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Abstract: This study presents a fast method for road network extraction in satellite images. Our approach
comprises two essential phases: the first consists in extracting a curved object; the second phase makes it
possible to generate the method of extraction defined in the first phase to be able to extract all the roads. The
algorithm of detection consists of three successive stages: Passage of local information to the total information
of road (by the detection of the homogeneous elements then linear components of road), optimization with the
resolution of the large pixel (a large pixel 1s a whole of pixels m a window of the image) of which the objective
is to obtain a binary vector X for the exact localization of a road at each couple of windows of the treated image
and precise detection of the road network (a line determined by the pomnts of passage which adjusts as well as
possible on local detections of homogeneous elements of road, these points are detected in an automatic way).
Consequently, an mmprovement of the algorithm defined above consists n applying a threshold to the image
of homogeneous elements of road with an aim is to reduce the cost in computing times and to insulate the pixels
which one regards as important. Lastly, we propose for the second phase a method based on the principle of
the mathematical morphology which is based only on radiometric knowledge of the roads. This developed
technique gives good results if the choice of points 1s made m an optimal mamner that wants to say: to minimize
the number of points in the linear shape and to maximize these points in the district circular. This algorithm of
extraction can be applied to more figures than one will want to combine them and thus all the roads can be
extracted.
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optimization of a function cost

INTRODUCTION

To develop geographical mformation system of a city
passes in the first place by the obtaining of a card of the
road network. Inthe case of card presence the obtaimng
of the road network takes place by hand that, this
operation 18 expensive in time and risk to have mistakes
by the lack of attention of the manipulator. In the case of
the card lack (case of several Algerian cities) the manual
technicue becomes impossible. The remote sensing offers
us of satellites 1mages different spatial scales and for any
places on earth. The reflection of several researchers is
directly the extraction of the road network from satellites
images (Postaire, 1987, Weber, 1995; Young and Fu, 1986).
A satellite image 1s a numeric representation of a soil part.
Every element of the image (pixel) presented by a numeric
account that 13 according to properties radiometriques of
soil, of the geometric, properties of image hold, of state of
terrestrial atmosphere and the properties optics of the

sensor. The automatic mterpretations of the satellite
image are a complex operation and require the specific
algorithm development to applications wanted. The calm
problem is to know is it possible the extraction of roads
seenn difficulties as the width reduced of roads by report
has the size of the pixel, problem of shade and confusion
radiometrique with other composing objects of soil. Two
categories are generally distinguished. The local methods
which are based on the radiometric criterion of the image,
aim at the classification of the pixels as pertaining is at
the zone road or the zone except road. One can quote:
detectors of contours generic, detectors of watersheds,
morphological operators (Daoud ef al., 1989, Destival,
19%86). The total methods which are based on the criteria
radiometric and space of the image, aim at detection partial
of the road networl. One can quote: methods based on
the graph theory and methods based on statistical and
geometrical models (Jedynak, 1994; Merle and Zerubia,
1993; Agraultand Jamet, 1995; Berzohar and Cooper, 1996).
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The goal

Exiraction of the mad net work from a satellite image

That mesns

To be able to decide presence/ahsence of a way of road in a particular area of the image

Value =

L If we affact
in the case of presence of road

0in the caes of absence of road

Therefore

To find a solntion with problem of extration «» To find a binary configmration X

b o

Tbﬁndﬁwbharymnﬁglmﬁonxi;l:mblemufwmbimﬁwopﬁnﬁnﬁmofﬂu function cost in X

Problem of exiration < Problem of combinative optimization of the function cost in X

Fig. 1: General principle of the method of extraction
METHODOLOGY OF EXTRACTION

Our approach is a development of the method
suggested by B. Jedynak. If iz summarized by the
following diagram (Fig. 1). Knowledge which we used for
the extraction of the road network rests at the same time
on the radiometric aspect of the roads for the local
calculation of the homogeneity and their space aspect
{width, orientation and convexity) in order to supplement
the process of extraction.

Algorithm of extraction

The algorithm of exiraction comprises two essential
phases: The first congists in generating a collection of
possible ways and evaluating them thanks to a function
cost on the homogeneity of elements of road in order to
prezerve the best way. Each way iz composed of
gsegments of line chogzen locally according to the criterion
of homogeneity. The fact of then optimizing this criterion
on a whole of segments makes it posszible to adapt to the
form of the road. The optimal way is that which minimizes
the wvariance calculated in the possible directions of
propagation on lengthened vicinities length and width
variables, which maximizes the distance covered and
which iz most rectilinear. With this intention, we must
detect homogeneous elements then linear components
of road. The zecond makes it possible to combine the
results obtained in the first phase (et of ways of road)
while being pressed on a morphological operator
(transformations of wholes) in order to obtain an
image whose objects are only the roads. To value the
performance of the method developed we chose an image
gatellite to high spafial resolution. The chosen image

Fig. 2: Original image

represents a part of the Oran city (Algeria) acquired by
the satellite Indian IRS1-C with a spatial resolution of 5 m
to soil. She covers a region on the one hand strong urban
density and composed of the variable landscape, the
roads composite of this region is the main roads and the
secondary roads (Fig. 2).

EXTRACTION OF A WAY OF ROAD

Local calculation of the homogeneity: The detection of
homogeneous elements of road requires the construction
of four masks for each direction: 0, w/4, m/2 and3mw/4. One
recognizes for each mask a zone road and two zones out
road. It iz a question of measuring for each mask: the
relative homogeneity inside the zone road of the mask
and relative heterogeneity between the zone road of the
mask and the zone out road. Consider S a system of
neighbours. Clique ¢ iz a nonempty subset of S, such as
two points distinct from c are neighbours. The various
magks are represented in the following Table 1.
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Table 1: Various masks for any directions

No. of the
cliques of
the zone road
and the two
zones out road,
respectively 13 5 5
Coordinates (-2,0(-2,1) (-2,-13(-2,0) (2,13 (-2,2)
of each clique (-1,00 (-1,1) (-2,-1) (-2,0) (-1,1) (-1,2)
of the zone (0,0 (0,1) (0,-1)(0,0) (0,1 (0,2)
road and the (Lo)y(1,1) (1,-1)(1,0 (L1 (1,2)
two Zones ol 2,021 (2,-13(2,0) 2,122
road (2,00 (-1,0)
respectively (-1,0) (0,0)

0,0) (1,0
Direction :0 (1,0 (2,0)
Central pixel: (-2,1)(-1,1)
2.1 (-1,13(0.1)

©1)(1.1)

(L1 (2D
Coordinates 0,-2)(1,-2) (-1,-2)€0,-2) (1,-2) (2,-2)
of each clique 0,-1)(1,-1) (-1,-13(0,-1) (1,-13 (2,-1)
of the zone (0,0 (1,0 (-1,0) (0,0) (1,00 (2,.0)
road and the 001,11 (-1,13(0,1) (LD (2D
two zones out 0,2)(1,2) (-1,2)(0,2) (1,2) (2,2)
road, (0,-2) (0,-1)
respectively (0,-1) (0,0)

(0,00 (0,1)
Direction: (0.1)(0,2)
2 (1,-2)(1,-1)
Central pixel: (1,-1)(1,0
(1,2 (L,oy(1,1)

(L,1(1,2)
No. of the
cliques of
the zone road
and the two
zones out road,
respectively 9 5 5
Coordinates 2,2 2.1 (2,-3) (-2,-2) (-2-1)(-2,00
of each clique (-2,-1) -1,1) (1,2) (1,1) (-1,0) (-1,1)
of the zone (-1,-13(-1,0) (0,-1) (0,0) (0,1)(0,2)
road and the (-1,0) (0,0) (1,0) (1,1) (1,2) (1,3)
two zones out (0,00 (0,1) 2,1)(2,2) (2,3 (2,4
road, 0,1) 1,1
respectively 1,1 (,2)

(1.2)(2.2)
Direction: m/4 2,2 (2.5
Central pixel:
(2.3)
Coordinates (2,-2) (2,-1) (2,-3) (2,-2) (2,-1)(2,0
of each clique 2,-1 (.- 1,-201,-1) (1,0 (1,1)
of the zone (1,-1)(1,0) (0,-1) (0,0) (0,1) (0,2)
road and the (1,00 (0,0) (-1,0) (-1,1) (-1,2) (-1,3)
two zones out (0,00 (0.1) 2,022 (23249
road, 0,1 (-1,1)
respectively -1,13 (-1,2)

-1,2) (:2,2)
Direction: (2,2 (2.3
In/4
Central pixel:
(2.3)

Criterion of homogeneity: Consider: P: set of sites pixels
of the original image, x: radiometric value of the pixel p,
%,6{0.....255} and k: direction of propagation of p, ke {0,
/4, T/2, 3m/4}.

In each site p we calculate value r, in the following
way checking the criterion of homogeneity:

Consider: R, R’, and R”’,; zone road, 1st zone out
road and 2nd zone out road, respectively. Ny, N’ and N™7,¢
numbers the cliques of the R, zone, between the zone R,
and R’, and between the zone R, and R™’,, respectively. S,,
S’ et 877 values allowing to measure the homogeneity
wnside R,, relative heterogeneity between R, and R’ and
relative heterogeneity between R, and R’°,, obtained by:

S, :Z<i,]>eRk,jeR.k¢'( X _Xj‘)/Nk
SFk :Z<l,]>ERk,JeRk(l_¢(

8 = E<i,]>eRk,jeR.k(1 _q)(‘Xi _XJD/N"k

X -X|J/N (1)

Where:

of|X, =X, [) = {1-[x, - x| if

‘Xl —XJ‘E [0,t](t arbitrary value) 0 if not

(2)

In each direction of propagation k, one calculates the
following minimal of value:

min, = min(S,, 87, 87, (3)

Value 1, corresponds te the maximum of the four
values min, corresponding to the four directions of
propagation: 0, /4, w/2, 3m/4.

I, = max {miny_y, MMy, MY, TITl_g ) 4

In order to be able to eliminate the too low values
from r,, one determines for each site p, the adjacent points
which are in the same direction and around him. The
number of the adjacent pomts 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 1, is
preserved if not it is put at zero.

Results: The result of this stage is a digital image where
the roads present on the original image are detected but
appear with difficulty because of the blur due to the other
objects like the obstacles (trees, vehicles, etc.). The image
of homogeneous elements of road (Fig. 3) obtained
will be used on the one hand for the threshold (the
goal: detection of the points of passage) and on the other
hand for the detection of linear components of road
(the goal: to have an indication on the localization and the
orientation of the layout of road).
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Fig. 3: Image of homogeneous elements of road of the
image of Fig. 3 witht=40,f=2

Fig. 4: Threshold of the image of Fig. 3 between two
thresholds 50 and 170

Threshold: With an aim of reducing the cost in
computing times, we applied a threshold to the image of
homogeneous elements of road obtained in the preceding
gection; this type of methods takes into account only the
values of levels of grey of a point to decide on its
membership of the way of road. Indeed, the idea iz to
gsegment the image in two areax road and not road. The
threshold requires two thresholds, because it iz difficult
to obtain a total threshold for all the image: If a point
which one considers an element of road finds between
the two selected thresholds its wvalue iz 0 if not its
value is 255.

Resuli: The result of this stage is a binary image of values
0 and 255. The roads present on the original image are
detected better if this one iz an semi-urban image that in
the case of an urban image (Fig. 4).

Detection of linear components of road

The principle of this stage is as follows: First of all one
gegments the image of homogeneous elements of road in
windows of zize f<f (each window will represent a point of
passage of the layout of road), then one associates with
each couple windows a line passing as well as possible by
all the points of the two windows by using the transform
of Hough:

e =(y—yu)cos(ﬁ)—(x—xo)sin(ﬁ) (3)

Where, £: signed orthogonal distance from the line at the
point (Xo¥g), it must be discreditedin £,,....,F™ m is fixed.
(X;,¥): origin point which we locate between the two
windows. Qe -w/2, m/2[ : angle formed by the line and the
horizontal one, it must be discredited in 8%,...,0% n is fixed.

Result: The result of this stage is a vector Y, information
of probability for the presence of a segment of road, all
the more near to value 1 that the extraction in each couple
of windows was good; this information iz obtained by
standardizing the greatest value of the poinis having even
angle 8%={8'....0"} and even distance Fe{F',.....F™},
between 0 and 1.

Choice of the hest way of road: A way of road will be
defined by a line which is a chain of segments connected
to each other. It is determined by the points of passage
defining the segments, which adjust as well as possible
on local detections of homogeneous elements of road
Indeed, one wanis to reconstitute the shape of a curved
object (traced road) after his digitalization. To solve this
problem, it is necessary to find the means of building
curves from smaller elements: segments of curves which
could be drawn from small segments of line. The
robusiness of the algorithm of the choice of the best way
of road is ensured by a module of treatment which uses
two information coming on the one hand from the binary
image obtained by threshold (determination of the points
of passage) and on the other hand of the segmented
image (an optimization of a function cost of which the
objective is to obtain a binary vector X for the exact
localization of a road at each couple of windows of the
treated image).

Function cost and optimization: The function cost
proposed by B, JTedynak is written in the following way:

H(X,Y)=G(X,Y) +A V(X) (6)

where: G (X, Y) =}, X (¢Y))

c=[0,1], sis a couple of site-windows and S is a graph
made up of a whole of arcs joining two adjacent tops (a
couple of windows).

V(X) is a function describing the constraints of
regularity which one asserts a priori. V(X) = 0 for a
configuration X which is a way on the graph S. A£[0,1] a
parameter being used to force the convexity of a
configuration in a site in spite of a bad detection of
gsegment of road in this site. The algorithm of optimization
results from the algorithms of research of the shortest
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Fig. 5: Precize extraction of a way of road of the image of Fig. 3

way in a value graph. It consists in optimizing the
function cost defined above under constraint V{X) = 0
and calculating configuration X definite as follows:
X=Argming ye0GY).

A configuration road carrying out the minimum of the
function cost H(X,Y) in X is equivalent to the best
probability of a probability P in X. The function P is
defined in the foll owing way:

PX)=Y XY /Y X (7)

From where the algorithm of optimization iz written as
follows:

* Choice of an initial value ¢, ce[0,1].
*  Calculation of X*,= arg ming . X,(c-Y,).
« Ifc=P(X'c)then X =3 .if not c = P(X'c) and go to 2.

Precise exiraction of the way of road: We propose at this
stage a rather effective method which allows the precise

exfraction of the way of road. The method is decomposed
into two stages: determination of the points of passage of
the layout of road and connection between each two
points by the use of the concept of connectivity. First of
all, the points of passage are given like those having a
value of level of grey 0 (pixels coming from the binary
image obtained by threshold and which are located on the
layout of road) whose position is given by the manual
seizure (the manual seizure of the nudes of the road
network is fast compared to the other cartographic topics
like buildings, vegetati ons, etc (Yu ¢t al., 1999) although
it presents the disadvantage not to be very powerful
on the level of the reduction of the quantity of data)
and who must satisfy the selection criterion (the points
have the same direction of propagation and belong of
a road ensured by the result of the optimization of the
function cost). Then, the tracing of the curve is carried
out by a modeling of this one by a sum of smaller
segments of curves which could be drawn from small
segments of line.
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Modeling: Being given the Py(X,¥)..... P(X,¥,) points,
one wishes to find a curve passing by these points
{Couloignor and Ranchin, 2000). Consider f(z) this
curve:

1) = YP.(9,.(2)1@) ®)

where 0zz=1 et p,_(Z): small segments.
Algorithm

»  Tofix the number of nudes n.

*  To enter the starting point P, and the arrival point P,

« Torepeat

*» Todetermine the following point P,.

» If the selection criterion iz safisfied (of the same
direction than the precedent and belongs to a
window where there iz an exact localization of a road)
then one retaing this point if not to choose another
point.

Until the arrival point iz reached.

£(2) = DR (9. (21 ©)
Remarks: For the definition of the function t, (z), many
polynomials exist, one can citer: Lagrange, Hermite,
Bernstein, etc. For our case we chose Bernstein
polynomial. The larger N iz sufficiently, the more than
there will be a good extraction. If the road were not limited
with the two points (initial and final), the risk of
assignment of points of image to an erroneous class could
be important. This situation would lead to a bad extraction
of the zone road.

Result: The result of this stage is an image comprizing a
way of road. It is a satisfactory result by comparing it with
the original image (Fig. 5).

EXTRACTION OF THE ROAD NETWORKS

In order to be able to generate the method of
extraction defined in the first phase, we propose in this
part an approach based on the principle of mathematical
morphol ogy, (Destival, 1986; Haralick ef af., 1987; Géraud
and Mouret, 2004) which is based only on radiometric
knowledge of the roads. Mathematical morphology
congists in defining objects as sets of pixels and studying
the shape of these objects and the relations which exist
between them using sets transformations (dilation,

erosion, opening, closing, union, intersection, etc), in this
case we used the union operation.

Algorithm: The algorithm of the extraction is as follows:

»  Totraverse all the images of which each one of them
comprises only one way of road (result of the first
phase) in parallel.

»  To examine the corresponding nudes and to build the
new image: If the nudes are black then the resulting
nude is black. If the nudes are white then the
resulting nude iz white. If one of the nudes is black
then the resulting nude is black.

RESULTS AND DISCUSSION

The result of this phase is an image comprising more
than one way of road (a road network). To display this
result, first of all one will extract other ways of road of the
one of the original images of Fig. 3. By taking for example
the image of Fig. 3 and following the same stages of the
algorithm of extraction, one obtains the following ways of
road. Then, by applying the morphological operator the
union, to figures chosen among the figures one obtains
an image of road networks (Fig. 6).

We present two images: original image and road
image (Fig. 7). By a visual comparizson we can make the
following remarks:

Road (1): The curve iz similar to the real and same curve
the shape of the circle dawned is visible (R1). As
specifying points of the curve we took several points of
the circle dawns to force the passage of the curve by
these points. The result was good.

Road (2): The curve to the shape of the real curve on the
other hand his/her/its shape takes the shape of the circle
dawns (R2). As specifying points us was unaware of
points of the circle dawng, the gotten curve is bad in this
circular region. Points of different curve intersections are
precise.

Fig. 6: A network roads obtained by addicting all
precedent images
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Fig. 7: (1) Road 1, (2) Road 2, 1* Round dawns R1 and R2 Round dawns 2

This developed technique gives good results if the
choice of points is made in an optimal manner that wants
to say: to minimize the number of points in the linear
shape and to maximize these points in the district circular.
This algorithm of extraction can be applied to more figures
than one will want to combine them and thus all the roads
can be extracted.

CONCLUSIONS

We presented in this article an approach resulting
from a development of the method of detection of road
networks from satellite images suggested by B Jedynak.
This approach is systematic; it currently brings solutions
to the difficulties encountered in existing methods and
takes account of the improvements made by the other
researchers. It generally deals with the problem of
extraction of the road network by taking account of the
characteristics as well local as total of the road networks.
The systematic method comprises two phases. The first
phase consists in generating a collection of poszible
ways, sufficient length to be significant on a road scale
and evaluating them thanks to a function cost on the
homogeneity of elements of road in order to preserve the
best way. Each way iz composed of segments of line
chosen locally according to the criterion of homogeneity.
The fact of then optimizing thiz criterion on a whole of
gsegments makes it possible to adapt to the shape of the
road. The optimal way iz that which minimizes the
variance calculated in the possible directions of
propagation on lengthened vicinities length and width
variables, which maximizes the distance covered and
which iz most rectilinear. This way is extracted while being
based on the one hand on external data, points of passage
{(pointz which are located on the layout of road of the
image obtained by threshold) whose position is given by
the manual seizure (the manual seizure of the nudes of the
road network is fast compared to the other cartographic
topics like buildings, vegetations, etc. although it
presents the disadvantage not to be very powerful on the

level of the reduction of the quantity of data) and who
must satisfy the selection criterion (the points have the
same direction of propagation and belong to the windows
where there is an exact localization of a road ensured by
the result of the optimization of the function cost). And in
addition, by modeling the layout of road by a sum of
smaller segments of curves which could be rawn from
small segments of line (one connects very new point
detected to the remainder of the way, at the point nearest
in the direction to propagation). The second phase makes
it possible to generate the method of extraction defined in
the first phase whose objective is to obtain an image of
road network while being based on the principle of the
mathematical morphology which is based only on
radiometric knowledge of the roads. This method can
easily be adapted to other image processing fields where
the recognition of curvilinear structures is involved.
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