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Summary:

In this paper, the integration of an industrial high-precision 3D sensor into a 3D Thermography System
is presented. A large size object was recorded using the previous and the new system. The obtained
point cloud geometry was evaluated by means of a non-referenced point cloud quality assessment ap-
proach. The implementation showed an improvement of the local curvature and anisotropy.
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Introduction

The capability of energy loss detection and
quantification is one of the most relevant indus-
trial sustainability challenges. The development
of fast response and reliable thermal inspection
methodologies is gaining importance, address-
ing topics such as infrared thermography and
sensor data fusion. A 3D Thermography System
(3DTS) enables the creation of a live 3D model,
which eases the interpretation and analysis of re-
sults, compared with 2D thermal images.

A 3DTS was developed by [1] and compared
with the obtained system by [2], where the capa-
bility of the concept for measuring large size ob-
jects was extended. For both cases, an infrared
camera was used in conjunction with a relative
low-cost depth and RGB sensor. In this work, the
improvement of the reconstructed model geom-
etry by the implementation of an industrial high-
precision 3D sensor (MotionCam-3D (MC3D) by
Photoneo) for the depth measurement task is
presented.

3D Thermography System

The improved system consists of a long-wave in-
frared (LWIR) camera, a structured light sensor
MC3D and a RGB camera (see Fig. 1). The pro-
cessing tasks are performed by a developed
C++ (CUDA) executable. It exploits the hardware
capabilities of a high-end graphics card laptop
(GeForce GTX 980M, 4 GB VRAM) by imple-
menting multithreading computations. These
computations range from the unification of the
three camera coordinate systems to the point
cloud fusion, by means of an extended pro-
cessing algorithm from [3], as described in [2].
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Fig. 1: Assembled 3D Thermography System.

Two main problems had to be solved for the in-
tegration of the MC3D. The first one was the per-
turbation of the RGB model texture caused by
the red-light pattern of the MC3D, which was
solved by the suppression of the red component
from the color vector. The second one was the
temporal synchronization of the three sensor
frames. As the post-processing features of the
MC3D introduce a time delay of the depth
frames, the system must search backwards in
the temperature and color buffers for the respec-
tive frames, which match the last depth meas-
urement in time. When the three images are tem-
porally quasi-aligned, they are processed by the
extended Elastic Fusion algorithm.

3DTS evaluation

A flow measurement test bench (see Fig. 2) was
investigated using the previous and the new
3DTS. The obtained point cloud (PC) was as-
sessed following the approach suggested by [4],
since it is not dependent on a reference point
cloud. Each point was grouped in a neighbor-
hood with the 9 closest points (10 members), us-
ing the Euclidean distance metric.
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Fig. 2: Flow measurement test bench (left) and
an example of the 3D Thermogram (right).

For each point, the surface variation could be ap-
proximated to the covariance matrix C; [5]:

€ =21 - 0)p; - p) (1)

Where p; and p are cartesian coordinate vectors
and represent the j-th member and the centroid
of the neighborhood, respectively. Formulating
the eigenvector problem:

C,: VU = }Ll . Ul,l € {1,2,3} (2)

With the eigenvectors (v,, v,,v3) and the corre-
sponding eigenvalues (A1> Az >A3), the variation
of the p; along the direction of v, are represented
by A; [6]. The curvature:

2
Cur(p) = 0 3)
and the anisotropy:

A2
Alp) ==~ (4)

formulations were chosen, since they represent
the local roughness and the geometrical varia-
tion, respectively. These metrics are important
for the thermographic data fusion due to the
emissivity dependency with the surface normal
angle [1].

Results and discussion

One exemplary detail of the obtained PCs is pre-
sented in Fig. 3. A visual improvement on the ge-
ometry quality is observed with the MC3D. The
system extension provides for straighter lines
and flatter surfaces, in addition to a diminution of
the number of aleatory points around the rec-
orded objects. This is visible in the proposed in-
dicators (see Fig. 4), where the local curvature is
reduced, and the neighborhoods are more
aligned in a single direction, as the anisotropy in-
dicates. Less dispersion is also remarkable with
the MC3D, indicating an overall impact for the
complete geometry.

Conclusions

An industrial MC3D was integrated into a 3DTS.
The quality of the new model was compared to
respective one of the previous system. The re-
sults showed a significant improvement of the
analyzed local curvature and anisotropy.
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Fig. 3: Detail of the PCs obtained with both sys-
tems.
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Fig. 4: Obtained normalized Probability Density
Function (PDF) for the curvature and the anisot-
ropy features.
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