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Fusion Method of Infrared Images and 3D Point Clouds
Based on Cross Markers

Zheng Yelong, LiChangyong, Xia Ningning, LiLingyi, Zhang Guomin, Zhao Meirong

(School of Precision Instruments and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Infrared thermal imaging technology is widely used in many fields. Establishing a three-dimensional
(3D) temperature field model that incorporates spatial and temperature information is of great importance, this tech-
nology can be extended to other application areas. Therefore, a method of heterogeneous spatial-data fusion was de-
veloped to fuse infrared images and 3D point clouds, which can obtain a 3D temperature field model. Because of the
differences between the imaging principles of infrared and visible-light cameras, calibrating internal parameters using
common calibration plates is difficult. Based on the imaging characteristics of infrared cameras, a calibration plate
with hollowed-out circular holes was designed and constructed for internal parameter calibration. The resulting aver-
age reprojection error of the internal parameters was 0.03 pixel. Because of the differences between the imaging prin-
ciples of infrared and structured light cameras, the production of existing calibration markers is complex, and exter-
nal parameters show low accuracy. Therefore, based on the radiance differences of different materials, a cross
marker was designed and fabricated for joint calibration. To address the issue of identifying corresponding feature
points, different methods were developed to extract corresponding feature points from infrared images and 3D point
clouds. These methods were used in conjunction with the cross marker for feature-point extraction. Compared with
conventional methods, the detection repetition rates of the feature-point extraction methods for infrared images and
3D point clouds were improved, reaching 75% and 92%, respectively. Using this method, 3D temperature field
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models of paper cups, workpieces, and human faces were constructed. Experimental results showed that the inter-

nal-parameter calibration of infrared cameras was realized by using a hollowed-out circular-hole calibration plate,

and the joint calibration of infrared and structured-light cameras was achieved by using the cross marker and corre-

sponding feature-point extraction methods. The average reprojection error of the final resulting 3D temperature field

model was 1.70 pixel, demonstrating an improvement in modeling accuracy compared to existing methods.

Keywords: infrared image; 3D point cloud; marker; feature point of the same name; system calibration;

heterogeneous spatial-data fusion
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Fig.5 Feature point extraction from the infrared image
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Fig.6 Feature point extraction from the point cloud
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Fig.9 Reprojection error calculation results
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Fig.10 Fusion reconstruction results of the three-
dimensional temperature field of a paper cup
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Fig.11 Fusion reconstruction results of the three-
dimensional temperature field of a workpiece
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Fig.12 Fusion reconstruction results of the three-
dimensional temperature field of a human face
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