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ABSTRACT
This article studies the improvement of road detection

using 2 SAR images of the same area taken with 2 different
orientations. In the first part, some remarks about the visual
appearance of the network in both images are made. In the
second part, two experiments for merging the two images
are presented, and the obtained results are compared.

1 INTRODUCTION

Automatic road detection on SAR images is a difficult
problem due to the speckle noise, and there are really few
robust methods to deal with these images [1] [2] [3]. How-
ever, roads are very interesting features, specially on urban
areas where they provide a structural information about the
city organization.

Nowadays, there are more and more SAR data avail-
able, which represent a great potential to improve image
processing algorithms on this kind of images, quite hard
to handle due to the speckle noise. Instead of the case of
multi-temporal data, we are interested here in the use of im-
ages taken with different orientations (for instance a north-
south oriented image and an east-west one) to improve the
road detection, both for visual interpretation and for auto-
matic extraction methods. This study has been made using
2 high resolution X-SAR images (HRMGD products with
6.5 m pixel-spacing) of New-York which have been manu-
ally registered.

The first part of this article is a discussion about the visi-
bility of the roads in urban areas on SAR images. As usual,
the roads which are parallel to the incident direction are
much more visible than the other ones (specially the ones
which are perpendicular to the incident direction). Exam-
ples of such areas where the roads are really clearly seen on
one of the image and are not or hardly visible on the other
one are given and analyzed using the urban density of the
different parts of the image.

The second part of the article is the study of the im-
provement of an automatic extraction method when using 2
images with perpendicular looking directions. This method
has been previously proposed [1], and is shortly described.
Then some merging methods are studied. A first experi-
ment is reported, which is based on the merging of the road
extraction results on the 2 separate radar images. The fi-
nal result is greatly improved compared to the 2 detections
using only one image and many roads which were not de-
tected are extracted. A second approach is described, doing
the fusion of the 2 data inside the extraction process. Both
approaches are eventually compared and discussed.

2 APPEARANCE OF THE ROAD
NETWORK

We had at our disposal 2 HRMGD-XSAR products of
Brooklyn in New-York with a pixel-spacing of 6.25m, 1.3
looks and the following directions and incidence angles:� image 1: descending mode, incidence angle 62.7

�
,

taken 10/10/94;� image 2: ascending mode, incidence angle 31.6
�
,

taken 12/04/94;
American cities are most of the time very urban and struc-
tured towns with straight roads and high buildings, having
a privileged orientation in each quarter. This particularity
implies that the looking direction of the radar sensor has a
great influence on the road and building aspect in the ac-
quired image [4].

This phenomenon is shown on figure 1 where the same
area is seen with two almost perpendicular looking direc-
tions.

� In the first image (fig.1a.), the sensor is on the left,
and therefore horizontal roads (in the same direction
than the sensor look) are easily visible. The build-
ings, which are perpendicular to the looking direction
appear very bright due to specular reflections in “fa-
vorable” orientation, and the selected area has a very
high radiometry compared to the whole SAR image.

� In the second image (fig.1b.), the sensor is “above”
the image, and therefore vertical roads are the most
visible, whereas horizontal ones are more difficult to
detect. The buildings have not the same appearance
than in fig.1a., and have a globally lower radiometry.

The influence of the looking direction is particularly im-
portant in very dense urban areas as it is the case for the
quarter of Brooklyn seen in fig.1.

Not only the orientation has a great influence on the
human-made structure aspect, but also the incidence angle
value [8]; this is the case for instance for streets where high
buildings stand along both sides of the road; in this situa-
tion, depending on the incidence angle, on the width of the
streets and the height of the buildings, the roads may or not
be visible on the radar image.

We are in our study in a very favorable situation since
we have at our disposal 2 images with almost perpendicular
looking directions (the real rotation between the 2 images
which can be deduced from the sensor parameters is 93

�
).

Anyway, the use of 2 or more SAR images with different
orientations should improve a lot automatic extraction al-
gorithms, since roads are more or less visible depending on
their orientations compared to the sensor one.



a. radar position: left (looking
right)

b. radar position: above (looking
top to bottom)

Figure 1: Two SAR data with different looking directions

3 MERGING OF 2 SAR IMAGES FOR
ROAD EXTRACTION

This section aims at describing some experiments we
did to improve the automatic extraction of the road network
using 2 views with different orientations of the same area.

We first recall the method we propose in some previous
work to extract the network, before trying to merge the 2
radar data. The registering of the images has been made
manually

�
.

3.1 A road extraction method in urban areas
This part is based on our previous work on the road and

hydrological network detection [5]. The main steps of the
method are summed up here:

� in a local step, a line detector adapted to the speckle
statistics of SAR images is applied (thresholding and
linking provide segments that are candidates to be-
long to the network);

� in a global step, a closure method based on a Marko-
vian approach defined on a graph of segments is per-
formed; this step is a labeling of the segment graph
with labels ”road” and ”not-road” minimizing an en-
ergy function; this function, derived from probabili-
ties and from a Markovian hypothesis made on the la-
bel field, takes both original data and a priori knowl-
edge about the road shape (probability of crossings
and bending limitations) into account.

The reader may refer to [5] [6] to have a detailed description
of the method. The adaptation of the method to deal with
dense urban areas will be the subject of a further publication
and is based on 2 main improvements:

� clique potential modification to better take into ac-
count the cross-roads;

� multi-resolution approach to extract networks with
different widths;�

Automatic registering is the scope of some future work.

This automatic method has of course some limitations:
some of the roads miss and some connections of parts of
roads are wrong (see an example fig.3 for the SAR image
of fig.2). Besides, there are many confusions with the hy-
drological networks (bottom of the image). As we will see
in the next section, the use of 2 images with different orien-
tations may improve the obtained results (except for the last
point -hydrological network- which needs high level infor-
mation to be solved).

Figure 2: Original X-SAR image c
�

DLR-DFD

3.2 Merging of the two extracted networks
The first experiment we did is very simple and consist

in merging the 2 networks which have been extracted in-
dependently on each image. The result is shown on figure
4.

Comparing the result of figure 3 with the one of figure 4,
we observe a clear improvement of the detected networks,
as expected:� some of the vertical streets which were not detected

in a single view are now extracted (see for instance
right bottom part of the image);� some of the discontinuous roads are now complete
which give a better structuration of the urban land-
scape (see for instance the left top of the image);� some of the missed roads have been detected, so there
are less undetected network parts (see for instance the
darker area in-between the two very bright quarters).

As seen with this simple experiment, the road network ex-
traction can be greatly improved using 2 views with dif-
ferent orientations. Nevertheless, this approach is limited,
since it does not benefit from the 2 radar images to im-
prove the road detection, specially for reducing the false
alarm or false connection rate, which is even increased with
this method. Besides, when a road is detected both, the 2



Figure 3: Automatic extraction of the road network (using
one view)

roads are superimposed without trying to find the “best”
road which could replace the 2 other ones. The aim of the
following section is to experiment a merging process dur-
ing the road detection method to exploit simultaneously the
2 images.

3.3 Merging of the 2 SAR data in the extraction
process

We propose to include the knowledge of 2 or many SAR
images in the initially proposed method by the following
method:

� Building of the initial graph of segments: the seg-
ments are detected on each image separately in the
low-level step and then a unique graph of segments is
built using all of them (which means that we include
the connections between all the segments, apart from
their origins);

� Connection step in the Markovian framework: this
step uses an energy minimization procedure which
gives the “best” graph labeling. The energy defini-
tion involves 2 terms: one which is related to the
SAR data and evaluates the confidence we have for
a segment knowing the radar image; a second one
which takes into account some information about the
shape of the road networks. The second term is not
modified since it represents our a priori knowledge.
The first one is corrected to be able to use simulta-
neously both SAR images. Indeed, instead of com-
puting a measure on each segment, two measures

Figure 4: Automatic extraction of the road network using
two views: the networks extracted on each view are super-
imposed.

computed on each image are merged. Many merg-
ing operators could be used. Let us note by � �
the segment measure in image 1, and ��� the one in
image 2. Then, the new measure � � could be de-
fined as (for instance): �
	���
�� ��� � ��� , ������
�� ��� � ��� ,����� �!�" #%$ � � $ � �'& � � � � � , etc. Since in our case a road
may be visible in one view and not at all in the other
one, we decided to use a disjunctive operator [7] and
we did the experiment with a maximum, but some re-
finements could improved the results (particularly re-
inforcing the measure when both segment responses
are high).

Let us make a remark here. It is important to avoid
really applying the registering of the radar image to com-
pute the measure of the segments. Indeed, the registering
process does some interpolations which modify the radio-
metric properties and statistics of the SAR image. In this
case, the performances of speckle adapted detectors may
be spoiled. Therefore, a better solution is to compute the
coordinates of the segments in both images and measure
the detector responses in the original images.

A result of this approach is shown figure 5. Once again
we note a real improvement compared to the extraction ob-
tained using only one view (for the same reasons than in the
previous sections).

3.4 Comparison of the 2 approaches
If we do a finer comparison of the results obtained by

the 2 methods, the following conclusions can be made:



Figure 5: Automatic extraction of the road network using
two views: the network is directly extracted using the 2 SAR
images in the detection process.

� the global aspect of the results are more coherent
in the second approach since the knowledge on the
shape are introduced in a better manner; the false
alarm rate is reduced a little but the number of missed
roads is slightly higher than with the first approach;

� the second approach is slightly faster than the first
one (in the first case the whole multi-resolution pro-
cess must be applied twice, whereas in the second ap-
proach this is done only one time); nevertheless, the
time decrease is not very important since the graph
size is increased a lot and therefore the simulated an-
nealing is significantly longer.

Let us say that the comparison of both methods is not
really easy, since, as usual, false alarm and missed detec-
tion rates do not decrease simultaneously. Besides, since
a “maximum” operator is used to merge the detector re-
sponses, the input parameters of the algorithm must be
modified. Nevertheless, the detected network is not clearly
better with the second method than with the first one. One
explanation could be the problem of the displacement of
the network between the 2 views; indeed, and even for flat
areas, the accurate localization of the road is hard to de-
fine, and using 2 different incidence angles implies a dif-
ferent delimitation of the dark line constituting the road
(this phenomenon is visible in the top left of the image,
where 2 lines are detected, although the registering has been
manually made). Therefore, the connection step could be
wrongly influenced by many possible connections, disturb-

ing the search of the “straight” lines. This problem is diffi-
cult to handle, since the displacement depends on the build-
ing height and could not be computed using the sensor pa-
rameters for the whole image.

4 CONCLUSION
We have shown in the article how the manual and auto-

matic extraction of the road network can be improved when
two images with different orientations are available. In this
study we were in a very favorable case since the 2 views
were almost perpendicular, but this can be a recommenda-
tion for aerial acquisition, and the improvement should also
be significant in other situations although it is difficult to
quantify. We have compared in this article two approaches,
both giving improved results and having specific character-
istics.

Many problems remain to solve, and among them:

� the automatic registering of the SAR images (but
some preliminary experiments showed that the net-
work extraction is a good initial step for that pur-
pose);

� the problem of the displacement of the network be-
tween the 2 views.

A third approach, which has not been experimented here
(but could be a solution to the problem of road displace-
ment), would be an improved merging of the 2 networks.
Some rules including high level knowledge on the detected
roads could be introduced to limit the “double” connections
and discard some false alarms (small lines detected near a
real road).
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