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Fast extraction of tissues outside organs by clustering and geometric constraints
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Jiaotong University, Nanchang 330013, China

Abstract: Due to the complex adhesion and overlapping of tissues outside human organs, remaining reasonable reference
tissues outside organs while peeling partial tissues is of great significance for providing visual guidance for minimally
invasive surgery, etc. A novel method to extract the tissues outside organs by attributes clustering and geometric constraints is
proposed in the study, and moreover, hole filling is effectively implemented by signed distance field operations. The data
processing of segmentation and rendering is operated interactively between GPU and CPU for completing the simulation
rendering of organ segmentation and peeling. The experiments show that the proposed method can realize real-time virtual
displays of the segmentation and peeling of the whole and partial tissues outside different organs, which provides guidance
for minimally invasive surgery and interventional therapy.
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Figure 1 Procedure of segmentation and peeling by

geometric constraints and clustering
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Figure 2 Clustering segmentation of geometric restrained head
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Figure 3 Code for clustering geometrically constrained dynamic masks
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Figure 5 Peeling by depth of field and transparency
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Figure 4 Lung segmentation
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Figure 6 Whole heat segmentation
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Figure 7 Segmentation and peeling experiments
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Table 1 Comparisons of volume data filtering and

segmentation efficiency

IR RN Mg miEsrE  CPU/s GPU/s

128x128x%80 F T 0.00+£0.52  0.00+0.22
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256x256x210 T T 2.20£2.80  0.21%0.41
512%x512x%300 F T 0.00+£4.90  0.00+0.91
512x512%300 T T 5.3044.20 0.52+0.81

AWEFEHE BT T T AL IR AR 4S5
(4 52 2% CT 40 v 25 B 21 200 43 80 05 vk DL SR
GPU X 73 Fl R A7 DR Ak B Y 732 o ] 28 A0 52
SO 38 i e A o R s TR SRR S AR A
ZHLURAE AR BERS LU BE A 5 5 B A ) RIS 7 U 2
T oA e P AR kR 2 AR AU S 1 5 SR
Ko SEHUEWIEE TR UE UL AR 27 B AR
P AL BETT IR T 4% Ff R 2 B = 4 AU B S A Ak
P RIS I, HE— AP T TOR B T AR E
ARSI = 4EFT BN i

(5% >CiK]

[1] Nithila EE, Kumar SS. Segmentation of lung nodule in CT data using

active contour model and fuzzy C-mean clustering[J]. Alex Eng J,
2016, 55(3): 2583-2588.

[2] Ahmed T, Parvin MS, Haque MR, et al. Lung cancer detection using
CT image based on 3D convolutional neural network[J]. J Comput
Commun, 2020, 8(3): 35-43.

[3] Ventola CL. Medical applications for 3D printing: current and
projected uses[ J ]. Pharmacol Ther, 2014, 39 (10): 704-711.

[4] Jones DB, Sung R, Weinberg C, et al. Three-dimensional modeling
may improve surgical education and clinical practice[ J]. Surg Innov,
2016, 23(2): 189-195.

[5] Huff R, Silveira R, Nedel L, et al. Volume sculpting based on
geometric tools[J]. J Braz Comput Soc, 2009, 15(2): 3-18.

[6] Chen HJ, Samavati FF, Sousa MC. GPU-based point radiation for
interactive volume sculpting and segmentation[J]. Visual Comput,
2008, 24(7): 689-698.

[7] Abbas W, Doran C, Evans R, et al. Practical analytic 2D signed
distance field generation[C]. ACM SIGGRAPH Talks, Anaheim,
California, 2016: 1-8.

[8] Havaei M, Davy A, Larochelle H, et al. Brain tumor segmentation with
deep neural networks[ J]. Med Image Anal, 2017, 35(5): 18-31.

[9] YangY, Zhong Z, Rong G, et al. Real-time GPU-aided lung tumor
tracking [ C J//Fourth Pacific-Rim Symposium on Image and Video
Technology. Singapore, 2010: 495-500.

[10] Tong Q, Ning M, Si W, et al. 3D deeply- supervised U-net based whole
heart segmentation [ C ]//Statistical Atlases and Computational Models
of the Heart. ACDC and MMWHS Challenges. Quebec, Canada, 2017:
224-232.

[11] Cai LL, Nguyen BP, Chui CK, et al. Rule-enhanced transfer function
generation for medical volume visualization [J]. Comput Graph
Forum, 2015, 34(3): 121-130.

[ 12] Wijewickrema S, Zhou Y, Bailey J, et al. Provision of automated step-
by-step procedural guidance in virtual reality surgery simulation[ C ]//
VRST '16 Proceedings of the 22nd ACM Conference on Virtual
Reality Software and Technology. Munich, Germany, 2016: 69-72.

[13] Rani C, Saladi S, Muthu R. Morphological operations in medical image
pre-processing [ C ]//International Conference on Advanced Computing
and Communication Systems. India, 2017: 2065-2070.

[14] Sinha A, Dolz J. Multi-scale self-guided attention for medical image
segmentation[ J|. IEEE J Biomed Health, 2020, 23(3): 234-246.

(%% )



