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A Robust Framework Based on Phase Field Modeling
for Road Network Extraction from VHR Satellite Images

PENG Ting®? JERMYN lan H.2 PRINET Véronique? ZERUBIA Josiane?
Y (LIAMA&NLPR, Institute of Automation, Chinese Academy of Sciences, Beijing, China 100190)
I(Project-Team Ariana, INRIA, 06902 Sophia Antipolis, France)

Abstract Phase field higher-order active contours emerged recently as a powerful model for
region-based and shape-based image segmentation. A higher-order representation makes it
possible to model regions/objects of sophisticated shapes. Moreover, compared to traditional level
set approaches, phase field modeling enables to get rid of the problem of contour initialization and
distance function reinitialization. In this paper, we address the detection of band or linear structure
objects (roads, vessels, etc.) from very noisy images. We propose a robust framework based on
phase field higher-order active contours. We segment at first a low resolution image, which is
defined by the scaling coefficients of a Haar wavelet decomposition at order n. Since reducing the
resolution eliminates high frequency noise, the resulting pre-segmentation gives a rough but
complete detection of the regions of interest. This rough result is then incorporated into the model,
such as to force the final segmentation to lie close to the pre-segmentation. We apply the proposed
framework to road network extraction from very high resolution (VHR) satellite images in dense
urban areas. Quantitative validation and comparison with other methods demonstrate the
efficiency of our approach.

Keywords phase field modeling; prior knowledge; active contours; VHR satellite image; road
network segmentation
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This work was a part of a Sino-French cooperation between the LIAMA/NLPR and the
INRIA (French National Institute for Research in Computer and Control Sciences). It was
partially supported by LIAMA Project “Digital map updating on urban areas using high
resolution images”, and by European Union Network of Excellence MUSCLE (FP6-507752).
The work of the first author was supported by an MAE/Thales Alenia Space/LIAMA grant.
We aim at the study of variational models, with a specific application on remote sensing
imagery. In particular, we address the problem of road network extraction from Very High
Resolution (VHR) satellite images, in dense urban areas. Detecting roads from remote sensing
imagery is critical for many applications, for example cartographic data updating, intelligent
navigation, environmental monitoring, disaster management, and so on. However, this is also
a very hard problem. The difficulties lie in the following factors. First, much “noise” exists in
the road region due to cars, road markings, shadows, etc., while the background is very
diverse, containing many features that are locally similar to roads. Second, rather than being
simple lines as in images at low resolutions, i.e. more than 5m/pixel, roads appear as
elongated, more or less homogeneous surfaces with different widths and curvatures. It is a
hard task to retrieve road surfaces. Last but not least, in a dense urban environment, the
contrast between roads and background is relatively poor, as opposed to a rural or semi-urban
area. All the above factors result in the relative failure of existing road extraction approaches.
The development of a reliable automatic algorithm for road extraction in dense urban areas
from VHR images is thus a necessity if the increasing demand is to be met.

To overcome the difficulties mentioned above, we propose to include a great deal of prior
knowledge about the appearance and shape of road networks into our model. The complete
work takes advantage of the existence of outdated road maps, the strong geometrical
constraints that characterize roads, and the multiscale nature of the phenomena in the images.
This paper considers the last two aspects. Our work makes important progress towards an
automatic road extraction system for VHR satellite images.
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