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Surficial texture reconstruction based on TSDF with CT prior guidance

Liao Wang'*,Li Qi"*, Wu Yishun"?,Yu Luoyikuang'”,Shen Kuan'”’

(1. Industrial Computed Tomography Research Center, Chongqing University, Chongqing 400044, China;
2. College of Optoelectronic Engineering, Chongqing University, Chongqging 400044, China)

Abstract ; Three-dimensional (3D) reconstruction technology is widely applied in fields such as industrial manufacturing and cultural
heritage conservation. As industrial measurement accuracy requirements increase, vision only algorithms cannot meet metrology-grade
demands, while industrial computed tomography ( CT) completely lacks surface color and texture information. To address the balance on
geometric accuracy and surface texture in 3D reconstruction, a truncated signed distance function ( TSDF) surface texture fusion
reconstruction framework guided by high-precision CT surface priors is proposed. First, high-precision global spatial registration of
heterogeneous sensors is achieved via Zhang's calibration method and Lie algebra-based optimization. Subsequently, a bounding volume
hierarchy (BVH) accelerated Moller-Trumbore ray-casting algorithm is employed to calculate pixel-level depths from the high-precision
CT mesh, circumventing the uncertainty of visual depth estimation. Finally, a TSDF volumetric field is constructed to fuse multi-view red
green blue (RGB) images and depth information, realizing 3D model reconstruction with both precise geometric morphology and
authentic surface textures. Experimental results demonstrate that on a texture-rich toy model and a highly reflective metal part datasets,
the average distance errors of the reconstruction are 0. 035 and 0. 024 mm, respectively, representing an approximately 73% reduction
compared to mainstream neural radiance field (NeRF) and 3D Gaussian splatting (3DGS) methods. The F1-score exceeds 0.950,
while the visual metric structural similarity index measure ( SSIM) reaches 0.897, and learned perceptual image patch similarity
(LPIPS) is as low as 0.145. The single-view processing time is approximately 0. 67 s, and the full-model reconstruction time is

shortened to the one-minute level, meeting the real-time requirements of industrial online inspection. This method effectively overcomes
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the limitations of missing textures in CT reconstruction and insufficient accuracy in optical reconstruction, providing a solution with both

metrology-grade geometric accuracy and high-fidelity texture for cultural heritage digitization and precision industrial inspection.
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Fig. 1  Flowchart of the CT-prior guided TSDF surface texture reconstruction framework
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Fig. 3  Schematic of spatial alignment and calibration process
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Fig.7 Pre-processing results of toy model
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of CT mesh projection contour
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Fig.9  Comparison of surface reconstruction results on the toy model dataset
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Table 3 Quantitative visual metrics of toy model

reconstruction

RS PSNR 1 SSIM 1 LPIPS |
COLMAP!'™ 19.510 0.673 0.306
Neus! 2! 22.708 0. 816 0.211
GOr'?2 25.472 0.878 0. 186
PGSR 25.776 0. 887 0.170
RaDe! % 27.508 0. 902 0. 156
ATy 26.516 0. 897 0. 145
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WA LA A ARl — A T L 2055 9 - R AR
MLZ T A 3545 T CT ORI L] Se 56 i s
Y3 3E i TSDF ALl & A 8008 B T SR8 £ A9 IF 1 3
GBI 8 B 45 R R AR SO I AE N L
TG BE BTSSR U 1 A A i S B R L B2 < LPIPS
IR 0. 145 ,SSIM 5 0. 897, FIXT b 77 i 3K B Se i K
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Fig. 10 Comparison of local surface details
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Table 4 Quantitative geometric metrics of toy model reconstruction results

Sk d,,/mm | CD/mm | R1 F11 I} ]
COLMAP[# 0. 140 0.624 0.551 0.388 0. 455 25.39 min
Neus! 2! 0.269 0. 448 0.334 0.378 0.354 5.66 h
GOF!2! 0.285 0.497 0.271 0.316 0.291 15.57 min
PGSR 0.173 0. 463 0.230 0.234 0.227 6.55 min
RaDe!%! 0.132 0.351 0.312 0.311 0.311 6. 43 min
B RS 0. 035 0.156 0. 997 0. 905 0. 950 0.77 min

BB A SOy R A I B R 25K ZE 0. 035 mm,
X—HBUE I T S0 251 R CT AR R /3 8%(0.04 mm) ,
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Geometric error distribution heatmaps of the reconstructed toy models
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Fig. 12 Computer-aid design of the metal part
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Table 5 Quantitative visual metrics of metal part

reconstruction
Ak PSNR 1 SSiM 1 LPIPS |
Neus' 2] 20. 806 0.736 0.333
GOF!?! 25. 435 0. 828 0. 306
PGSR!®! 24. 600 0.817 0.314
RaDe!*! 25. 402 0. 820 0.313
E SIS 25.785 0.839 0.257

*o6 EEZFEUHERERWEETMIER
Table 6 Quantitative evaluation metrics of metal

part reconstruction results

(ERFS % s Pl R1 F11 Pt 7]
mm | mm |
Neus'®  0.301 0.517 0.403 0.408 0.405 6.08h
GOF'®)  0.570 1.067 0.158 0.191  0.173 16.61 min
PGSRI®)  0.725 1.449 0.113 0.113  0.113 6.66 min
RaDe'®!  0.540 1.013 0.145 0.174 0.158 6.46 min
A 0.022 0.155  0.999  0.902  0.948 1.58 min
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Fig. 13 Comparison of surface reconstruction results on the metal part dataset
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Fig. 14 Comparison of mesh rendering results on the metal part dataset
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Fig. 15 Geometric error distribution heatmaps of the reconstructed metal part
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Table 7 Precision measurement and correction results of key dimensions of the metal part

Jaof o I I EuLGRUE R TEI 5 e TE D R TE 5
& B/ mm AR E/ % (B mm AR IR/ % DTS
SEa 19. 965 20. 126+0. 000 4 +0. 809 19. 943 -0.110 0. 550
fL1 10. 022 10. 117+0. 003 2 +0. 952 10. 027 +0. 050 0. 125
fl.2 10. 068 10. 171=0. 004 1 +1.024 10. 077 +0. 089 0.225
fL 3 10. 010 10. 101+0. 000 5 +0. 909 10. 008 +0.016 0. 050
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