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Abstract

In this paper, we propose and validate a new systsd to explore road assets. In this work we are
interested on the vertical road signs as well asl marking features. To do this, we are based en th
combination of road signs detection, recognitiod @entification using data provides by sensore Th
proposed approach consists on using panoramic \pesxsded by the innovative device, VIAPIX®
[1], developed by our company ACTRIS [2]. We arsdzhalso on the optimized correlation technique
for road signs recognition and identification ontpres. Precise extraction of road marking featiges
also a critical task. Based on inverse perspeatie@ping and color segmentation, the presented
solution enables to examine images automaticallyidiy and also to get information on road marks,
their surface conditions, and their geolocation. Misstrate this algorithm and its robustness by
applying it to a variety of relevant scenarios.
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Introduction

Road sign recognition is a challenge which attracice several years, the computer vision
community either on the industrial [3] or academgsearch field. In fact, this interest on road
sign recognition is justified by its utility in sexal applications. Among these applications, we
quote road assets management, navigation assisfiravent assistance system. All of these
points of views meet interests and needs of thelORTES R&D project.

Several works have been proposed these last yearautomatic road sign recognition
according approaches divided into two parts, dete@nd recognition. All these approaches,
treat either synthetic images ignoring brightneasations and the poor condition of road
signs, or real images, but from a single camerahkvtbes not detect all existing signs on the
road. Thus our approach presented in this papesisisron using optical correlation method
in order to propose a numerical implementationaetomatic road sign recognition. We are
based on using panoramic images provided by VIAPB&®iIce. In fact, the choice of using
these images is the possibility to have a 180° \oéthe scene which allows a more effective
recognition.

On the other hand, the promise of augmented dassistance and robotics technologies for
tasks such as extraction of road marking and automane finding features [18] is
motivating the study of novel and optimized imagegessing techniques. The sensitivity of
typical images to color lightning and shadow makéieving such objectives extremely
challenging, and significant research efforts otlex past two decades have focused on
addressing these challenges. In this work, we densi new approach for automatic detection
of road marking. Our approach differs from existimgrk on road marking detection in two
aspects. Firstly, to perform our analysis we dgvedocolor segmentation algorithm and an
adaptative thresholding method which allows lang mad marking detection. Secondly, we
introduce a general and automatic recognition goce that is relevant to search within an
image which is the most appropriate zone contaisegral juxtaposed bright objects.

Before describing our approaches and its perforesnwe first introduce the principle and
the architecture of VIAPIX® solution. Then, we peas features and an example of
panoramic image provided by this device. In thd kections, we detail the proposed
approach for detection and recognition of verticad signs and road marking applied to
panoramic images and we present obtained results.
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Data acquisition system

VIAPIX® is a vehicle-borne image-base mapping system miesigor real-time image
geo-referencing. A miniature inertial sensor diyecherges inertial data with GNSS and
odometer information to optimize performance. Ihsists in two modules, namely VIAPTX
Acquisition and VIAPIX® Exploitation. We refer the reader to Refs. [1-@] more details.
VIAPIX ® Acquisition combines a high-resolution panoramiaging system with an accurate
geo-referencing solution, based on the global r#Mg satellite system, inertial
measurement unit, and desktop management inteM4A®IX® Acquisition gets 6 MPixel
panoramic images over 180°. The panoramic pictaebles to collect data from the entire
road pavement and also from road-side, but al§odas on region of interest (exclusion of
the sky and clouds). Figure 1 below shows the 3Dukition VIAPIX® Acquisition module
with its architecture:

(1) : GNSS antenna
(2) : Processor board
{3) : GNSS board

(4) : Battery

(5) : Cameras

(6) : Inertial unit

(7) : LAN/WiFi3G

(a) (b)
Figure 1 - (a) VIAPIX® Acquisition module, (b) Architecture.

Currently used by road engineering companies ald managers, VIAPIX® enables to
reference, inventory and measure road assets &r twdproduce data for GIS (Geographic
Information System). Composed of its innovativewasijon device, VIAPIX® Acquisition
and its powerful processing software, VIAPIX® Expddion, VIAPIX® is the essential
solution for road network management.

VIAPIX® Acquisition is controlled and configuredavia software interface WEB 2.0. Once
the computer (PC or tablet) is connected by WiHRA45, the user has a real-time feedback:
images, position, control indicators.

In this system, VIAPIX Exploitation software (Figure 2) enables to buaitdl update a linear
referencing system (LRS), navigate from your officeyour road network in an immersive
street level view, measure any object directly fiomges, position and inventory road assets,
and export tracks and objects in various file fasn&or example, the user can easily click on
milestones in the picture. VIAPFXExploitation automatically creates the LRS of tbad
whatever the survey direction (negative or posjti@nce the LRS is generated, pictures and
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data survey (cant, declivity, events, etc.) are-igderenced by the software in the: LRS
(curvilinear abscissa), or geographic coordinaait{ide, longitude and altitude). VIAP®X
Exploitation features an image access in singlg@amoramic view. Immersive panoramic
enables an easy-to-use navigation in the road metvB@cause image and objects are linked
with a map representation, users have access tosémp conditions, geographic position
and orientation of the image pickup system for gacture.

Figure 2 - VIAPIX® Exploitation software.

Figure 2 shows an illustration of the VIAPIX® Exphtion software. It allows to get road

images in simple (2) or panoramic (3) view, to perf measurements (width, length, and
depth) in the image (1), and build a network refpogi(4). Finally, after generating data from
image, the software is used to export pictures, @&%ks and inventoried objects in various
formats.

Panoramic images

The VIAPIX® Acquisition module is composed of thre@meras arranged to cover an angle
of view of 180°. Indeed, the images acquired byg¢heameras are combined “on the fly” by
VIAPIX® Exploitation to produce panoramic imagesn &xample of the images used for
producing panoramic images is given in Figure 3.

(@)

Figure 3 - Examples of images used to generate paamic view.
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Based on the correspondence area between imagésealighting parameters of each camera,
VIAPIX® Exploitation allows to provide a panoramioage as shown in Figure 4.

Figure 4 - Panoramic view computed using images 8fcameras.

Automatic data extraction

Road signs recognition

The proposed approach is composed of two stepsgetieetion and the recognition, computed

in post-processing mode. Firstly, we research cages all objects which may correspond to
road signs. Then, a correlation-based recognigohrtique is applied to these objects in order
to recognize and identify road signs. The firspdta the road sign identification consists on

extracting all objects with the same features ad gigns.

An example of color segmentation representatiaivien in Figure 5.

Figure 5 - Color segmentation.

After extracting the objects with the same featlaggoad signs, it is necessary to validate
this detection by a recognition step in order tentify road signs and remove all false
detections. The technique we propose to use irsthsis the correlation method. The choice
of the correlation method is motivated by seveealsons. In fact, correlation has a very good
level of discrimination and can identify with neeertainty, a target object [12-17]. Its
principle consists of comparing a target image réoognize) with one or more images
references stored on a database (Figure 6).
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Corrélation

Image Cible ﬂ) Spect:re )% [FFT 3[)) Plan de

Images | Filtre | Non
Références 7| Filtre 2

| Filtre n ]

Figure 6 - Correlation principle.

In a first stage, a filter for each reference imafji@ road sign is manufactured in an offline
way and stored in a database containing all filtdreen each detected object is compared
with all references images and the maximum of oehiPCE (Peak to Correlation Energy) is
returned. Finally this maximum is compared to @shold set in advance. In the case where
the maximum of PCE is higher than this threshdid, detected object is associated with the
corresponding road sign. In the opposite cased#tected object is not considered as a road
sign.

Experimental results:

To validate the proposed approach, several tests performed on panoramic images and
images from a single camera. These images weren takeLyon France. VIAPIX®
Acquisition device was installed on the roof ofehicle and VIAPIX® Exploitation module
used to provide panoramic images. The vehicle speadetween 30 km/h and 50 km/h. The
images were acquired at an interval of one imageneter.

Obtained results have shown the effectivenesseoptbposed approach and the advantage of
using panoramic images instead of images fromglestamera as shown in Figure 7.
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(b)

Figure 7 - Examples of vertical road signs recognans.

Figure 7 illustrates an example of detection amdbgaition of road signs by using in the first
case (Figure. 7 (a)) an image from the central caroEVIAPIX® Acquisition device and in
the second case (Figure. 7 (b)) a panoramic imigs. shown that by using panoramic
images, it is possible to detect and recognizexaditing road signs on the road unlike results
obtained using the images acquired with a singheeca.

During significant tests sessions, we obtainedltebelow :

Automatic recognition : 85% | Semi automatic recogn (final operator decision) : 10%

No detection due to damaged signs : 0~5% | Assighmgor (masked or damaged signs,
lightning conditions) : 0~5%

Road marking detection

Over the past few years, several groups have ocemsgldthe issue of lane detection and
extraction of road marking features from variougety of approaches. Our approach differs
from existing works on road marking detection irtaspects. Firstly, to perform our analysis
we develop a color segmentation algorithm and aaptadive thresholding method which
allows lane and road marking detection. Secondly,imiroduce a general and automatic
recognition procedure that is relevant to searchiwian image which is the most appropriate
zone containing several juxtaposed bright obje&sswe discuss in more details below, the
key advance required to carry out our experimenthe ability to directly and robustly
position road markings in an image and in a mapce&road markings can be considered as
bright-on-road objects that contrast against thedreurface we provide our own scheme
allowing detection of bright objects in image frameAs a concrete example, our
demonstration is based on the pedestrian crossing.
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The key for a good detection of road markings igotms only a specific area of the target
image, so we proceed by simplifying the image pssiregy by making use of the perspective
transformation. This, however, is not enough fdulkcriterion for detection, since the road

color changes according lightning condition anddsia Here, we propose a two-steps
approach which consists in lane detection asdtest and then road markings as second step.

(b)

Figure 8 - (a) Example of VIAPIX® video frame images (b) the transformed image.

Once the original image is computed via an IPM [23thresholding operation is performed
to detect the lane. Indeed, VIAPIX® allows to ge¢ tGPS coordinates and luminosity for
each image. This previous step allows to merge @magcording to the knowledge of the car
direction and GPS coordinates in order to genenaterthophoto, for extracting the lane.

image 2

image 1

Figure 9 - The orthophoto obtained by merged images

When the lane in front of the car is detected fcheimage, a segmentation is performed in
order to detect the bright areas. To this end, dapiative threshold is calculated basing on
luminosity parameters provided by the VIAPIX® Acstion module. Figure 10

demonstrates that our approach is able to detect mearkings by performing segmentation
on the image (Figure 10(a)). Next, mathematicalphology allows to detect the bright areas
(Figure 10(b)). The final result is shown in Figl@c).

g

(b)

Figure 10 - (a) Detected road, (b) segmentation anrdathematical morphology, (c) result.
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After the identification of the marks on the road weturn to the original image :

Figure 11 - Road marking identification.
Geo-referencing the road marking is obtained bgutating an average point (point A in Fig.

16) using the centers of N objects recognizeddf@mple, recognized strips of the pedestrian
crossing) because each object is characterizets logmter (black dot in Figure 12).

The center of each
detected object

Figure 12 - Georeferencing road markings.

The figure 13 bellow shows the corresponding Goodlaps result by using its GPS
coordinates.

Figure 13 - Google Maps representation of point ‘A’
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Experimental results:

With generalities out of the way, we now consideresal tests performed on images obtained
with the VIAPIX® Acquisition module. The typical road length fockavaluation was 10 km.
All these tests indicate the good performances aocuracy of the algorithm to get
information on road marks, their surface conditicarsd their geo-referencing.

Wheather Successful detection and Unsuccessful detection and
conditions identification identification
Cloudy day 91 % 9%
Sunny day 100 % 0%
At noon 88 % 12%
(sun and shadow
Sunny day 97 % 3%

Table 1 - Pedestrian crossing recognition resultssing 4 different videos sequences

Our concern is also to characterize the road mgrieatures (number of marks, their length
and width in meter and in % with respect to thespective maximal value) of an identified
crosswalk. Our procedure also permits to qualig/state of the mark.

Figure 14 - Example of identified road markings, La = 45.7724° and Lon = 4.8431°.

Road mark 1 2 3 4 5 6 7
Width (m) 0.51 0.48 0.51 0.50 0.49 0.51 0.48
Width (%) 99.4 94.1 98.4 97.6 95.2 100.0 93.b
Length (m) 231 3.82 4.03 3.99 3.77 3.81 3.71
Length (%) 57.2 94.6 100.0 99.0 93.4 94.4 91.9
Distance between | 0.56 0.54 0.50 0.56 0.49 0.53 -
two neighboring
marks (m)
White color level 87 137 170 164 139 140 119
White color level 52 81 100 97 82 82 70
(%)

Table 2 - Specifics of the road markings.
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