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ABSTRACT:

Building energetic performances strongly depend on therthkinsulation. However the performance of the insulatiaterials tends
to decrease over time which necessitates the continuougaring of the building in order to detect and repair the aatmus zones.
In this paper, it is proposed to couple 2D infrared imagesasmting the surface temperature of the building with 3Dtpdouds

acquired with Terrestrial Laser Scanner (TLS) resulting §é@mi-automatic approach allowing the texturation of Th&avith infrared
image of buildings. A contour-based algorithm is proposéuwbse main features are : 1) the extraction of high level pirimis not

required 2) the use of projective transform allows to hapelespective effects 3) a point matching refinement proeedlliows to cope
with approximate control point selection. The proceduragplied to test modules aiming at investigating the thempnaperties of
material.

1 INTRODUCTION plan which results in the so-called range image. The registr
is performed using an affine transformation and the contiitp
) from both images are selected using Harris operator (Hards
In a context of energy resource scarcity and greenhouseegas fsiephens, 1988). To reduce the sensitivity of Harris opetat
duction, the energetic building efficiency improvementie ®f e point cloud density, the authors propose to perform tet-in
the major challenge of the next years. Most of the energy CONpolation prior to the control point selection.
sumed by a building is devoted to hea_tlng and air conditignin  apnother 2D-2D registration approach is proposed by (Peétago
Thus, to reduce the energy consumption, there is a need to dgr a1, 2009); it consists in registering multispectral ges: (in-
velop_efflment wall insulation mat_erlals and buﬂdlng_ reabon  frared, X-rays and ultraviolet fluorescence) of culturatitage
techniques (Net, 2009). As the infrared camera yields imagegpject and range image to build a textured model. First thgea
representing the surface temperature, inspection ofingilth-  jmage is transformed to an intensity image, then each image i
cade using infrared camera provides a very appealing ®g8ni registered with the intensity image using the algorithmsprized
for localization and time monitoring of thermal anomalooses. (Maes et al., 1997) based on mutual information maximiza-
Over the last decade, a number of approaches were proposg@n. Another method proposed by (Lagela et al., 2011), con-
to register point clouds with photographic images, thusvall  gjgts in calibrating the camera, then both sensors datananiati
ing the texturation of 3D building mod_els (Stamos, 2002, Rl a  gj¢ camera parameters are importedRIGCAN software witch
Vosselman, 2009, Banno and Ikeuchi, 2010, Huhle et al., 2010 compute the transformation parameters using manuallgteele
However, the methods devoted to texturation of point cloith W  gntrol points.
thermal infrared images remain limited. (Laguela et al13)0  The main contribution of this paper is to present a contoseta
proposes a 2D-3D automatic registration method. It cansist  approach for 3D point cloud and infrared image registratibich
registering 3D line edges extracted from the point cloudedBe  joes not depend on the shape of the edge points and which takes
lines extracted from the infrared image using a line dete&t0  intg account the perspective effect by considering projedtans-
gorithm (von Gioi et al., 2010). For the point cloud, 3D edge |  formations. To account for the imprecise edge location aad-m
detection is achieved by segmenting the point cloud inteaa 31 control point selection errors, an edge point matchéfe-
surfaces using a region growing algorithm and then determinment procedure is also proposed. The paper is organized-as fo
ing their intersections. The lines from both data are regist  |oys: sections 2 and 3 present respectively the edge extnact
using RANSAC (Random Sampling Consensus) algorithm (Fisuf the point cloud and the infrared image. The contour based
chler and Bolles, 1981), the procedure consists in findied#st  regjstration approach including the point matching refiaetal-
sybset of lines that maximize the_number of co-linearityveein gorithm is presented in section 4. Throughout the paperifhe
lines from both data sets. The idea of using RANSAC for theferent steps of the method are illustrated on data corretipgio
registration is quite appealing but this method stronglyetiels a5t module aiming at studying the thermal properties afilas
on the estimated lines which can be very imprecise sinceibgil  tiony materials. The infrared images are provided by a FLIE2B-
edges do not necessarily result in abrupt changes in theréur  camera and the point cloud by a TLS LEICA C10. The conclu-
images. Also, in the proposed method, only affine transfermasjon and future work are finally presented in section 5. The ap
tions are considered while the use of low focal distancesi®i®  proach was evaluated on test module, conceived by CRITTBOIS
likely to result in perspective effect for which a projeetitrans- 5,4 dedicated to the investigation of insulation and théprea-

formation is required. erties of materials (figure 1).
(Gonzalez-Aguilera et al., 2012) proposes to merge both sen

sors data using a 2D-2D registration method. After having co
rected the geometric aberration induced by camera lenges, t
point cloud is projected onto a plan parallel to the infraredge
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from which we get the number of iteration:

loge
kR [———— 3
e -@) ©
In practicee and N; are design parameters chosen by the user.
The algorithm is iteratively applied to extract all the @arsur-
faces of the point cloud.

Figure (3) shows the segmentation process result of theadeth
to the point cloud in the figure (2).

Figure 1: Test modules image

2 POINT CLOUD EDGE EXTRACTION 2

2.1 TLSdatasegmentation

A building is mainly composed of planar surfaces (facaderslo 0s
roofing) and the idea of the method is to register the infrared
ages to these planar surfaces which are extracted from the po

cloud using a segmentation procedure. o8
The geometric accuracy of a 3D points depends on many fac- -1
tors such as surface characteristics (i.e. color, masgrisénsor s
noise (Boulaassal et al., 2007). Thus, points belongingpla-a ,
nar surface are not truly co-planar. As segmentation byoregi Ity

growing method is known to be sensitive to this geometricalre

we rather propose to use a Ransac based segmentation dpproac
which exhibits very nice robustness properties with resgethis

type of error (Mosselman et al., 2004). The resulting plana i Figure 2: Point cloud of the material test module
section of the point cloud and point belonging to anotheadac

element or to the adjacent facade may be considered as bajong

to the plan. We use the method proposed by (Awwad et al., 2010)

which overcomes this problem by comparing the normal vector ?
of the candidate model with the normal vector of the poténtia

consistent point. The algorithm consists in the followihgee "
steps:

1. Neighboring point selection using FDN (Fixed Distancégie
bor) and computation of the normal vector of the point using o
least squares method.

2. Clustering of the point cloud using the orientation ofmat
vector. Two points belong to the same cluster if the angle
between the normal vectors of the two points is less than a
threshold determined by the user.

3. Segmentation of points cloud using a modified version of
RANSAC. Firstly, a subset of 3 points are randomly selected
from the cluster. Secondly, model parameters are compute@.2 Edge point extraction
to fit the sample. Finally, the model is ranked by the number
of the consistent points. A point is said to be consistetisft T0 extract the edge points of each planar patch, we use artyope
orthogonal distance to the model is lower than the threshol@f the Delaunay triangulation which states that the edgetpoi
¢, and angle between normal vector of the point and thecorrespond to the longest vertices of the Delaunay trian@eulaas-

normal vector of the proposed plan is lower than a thresholdal, 2010). To apply this approach, it is first necessary égept
RO,. the points on the estimated plan. The procedure consisteein t

following steps:

Figure 3: Segmented point cloud

The number of iterations is fixed by calculating the prokigbil
of finding a better model. Indeed, the probability of selegta
non-contaminated sample is given by:

. Delaunay triangulation of projected points
. Computation of the distance between the triangle vestice

1
2
3. Distances ordering
4

| —_ |
o N

T ’ . Selecting vertices of triangle segments for which distan
whereN; is the proportion of inliers and/ is the total number of is greater thar\;,. The threshold\;, corresponds to the
points. Thug1—Q) represents the probability of selecting a con- change of curvature in the ordered distance curve.
taminated sample and the probability of selectingpntaminated
samples is given by: Figure 4 presents the 3D edge points extracted from the whole

point cloud. This is achieved by successively extractirggettige
e=(1-Q)", 2) points from the different 2D planar surface.
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Figure 4: Edge points extraction result

3 INFRARED IMAGE EDGE EXTRACTION

We propose a contour based registration approach; so itésne
sary to extract the edges of the infrared image. The edgetd®te
consists in identifying areas of a digital image that cquoesl to
abrupt changes in light intensity. These changes in imagp-pr
erties generally reflect important events. In particular the in-
frared image, they reflect abrupt changes in temperaturehwhi
are often present at the junction of facade elements (walfing,
window-wall, etc ...). A Canny filter (Canny, 1986) is used fo
the edge detection of the thermal image (figure 5). The resilt
presented in figure 6.

Figure 6: Infrared image edges

4 REGISTRATION

The registration consists in matching two or more images+n o
der to compare or combine their respective information.initsa

This contribution has been peer-reviewed. The peer-review was conducted on the basis of the abstract

at finding a transformation T such that each control pointef t
reference imagg; of coordinatesx;, y;) is transformed into the
corresponding point of the target ima;g:eof coordinate$a:;, y;).
To handle the perspective effect, it is necessary to congiae
jective transformation. Considering the homogeneousdinate
system, the projective transformation can be written as :

.y hi1 hiz his Zi
sy, = h21 hoe has |.| w 4
s hz1  hs2  hss 1

Noting a;x = hyx /hss, the coordinater; andy; can be written
as:

{

’ ’ ’
T; = a11T; + a2y + a3 — as31x;Ti — a32T;Y;

’ ’ ’
Y; = G21%; + a22Yi + G23 — A31Y;Ti — A32Y;Yi

®)

Figure 7: Example of projective transformation

The transformation is fully defined by the eight parametgts
So, at least four control points are needed to estimate titg ei
parameters since each control point yields two coordindtas
worth mentioning that the accuracy of the registration ¢fan
mation estimation is strongly related to the quality of tatcol
points selection. Also, the registration of the two imagas to
face two other difficulties: the edge points of both data duas
have necessarily the same cardinality and some of the edigs po
present in an image may be not present in the other and visa.ver

In order to reduce the impact of these problems on the registr
tion quality, a method is proposed allowing to move the aantr
points of the original reference image to get a maximum numbe
of common points in both edge images. The advantage of using
this type of criterion is twofold. Firstly, it is well adapteo the
binary character of the edge images. Also, it is well suitegidge
images not having the same cardinality. Indeed, while itlman
difficult and time consuming to evaluate a distance betwben t
edge images not having the same number of points, counting th
number of common points yields no difficulty. The optiminati
algorithm is based on a greedy principle: it consists in egs€c
sively modifying the position of each control points, eadinp
being allowed to evolve in a neighborhood around the cupent
sition. The complete algorithm is given in table 4. The nota
used are the following:R(® is the set of control points of the
initial reference image(' is the set of fixed control points in the
targetimage7' (R, C) is the transformation corresponding to the
control pointC andR, N(REO)) is the neighborhood of the point
R, R is defined aR®) = RO\{R!”} and finally 7 (R)

is the criterion which corresponds to the maximum number of
common points between the two images when the transformatio
T(R, C) is applied to the reference image.

The criterion considered for the registration is neithencawve
nor uni-modal. It is even possible to find examples where éisdo
not admit a unique global maximum. The initial control psint
must be chosen manually and not too far from the optimum (pro-
vided it exists and is unique). If this is not the case, thehoet
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Inputs : Control points
R® ={R" i=1...N}
Cc={C;,i=1...N}

Outputs : Control points
R={R;,i=1...N}
transformation paramete¥3( R, C)

Initialisation
ComputeT' (R, C),7° = J(R°)
do
fori=1to N
R = arg min  J(R;, R(_OZ))
RieN(R?)

it 7(R:, R?)) > J°
R® = {R;, R(,Oi)}
J =7 (R((’))
end if
end for
while 79 is not fix
R = R°, ComputeT'(R,C)

Table 1: Greedy algorithm for edge point matching refinement

may provide a "bad” solution; however in most standard situa
tions, it is not likely to happen provided that the user defiime-

tial control points are "well enough chosen”. An examplevgho
ing the evolution of the cost function (number of common f&)in
is presented in figure 8. The advantage of the point matcleng r

Figure 9: 2D Registration results

finement procedure appears clearly since the number of commo

points evolves from 170 to 278. The registration resultsin 2

are shown in the figure 9. It should be noted that, the edgd poin

matching algorithm yield satisfying results not only in tbese
of straight edges but also in the case of complex edge shapes
illustrated by figure 9. By successively applying the ragisbn
procedure to the different edge infrared images with the ey

Figure 10: 3D Registration results

Fersion of RANSAC, then the edge points of each plan are ex-
tracted using a Delaunay triangulation based method. Sécon
the infrared image edge points are extracted using Caney. filt

ages corresponding to the plans obtained by the Ransac basgflg eqge points are registered using a projective transimara

segmentation procedure, it is possible to obtained a 3Mitedt

control point matching refinement procedure is proposeapec

point cloud (see figure 10) showing the anomalous thermal beg;ith imprecise control point selection. The effectivenetshe

havior zones, thus allowing the thermal diagnosis of thé&dng
(actually, here the test module).

280

260

180

Number of common points

160

140 10 20 30 40
Iteration

Figure 8: Evolution of the cost function (humber of common
points)

5 CONCLUSIONSAND FUTURE WORK

In this paper, a registration algorithm allowing a TLS paitaud
texturation with infrared image approach is presentedtliishe

proposed approach is demonstrated on real data corresgaiodi
test modules. It is worth mentioning that the proposed aggro
can be straightforwardly applied to the texturation of TL&np
cloud with photographic images. The case of color images can
simply be handled by transforming it into a grey scaled image
However, we believe that jointly registering the three (RB3
images with the point cloud is likely to provide a much more ef
fective approach. Also, itis possible to envisage a fullpenatic
control point selection approach for which a consensuscbage
proach is expected to provide an efficient way to determiee th
maximum number of common edge points.
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