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1 Introduction
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Fig. 1: (a) CAD model of an octocopter UAV sensor platform equipped with a thermal imaging camera
FLIR A65. (b) Colour-coded thermal image of 640 pixel 512 pixel.

2 Sensor Systems
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3 Thermal Camera Calibration

3.1 Radiometric Calibration
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3.2 Geometric Calibration
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Fig. 2: (a) True colour image and (b) colour-coded thermal image of a 3D target field.

Tab. 1: Thermal camera calibration parameters x̂i with their standard deviations ŝx̂i
. The image

coordinate system is defined in section 3. The camera’s pixel size is 17μm, the camera’s sensor size
is 640 pixel × 512 pixel.

cu cv u0 v0 k1 k2 k3 p1 p2 s1( )

x̂i 774.65 774.46 315.75 259.57 −4.51e−2 0.36 0 7.82e−4 −1.13e−3 6.37e−2

ŝx̂i 0.197 0.202 0.267 0.254 1.36e−3 9.80e−3 1.04e−4 1.28e−4 3.52e−2
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4 Data Acquisition
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(a) (b) (c)

Fig. 3: (a) Aerial image of the subject of investigation. (b) Flying robot collecting data in front of a
building façade. (c) Some of the thermal images.
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5 Data Processing and Results
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Fig. 4: 3D point cloud reconstructed from thermal images only: (a) Top view of the entire 3D model.
(b) Temperature coded submodel of one façade.
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Fig. 5: TIR-attributed ortho-image of a part of one façade.

6 Accuracy Analyses

6.1
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6.2 6.3
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X

6.1 SfM Internal Precision

Tab. 2: A-posteriori standard deviations ŝx̂i and
mean point error ŝX̂Ŷ Ẑ of a 3D object point coor-
dinates from a sparse point cloud in (mm). Row
1 and 3 are the mean, row 2 and 4 the median.

ŝxy

ŝxy

Fig. 6: 3D mesh of a part of the TLS refer-
ence façade, overlaid with colour-coded, logarith-
mically scaled mean point error of all 3D object
points from sparse point cloud ranging from 20
mm to 1.8 m
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Tab. 3: Mean a-posteriori standard deviations ŝx̂i
of camera’s projection centres in (mm) and rotation

angles in (◦).

ŝX̂0
ŝŶ0

ŝẐ0
ŝX̂0Ŷ0Ẑ0

ŝω̂ ŝϕ̂ ŝκ̂

46.25 132.04 139.12 197.30 1.495 0.151 1.501

Tab. 4: Single 3D point precision in mm.

RMSEX RMSEY RMSEZ RMSEXY Z

18.28 4.45 4.92 19.45

17.13 15.59 17.97 29.32

X
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ŝi

X0

1.0◦ ωϕκ

ω κ

6.2 External 3D Point Accuracy
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6.3 Comparison of SfM and TLS
Point Clouds
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Fig. 7: Colour-coded, logarithmically scaled differences between SfM and TLS point clouds.

6.4 Discussion
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7 Conclusion
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