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1. INTRODUCTION

Most of the Intelligent Transport Systems rely oNSS positioning information. Unfortunately, most tbeir uses
occur in dense urban areas where signal propagatidegraded by surrounding obstacles becausesaktteption of
NLOS (Non Line-Of-Sight) signals. Since the end tbé 90’s, as a research institute concerned byspiah
applications, the LEOST team of IFSTTAR pursuegaesh on the impact of the surroundings of a GN&8rma on
the receiver’s performances and in particular ofOiSLcases when the direct path is not preseni®uitdetectable due
to its low power compared to the rest of path. NL@$ection and mitigation remains an open reseprehlem that
can be studied from different angles: at signatessing level, at observable level and at PVT Ig\el

First works of LEOST have dealt to the developmehta satellite availability prediction tool basesh émage
processing already (PREDISSAT [2]) for guided tmors modes. Then, in collaboration with the Ecolenttale of
Lille, signal processing techniques have been dgeel to model the evolution of the satellite statfe®ception versus
time and propose pseudo-range error models linkethe different states and in particular the NLG#Sec where
reflected signal can be received without a diregt Recent activities are performed in the contdxthe CAPLOC
research project. The main objective of CAPLOC, collaboration with the Technical University of Betf
Montbéliard described in [3], is to provide an innovative ltéar the positioning function, relying on satetlibased
technologies, GPS and EGNOS, and mitigating thiecdifies linked to the constricted environmentreteption. In the
same way than users of 3D models [4-7], our godbisompare satellite positions to obstacles ineotttd detect
satellite states of reception. Our approach raewideo records of the environments. In this paper will present
how the images sequences provided by several carimstalled on the roof of the vehicle allow chéegzing GNSS
performance and we will give a quick overview ofwhthey are used for accuracy enhancement in the LOAP
project.

2. USE OF IMAGE PROCESSING FOR GNSS PERFORMANCE CHARACTERIZATION

The main aim of the image processing is to clagsifgls into sky and not-sky areas. Such a clasditin allows us to
obtain several data: the horizon line separatingking obstacles from open sky, and an evaluatioth®fsize of the
sky area. In this section, the first objective asshow in particular how the percentage of skyegiby image
processing can allow a qualification of the GNS$fqggenance obtained by the terrestrial transportr.u$ée tests
presented in this section are carried on a dataheseired in the city of Belfort (France). This alaéise contains: a
reference trajectory, a GPS measurement set, aaduence of images. To benefit from a path referand be able to
estimate positioning error and geo-referenced image have used a GPS-RTK (Real Time Kinematigdivec. The
positioning data are given by an uBlox receiverlangented in a Safedrive receiver, without any aoidétl sensor. The
image database relies on a fisheye camera (cheractdy a wide field of view -180°-), which is lated on the roof of
the vehicle and oriented upwards to capture imaféise sky. The image database contains 173 resdéswith their
reference (given by an expert in order to evaltia¢equality of the image processing strategy). Eduillustrates an
example of images acquired in Belfort during theadmllecting campaign.
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Figure 1: Fish-eye images acquired in the city oBort (France)

In order to provide information such as the peragatof visible sky in the image or the horizon line propose an
image processing strategy, which is composed d@raésteps illustrated in figure 2:
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Figure 2: Synopsis of image processing to evalutite percentage of sky and the horizon line

Once the image acquisition made, the second stegists in transforming the acquired image in a naqpgropriate
color space (which guarantees a better detectas¥ification of objects of interest). The thirdpst®ncerns the image
filtering in order to simplify the acquired imagk.classification of pixels is also made in orderctassify each pixels
of the simplified image into two classes (sky and-sky). But some pixels can be classified incdiyethat is why, a
morphological post-treatment (based on a neighlmattsiudy) is also used. The sixth step consisevaiuating the
percentage of visible sky in the image (the nundfguixels labeled sky compared to the total nundfdabeled pixels
in the image). To detect the horizon line, a sumgletary step of edge detection is added to theiqus\steps. The
proposed method has been evaluated on the CAPL@®Bake (173 images) and provides a good classiiicedte of
96,3% (in HSL color space, with a median filter andlassification of pixels into two classes witle fFisher algorithm
on the luminance component). Figure 3 illustralesdood classification rate and the percentagasible sky for all
images of the CAPLOC database.
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Figure 3: Classification results and percentage wgible sky for all images of the CAPLOC database

A work in progress consists in defining a relatlmtween this percentage and the positioning emronare generally
the GNSS availability and accuracy. In the curmatiabase, the percentage of sky varies from 155918% of the
image and the GNSS availability is no more guarhta its quality is too weak to be used if thecpatage of visible
sky is below 40%. Considering only this percentagel the accuracy, this trajectory does not alloawilng a
correlation. DOP is linked to the percentage of skythe image but also to the geometry of the ma&skme
complementary inputs will be studied in close fatur

3. USE OF IMAGE PROCESSING FOR GNSS PERFORMANCE ENHANCEMENT

In the CAPLOC project, we have also proposed tweeiostrategies of image processing: the first oomsists in
identifying in real time where satellites are lazhtin a sky regions (with direct signals) and tlescluding those
located in non-sky regions (reflected/blocked sighahen calculating the position. The proposedtsyy, illustrated
in figure 4 is composed of several steps descritaolv.
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Figure 4: Synopsis of image processing strategy &XSS performance enhancement (source: [CAPLOC pi)

This strategy is composed of several steps. Onizeldave been acquired, the first step of imageqssing consists in
simplifying the acquired image using a geodesiomstruction by dilatation (RGD) with an optimum aareter of
contrast H or a segmentation using color/textufermation [8]; The second step consists in clagsifiall pixels into
two classes (sky and non-sky). In previous workstf# authors have compared the performance terdiit clustering
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algorithms on a smaller database and concludeRiBaer and kppv algorithms give the best resultsadkphological

post-treatment, which consists in reclassifyingohmerent pixels, can be added to enhance the dtadgih. The fourth

step consists in satellite repositioning in the uweg image and in the classified image. The lasp ©f image

processing consists in identifying which satelifdocated in a sky region (received with a dirgighal) and in a non-
sky region (with blocked/reflected signals) in artiecalculate a new position (more precise) intlgdhe exclusion of
some of them. Figure 5 illustrates, for one imafjthe database, the satellite states of recepsatelites with direct
signals are represented in green, and satellitdshicked/reflected signals are represented in red

Figure 5: Example of image, its classification arghtellite states of reception (source: [CAPLOC pci])

Figure 6 illustrates the position calculated wittlassical EKF, using all the available satelltalsie points) or only the
LOS ones detected by the image processing strgggen points). The results are compared to the@ngrdruth
measured with a RTK receiver (red points). Oneamrclude that the results are mixed but promidimdeed accuracy
is increased, in particular when the vehicle iticighe first part of the trajectory). There mpéith is well-detected and
eliminated. In the rest of the trajectory, the imdmsed exclusion has been too severe and degreci@scy because
of a poor resulting geometry of the used satelliBag, this work is being continued in the CAPLOjpct and we
hope to increase the results by taking into accother information and the vegetation influence.
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Figure 6: View of the vehicle’s trajectory in Belfocalculated with a classical EKF, using all thevailable satellites
(blue points) or only the LOS ones detected byithage processing strategy (green points).
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The second strategy developed in the CAPLOC prajeasists in developing a process of 3D model tmeah order
to model the environment structure around the amateihis 3D reconstruction is based on fisheyeestasion [10]
that will allow us to estimate delays caused bieations if the model can be used in a ray-tratoag.

4. CONCLUSION AND PERSPECTIVES

The work presented here is focused on the chaizatien of the GNSS satellite visibility by the chaterization of the
surroundings of the antenna obtained by image peing. Automatic image processing developed fosdhiasks
provides different information such as: classifizatof the image into two classes: sky or not-siigvation of the
masking obstacles all around the antenna, peroemtagky visible, etc. All of these studies helpta®ptimize the use
of GNSS signals in harsh environments in orderfferdo a terrestrial user the best he can expensidering the
reception conditions.

These data are used in different ways functiorhefgrojects: i) In the CAPLOC project, satellitéstaes of reception
are determined in order to enhance accuracy bysihgdhe best satellites to use; ii) The percentdgky will be one
of the indicators of GNSS performance, combinechvidiOP at least; iii) In the SATLOC railway-appliguoject,
images will provide to a signal simulator real magkenvironments in order to evaluate equipmentnfeo simulation
point of view. Furthermore, this knowledge of thregagation environment is full of potential for ethapplications as
in experimentation campaigns (propagation chanmeglsurements for example) where the informatioratslkte state
of reception is required.
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