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An Adaptive Segmentation Based Multi-mode Inter-frame
Coding Method for Video Point Cloud

CHEN Jian"? LIAO Yan-Jun' WANG Kuo®* ZHENG Ming-Kui"? SU Li-Chao’

Abstract Video based point cloud compression (V-PCC) provides an efficient solution for compressing dynamic
point clouds, but the projection of V-PCC from 3D to 2D destroys the correlation of 3D inter-frame motion and re-
duces the performance of inter-frame coding. To solve this problem, we proposes an adaptive segmentation based
multi-mode inter-frame coding method for video point cloud to improve V-PCC, and designs a new dynamic point
cloud inter-frame encoding framework. Firstly, in order to achieve more accurate block prediction, a block match-
ing method based on adaptive regional segmentation is proposed to find the best matching block; Secondly, in or-
der to further improve the performance of inter coding, a multi-mode inter-frame coding method based on joint at-
tribute rate distortion optimization (RDO) is proposed to increase the prediction accuracy and reduce the bit rate
consumption. Experimental results show that the improved algorithm proposed in this paper achieves —22.57%
Bjontegaard delta bit rate (BD-BR) gain compared with V-PCC. The algorithm is especially suitable for dynamic
point cloud scenes with little change between frames, such as video surveillance and video conference.

Key words Point cloud compression, video-based point cloud compresion (V-PCC), 3D inter-frame coding, point
cloud segmentation, rate distortion optimization (RDO)
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Hrr, J RAER KA REL, A FROVBLH B H 3
T, BUNMNO AR BB, HEHFERZ R,
22 2R AR Y FE LU RR L D

BARBITCEC A A 1 gm0 Ok b, ACie
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5 RGBT 7 S LSRR Rasg WK (10) Aow:

Rasp = (6 x 16) bits = 96 bits (10)
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14) NSB fili& 3 V-PCC i A 4 fi;
15)  End of if
16) End of for
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PN Gt A By 1) B R RS FE AR 22, A9 A TUIRG 5 SR A
XA, BT DASE s /N S8 Np b g AR 2R
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TRNAS B2 SR A v, P AR PR e /N B s v
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L Lm AL s, € XM R1 E| RS X 54
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BEL FAXTRNI Q. Np 5T 3 NS5 Bk
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Table 2  Quantization parameters of proposed

improved algorithm

s wEBEAAE o BAREIE N pEEUERE T
R1 3.5 14000 2.0
R2 3.0 12000 2.2
R3 2.5 10000 2.5
R4 2.0 8000 2.8
R5 15 6000 3.0

TEREAFAC B b, BT A SR 5 T i i, o
/K 5-10400 BUALFRES . 8 GB WAFHI & WL, 18473
¥4 Windows10 #:4FE RS VisualStudio2017.
7 RN TSI AR 5 AN A 8i BhEs
R FH .

Longdress Soldier Queen  Redandblack Loot

Bl 7 8z RsTIR
Fig.7 Example of 8i dynamic point cloud sequence

5.2 HRASCE

52.1 XiEBIENSEIRIRITHE

NISE A SCHE I SR R 4351 LA 5D
By B ST B UT I 7 i AR A 7 iR AT X6 R
PASCHR [13] 2t B2t TR 225 TCP FC i i 5] 70
W75 34 D9 FE 1) ot (] F50 0 75 =, 76 AH [5)00K 30
BN, o 55 B 7 BRI 5 AN B BEAT 50
AR S256 FH 3T V-PCC bR i ik 2 1F
TMC2-v14.02¥ 34T BD-BR 35 0FHL, 245 i
& 3 Foi.

R 3 TR, Bk L T V-PCC
8, FENNRIG 5 A& S R, PR B
SRl T —5E 1) BD-BR 25, 78 PR E) 5k
(RS B Hp ) DX 3 3 20 A 5T 38 A1 He oy B AE L
AT F i 8] S 45 b B B R AR R L 4 & D
D2 755 T —4.91% « —6.38% A% BD-BR
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Table 3  Performance test of block matching method based on adaptive regional segmentation
Name D1 (%) D2 (%) Luma (%) Cb (%) Cr (%)
Loot 33.93 49.67 4.48 —18.07 —15.08
Redandblack 13.51 19.42 13.41 -3.01 10.79
Soldier —34.75 —34.66 —40.82 —42.91 —44.52
BI5 P&
Queen —33.64 -33.33 —18.33 —28.58 -12.74
Longdress 11.97 13.15 27.48 —4.88 11.13
Average —1.80 —2.85 —2.76 —-18.51 —10.08
Loot 27.10 39.28 2.22 —24.14 —21.19
Redandblack 6.03 8.14 16.06 4.14 13.72
Soldier —37.69 —37.57 —42.87 —45.10 —46.42
O R & RS
Queen —35.72 —33.94 -9.36 -12.93 -14.92
Longdress 6.74 6.46 4.83 5.02 12.49
Average —6.71 -3.53 —5.82 —14.60 —11.26
%} BD-BR 1 7 -4.91 —6.38 —3.06 3.91 -1.18

1235, FLJF 5 Lumas B0 & Cr 0 BIS2Bl T
—3.06% « —1.18% AT BD-BR #4375, {H /> &
Cb #1137 BD-BR 8 A5 .

AR B EAMERXT F1, A SCHEH (1) 73 B HEAE
JU & D1, D2 E¥SEEl 7 e (HAFLE D
sy s IR & A L. H Longdress. Loot
£j Redandblack J7 41 JUT 73 fE OB BOR B35, ¥45E
BT —6% LA L D1, D2 ) BD-BR 125, Ji R
T, RTINS SE AR A% H
To ] 5 77 W B, RIS o B S 0 Z 28 05
2 it (8] 32 20 TR0 PR 3, i AR SR X8 O R Sy
F B HUTEC T7 ¥, TR o3 X 5 R B AT &
H 5, 8 A BIPRAE LA S 8 1 b RS TG B
5 YT HR AR 2, A BRI 2 B B AR B At
ULHC e, 42 s 7 VT EC R T0mRs B, 0 ot 1 %
A [ SR04
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RESIERR H A I T A T 1 2 2Rk AR AT 22 45
T 5 G B 5 3k P B, T BT A L IS B3k 47
SEAmiEIE T, FRHHE TS BERAR
A A A5 2R 1 o 1) FI0I 7 vk AT X R IR DA S
I3 B LA UL EC B () 3L 7] 4381 7 2%, 7E A [0
WEET, 2ot B 7 B 89 5 AR 51347 50
MR 25, I V-PCC AR #4: TMC2-
v14.0 317 BD-BR # 25%f b, S &85 sk 4pR.

W 4 TR R, Bk L AT V-PCC
B RN 5 ANBES S P A, P A

RIS T — s IR RE G . EPI R IR X LR
BT B M R A B A P ot ] 000 A 2 T 16 BT
A VG e Bedk 47 /0 78 A i 1] iz Sh T, 78 LART B4 i ]
JE4iH B 5241 BD-BR s, HAd JLA40& D1,
D2 3 BISEIL T —17.77% « —19.41% A%} BD-BR
M, BN, S Luma t1F —6.80% 1) BD-BR
W35, HEEE Cb M Cr, HELT BD-BR N
HORFERT

HARFI AR 5 571, 45 H bt ) 5000 5922 Fr)
BD-BR %5 3 BRI )L & D1, D2 5%
& Luma b, fEEE &S, XAE Queen ik
FRHIFR Sl T M Rk AT, 7E Longdress.
Loot 5 Redandblack 3 Mila]iz 2 T bR 1]
Fild 5 AR T 5 A v 18] 32 3 T A BE
AT, WSl T D1 D2IEAN LA 4 & —10% PA L
AAXT BD-BR 36 25, J5 PRI 7E -4 H ool ) S0 7 9%
ST X UG e He AT 3 T 2k AR AR AL 1 43 25 AN
FH 2 455 5 R 5 v, R DATE B A 5 2 1 TR A, ks>
JUART TR 55 Ja8 1 2 16 A 0 T2 G Ly DA R A1 B A EL R
VHFE, SETT A R S T A TP R
5.2.3 FHEERLSZIE AR

NG IE AR STHRE B A 3T A5 T R A e &R
A AE HARME B IL R b 3 BB FH 3 8 43 ]
Ry B DT PE 7 92 5 AN Ak FH 22 A5 [ 38 39 00 7 92 BA
o 58 B HE AR AT 4 LU AR BE 2 #r, SR %
PEEEI BB 7 sy 5 MR FY). R 5 4AHT
LL V-PCC ASFE I, N AA RIS %8 BD-BR
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Table 4 Performance test of multi-mode inter-frame coding based on joint attribute rate distortion optimization

Name D1 (%) D2 (%) Luma (%) Cb (%) Cr (%)
Loot 32.31 42.75 11.16 —19.63 —16.09
Redandblack 14.16 15.52 7.88 -11.11 6.35
Soldier -31.21 -31.21 —37.47 —41.07 —42.48
SEAMUE IS ) T

Queen —29.34 -30.23 -12.47 -17.84 —6.77

Longdress 12.28 14.79 17.74 —13.26 0.79
Average —0.36 2.32 —2.63 —20.58 —13.70

Loot —0.06 0.70 10.07 5.44 5.80

Redandblack —-3.31 —2.09 11.73 1.66 9.45
Soldier —35.88 —34.59 —36.31 —36.28 —38.70

At 4 2 A X 1) 32 3l T

Queen —39.55 —39.37 -39.16 —44.46 —44.97

Longdress —0.64 1.28 6.50 3.10 10.23
Average —-18.13 —-17.09 —9.43 —16.06 —11.64

A% BD-BR 34 7 -17.77 —-19.41 —6.80 4.52 2.06

x5 MET V-PCC tHEHRETERE (F1Y BD-BR)
Table 5 Mutual ablation performance compared to
V-PCC (Average BD-BR)

WIS D1 (%) D2 (%) Luma (%) Cb (%) Cr (%)

L gEs  —18.13  —17.09 -9.43 -16.06 -11.64
H@&EM g —6.71  —3.53 -5.82 -14.60 -11.26
SERCEVEMES 2257 —20.94  —22.01  —23.67 —21.90

SERE N

H#E 5 ATAN, AT V-PCC 4k, 245 20 ]
ifid 5 B G N H s B SRR Bl T BD-BR
I B, AEIAS S 3 (R 8L FH 1) SE B BRERE SR
(IR 2E . AR HH %) 7 A 3 s A A LV R S 56
SEER AT LRI, 2 A 8] 4 A 7E 2% 7 = b I fg
SR AT HE N B R, AR LA &
NS, TR RTE T H & N B E LB UL Al B
TR T ILECH R T ICP FeHE R 3, T8
PE > 511 BD-BR, £ 38 25 W) 32 S5 T ot 18] 2 5 Fr ek
D IRD T FE, BRI X 5.

N T A A3 BT AR SCHRE Y N gy 5
15 5 22 B 2 8] 2 5 5 25 6 A R) 65 2R I 1 1 i 2
5, B 8 JE7” T Queen M Soldier FF4#E R1 & R5
X5 AEAMEL T, 200 B B IE R E 7
% 155 2t (8] G B 7 7k UL S 7 FH 56 B SRV AE 2R, A
YT V-PCC ## mAE )L 4y & D1 5@ %4 & Luma
i BD-BR A8 {Lja#.

WELE 8 X Queen LA K Soldier £ #& 45 HAH .

T RS T2 il (K R M 2 m B, LR A 5
535 BA B, wBEIEE B R A T
AU P B 3 IR 73 3 Bk 5 A Y 2 5 Xt ) i
FARTEE. BAKRIK), BEAE 65485k, PSNR JREZ
e, HAP R RN B &M FI 5% S 2 e
2w AL 0T 2t 5 12 BE O DT R 22 BRI, (ELRE S P AR 4R
Tt 2o Ao 18] g B 1) DT RZ T B i, PR IALAE T
Hh < o ] DL e e g i 2R S B SR B v, 24 Y
AT RO W R R 22, DA T AR A
HYE &R 7> #1771 5 i) PSNR.

5.3 {ZEMEE

5.3.1 REKEMEESH

FHES 5.2 TIyH A sEIe nT DU Y ASCig i X
15 19 38 N0 A ERTT E T v 5 B 5 1 T 6 2 1
Pk 2o 5ot 8] e AL 77 2%, P8 T4 G o [R] e 43 1)
S 73, YA T BD-BR. NEIEHE L4 &
PR, AT V-PCC FrifE i il i3 4 TMC2-
v14.0 9, DA 5.1 5 B 1 SIS B S e Y
SHAE IR, 15 5 DS S B AP
BD-BR 1wt 15 5L AT 5256, 45 R WK 6.

& 6 m %0, $2H S V-PCC MR8 4
TMC2-v14.0 AL, @G T H & MR VA S &
P2 I B 1) 22 455 o () Zh i g 256 45 o 1)
B, SEEL T MERERGE. AR, 7E LT PR RED T
D1 5 D2 (1) BD-BR 7357548 1 22.57% 5 20.94%;
LEJEMEVEI, Luma. Cb M1 Cr [SGE NI R, &
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Fig.8 Rate distortion curve of ablation experiment
FIEENT 22.01% . 23.67% 21.90% [f] BD-BR K.
K6 PRUBOEEEHET V-PCC BIPERELE: K32 6 S P B HEAT 2404 AT R, A
Table 6  Performance of proposed improved algorithm BHU TR T Soldier 5 Queen W5 2 411 [ 1 e i
d with V-PCC EUSEEN
o A AU, THILH 50% ¥ BD-BR FEAK; TiE
Name D1 (%) D2 (%) Luma (%) Cb (%) Cr (%) Redandblack 5 Loot Wj?ﬁﬂiﬂﬂ‘[ﬁﬁ%j’%ﬂﬁﬁ@, S
Loot —2.64 —0.69 —3.57 —4.74 —4.85 i@if}“u T 24] —3% %m,{q%%‘ri BD-BR i_ﬁé, E
Redandblack ~ —1.65 —-0.95 -1.75 -2.01 —2.12 Longdress ﬁﬁ%iﬂlﬂﬁﬁﬂﬁﬁ% D1 5}@1&&
Soldier —51.53 —46.99 —54.12 —55.65  —55.95 % Cb. Cr J:EH%%%E&% E}‘L,{q%% D2 SEArié:}.
Queen —56.58  —56.45 —51.62 -55.12  —46.27 B Luma ¥ BD-BR B g Em. &5 Bk
Longdress 041 040 099 080 030 g 3f 5 AN SIS AT AT AL BT AT 41, Sol-
Overall —22.57 —20.94 —22.01 —23.67  —21.90

dier 5 Queen 781t [a] 22 A0 B0/, L T R) G 55
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FHX AR 5 58 A He i) o5 ety BRI A ot )
it b B i a8 ; 10 Loot, Red and black 5
Long dress 741 (1) it [f] 12 7)) 28 A0 AH X AR, £ Mot [H]
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N T HEEMH SRR A SCEE R R R B RE, K9
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