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Abstract: With the wide application of point clouds in virtual reality, computer vision, robotics and other fields, the
assessment of distortions resulted from point cloud acquisition and processing is becoming an important research
topic. Considering that the three-dimensional information of point clouds is sensitive to geometric distortion and the
two-dimensional projection of point clouds contains rich texture and semantic information, a no-reference point
cloud quality assessment method based on the fusion of three-dimensional and two-dimensional features is
proposed to effectively combine the three-dimensional and two-dimensional feature information of point cloud and
improve the accuracy of point cloud quality assessment. For 3D feature extraction, the farthest point sampling is
firstly implemented on the point cloud, and then the non-overlapping point cloud sub-models centered on the
selected points are generated, to cover the whole point cloud model as much as possible and use a multi-scale 3D
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feature extraction network to extract the features of voxels and points. For 2D feature extraction, the point cloud is

first projected with orthogonal hexahedron projection, and then the texture and semantic information are extracted

by a multi-scale 2D feature extraction network. Finally, considering the process of segmentation and interweaving

fusion that occurs when the human visual system processes different types of information, a symmetric cross-

modal attention module is designed to integrate 3D and 2D features. The experimental results on five public point

cloud quality assessment datasets show that the Pearson’s linear correlation coefficient (PLCC) of the proposed
method reaches 0.9203, 0.9463, 0.9125, 0.9164 and 0.9209 respectively, indicating that the proposed method has
advanced performance compared with the existing representative point cloud quality assessment methods.

Keywords: point cloud quality assessment; 3D feature; 2D feature; symmetric cross-modal attention module
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Fig. 1 Framework of the proposed method
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Table 1 Comparison of overall performance of different methods on different datasets
CPCD2.0 SJTU-PCQA IRPC
Type Metric
PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE
P2point MSE™ 06784 0.5491 0.4142 0.8617 0.4721 0.4096 0.2857 2.1394 0.3357 0.3281 0.2146 0.9313
P2plane_Hausdorff 0.4061 0.3786 0.2663 1.0718 0.3752 0.4609 0.3354 24467 0.3925 0.2541 0.1975 0.9089
P2plane_MSE" 06914 0.5692 0.4385 0.8474 0.5651 0.4956 0.3514 2.0022 0.4296 0.2564 0.1957 0.9089
PC-MSDM™ 06254 0.5321 0.3842 0.9152 0.4123 0.3241 0.2189 2.2110 0.2729 0.1519 0.1063 0.9515
Fullreference PointSSIM-G'™?  0.5343 0.5533 0.4238 0.9915 0.3860 0.3649 0.2792 22410 0.6183 0.5951 0.4693 0.7760
PointSSIM-C™  0.7457 0.6891 0.4863 0.7814 0.4561 0.4185 0.3172 2.1598 0.6648 0.5638 0.4211 0.7376
PCQM!™ 0.4813 0.3408 0.2615 1.0281 0.7771 0.7420 0.5624 1.5274 0.5611 0.5611 0.3033 0.8184
GraphSIM™ 0.8553 0.8296 0.6234 0.6077 0.8900 0.8800 - 1.1300 0.9400 0.7600 0.2100
BEQ-CVP™  0.7950 0.7890 0.5983 0.7218 0.9192 0.8972 0.7343 0.9717 0.7265 0.7298 0.5427 0.6586
IW-SSIM™ - - - - 0.7949 0.7833 - 0.0911 0.1339
No-reference
MFPCQA" - - - - 0.8972 0.8894 - 0.6488 - -
Proposed 0.9203 0.8996 0.7494 0.4195 0.9463 0.9248 0.8231 0.3854 0.9125 0.8566 0.7018 0.4529
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A TR R IE R . SOh S o T
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JUTRFE R ASOR PR . IR EE SRR, FHO SR

A2 TR G kETRSIAEE Lo SRRt
Table 2 Comparison of overall performance of different methods on different datasets
CPCD2.0 subset ICIP2020 M-PCCD
Type Metric
PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE
PRPCQA"” 0.8591 0.8351 0.7014 0.5581 0.9310 0.9307 0.8814 0.3011 0.9144 0.9241 0.6857 0.5107
No-reference VPPCQA®! 08343 0.8460 0.6578 0.6046 0.9114 0.9264 0.8311 0.3965 0.9147 0.9322 0.6923 0.4903
Proposed 0.9100 0.8842 0.7348 0.4371 0.9160 0.8827 0.8564 0.3672 0.9215 0.9400 0.7638 0.4720
4 3 CPCD2.0 ##% % £ R 4FAE 49 M e AT Ho
Table 3 Performance comparison of different features on CPCD2.0 dataset
fop fap PLCC SROCC KROCC RMSE
\/ 0.9096 0.8879 0.6792 0.4391
0.5148 0.4754 0.5148 0.9596
v v 0.9203 0.8996 0.7494 0.4195
% 4 RATRHFIEGRE 7 ik G AERT b
Table 4 Performance comparison of different feature fusion methods
Method PLCC SROCC KROCC RMSE
Add 0.8985 0.8757 0.7163 0.4626
Concat 0.9141 0.8914 0.7370 0.4236
SCMA 0.9203 0.8996 0.7494 0.4195
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Table 5 The impact of the number of point cloud sub-models and their inclusion points on the performance of the proposed method

Parameter PLCC SROCC KROCC RMSE
48x256 0.9060 0.8847 0.7327 0.4495
24x512 0.9049 0.8902 0.7249 0.4557
12x1024 0.8821 0.8607 0.6949 0.4993
6%x2048 0.9203 0.8996 0.7494 0.4195

A6 RE|EZETAER b B A R kAT L
Table 6 Performance comparison of different center point generation methods for point cloud sub-models
Sampling method PLCC SROCC KROCC RMSE
Random sampling 0.8427 0.8236 0.7129 0.4572
Cell sampling 0.8668 0.7707 0.7018 0.4327
Geometric sampling 0.8643 0.8695 0.6821 0.4311
Farthest point sampling 0.9203 0.8996 0.7494 0.4195
A RS 2 PR O S R IR R, BRI MERE AU s = 4R RFIE Y 5 PLCC J3 4

S 2R FH SR a2 A5 SRR 1T DU 1T R b 7 25 A i s AR
A I 55 25 FARIR AT DL A A AT SR
R T HE AT 2 patch B0 TR i PERE R R,
#6745 T RN patch B0 7E CPCD2.0 A = ¥
£ ETEREXT L . SCEAE R LI, Y4 patch £ K
6 I, T4 7 ik MR RE e . H R B R R A 1
patch AN BEECUT M7 55 5 A i 2 BERLFLRAF 5 = REAIE 5
1M} patch ¥ id 22038 AR BI04, RGN
K, BIRRGERE.
% 7 I FlE&= patch L& 69 aext b
Table 7 Performance comparison of the number of different cloud

points' patch

Patch number PLCC SROCC KROCC RMSE
2 0.8321 0.8014 0.6929 0.4723
4 0.8718 0.8207 0.7381 0.4532
6 0.9203 0.8996 0.7494 0.4195
8 0.9000 0.8712 0.7301 0.4330
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No-reference point cloud quality assessment
based on fusion of 3D and 2D features

Liu Taiwei, Yu Mei’, Tu Renwei
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Framework of the proposed method. R and W denote the voxel resolution and the size of 3D window, respectively

Overview: Point clouds are widely used in virtual reality, computer vision, robotics and other fields, and distortion
assessment in point cloud acquisition and processing is becoming an important research topic. Considering that the
three-dimensional (3D) information of point cloud is sensitive to geometric distortion and the two-dimensional (2D)
projection of point cloud contains rich texture and semantic information, this paper proposes a no-reference point
cloud quality assessment method to effectively combine the 3D and 2D feature information of point cloud and improve
the accuracy of quality assessment. The farthest point sampling is firstly implemented on the point cloud, and then the
non-overlapping point cloud sub-models centered on the selected points are generated, to cover the whole point cloud
model as much as possible. For each point cloud sub-model, an improved 3D multi-scale feature extraction network
(MSENet) is designed to extract the features of voxels and points. MSFNet contains three point-voxel transformer (PVT)
modules and generates output features through a multilayer perceptron. Each PVT module has two branches. The voxel
branch can extract rich semantic features from spatial voxels; the point-based branch can retain the integrity of the point
cloud sub-model position information as much as possible and avoid the loss of position information. For 2D feature
extraction, the point cloud is first projected with orthogonal hexahedron projection to obtain the corresponding
projection maps. To extract the rich texture and semantic information from the 2D projection maps, a 2D multi-scale
feature extraction network (MSTNet) is designed to extract 2D content-aware features. Considering that there may be a
large amount of redundant information and certain dependency relationships between different viewpoint projection
maps, MSTNet uses spatial global average pooling operation to remove redundant information and spatial global
standard deviation pooling operation to preserve the dependency information between different viewpoint projection
maps. Finally, considering the process of segmentation and interweaving fusion that occurs when the human visual
system processes different modality information, to better fuse the 2D and 3D features of the point cloud, so that the two
modality features can enhance each other, a symmetric cross-modality attention module is designed to integrate the 3D
and 2D features, and a multi-head attention mechanism is added in the feature fusion process. The experimental results
on five public point cloud quality assessment datasets show that the Pearson's linear correlation coefficient (PLCC) of
the proposed method reaches 0.9203, 0.9463, 0.9125, 0.9164, and 0.9209, respectively, indicating that the proposed
method has advanced performance compared with the existing representative point cloud quality assessment methods.

Liu T W, Yu M, Tu R W. No-reference point cloud quality assessment based on fusion of 3D and 2D features[J]. Opto-
Electron Eng, 2025, 52(4): 250001; DOI: 10.12086/0ee.2025.250001
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