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Point Cloud Segmentation of Intracranial Aneurysms Based on Patch Serialized Attention

LI Shuo, GUO Li-Lin

(Department of Information, School of Medical Technology and information Engineering, Zhejiang Chinese Medical University,
Hangzhou 310053, China)

Abstract: Intracranial aneurysms refer to the pathological expansion of blood vessels in the brain. Once an aneurysm
ruptures, the fatality rate is extremely high. Manual detection of intracranial aneurysms is cumbersome and time-
consuming, making the introduction of automated detection technology necessary. To address the insufficient space
utilization of three-dimensional (3D) point cloud data by existing algorithms and the difﬁculfy in fully capturing both
local details and overall structural information, a segmentation algorithm based on patch serialization attention for
intracranial aneurysm point clouds is designed. Space-filling curves are used to serialize point clouds, which improves the
effectiveness of traditional point clouds in extracting relatiohships between different local structures. A more refined patch
attention mechanism is introduced, with patch'grouping and patch interaction, to strengthen the model’s ability to
generalize spatial relationships. The issues related to uncontrollable information density and overlap in traditional pooling
methods are resolved through graph pooling operations. On the IntrA dataset, the segmentation accuracy achieved is
95.37% IoU for healthy blood vessels and 84.67% IoU for aneurysm segments, significantly outperforming most existing
algorithms.
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512 90.16 67.25 9453 7582
SpiderCNNP! 1024 87.95 61.60 9324  71.08
2048 87.02 5832 9217 6774
512 9422  80.14 9695 879
SO-Net™"! 1024 9442 8099  97.06 88.41
2048 9446 8140  97.09 88.76
512 95.1 82.11 9597 7855
PointCNNZ! 1024 9442 8099 96.53  81.74
2048 9446 814 96.62  81.36
512 9335 7638 9648  83.92
PointNet++?2" 1024 9335 7638 9647  84.62
2048 9324 7621 9640  84.64
512 9342 7622  84.05 48.96
PointNet™ 1024 9554 8397  85.00 4838
2048 9543 8322 8417+ 4959
512 94.16  79.09  96.89  86.01
PointConv®” 1024 94.59  79.42 9715 86.29
2048 94.65 7953 97.18  86.52
512 R 90.45 7025  96.01  80.60
AdaptConv?"! 1024 90.69 7526 9492  84.40
2048 90.97  75.05  95.05 8472
512 91.97 78.66  95.66  87.57
PAConv"” 1024 90.34  74.31 94.54  83.16
2048 922 7059 9581  79.18
512 93.89 7815  96.77  86.04
PMMNet™! 1024 9374 7748 9671  85.68
2048 9424 7857 9699  86.50
512 9482 818 9729  89.25
3DMedPT"?! 1024 9476 8239 9725  89.71
2048 9352  80.13  96.59  88.69
512 9249  78.09  96.08  85.84
PCTEY 1024 92.05 78.12 9585  86.77
2048 91.66  77.10 9543  86.02
512 9458 7845 9720 8532
N-PointNet!'" 1024 94.69 7843 9722 . 8530
2048 94.67 7849 9721 8548
512 9478 8248 9732 90.37
Ours 1024 9537 8467 97.63 91.68

2048 94.17  82.01 96.99  90.07

3 2 FER, ACSCRER R B S, o AE
PN B KR T 1024 AN 25 A R 5 s SR 4R B B
f) V.acc f1i& 98.64%, 1M F1 {Hik 0.9463, X Ledg bRz
AR 28 K 2 B A R, R BT BT 5 VALE IntrA %
P IATLS B RN AEF PR, ZEE A
IAEN GRBiE b B A 5 & 8 7y, SE B B2,
RERIE H AR I 2 A RE ). IX R R AN R %
FE 250 R PR BF 27 3] IntrA B £E (19 N 7E B0, i
REAS A TN 2237 0 R ¥ D3k (%) A P 5 Jok g 040 B 27
HATFE TN, X — S AEDEH A.ace LRI

HpE i HaBE  Vace (%) A.ace (%) Fl1
512 98.05 84.58 0.8692
SpiderCNNP! 1024 97.28 87.90 0.8722
2048 97.82 84.89 0.8662
512 98.76 84.24 0.8840
SO-Net™”! 1024 98.88 81.21 0.8684
2048 98.88 83.94 0.8850
512 98.38 % a\i‘ 78.25 0.8494
PointCNN™* 1024 98.79 % 8128 0.8748
2048 | 9895 8581 0.9044
\‘ ST 95.22 60.73 0.6578
DGCNN™! Y 9024 95.34 72.21 0.7376
\,_ 2048 97.93 83.40 0.8594
512 98.52 86.69 0.8928
PointNet++?%" 1024 98.52 88.51 0.9029
2048 98.76 87.31 0.9016
512 94.45 67.66 0.6909
PointNet!® 1024 94.98 64.96 0.6835
2048 93.74 69.50 0.6916
512 98.53 89.00 0.9040
AdaptConv?" 1024 98.98 89.71 0.9060
2048 98.19 85.74 0.8820
512 97.58 79.99 0.8090
PAConv™” 1024 99.05 82.90 0.8580
2048 97.87 75.94 0.7990
512 99.20 91.91 0.9440
PMMNet? 1024 99.63 94.32 0.9630
2048 99.56 . 90.75 0.9420
512 99.02 | 194.06 0.9200
3DMedPT" 1024 9924 7 9326 0.9360
12048 99.07 93.49 0.9310
} 55108 99.03 89.07 09110
pCTRY 1024 98.87 89.71 0.9140
-? 2048 98.96 89.49 0.9170
512 91.37 77.41 0.6159
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2048 98.39 85.74 0.8820
512 98.41 91.22 0.9422
Ours 1024 98.64 94.85 0.9463
2048 98.58 93.34 0.9455
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R LE AR 72 B 0 5 2 i, TR T AR =
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\ 44 9T ModelNet SURSEMAENRLER (%)

gy i V.acc
PointNet++?" 93.17
G3DNet-18 SVM"* 93.10
PolyNet™*”! 94.93
MVCNNH 92.51
SO-Net!*" 95.50
PMMNet?”! 96.59
Ours 93.52

gy e Params (M) FLOPs (G)
Ours 461 1.73
DGCNNF! 1.82 243
PointNet++%" 1.75 1.70
PointNet™ 3.50 0.45
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K5 JET ShapeNet FHELEN IoU 7y FISE R (%)

Y cls.mloU Airplane Bag Car Chair Earphone Guitar Knife Lamp Laptop Motorbike Mug Pistol Rocket Skateboard Table
PointNet!® 80.4 834 787 749 896 730 915 859 80.8 953 652 930 812 579 72.8 80.6
PointNet++%”  81.9 824 79.0 77.3 908  71.8  91.0 859 837 953 716 941 813 587 76.4 82.6
PointCNN™®! 84.6 84.1 86.5 808 90.6  79.7 923 884 853 96.1 772 952 842 642 80.0 83.0
DGCNNE?! 82.3 84.0 834 778 90.6 747 912 875 828 957 70.8 946 81.1 635 74.5 82.6
KPConv!*™! 85.0 83.8 86.1 81.6 91.0  80.1 92.1 87.8 822 962 779 957 86.8 fs.s\i‘ 81.7 83.6
PAConv?™! 84.6 843 850 79.7 90.6 808 920 887 822 959 739 947 847 65.9° 81.4 84.0
AdaptConv®"  83.4 848 812 797 912 809 919 886 848 962 70.7. 1949 823 61.0 75.9 84.2
3DMedPTP? 843 81.2 860 79.6 90.1 812 919 885 848 960 | “{2.3 #7958 832 646 78.2 83.8

pPCTR4 83.1 85.0 824 812 919 715 913 88.1 863 958 64.6 958 836 622 77.6 83.7
) |

Ours 84.7 825 832 89 902 769 918 882 834 965 788 965 863 682 77.0 82.9
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8 87.39 58.31 93.27 73.67 [doi: 10.3760fcma.j.cil12050-20191014-00440]
16 89.76 66.04 94.60 79.55 . 4
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64 92.74 7276 96.23 8423 | HERE. IR 242459K, 2018, 25(15): 3018-3022.
128 93.97 77.93 96.89 87.60 3 Joo B, Ahn SS, Yoon PH, et al. A deep learning algorithm
256 95.33 82.89 93'61 +90.64 may automate intracranial aneurysm detection on MR

W . . . . .
Y angiography with high diagnostic performance. European
i Radiology, 2020, 30(11): 5785-5793. [doi: 10.1007/s00330-
LEET A g "
3 AiAA 020-06966-8]
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Lu XQ, Chen HH, Yeung SK, ef al. Unsupervised articulated

skeleton extraction from point set sequences captured by a
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