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ABSTRACT good (even if not perfect) solution would facilitate the wor

. _ " . of remote sensing experts.
Automatic road extraction is a critical feature for an eéat . ;
N : ) Since 1990, different methods have been proposed to pro-
use of remote sensing imagery in most contexts. This paper

; ) vide automatic or semi-automatic road extraction in remote
proposes a robust geometric method to provide a rst step e)gensing images. In [2], an exhaustive bibliography on auto-
traction level. These results can be used as an initiadizati ) '

. . . mated road extraction is provided. These methods include
for other algorithms or as a starting point for manual road X nakes [3], higher order active contours [4], dynamic pro-
traction. Results of the extraction are vectorized for GIS i » 19 - Oy P

. . : . ramming [5] or probabilistic approaches [6]. However, to
tegration and for a better interaction with human expers th 9 g [5] or p PP . [6] :
; . our best knowledge, none of these algorithms satis es the op
can re ne the results. The algorithm is fast, has very few pa- : S .
. . ; . erators, mainly because of computation time. In most situa-
rameters and is only slightly affected by the image propesrti

; . . : . : tions, road extraction is still manual.
(resolution, noise). The algorithm is available in the open . . .
The main problem of these methods is the dif culty to
source Orfeo Toolbox.

Keywords: Remote sensing, Road extraction provide the best parameters for a given image. _Give_zn a new
' ' image, the user often has to try different combinations be-
fore obtaining a satisfactory result. The computation tisme
1. INTRODUCTION also often a problem. As the resolution of optical sensors in
creases, size of images increases as well, thus incredsng t
Road extraction is a critical feature for an ef cient use @fth  computation time necessary to process a scene. Information
resolution satellite images. There are many applicatidns gorovided by the color is also often misused, most algorithms
road extraction: update of GIS database, reference for infocusing on the panchromatic data.
age registration, help for identi cation algorithms angbich The aim of this paper is to provide a simple, fast, robust
mapping for example. Road network can be used to regisand ef cient algorithm to extract roads. The algorithm pro-
ter an optical image with a map or an optical image with avides a vectorized result. The only entry parameter is the
radar image for example. Road network extraction can helpolor of the road or the spectrum if more spectral bands are
for other algorithms: isolated building detection, bridige  available. Results are not expected to be perfect but rather
tection. In these cases, a rough extraction can be suf cienbe a good initialization for more complex algorithms or for
In the context of response to crisis, a fast mapping is necesruman re nement.
sary: within 6 hours, infrastructures for the designatexhar
are required [1]. Within this timeframe, a manual extragtio
is inconceivable and an automatic help is necessary. 2. ROAD DETECTION
A high resolution satellite image typically has a resolatio ) o . .
of 0.5 to 1 m and four spectral bands. Using the result of d "€ color of the road provides a rich information which of-
fusion, a product combining four spectral bands at the iighe€n er_1ab|es to distinguish _between roads and vegetatias. Th
resolution can be obtained. This is usually the case for thgolor information, usually in four or more spectral bands ca
Quickbird satellite from DigitalGlobe and will be the stawrd ~ P€ interpreted as a vector. However, most algorithms prefer
product for the future Pleiades constellation from CNES. ~ t0 work with scalar data. One ef cient way to convert this
One of the most important key features of satellites isspect_ral information to a scalar da}ta is to use the spemralg
their ability to cover an important area, thus gathering gehu gle with respect to a reference pixel. The spectral angle is
amount of data. One Pleiades scene will cover an area &€ nedas:
20 20km A manual exploitation of these data, even just
for road extraction is not possible. An operator would need o . S ™ o !
]Eo V|suaI|z_e more thaq 1000 screens to process thgse data algp = cos ! é r(b):p(b) é r(b)2 é p(b)2 (1)
ull resolution. An ef cient automatic algorithm leading & b= 1 b= 1 b= 1
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Fig. 1. Original image (a), Distance according to spectral angle@badient directions (c), line detector (d) and after wezation (e).

b being the spectral band,is the reference pixel anpg foad bs | & | a
the current pixel. ragiont |/
There are two main advantages to using this representa- b, ‘/ a
tion. The rst one being that the following algorithm is werk Y/ i ¥
ing on the spectral angle image and does not depend on the b/ IDo" a8
number of bands. Thus the road extraction process can be : =
applied to multispectral images with any number of bands. ¥ 4
The second advantage is that choosing the reference pieel, w (a) (b)

will be able to extract either tarred roads or dirt trackseTh
spectral angle is taken between the reference vector pixel a Fig. 2. Gradient representation and the roads: (a) gradient @rect
the current vector pixel. The resulting image containshal t towards the roads; (b) computation of the direction anceseallues
roads in the darker color. Figul® 1 (b) shows the distance bdor each pixel.
tween each pixel and the reference pixel.

On this spectral angle image we apply a line detection

Across Track

method based on a constrained gradient. This method was y

described in [7]. A gradient lter is rst applied to the imag = Value greater
. . . . . . .. ™ than the

Each pixel contains gradient direction and gradient iritgns considered

values. An example of gradient directions is illustratedgn pixel

urel (c). Then, knowing that the road is darker than pixels -

around, we know that the gradient direction will be opposite / NonMax 4

on each side of the road, as illustrated on glile 2 (a). To use
this property, we compute the scalar product between oppd-ig. 3. Removal of non maximum scalar values across direction:
site gradient vectors around a pixel. The higher (in absolutone of the neighbor pixel across the road direction has agrealue
value) scalar product which is also negative gives us the dihan the current pixel which is removed for the path consipac
rection of the road. On gurEl2 (b), the highest scalar vatie i
obtained between pixebs andbs, leading to the dotted red . o )
direction vector with the computed length. The spectralang IMage. To get a better localization, path vertices can be lo-
provides an important property that the original algorittich ~ cated at non integer positions (Fig. 4). Their position is ob
not have: as we know that the road is darker, we can keep on?'ned with the weighted barycenter of few pixels on the give

i

the pixel where the neighbor gradient vectors point towhed t direction. However, paths obtained with this process donta
pixel. too many vertices: about as many as the length of the path.

To improve the line following, pixels which do not have They are also usually too short due to the noise on the gra-
the maximum scalar value across direction are remove<mig.dlent Image. Few steps are necessary to re ne these paths
according to general road properties.
Many vertices can be removed as they are usually aligned.
3. VECTORIZATION Figure[® illustrates this stepd is the distance between one
vertex and the proposed new path. If the distance between
Vectorization of the extracted roads is decisive for anigint  all old vertices and the new proposed path is lower than one
use in GIS systems. From the previous step, we had obtainguiel, the new path is accepted.
an image with pieces of roads, often irregular as illusttate One result of the vectorization process is that paths can
gure [ (d). present a sharp angle at their extremity due to the noiseson th
After the previous part, paths can be extracted from thgradient image. This sharp angle will be damageable for the



[ ol I 4. RESULTS

All the results are obtained within the Orfeo Toolbox (OTB)
framework [8]. The OTB is an open source set of tools for
remote sensing data exploitation. This algorithm is ineldid
Fig. 4. Vector coordinates are non integer, allowing a better accuin the latest release of OTB and follows the principles of re-
racy. producible research.

The algorithm is applied on two extracts from a 1000
1000 Quickbird image. We compare the results with those
obtained only with the line detector from [7]. The algorithm
is fast. On a standard PIV 2.8 GHz, processing a 100000
image takes less than 3 s. This short time enables integactiv
Fig. 5. Simplifying paths. processing during visualization at full resolution on aeser

size.

On gure[8(c], we can see that the new algorithm pro-

next step. In general roads contain smooth curves and do n§{des improved results. Roads are better de ned and without
have sharp turns. To comply with this property we split pathsstalrcase effects. _Segme.nts have an information about how
which contain a sharp angle between two segments. An angfe" dent the algorithm is: the dark segments are those for

is considered as sharp if it is abgwe8. The exact value does Which the algorithm is not very con dent (the segment on
not in uence much results of the algorithm. trees for example). The railroad track in the lower right-cor

ner is not mistaken for a road. In two places, the algorithm
To allow the detected paths to go over tree shadows Qfccessfully nds the road hidden by tree occultations.

vehicles on the road which impact the gradient, a relation be On gure[BTH), focus was on extracting the main roads
tween paths must be considered. The relation is described on 9 ' 9

I . . . with the reference pixel taken from one of these roads. The
gure Bl Within a given search distance which depends on : . .
. ; algorithm manages to make the difference with the secondary
the resolution, a link can be found between two paths. To be ) ) .
. ... _“foads from the top right of the image. Most main roads, or at
accepted, these paths have to comply with some Cond'tlon%ast ortions of them are extracted. Few false alarms appea
angles between the rst path and the liralg, the second path P ' P

and the link,a,, and the last segment of both paths, a» on some bwldmgs._ ) ]
have to be within a certain range. For a 0.7 m resolution im- | "€ Same algorithm can be applied to radarimages. As we

age, the search distance considered is 40 pixels and the ané‘l"’“’e seen before, the computation of the spectral angls lead
was chosen to be within tHe p=8:p=8] interval. o0 arepresentation of the road in darker color. In radar esag

as roads usually present specular re ections, they alseapp
in darker color (Figl7 (a)). We applied the same algorithm

7 - directly on the radar image instead on the spectral angle im-
-8 age to obtain the results presented in Elg. 7 (b). Thesetsesul
d,. are good despite of the noise. Radar images contain a multi-
_—* : plicative noise so the gradient Iter is not the most adapted
il A ratio of means, as in [9], will probably give better results

Fig. 6. Linking paths.

After this step, some very short paths are still present on
the image. They usually correspond to noise and do not pro-
vide much information so they are removed.

The last step associates a con dence value to each path
according to the spectral angle value along the path. Ore pat
can have a low spectral angle value all along, thus the algo-
rithm will be con dent that this path is a road. Some other (@) (b)
paths can have higher spectral angle value leading the algo-
rithm to be less con dent. The con dence value is presented:'g- 7.. Roaq extraction result on a radar imagg: the same algorithm
by the color of the path: darker color for low con dence and S @Pplied without the spectral angle computation.
brighter color for high con dence.



Fig. 8 (a) Original image

Fig. 8 (d) Original image

5. CONCLUSION

The presented algorithm is automatic with very little iaier

tion from the users. The main one is the color (or spectrum
of the road in which the user is interested in. The only param! 2
eter which has a signi cant impact on the results is the dearc

area to link paths. This parameter can be easily relateceto thg)
image resolution. We have seen that the algorithm, orityinal
designed for optical images, can successfully extractyoad

a radar image. Moreover, this algorithm is fast, allowing in
teractive computation. And nally, this algorithm uses rhos

of available properties of roads in high resolution satelln-

ages: spectral information (with the computation of thecspe [5]
tral angle) and the shape ( rst with the gradient and the wit

the vectors).

Of course, results are not perfect but could be re ned by{6]
more complex methods. These methods, usually more costly
in terms of computation time, could be applied only in the

selected area.
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Fig. 8 (b) Line detector

Fig. 8 (e)Line detector

Fig. 8 (c) Final algorithm

Fig. 8 (f) Final algorithm
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