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CPC-GM: No-reference quality assessment method of color point
cloud based on guided modulation

GUO Xiaomin, YU Mei® , SONG Yang, JIANG Zhidi
(Faculty of Information Science and Engineering, Ningbo University, Ningbo, Zhejiang 315211, China)

Abstract: As an effective description of 3D scenes and objects, color point clouds (CPCs) are widely used
in many fields such as virtual reality and augmented reality. However, distortions will be introduced to
CPC in the process of its collection, compression, transmission and reconstruction, so it is necessary to
design an effective assessment method to evaluate the quality of distorted CPC. In this paper,a no-refer-
ence quality assessment method is proposed for CPC based on guided modulation. Considering the joint
distortion of geometric information and color texture information,the guided modulation is used to com-
bine them to comprehensively consider geometric distortion,color texture distortion and the joint distor-
tion. Combined with the multi-channel characteristic of human eyes, Shearlet transform is used to extract
features. Finally, the feature vector composed of all extracted features is inputted into the support vector
regression (SVR) model to learn and predict the quality of point cloud. Experimental results show that
the proposed method is well consistent with human subjective perception.
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Framework of no-reference quality assessment of color point cloud based on guided modulation
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Tab.1 Performance of different feature on CPCD2. 0
Feature-types Features PLCC SROCC KROCC RMSE
Geometry F, 0.6074 0.4996 0.3604 0.9250
F, 0.5769 0.4580 0.3283 0.9522
F; 0.6524 0.5845 0.4294 0.8860
Color F, 0.4586 0.2924 0.2054 1.0345
F, 0.6540 0.6041 0.4241 0.8804
Fc 0.7059 0.6466 0.4680 0.8251
Joint F, 0.8013 0.7612 0.6373 0.6153
All F 0.8564 0.8343 0.6427 0.5992

N T 2 RAUEAR 7 ik CPC-GM 1Y A 24 1
HEAR STy 2 F0 A B A7 5 25 43 Wil CPCD2. 0, S]-
TU-PCQA . IRPC ##fit i B #EAT T %% HE . 52 50 25 5
% 3 R, Hp, PC-MSDM*® | P2point™
plane-to-plane!™ . PointSSIM-geometry?™ #f &2 7F = 4

25 ) HP R AR LA 2R BLAY B IR ik, R
ARGF M A A T 2R HUH R 19 5 I A )R (H TR
AZEHOAGEESE XL FENMGRA R,
PointSSIM-color™ J& 7 = 4 23 [a] o 1 14 7 € 230 1 2k
H Y5 = a7 i X PointSSIM - color 5
PointSSIM-geometry & B H.— F (0, 20 P AR AIF P4 e 22
DT B — JLATT ¢ AE 1 BB o 3 78 43 1 B T N HR A

. P2planet™

R2 KT CPCD2. 0 BIEEH AR EAELB M HEHE
Tab.2 Performance of different distorted types in CPCD2. 0

Distorted-types PLCC SROCC KROCC RMSE
GPCC1 0.8073 0.7405 0.5556 0.7919
GPCC2 0.6875 0.6043 0.4276 0.7123
VPCC 0. 8800 0.8004 0.6164 0.5103
GG 0.8556 0.7687 0.5902 0.4650
All 0.8564 0.8343 0.6427 0.599 2

X S (E B, PCQMY | Graph-
SIM! [PCMRR"™ #J& 7E = 2 % 8] b Al i JL T 2k &
SRS B T o s VR 5 75 NR-3DQA M
TR MR IL R B SR AR AN TS
A TR VPN . A SR T BOEE R B, AR ST
%‘f 3 NEUHE PE R R IA B TR RO L A A N

AR LR G T B 2 O T R LA B R g KRR Tt
Fﬁgﬁﬁl\ﬁ%ﬂ’ﬂﬁﬁﬁﬁo XF e SITU-PCQA %4 J%
RS E R R B, BEQ-CVP (1) PLCC ,SROCC
RMSE k%7 0.9192.,0.8972.,0. 971 7,1 A 3¢ J5 ¥
AIFEAR R 0. 8402,0.8093,1. 2710, X EEREK K
SITU-PCQA 142k H2A R4 5 /\ UM JE 45 L [ RUEE
e 0T I P L R e RURE 5 IR A B 2R L N
T L, T AR SC 7 ¥ 35 B 2 1T ) Gt A5 2R T i T MR
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Tab.3 Performance comparison of different methods on three databases

CPCD2. 0 SITU-PCQA IRPC
Reference Metric

PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE
Popoint Hausdorfft  0.3482 0.3145 0.2179 1.0995 0.1668 0.4301 0.3097 2.3928 0.2388 0.2151 0.1455 09601
P2point MSE™ 0.6784 0.5491 0.4142 0.8617 0.4721 0.4096 0.2857 21394 0.3357 0.3281 0.2146 0.9313
Poplane Hausdorf™  0.4061 0.3786 0.2663 1.0718 0.3752 0.4609 0.3354 2.4467 0.3925 0.2541 0.1975 0.9089
P2plane MSE™™] 0.6014 0.5692 0.4385 0.8474 0.5651 0.4956 0.3517 2.0022 0.4296 0.2564 0.1957 0.8928
planc-to-plane Meanl? 04376 0.4044 0.2752 1.0546 0,6571 0.5187 0.3624 1.8293 0.1569 0.1123 0.0669 0.5764
Full plane-to-plane RMST) 0,464 0.4173 0.2895 10496 0.6579 0.5206 0.3716 1.8276 0.1452 0.1188 0.0852 0.9782
reference  plane-to-plane MSE™) 04472 0.4173 0.2895 10491 0.6581 0.5296 0.3716 1.8272 0.1536 0.1188 0,0852 0,9902
PC-MSDM-* 0.6254 0.5321 0.3842 09152 0.4123 0.3241 0,2189 22110 0.2729 01519 0.1063 0.9515
PointSSIM geometry ™ 0.5343 0.5533 0.4238 0.9915 0.3860 0.3649 0.2792 2.2410 0.6183 0.5951 0.4693 0.7760
PointSSIM-color™)  0.7457 0.6891 0.4863 0.7814 0.4561 0.4185 0.3172 2.1508 0.6648 0.5638 0,4211 0,7376
PCQM!?! 0.4813 0.3408 0.2615 1.0281 0.771 0.7420 0.5624 1.5274 0.5611 0.3819 0.3033 0.8184
GraphSIM¥ 0.8553 0.8296 0.6234 0.6077 0.8900 0.8800 — 11300 0.9400 0.7600 —  0.2100

Reduced: PCMRR!% 0.5372 0.7215 0.5357 1.1463 0.8200 0.8210 —  —  0.3020 0.4340 —  —
NR3DQATT 0.6724 0.6473 0.4716 0.8615 0.7294 0.6887 —  1.8059 0.8791 0.8167 0.7071 0.3810
o BEQ-CVP''®) 0.7950 0.7890 0.5983 0.7218 0.9192 0.8972 0.7343 0.9717 0.7265 0.7208 0.5427 0.6586
CPC-GM 0.8564 0.8343 0.6427 0.5992 0.8402 0.8093 0.6237 1.2710 0.9678 0.8286 0.7333 0.1787
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Fig.7 Scatter diagram of the proposed CPC-GM and comparison methods on CPCD2. 0
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