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Abstract This paper introduces the evaluation results of nondestructive detection of the wall paintings in the Yuan
Dynasty tombs in Pucheng, Shaanxi Province using the square-heating thermograph. For this purpose, a three-
dimensional thermal tomography quantitative evaluation method for reconstructing the heat storage coefficient of the
material is proposed, and the results are compared with the post-processing results of pulse phase thermal imaging
and principal component thermal imaging. The experimental results show that the three methods can improve the
defect detection ability, but the three-dimensional thermal tomography method can realize the quantitative three-
dimensional assessment of the internal disease distribution of the mural. Finally, three-dimensional thermal
tomography is performed on one of the entire murals. The proposed method can realize the detection and evaluation
of hollow drums, cracks, and wall support structures, and can provide useful evaluation methods and reference
information for mural removal, restoration and protection, and mural research.
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Fig. 4 Surface temperature of mural after square wave excitation. (a) Original thermal image of local mural in east wall;

(b) temperature rise after square wave excitation
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Fig. 5 Local image 1 of east wall. (a) Visible photograph; (b) original thermal image 338" frame;

(¢) phase image of PPT (frequency is 0.01 Hz)
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Fig. 6 Local image 2 of east wall. (a) Visible photograph; (b) original thermal image 32™ frame;

(¢) phase image of PPT (frequency is 0.02 Hz)
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Fig. 8 PCT results of red figure image on east wall. (a)Visible photograph; (b) original thermal image 386™ frame;
(c) PC2; (d) PC3; (e) PC5; (f) PC6
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Fig. 9 Thermal tomography results of red figure image on east wall at different depths. (a) Visible image;
(b) surface; (¢) 2.40 mm; (d) 8.45 mm; (e) 10.78 mm; (f) 13.87 mm
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Fig. 10 Thermal tomography results of local murals on east wall at different depths. (a) Visible image;
(b) surface; (¢) 2.40 mm; (d) 8.45 mm; (e) 10.78 mm; (f) 13.87 mm
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Fig. 11 Complete mosaic results of three dimensional thermal tomography at different depths. (a) Endothermic

map of complete mural; (b) 1.47 mm; (c¢) 4.57 mm; (d) 7.68 mm; (e) 10.78 mm
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