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Single-view 3D thermography method for industrial material

surfaces under dust interference

Pan Dong,Li Yitian,Ma Xiaolu, Jiang Zhaohui, Gui Weihua

(School of Automation, Central South University, Changsha 410083, China)

Abstract ; Three-dimensional (3D) thermography technology combines the advantages of 3D reconstruction and infrared thermal imaging,
enabling simultaneously acquisition of both the temperature distribution and geometric structure information of an object’ s surface. It is
an effective method to visually present the surface information of industrial materials. However, in the single view imaging environment
with dust interference, the conventional 3D thermography method is difficult to apply. Therefore, this paper develops a 3D thermal
imaging system using an infrared thermal camera and a depth camera, and proposes a single-view 3D thermal imaging method for the
surface of industrial materials under dust interference. Firstly, this paper establishes a joint external parameter calibration model based
on virtual imaging to solve the challenge of spatial synchronization in single-view imaging devices. Secondly, based on the principle of
radiation temperature measurement, an approximate compensation method for infrared temperature measurement is proposed to obtain the
temperature distribution with small error under dust interference. Then, to solve the problem of depth information loss and view occlusion
in single-view 3D thermography, a single-view 3D thermal imaging method based on depth map rendering and viewpoint optimization is
proposed to achieve fusion of temperature and topography data of the measured object under the optimal view. Experimental results show
that the proposed method can effectively realize single-view 3D thermography of the surface of objects under dust interference, retain
more temperature and depth information, and reduce infrared temperature measurement errors.
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Fig. 1 Composition of the 3D thermography system
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Table 1 Technical parameters of Fluke Tix1000 and

Azure Kinect

KHSH Fluke Tix1000 Azure Kinect
I PR 1 024x768 640576
ES 30 30
M fa 32.4°%24.7° 75°%65°
iy -40°C ~2 000°C 0.5~3.86 m
DR i £1.5% <0.5 mm
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Fig.2 Image of the special calibration plate
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Fig.3 Schematic diagram of dust transmittance field calculation
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Table 2 Temperature measurement errors before and

after compensation

Bl MAE,
I 0.5557 0.2299 0.3485 0.0752 0.5903 0.2742

MAE, MSE, MSE, RMSE, RMSE,

2 0.5247 0.2283 0.3178 0.0777 0.5637 0.278 8

3 0.2933 0.1677 0.1145 0.0805 0.3383 0.2836

4.2 ZHHHERRST
MHTSEEE R T A B0 S AL B AR UG 21 AN ARAY
SWEAANA SRR 3 iR,

x3 BERANSMRAREENELASMCEXR
Table 3 Relationship between the optimal viewpoint and
the real viewpoint position of the original depth camera
TG HE F-F fo]
0.9978 0.0634 0.059 8

-0.0742 0.9980 -0.0035
-0.068 3 0.0009 0.99 9

[-60.2514 2.560 0 -30.4266]
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