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Abstract. This paper describes an automatic system that detects ther-
mal insulation properties of the different components of buildings en-
velope by combining laser data with thermal images. Sensor data is
obtained from a moving vehicle equipped with a GPS sensor. Range
data is integrated to obtain the 3D structure of the building facade, and
combined with thermal images to separate components such as walls,
windows frames and glasses. Thermal leakage is detected by detecting
irregularities in the thermal measurements of each building component
separately (window glasses, window frames and walls).
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1 Introduction

The use of infrared thermography as a tool to quantitatively identify irregu-
larities in the heat, cold and moisture properties of the buildings envelope has
become an important research field in the last few years. Only in the EU the
building sector accounts for 40% of the energy requirements and offers the largest
single potential for energy efficiency [1]. Thermographic inspections have been
usually carried out by thermographers by means of manual labelling of thermal
images. Recently, mobile thermal scanning systems have been proposed to cap-
ture data from the ground, surveying hundreds of buildings in a short period of
time [2]. However, the recorded images are off-line analysed including a consid-
erable amount of manual supervision work. Automatic interpretation of thermal
images to detect thermal leakage on buildings has been recently proposed, in-
cluding the detection of building components such as windows and doors [3].

In this paper, laser data and thermal images are obtained from a moving ve-
hicle equipped with a low-cost GPS sensor. Laser measurements are integrated
to obtain the 3D structure of the building facade, and combined with thermal
images to separate components such as walls and windows (frames and glasses).
Thermal leakage is detected by measuring irregularities in the thermal measure-
ments of each component separately.
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2 System Overview

A commercial vehicle has been equipped with an infrared camera, a four layers
laser scanner and a GPS system (see Fig. 1), including CAN Bus communication.
An overview of the whole system is shown in Fig. 2. An on-line calibration
procedure is firstly applied to get both the infrared camera intrinsic and the laser-
to-camera extrinsic parameters. Laser measurements are integrated to obtain
the 3D structure of the building facade and a Finite State Machine (FSM) is
then applied to detect the building limits. Range-data is combined with thermal
images to separate components such as windows frames, windows glasses and
walls. Thermal leakage is finally computed by measuring irregularities in the
thermal images of each building component separately.

Fig. 1. Laser and infrared camera prototype on-board of the vehicle
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Fig. 2. System overview
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3 System Calibration

Intrinsic parameters of the infrared camera are computed by means of a standard
calibration process with a chessboard calibration pattern. However, in our case,
the chessboard pattern was previously heated up to make visible the squares to
the infrared sensor. The extrinsic relationship between the camera and the laser
was obtained using the calibration procedure proposed in [4]. The calibration
process needs extrinsic plane to camera parameters of different poses of the
pattern, as well as the laser points on the chessboard, which are only a portion
of the whole laser measurements (see Fig. 3). Then, a nonlinear minimization
process on the Euclidean distances from laser points to the chessboard planes is
accomplished to obtain camera-to-plane rotation matrix and translation vector.

(a) (b)

Fig. 3. (a) Extrinsic camera-laser calibration process. (b) Two examples of infrared
images and the corresponding 3D data (red points are labelled as pertaining to the
pattern).

4 3D Data Integration

As depicted in Fig 1, the laser is vertically oriented. For each infrared image,
only four 3D vertical planes are available. In order to have depth information for
most pixels of the infrared image, the 3D measurements are transformed from
different vehicle positions using the Northing-Easting coordinates supplied by
the GPS. The dynamic model is simplified assuming constant elevation between
measurements. This constraint does not drastically affect the accuracy of the
reconstruction and provides a straightforward solution. Lets consider the scheme
showed in Fig. 4. By knowing the global position at intervals [t− 1, t] and [t +
N − 1, t+N ] we can compute the following vector and orientations:

V̄ t
t−1 = [(Et − Et−1) , (Nt −Nt−1)] =

[
Et

t−1, N
t
t−1

]
(1)

V̄ t+N
t+N−1 = [(Et+N − Et+N−1) , (Nt+N −Nt+N−1)] =

[
Et+N

t+N−1, N
t+N
t+N−1

]
(2)



74 D.F. Llorca et al.

P
No

rth
in

g
(m

)

Easting (m)

Z

X

X Z

1t
t 1Nt

NtTR,t
tV 1

Nt
NtV 1

Fig. 4. Graphical scheme of the main components involved when transforming 3D
points from one location at time t to a different location at time t+N
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(3)

Both the rotation matrix and the translation vector from t to t + N with
respect to t are given by:

T̄ t+N
t =

(
Tzt+N

t

Txt+N
t

)
=

(
cos(θt) sin(θt)
−sin(θt) cos(θt)

)(
Et+N − Et

Nt+N −Nt

)
(4)

θt+N
t = θt+N − θt → Rt+N

t =

⎛

⎝
cos(θt+N

t ) sin(θt+N
t ) 0

−sin(θt+N
t ) cos(θt+N

t ) 0
0 0 1

⎞

⎠ (5)

Then, any 3D point P detected by the laser w.r.t. its position at t (Zt, Xt, Yt),
can be transformed w.r.t. its position at t + N (Zt+N

t , Xt+N
t , Y t+N

t ) by means
of the following equation:
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0

⎞

⎠
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Thus, we can obtain 3D range measurements for one specific image using
range data from previous and posterior vehicle locations. A temporal window
is used as a function of the vehicle speed (via CAN Bus connection). It is worth to
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mention that the IR camera captures frames at 30Hz. However, GPS signal is re-
ceived at 10Hz. In order to compute inner global positions, a linear interpolation
between two consecutive GPS measurements is applied using the vehicle speed
provided by the CAN Bus (50Hz). Fig. 5 depicts one example of the proposed
3D reconstruction approach.

Fig. 5. 3D reconstruction example

5 Range-Based Building Detection

To isolate each building as a separated object to be processed in further stages,
we use a Finite State Machine (FSM), as depicted in Fig. 6. Four states have
been defined: Q0 (no vertical plane), Q1 (init building), Q2 (building) and Q3
(end building). Transitions between states are achieved from frame to frame
as a function of the number of iterations during which a vertical plane has
been detected (VY ES) or not (VNO). Vertical planes are detected using the laser
measurements by means of a Hough transform with a constrained accumulation
matrix [5] that only allows lines with vertical orientation. If a vertical plane has
been detected in a specific frame, the counter VY ES is increased. If no vertical
plane is detected, the counter VNO is increased. An example of the building
detection process can be seen in Fig. 7.

6 Facade Segmentation

The building detection stage provides an image corresponding to the building
facade, including thermal information and range measurements. The facade seg-
mentation stage uses this information to provide three main components: win-
dows glasses, windows frames and walls. The proposed procedure is defined as a
sequential three-staged process. First, glass material is detected by finding holes
in the range image since glass does not reflect the laser beams. Second, windows
frames are computed by detecting rectangular contours around the glass regions
previously obtained. Finally, the walls are segmented applying a region growing
technique in the remaining regions (i.e., without windows frames and glass) of
both the infrared image and the range image, whose results are combined us-
ing a binary AND operator. The overall facade segmentation procedure with
intermediate results can be seen in Fig. 8.
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Fig. 6. FSM used for building detection
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Fig. 7. Range-based building detection example

7 Thermal Leakage and Irregularities

After segmenting each one of the building components, thermal leakage and ir-
regularities are detected using the following procedure. For each component, we
find local minimum or maximum points (depending on the season of the year)
using these points as the seeds of a region growing algorithm. Thus, in sum-
mertime local minimum points involve cold leakage, i.e., air conditioner inside
the building is being emitted outside. On the other hand, in wintertime local
maximum points mean heat leakage, i.e., heat inside the building is being emit-
ted outside. Local minimum/maximum points are required to be Kσ2 times far
from the average region value, as given by Eqs. (7) and (8) for summertime and
wintertime respectively.

p(u, v) ∈ Ri =

{
Seed if |p(u, v)− m̄i| ≤ Kσi

No seed otherwise
(7)
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Fig. 8. Facade segmentacion process: overview and partial results

p(u, v) ∈ Ri =

{
Seed if |p(u, v)− m̄i| ≥ Kσi

No seed otherwise
(8)

where Ri is the specific region corresponding to window glasses, window frames
or walls, m̄i is the mean value of region Ri and σi is the standard deviation
corresponding to region Ri. The value for K is experimentally obtained. Region
growing is continually applied until no more seeds are available. The results
given by this approach are finally considered as the thermal leakage that will be
provided as the global system output.

Fig. 9. Thermal irregularities detection in summertime (air conditioner inside the
building is emitted outside)

8 Conclusions and Future Work

This paper described an automatic thermal leakage detection system. The main
contributions w.r.t. previous works are twofold: the combination of laser-based
measurements with thermal images, and the thermal irregularities detection for
three main components of the building facades (window glasses, window frames
and walls). A commercial vehicle was equipped with an IR camera, a four layers
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laser scanner and a GPS system. The extrinsic relationship between the cam-
era and the laser was obtained using an off-line calibration procedure. Range
measurements were integrated in the space using the global position of the ve-
hicle. A simple state machine is used to detect the boundaries of the buildings.
Each facade is thus isolated, including thermal and range information. 3D data
is firstly used to segment windows glasses, since they produce holes in the 3D
reconstruction of the facade. Then, rectangular regions surrounding the windows
glasses are detected to separate the windows frames. A region growing approach
is applied to obtain the remaining areas corresponding to walls. Thermal irreg-
ularities are then detected by means of region growing technique that used local
minimum/maximum points as seeds.

Future works are mainly focused in obtaining massive results from hundreds
of buildings in both summertime and wintertime. The proposed approach will
be tested against a manually labelled ground truth. Since the system captures
the GPS position of the vehicle and the relative distance between the buildings
and the vehicle, thermal analysis will be finally provided in geo-referenced digital
maps.
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