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ABSTRACT:

The present paper is an extension of a previous work prasém{&oheilian et al., 2006a) in which an automatic algonitbf zebra-
crossing reconstruction from stereo-pairs of a mobile rimappystem was proposed. The method has been adapted tctrecon
different types of rectangular roadmarks. The algorithm lse summarized in three main points. First of all a 3D edgetpeicon-
struction is performed by a dynamic programming optim@atmatching conjugate epipolar lines. Then during a deteditep, a
dashed-line signature is recognized and sets of candid&tesdégments are provided. A final modelling step rebuifatsmally each
strip of the detected dashed-line. The method is evaluatedset of 150 stereo-pairs. It provides promising resultis atetection rate
which is higher thai86%. Geometric accuracy of the method is ab®uin for all of the reconstructed zebra-crossing and dashe-lin
strips.

1 INTRODUCTION The roadmarks are useful features that are available on #he m
jority of urban roads. Their size and shape are governedriay st

Mobile mapping systems (EI-Sheimy, 1996) are more and morépecifications. The present work focuses on roadmark recon-
used in road database generation and update. A mobile magtruction for three following reasons:
ping system (MMS) generally consists of a vehicle equippid w
data acquisition systems like Laser scanners and cameras. |
also equipped with georeferencing devices like GPS (GIBbal
sitioning System) and INS (Inertial Navigation System)ff@i
ent kinds of MMS from data acquisition and positioning sysde
points of views are used in road modelling.

1. In our system, roadmarks are used to improve the position-
ing of system into a centimeter accuracy. Itis performed by
matching roadmarks reconstructed from terrestrial images
of MMS with the same roadmarks reconstructed from cali-
brated aerial images (Tournaire et al., 2006).

In a real time system presented in (Goulette et al., 200&)ser |
scanner and direct localization sensors (GPS/INS) aretossct
quire a 3D point cloud of the city. Within scanned point clptia
road points are segmented automatically and some usetut inf
mation such as road borders, width and curvature are cochpute

2. After road borders the roadmarks are the only featurds tha
can specify a road with centimetric accuracy. Moreover they
give useful information about the number of lanes and their
width.

3. Thereis a growing need for roadmark databases in autonom-

In the system proposed by (Roncella and Forlani, 2006) ater > ad i ! -
ous navigation projects and driver assistance systems.

scopic image-based system is applied for countryside reads
veying. A semi-automatic image processing method is thed us

to measure lane width with) cm accuracy. This paper is an extension of our previous algorithm of zebra

crossing reconstruction (Soheilian et al., 2006a) to tdiiffer-

ent types of dashed-lines. similar to the algorithm devedbfor
zebra-crossings reconstruction the output is a set of 3Detaod
for each strip. More evaluations are then presented on afset o
150 images.

Another MMS that is generally used for road monitoring is-pre
sented in (Barsi et al., 2006). The acquisition system ism-co
bination of a pair of stereo-images and a set of laser paject
The so called system provides the post-processing for th&scr
and longitudinal section extraction and crack detection.

In all of these mentioned applications, georeferencingaiseld
only on direct positioning tools such as GPS and INS. Howiver
dense urban areas the GPS signals are interrupted by hilgh bui )
ings which leads into the corruption of positioning process 2.1 Available data

this case the absolute accuracy of positioning could reanloi
more for long interruptions. Our MMS calledStereopolis (Paparoditis et al., 2005) is devel-

oped at the MATIS laboratory of IGN (See Figurel(a)). It con-
The aim of the project in which this work takes place is to gen-sists of three stereoscopic rigs4if00 x 4000 CCD cameras. The
erate automatically 3D road databases in urban areas wéh-a ¢ vertical rigs take images of the facades. The horizontakete
timetre accuracy. Nevertheless on the one hand, dirediiqqosi  base provides stereo-images of road. The six cameras are per
ing does not provide sufficient accuracy, on the other haad ro fectly synchronized1(0us) and provide very high quality images
borders are always occluded by cars and could not be extracte(SNR = 300 and 12 bits dynamic range). The system is also
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equipped with 2 GPS antennas. The inputs of our roadmark re-
construction algorithm are the stereo-pairs provided brizbatal
base ofSereopalis at their full resolution. (See Figure 1(b)). The
interior calibration and relative orientation of the rigearpriori
estimated and supposed to be rigid.

(b)

Figure 1: (a)Xereopolis MMS, (b) a stereo-pair captured by hor-
izontal base.

2.2 Algorithm overview
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The algorithm as depicted in the diagram of the figure 2 ctaisis Strategy.

of three main steps of 3D edge chain reconstruction, diftere
roadmark detection and strip modelling. Comparing to oer pr
vious work (Soheilian et al., 2006a) the first stays unchdnge
The detection step is generalized to recognize dashesl-éind

gramming.

3D dashed-line
strips

Figure 2: Our zebra-crossing and dashed-line strip renaet&in
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e Matching by total cost minimization using dynamic pro-

to provide a set of line-segments as hypothetical candidare 1€ output of matching step is a set of 3D edge chains. A set of
each strip. So in the modelling step compared to the previouine-segments is then estimated by polygonization. Thereig

work carried out for the zebra-crossing modelling, only strip
size parameters is changed. The output is a set of 3D strips.

3 3D EDGE CHAINS RECONSTRUCTION

As explained in our previous work (Soheilian et al., 2006&)re-
construction step which is based on edge point matchingdmtw

stereo-images can be summarized in :

e Edge detection in each image,

shows the reconstructed edge chains corresponding togtane
seen in Figure 1(b).

4 DASHED-LINE DETECTION

As zebra-crossing and dashed-line strips are paralletogat-
terns, we try to detect the 4 corners of each strip. Howewer th
strip corners are often damaged and do not respect the tivabre
pattern. Moreover even if an undamaged strip is partially oc
cluded by cars or pedestrians, the corner detection will Tdiis

is the reason why corner detection algorithms are not deifab
strip detection. Our solution is to find each pair of paradieles

o Limitation of matching search area to an area around th§nd to reconstruct the corners by intersecting edge sidear-

road,

e Using correlation score to compute the initial matching cos

ing the results of reconstruction step the main difficulaéstrip
side detection are:

e Final matching cost computed by taking into account the e The reconstructed set contains too many irrelevant objects

form continuity,

such as cars, pedestrians, local textures, etc.



always aligned with road direction. Indeed road directi®thie
most occurring direction within the line-segments and caadii-
mated automatically. We define a one-dimensional accuialat
space in the perpendicular direction to road. This accutiouala
i space is discretized to cells with a step size that is prapat
1 | to reconstruction accuracy ¢m in our case). Each line-segment
S ,‘)"’ : [ !; will vote with its length for the cell in which it is projectedso
” : I ' the line-segments that are perfectly parallel to road toaavill
vote by their total length for only one cell and the othersl wil
share their voting power between all the cells in which they a
projected. The figure 5(a) depicts the initial line-segraeantd

L
// \ N corresponding accumulation.

Two main signatures can be observed. The first one is a peri-
odic high accumulation score in cells with a distanc&®fcm.

Figure 3: Reconstructed 3D edges.

TO 0emiEs (0 090 9 09 = = = = = The second is two high scores with abaddtem of distance. As
05m  0O5m seen in figures 5(b) and 5(c) these two signals can be exdracte
T et e by thresholding with respect to known width and length ofpstr

However for dashed-lines thresholding is performed withep

o o values. Even if all dashed-line strips vote for the samesaaild
71 ten EE == = cause a high score, when only few strips are available tHe cel
L5m sm score is too low. So the thresholding is performed with a lowe
T2 2} (| (| value (the length of only one strip). As seen in the Figure 5(c
o T this causes some irrelevant segments to pass the filtergpg st
In order to cope with this problem and separate the strips of a
T3 15em} | \ \ dashed-line, a radiometric profile is computed along thbelks
3w LW line. This profile can then binarized with a threshold choaen

Figure 4: Specification of different types of dashed-lines, ~ Mean of maximum and minimum values. The outputs are sets of
line-segments as candidates for each strip.

e The chains are often fragmented due to edge detection and

matching steps.
5 STRIP MODELLING

e The transversal sides of strips are not often correctlyrreco
structed due to the fact that they are aligned with epipola

lines r'I'he set of line-segments for two long sides of a candidaie istr

injected in the modelling step. As described in (Soheilinale
2006a) modelling step consists of two main tasks:
In the detection step the two long sides that are rarely lghtal
epipolar lines are detected and the transversal sides treteid
by searching around the extremities of detected long siGes. 1. To model the two long sides of a parallelogram form strip if
only the two first difficulties must be handled. the candidates satisfy the known strip size.

Dashed-line strip detection algorithm is very similar te thetec-
tion of zebra-crossing strips. However because of theirtesho
length and their relative aligned position that is differéom
zebra-crossing strips some adaptations have to be madecdn s
tion 4.1 the known specifications of dashed-lines are pteden

2. Torefine the model by searching for non-reconstructetstra
versal sides.

The figure 5(e) demonstrates the results of long side modelli

Section 4.2 begins with a short summary of our previous detec . . 2
g Y P on dashed-line strips. As regarded the extremities are ot ¢

rectly reconstructed and leads to trapezoid forms. Ourtisolu

is to retrieve the transversal sides to model an optimal iquas
parallelogram. The Figure 5(f) shows the final 3D reconstaic
model of the running example and the figure 6 depicts theigana
projection.

tion method. Then the performed adaptations for dasheddén
tections are explained.

4.1 Dashed-lines specifications

In France roadmarks are painted on the roads accordingidb str
specifications (Transport Ministry and Interior Ministr3988).
For each type of dashed-line, their strips’ length, widtd atso
their inter-distance are known (see figure 4).

4.2 Dashed-line strip detection

In order to cut-down the complexity, all the reconstructiee-
segments are projected on an approximate plane road and tl
detection step is performed in this 2D space. The approgimat
plane road is close enough to road surface so the deformatio
due to projection is negligible. The initial 3D coordinata®
saved in an appropriate data structure in order to refine the fi
nal modelling. Like zebra-crossing strips, dashed-limpstare Figure 6: The reconstructed zebra-crossing and dashed-lin
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Figure 5: (a) Initial line-segments and corresponding emdation, (b,c) zebra-crossing and dashed-line signatetection, (d) radio-
metric profile and strip candidates separation, (e) sttigpyj side modelling, (f) final strip modelling.

6 RESULTS AND EVALUATIONS

In order to evaluate the robustness and accuracy of ouritidgor
two kinds of evaluations are performed:

1. Geometric accuracy evaluation by computiRg/ S value
for reconstructed roadmarks coordinates.

2. Completeness evaluation by computing detection, gualit

and false alarm rates.

6.1 Geometric accuracy evaluation

In order to test the geometric quality of the reconstructeaty
marks, some reference zebra-crossings are measured bgisti-
meter surveying methods (total stations). The recongduntbra-
crossings are compared to the surveying measureRadd is
calculated on all strip corners. We reaZlem RM S accuracy
which is relatively higher than oudrmm GSD (Ground Simple
Distance) at the distance of object from stereo-base. Thisi¢
to differences between the theoretical model of the objedtthe
real object itself (non planarity, etc.)

6.2 Completeness evaluation

In order to evaluate the completeness of our algorithm, d@ipis
plied to 150 successive stereo-pairs with 4608000 resolution

Figure 7: An example of 2 false-positives f@i2 dashed-line
type.

e False alarm ratgpy = =21

best).

, pf € [0, 00]. (low values are

The results are demonstrated in Table 1. Regargdipngf 72
dashed-line, the quality rate is very low due to large nundfer
false-positives. It is often caused by non-roadmark objéuat
respect perfectly the dashed-line strips specificatiohg. Higure

7 present two false strips @2 dashed-line type that are detected
in the lighter border of road. This kind df P can be filtered by

a post-processing by considering stronger radiometrieréai

7 CONCLUSION AND PERSPECTIVES

that have been acquired in the city centre of Amiens in France

The Figure 8 demonstrates some results. For each stenethpai
number of true-positivesi(P;), false-positives ¥ P;) and strips
that are visible in stereo which could be reconstructgéd are

Our previous zebra-crossing reconstruction algorithmtisreled
to dashed-lines. The input of algorithm is a calibratedestqrair
of images. The algorithm is fully automatic and the outpus is

counted. Three following performance measures are then con8D model of roadmarks. The so called algorithm is tested on a

puted for each type of dashed-lines and zebra-crossing. large set of images and revealed robustness, accuracy and co
pleteness for both zebra-crossings and dashed-lines. gliiis

generic and can be applied to detect and reconstruct other pl
nar parallelograms such as windows. It can be used to gererat
complete roadmark database. This database can be applied in

XTP;

e Detection rateips = =55+, pa € [0,1]. (high values are

best).

nTP;

55,75FF; ' Pa € [0, 1]. (high values

e Quality factor: p, =

are best). 1. Accurate Georeferencing of the MMS (Tournaire et al. 800



S

//
[

— = e = = = =

in|

= oo
= == == e e
= ==
(=]

IR\
, K

7

I

i

Figure 8: (Left) The stereo-image projection of reconsgdaoadmarks — the overlapping region is highlighted —gliBi3D recon-
structed roadmarks.




| Type | Size(em) | S [TP [ FP| pa | ps | ps
Dashed-lines
T0 10 x50 | 485 | 416 | 20 | 86% | 82% | 4%
T1 | 15%x150 | 51 | 50 | 12 | 98% | 79% | 23%
T3 | 15x300 | 30 | 30 2 | 100% | 93% | 7%
T2 | 22x300 6 6 27 | 100% | 18% | 450%
Zebra-crossing
— | 50xX [359]329] 8 | 92% | 90% | 2%
Table 1: Completeness evaluation of roadmark reconstructi

2. Roadmark GIS and autonomous navigation projects (Soheil
ian et al., 2006b).

The roadmarks are nowadays reconstructed independerigim
stereo-pair. With high frame rates and thus highly oveiitagpp
images, the merging of independent results in object spalte w
increase robustness and completeness. This is a work ingssg
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