see it in the following section: if the site p
corresponds to the maximum value of the radiometric values of all the adjacent points then its value r, is
preserved else it is put at zero.

Threshold:

The idea is to segment the image in two areas: area of road and area of not road. The thresholding requires
two thresholds, because it is difficult to obtain a total threshold for all the image: if a pixel which we consider an
element of road is find between the two chosen thresholds then its value is 0, if not its value is 255.

Detection of Linear Components:

First of all we segment the image of homogeneous elements of road in windows of size fxf, and then we
associate with each couple windows a line passing as well as possible by all the points, by using the transform of
Hough:

€= (¥-Yo) cos () — (x-Xo) sin (o) &)

Where & signed orthogonal distance from the line at the point (xo, Yo), it must be discretized in &', ..., €™ (m
is fixed). (xo, yo) point which we locate between the two windows. e € |-n/2, n/2] angle formed by the line and
the horizontal, it must be discretized in o', ..., o" (n is fixed).

Choice of the Best Road:

The idea is that a road will be defined by a set of arcs; each arc is a set of lines. We want to reconstitute the
shape of a curved object after his digitalization. The robustness of the algorithm of the choice of the best road is
ensured by a module of treatment which uses two information coming on the one hand from the binary image
obtained by thresholding and the other hand from the segmented image in windows (an optimization of a cost
function of which the objective is to have a binary vector X for the exact localization of a road with each couple
of widows).

Cost function and Optimization:
The cost function is:

EX,Y)=Ei(X,Y)+ aExX) 6)

Where:
Y is a vector which represents the information of probability for the presence of a segment of road.

Ei(X,Y) = XesXi(B-Yy) ; Be[0,1]; t is a couple of windows and S is a graph composed by a set of arcs
which joined a couple of adjacent windows. E»(X) is a function describing constraints of regularity. a.€[0,1] is a
parameter used to force the connexity of a configuration (in the case of a bad detection of a segment of road).
The optimization of the cost function consists to calculate the configuration X as follows: X=Arg[minx gyx
=0E1(X,Y)]. A road configuration corresponding to the minimum of the cost function in X, is equivalent to the
best probability P in X.

The function P is:
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P(X) = (zseSXsY%)/(zxeS Xs) (7)

Extraction of a Road:

-Po(X0, ¥0), Pu(Xn, Yn): pixels of passage of the road of the binary image obtained by threshold and which
their positions are given by the automatic seizure and which must satisfy the selection criteria: the pixels have
the same direction of propagation and belong to a road ensured by the result of the optimization of the cost
function.

-f(z): a curve which passes by these pixels.

f(z) = Zi=oPi(w;, +(2))

Where 0<z<1 and w; 4(z) small segments.

Algorithm:

To fix the number of nodes n

To enter Py (initial pixel) and P, (final pixel)

To repeat

To determine the following pixel P;

If the selection criteria is satisfied then to retain this pixel else to select another pixel.

Until the final pixel is reached.

Note: for the definition of the function w; ,(z), many polynomials exist (Lagrange, Hermit, Bernstein, etc.);
for our case we chose the Bernstein polynomial.

Extraction of a road Network:

The idea is that a road network can be defined like a set of roads which can cross two to two in a node. We
propose a method based on the principle of mathematical morphology; the morphology operator is union.
Algorithm:

e To fix the number of roads that composed the road network.

e  Application of the algorithm of extraction of a road: the result is one road.

e  Extraction in the second step other road and application of the morphology operator union for build the new
image which is composed by the two roads extracted: if the pixels are black then the result pixel is black. If
the pixels are white then the result pixel is white. If one of the pixels is black then the result pixel is black.

e To repeat the two operations: extraction of a road and application of the morphology operator union for
build the new image composed by roads extracted, until the number fixed of roads is reached.

Extraction of the Nodes:
We define a node as the pixel of intersection between two roads. For its extraction, we propose a method

based on the principle of mathematical morphology; the morphology operators are intersection and union.

Algorithm:

e To traverse all the images of which each one of them comprises only one a road (result of extraction of a
road) two to two.

e To examine the corresponding pixels and to build the new image: if the pixels are white and have same the
scalar co-ordinates then the result pixel is white else it is black

e To traverse all the images of which each one of them comprises only an intersection node in parallel

e To examine the corresponding pixels and to build the new image: if the pixels are black then the result pixel
is black; if the pixels are white then the result pixel is white and if one of the pixels is white then the result
pixel is white.

A Model of Integration of the Extracted Road Network and its Nodes in a GIS:
To pass from curves image to a roadmap, it is necessary to have a treatment which is divided into two parts:
1- The passage of the numerical co-ordinates to the cartographic co-ordinates
2- Creation and management of data base
Between the numerical co-ordinates and the geographical co-ordinates there exists a relation:

x=a*i+b*+c

(®)
y=d*i+e*j+f

This operation consists in determining the six parameters: a, b, ¢, d, e, f with use three pixels of support.
Once this operation finished, any couple (i, j) can be transform into couple (x, y).
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Data represent roads. Each road is composed of a set of generating pixels located by their co-ordinates (X,
y) and is defined by a set of information such as code, type, etc. These various fields then make it possible to
build requests of selection of the roads by conditions introduced directly by the user.

RESULTS AND DISCUSSION
Result of The extraction of the Road Network From the Initial Image:

The figure 1 shows the result of an extraction of a road network from an area of SPOT image of Oran
(Algeria).

Fig.1: Extraction of a road network.

Result of the Extraction of the Nodes of the Extracted Road Network:
As an example figure 3 shows an extracted road network with its nodes.

Fig. 2: An Extracted road network with its nodes.
Results of the Passage of the Numerical Co-Ordinates to the Cartographic Co-Ordinates:

By taking the following three selected pixels of support of an area of image on the town of Laghouat
(Algeria) (see Table 2).

Table 2: Three pixels of support.

Co-ordinates(i, j) Corresponding co-ordinates (X, y)

(107, 169) (487905, 3740069)
(86, 139) (487307, 3740895)
(59, 183) (486566,3739613)

The figure 3 shows the result of the passage of the numerical co-ordinates to the cartographic co-ordinates
of two chosen pixels of an area of image on the town of Laghouat (Algeria).

Fig. 3: Cartographic co-ordinates of pixel of numerical co-ordinates (132, 274).
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In order to be able to discuss on the obtained results, the following table (see Table 3) is addressed:

Table 3: Comparison between the obtained results and data.

Co-ordinates (i, j) Calculated corresponding Given corresponding
co-ordinates(x, y) co-ordinates (X, y)
(132,274) (488640.28, 3737118.81) (488618, 3737048)

There is not a great difference between the obtained results and the data. The difference is due on the one
hand to the corresponding pixels of numerical co-ordinates (i, j) taken from image and that represent
approximate values; and the other hand to the pixels of support taken also by image. Results are in general
satisfactory.

Results of Creation and Management of Data Base:

Fig. 4: An extracted road network and its associated table.

I = ; -
o

Hl"

‘Eil

Fig. 5: Extraction of the principal roads of the table.

Conclusions:

The idea of this work is to propose an approach for an extraction of a road network and its nodes from
satellite images. The suggested approach of extraction of a road network and its nodes is founded on the
information theory and the mathematical morphology. A model of integration of the extracted road network and
its nodes in a geographical information system GIS using a method of the passage of the numerical co-ordinates
to the cartographic co-ordinates and a managed roads data base was also presented.

The performances of this work were tested on satellite images. The practical results obtained are in general

satisfactory except in some cases, they are less interesting because of the number of parameters which exist in
the suggested methods.
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