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Abstract: This study aims to propose a method for three-dimensional (3D) reconstruction of
thoracoscopic surgical scenes to enhance intraoperative visualization and assist surgeons in
performing precise operations. The method first employs a vision transformer (ViT) to estimate
the depth from thoracoscopic images; it then predicts camera poses using a photometric constraint
approach combined with an image pyramid; finally, the scene surface is reconstructed using a
truncated signed distance function (TSDF). Experimental results on the thoracoscopic image
dataset demonstrate that the proposed method achieves the best performance in depth estimation,
with an absolute error of 0. 056 and a root mean square error of 3. 843, and in pose estimation, its
rotation and translation errors are 0.071 4 and 0.002 8, respectively, outperforming other
methods. Compared with existing techniques, this approach shows significant advantages in 3D
reconstruction accuracy and intraoperative visualization guidance, providing intuitive and reliable
intraoperative reference information for thoracoscopic minimally invasive surgery, holds
potential clinical value.

Key words: thoracoscopic image; ViT network; depth estimation; photometric constraint; pose
prediction; visual three-dimensional reconstruction
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Fig. 1 Acquisition results of endoscopic calibration
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Table 3 Experiment results of pose estimation
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Fig. 3 Ablation experiment results of pose estimation
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Fig. 4 3D reconstruction results of multiple images
for sequence 1

E5 FI2H=#H=E4&R
Fig. 5 3D reconstruction results for sequence 2
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Fig. 6 3D reconstruction results with surgical

instruments

3 4% 7o)

ASCHEH T — Rl TR ST AR S
S T AEUREEAS TR AL S FU b 43
S LR B 72 46 25 I 28 RN 45 6 R 4 - 35 10
JE 2 SRS, I 1 A iy 455 = I 5 pR ERONT 3 5
T AT A LA R R AT IEE R B AL
T ESEI T 48X R 22 0.056 5 iR 2% 3.843 , {if
PAGH I ERE Y iR 72 0.071 4 SF-F% 1 4 % b
P22 0.002 8, L FIA XS Lk, AR LS
R =4 3R Z IR E 1T T
i % T AR mp R A Y OO RN Rt A )
FAREEME T AR P 2AUE LS BA BRI
PRI I 77

SE

[ 1] World Health Organization. Global cancer burden growing,
amidst mounting need for services[ EB/OL] (2024-02-01)
[2024-02-21]. https://www. who. int/news/item/01-02—
2024~-global-cancer-burden-growing-amidst-mounting-need-
for-services.

[2] WISCTF, R, S, 4 LS N4 B2 U8 AR 1T 3

PEAERRT BTN SE IR W IE [T]. 10 303 K 2% 2 e (182
Ji), 2022, 42(9): 1347-1352.
(Hui Wen-yu, Wu Jin-yang, Huang Jian-hua, et al.
Experimental study on the accuracy evaluation of robot-
assisted osteotomy of genioplasty [J]. Journal of Shanghai
Jiao Tong University (Medical Science) , 2022, 42(9) :
1347-1352.)

[3] ChiJN, Miao J, Chen J H, et al. DSTAN: a deformable
spatial-temporal ~attention network with bidirectional
sequence feature refinement for speckle noise removal in
thyroid ultrasound video[J . Journal of Imaging Informatics
in Medicine, 2024, 37(6): 3264-3281.

[4] Zhou T H, Brown M, Snavely N, et al. Unsupervised
learning of depth and ego-motion from video [CJ/2017
IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). Honolulu, 2017: 6612-6619.

(F#%65W)



