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Summary: 
3D thermal imaging can be realized by sensor data fusion of a depth and a thermal camera. In the 
resulting 3D thermogram thermal and spatial information of an object is available. This information is 
used to calculate the surface heat dissipation caused by thermal radiation and natural convection. 
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Introduction 
In contrast to the identification of thermal bridg-
es and insulation leaks by qualitative thermal 
imaging it is hard to determine quantitative heat 
flows through object surfaces. If the geometry 
and the surface temperature of an object are 
known, it is possible to calculate the heat dissi-
pation (or the heat loss) by thermal radiation 
and natural convection. A 3D thermography 
system enables the simultaneous measurement 
of the required information. 

3D thermography systems differ mainly by the 
acquisition of the geometric 3D data. Especially 
for outdoor scenes, e.g. to scan buildings, laser 
scanners are used [1]. For reasons of scanning 
speed and costs, it is possible to use so called 
depth cameras [2]. These cameras work with 
structured light, often in the near-infrared (NIR) 
range. They have a limited range (approx. up to 
10 m) and, caused by the sensitivity for external 
NIR radiation, are mainly used for indoor meas-
urements [2]. 

3D Thermography System 
The used 3D thermography system in this work 
consists of a long-wave infrared (LWIR) camera 
and a depth camera, see Fig. 1 and [4] for de-
tails. The thermal information of the LWIR cam-
era has to be projected into the geometric 3D 
data (e.g. point clouds) of the depth camera. To 
avoid holes in the 3D data caused by occlusion 
at one viewing angle it is beneficial to capture 
the object from different views, e.g. by moving 
the measurement system around the object. 
For this reason, multiple point clouds resulting 
from different viewing angles have to be regis-
tered into a single 3D model. 

 
Fig. 1. Workflow of measuring surface heat dissipa-
tion using 3D thermography. 
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The point cloud registration and the fusion of 
spatial and thermal information is carried out in 
real-time. Therefore, self-localization and map-
ping algorithms, running on a graphics card of a 
portable high-performance computer, have to 
be adapted to include the thermal data [3]. For 
this task, the intrinsic and extrinsic calibration of 
the involved cameras is needed [4]. 

In the next step, the point cloud is converted to 
surface elements by a Poisson surface recon-
struction [5]. For these surface elements, it is 
possible to calculate the radiated heat power 
and the heat transport by natural convection. 

Calculation of Heat Dissipation 
After this step, the 3D thermogram consists of 
surface elements (triangles) with the tempera-
ture iT , 1i N  . For the temperature meas-
urement, the object was assumed as a grey 
body and the emissivity i  of each surface has 
to be determined. The area iA  of each surface 
element is known from the geometric data. At 
least, the Stefan-Boltzmann constant   and 
the ambient temperature ambT  have to be known 
to calculate the heat flow caused by thermal 
radiation [6]: 
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In order to calculate the heat flow by natural 
convection the air temperature airT  is needed. 
For the determination of the heat transfer coef-
ficient i  each surface element i  is treated 
separately and assumed to be alone in an infi-
nite space with known orientation to the gravity. 
With this information the heat flow by natural 
convection is calculated by [6]: 
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Test Object for Verification 
An infrared radiator is chosen as a test object, 
see Fig. 2. The emissivities front = 0.95 and 

rear = 0.84 were determined by the use of refer-
ence tape. 

 
Fig. 2. Front (left) and rear (right) view of a 3D ther-

mogram (surface elements) of an infrared radiator. 

The results of the measured heat dissipation 
could be compared to the electrical power con-
sumption measured by a wattmeter, see Tab. 1. 
Tab. 1: Calculated heat dissipation of the infrared 
radiator and power consumption. 

 Measured Reference 
Surface 

area 1.66 m² ~1.60 m² 

Heat dis-
sipation 618.1 W 612.0 W 

Conclusions 
The used test object gives very good results for 
the measurement of the surface area and the 
heat dissipation. An uncertainty analysis has 
not been carried out. 

Summary and Outlook 
In this work the information of a 3D thermogram 
is used, to calculate the heat dissipation of 
scanned objects. It should be mentioned, that 
internal heat flows, forced convection or the use 
of e.g. slits in the surface could not be covered 
by the measuring system. Additionally, newer 
algorithms of point cloud registration, see [3], 
allow 3D thermograms of larger objects. Finally, 
the method enables the direct measurement of 
surface heat dissipation by thermal radiation 
and natural convection e.g. to calculate losses 
and to optimize the efficiency. 
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