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BT, ZRIARS . S REMBIRAE, A WIRERAENESILRY H LRI,

G il 3t R AR AR AL R TR

BEERWRE. E3INKEE LG FBREREN, AXHERT

AA—®E X RF RNk, EFANERE TR E LA RATHI AL

XA Me b=, hER0h
FE 525 TP37

Bifi 45 AR 22 AR R (R g, VRS —Fh
—4E(Three Dimensional, 3D)¥ iR IE, &
4, /5 2 (Color Point Cloud, CPC)%'&?‘KWEE B
zs [ — RS A RS, B SR
T EAF DAL B B E R (e B A,
O Z R T A sz gt B ait® | R
SRR SRR A5 S BRI R | AbBR | R4
B4 RS R EASAbEL FR RO AT kb
S ARE, S0 o W BT, R £
T RN T RS s RETE e
H i J& S 55 2 B9 AR A58 R 48 (Human  Visual
System, HVS)EHITHE. SR BT ITAN i i
HHEARL, (AR 2R, HFERT. #6797,
AN, TR ARG, B, 385 LR
Hhv SR TRADL MR SRR 1 2 WL o EAN 5 .

KN L R BT ESE NS, WA
= R T )32 (Point Cloud Quality Assessment,
PCQA)FE 5 A S H MIESH M k. A3
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TR EAR AR
% ERR AL 2 BT R AN AT Bk,
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B 5B E AR R R, Yang M OYE SR Y GraphSIM
(Graph Similarity) /5 % 4 EE DL CHE SO O i R
TR G B BERFAE. SR1TT, GraphSIM St = A2k
AN 22 RBERRE. 323 2D UG TR AR &2,
T A BUK B3 5 2D Sl T Y. Torlig
2l s o2 i 2D EUSTR LN 16FR, W PSNR(Peak
Signal-To-Noise Ratio). SSIM, MS-SSIM"* (Multi-

FLLE T RIS 22 2 TR P P RE AT AR 22 .
%ﬂ%ﬁ%ﬁ%ﬁ%Tﬁ*ﬁfﬁD*ﬁ$%ﬂﬁ
Fa {5 BIFWUN 2 2D 25 [0] F SR RIRRIE, X

TI B A R, (HTE X B — %ﬁﬁ%ﬁm
HA R 7 S 00 5 25 9647 4 v A ot o
WA, AR ET =4S KSR AR
Ve Db a i W RPN B D (17 N T

scale Structural Similarity)Fl VIFP!"*(Visual Infor- B, 4357 3D A1 2D R BURRAE. Jrh, 3D 4
mation Fidelity)% H TS 282K, (H2% K ﬁ%ﬁlﬁ{jﬁf SEHRBULMAEIEE S, 2D FF

A% BH N 3D FtE. Yang U 3D ABEY MERBUSEW REM, Mk TIUN R @Ak
B 6 MEGIEEEE, G ZBJU AR GALr SR, fE 2D B, aEsEEE R R R

HBOCKG, SRR AVRTRET LI, Il REHRBRE R, EERERRZAM KR,
51 2D AR, PR Z R sl X H R RIS, ARSI B Tl P

A S B 3D FHIE. iR rik e 2S5 ik, 5
FESZ BRI A AT BRI 278 55 2= JCIA AR [R) .
MEASE RN ETHSHE s, WHEEE.
Zhang £ HE LT [ ARGEHEHIE Y NR-3DQA
W71, Hua Z5UHRH T — R THCA S BRI 8
# BQE-CVP, EI:TF 3D %5 @hﬂﬂﬁiﬁé m
DA R 52 3 BB B A, R LA 2 €
WSt i TLART RN (B854, Cheng 2517 TE&T ﬁ“
A 5 XS AH S AT e J1 1 TE 275 i = it i
Wi

T ISHZ M LN S s E Rz,
A S = B I ki R s 2 —, (H

BEpIEAE R, ISR 2 R . 275
[6] 73 R A IR AR RN SRR I 5C T PRI 45 1 A
Eﬁ,ﬁ%%ﬁﬁuﬁﬁk%m%%%ﬁ@%m
ARRRTT TR, R LT AR (B SO R S
A%ﬁm%%i,ﬁﬂﬁﬁﬁ% oy, LIALETK
R PRBUBC S B R

1 BEF=#5"4REHNVEREZTSERE
M IAE
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B, PIRJURE BEIEHRE ., JUTS5R AL
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| DFHEHRIUL F
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:
| F,!
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e TR Sy
! »  CurveletZF{f F,,
:
: 6 S Fy .
; FHAE S !
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RS =R TS H TN T, s ) 3D %8
{5 ES 2D BOX-FHfE QS G, HAERINE 1
FiiR, FEALT 3D FHEFRBUSER 2D FRIEHEEL
B 76 3D FREFEEEE L, 2 BB A st
BUEE 27 ok B, DR S A1) it
45 K Ff (Farthest Point Sampling, FPS)Xf i = HEHUC
B, PR CHE S A) ESF(Eigenvalue-based
Shape Functions)FHik AR s = B JLPEAR. X F
P fE B, BALSEA AR LMN 2 2s i)
HATERE. 7€ 2D FRAEFEEUsrh, S X LRI
o AR EAE AR, SR FH 5K 2 o0 fff 72 5K
HIPRIURAFE, MF AUk E, nifE
23 [A) Sl R AR U U R-AE; BT R # 6
QUK R, ATHRICR OGS (A URFAIE, JF7E AR sl
256 NIRFHER i 2 REE | 207 1) 53 ff R PR HL
SUHURRAE DA S AR OB HINRRE . 355 38 2o BEHLAR AR
] A ASE R I 2545 21 B i AL, xR B A
ST BRI, 21 AR SCYE ) R E AR
LI
R AXAESERNFTEHUETE

FHEARI, R G
2D JUfit G Fy
KL Fy
Wt I FytF
IR FotFio
KB F,
B AT Bt F,
3D JLfil Fy,
e FytF.

1.1 3D 4 4E3R B S

S BARAE 3D B A S A R A
M, Hor e s ) v S 2k Bhs B A% 2 R BUL
farkH, MBS REEGRI. AR
RXER B, ¥ a0 3D FHESEE A 3D
JUnf {5 BERECHT 3D B B
1.1.1 JUFT4Z B3R

TG FPS SLBEHLRAE B S ARl %
BE. FPS SRFE SRS = IR A S s, enll
REAS AL S S WU, il ESF RRAEEL
U S A A L, X RAE IS B s Y
HRAERN 64 75, XTRAFEMEES R ESF £F

fiE, JEU% ESF RHIE. X445 1Y ESF RHIEH
FEIH, BT 64 AR ESF FHIEF-45{H. ESF
P SR By 3 — R 4 R T AR R 3 T 05 %,
ARSI 3 A AU AR A AR sR S, 3ot
S AR L 2 A S Z AR R, DASBERL 3 4> 55
e = I (A RER = AATE, 8 Bk
B3 A s AR B AR 3 AN 2 R B AR B, R
R ITIE J i = 3R 1A _ERE R | TR A B A LA
FROE A, I HAE S = LA R FRAE 2R o5
SAEJUIEAR R B SRR S0 A1, B, Sdk
192 4ER A E A 8 = 19 3D JUTHRHE Fie Bg
3% 3D geometry).

1.1.2 FREAS BFRIR

R T I8 EAA R RE, ATEE) LMN
RPN SAY DR TE 2 d S RSN e SR DR )
, DARR i R BT i A B AICR,, (L
T R BRI . RGB gl 23 [a] 4531 LMN 25
[i] P e s T
L=0.06R+0.63G+0.27B,

M =0.30R +0.04G —0.35B, 1)
N=0.34R-0.60G+0.17B.

J A AR 3D S A MEGERE, KA
A SR B O 2] LMN Bt 55 0], L& EG
SCREIEIE, M AN 53 3PS E 2558 8. I
o A A TR, AT LR B DX 4 AN [ B 2 6 R S
PN TR B, XA AW Lo, R
FEAMAFFIE F3 (31482 3D luminance):

AR
FM—[N Z(L,- ~ ZLH : )

b Np BRI E IR L RR S A
Py HEERESM R, SRR T 0TS, T
LR ERERE, BB A R T 2 5. Foy B
PRI 1R 26 (A 1025 S, oI 2 —
5 5 T 525 A 1 0B I BT R 1 MR A
75 LMN 216735 ] P00 2501 2 S RERHE, 5
FLAE 3 AN A R 6 B

D, = (o) =Co@)) +(Co)=Cai)) s ()
K Co(0)={L,M N} =5 i85 P LMN
AT A iy 0 iy S K S4BT
I P 2 ISR, RSR(), 3 A
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MBI a2 R bR iEZ: S, 158 6 gt R
FERHIE. 3HME LMN Bitazsfa], aalitE s s
P B, 3 A EE B A (Y348 AR | W EE N
UEE BB, FH a3k e A5 T REAE S Al AR B €2 A3 1 Al R
APEEAGE. LR 2 5 RIE AR 1E
MBI ERAER RN Fie (3¢ 103K 3D color). /5, Fs
1 Fs FERIZHA 19 45 3D BREAEHIE.
1.2 2D HAEFR B S
1.2.1 JUfT4 3B A A AEFR IR
ﬁ%Ex&w453W§%F% AR gLiE
SAUUE BBGE R R 6 N1 L, 155 6 A1
EPS é&ﬁﬁ Wﬁnﬁﬁ ,%ﬂmXﬁl@

HI Py, (11455 texture, g f3% geometry, ¢=1,2,---,6).

MIRZREBCN Lx L x L B}, BN N Lx L.
6 MNHAITG, P PR/ A(6L) x L. 122K
CPCD 2.0 ¥5## P2+ redandblack 57 (45 52 1 9.

PACRSEL Eite AL
Py Py Py Py

Pgl sz Pg3 Pg4 PgS g()
U
& 2 ¥ fas= redandblack HIF &SI IRE

B R LATHE Fﬁlﬂl OO R Z Y

2R CES S AL

MEAEH, TXPEBA Tk, DIl
At o) E RSO R E I AR B, &
ANEaH P RGB —iliEM P, D iiEHEE S
HA—upskE, #on Ay . MFENKRE 3D
W,

y=kx,U", )
A w e RN W H N w WSEERIE B, C
FEn A E 4 R (A E ) L B YR 3
i, HUCIEAREE K 3), N /R PR Py(BLAREE K
2); w oNAZIRE, PRE TRk E ) EEEE,
TR R AR MR (A CHRFE RS, n R
Hon NEFER T, U RRa e s, X
Xt w 47 n =4 19 Tucker 7%, 5N 5KE w 7E
AR D) FBY. RO KR SRR

FHEFE UOR UOMITE, S8 P P RSN

VU R skt 32 S5 B A sk s (A S, HAa AR 2 A4
B3 I AL PR
S = KX, (U(S))T X, (U(4))T , (5)
S={1.1,}. (6)

T RS AP E R, IR R
B Sy, X LIRS S — i I R REE R
SRR AL, A T KR EEIRGER.

l 3 M redandblack LA A] Kk FLARZS T IEAL
Kk I S I AR, 0 R LA
JURT B Fk i o S o . @N@ﬁfﬂ
RETWERBGEE, K 3b) R KR, WA
B R EAKIKSE Original . GPCC (Geometry-based
Point Cloud Compression) octree, GPCC trisoup .
VPCC (Video-based Point Cloud Compression)FlIf=

[S5ey
)
?& 'J"‘/.

L |
1 E’/ Ik ] o

BT E tH lw ] |

Original GPCC octree GPCC trisoup VPCC GN
(OREE I ONE]
3 FEKEMFBRZR redandblack AT E
RN E R FBEBAE
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A5 (Gaussian Noise, GN)Jk EAER. GPCC HYH
PR BB T U o = IR e b e = AR 1 R 4 R L,
HH, GPCC octree 2 ELFEER Ay AL Y A% R I EL,
GPCC trisoup K HRIABENL = FfIE251H. VPCC
R ESEEE TS = R i b 1™ A i R 4 2R L
RI ML REC G AR VR. GN &I A ST
MRS 5 2R, FARFRI MR . BeAh, BT A
Kl 3 BRIEABE A ARZI T SO R
1 A
XS F A B2 Bk A DoG (Difference of
Gaussian) 5 F7EC A B P RDR OB (R B, 75
AR —AEA% 3 (Local Binary Pattern, LBP)X 4 /&
TR TR, FEAREREE S B LBP B
HEATHIAL. A B AR RR B {5 B %% LBP
TR DA S B A 38 W i, SR E Y LBP
BEAUE R T OSB3 R ) SR R SR AR
g E 1) 10 4Em ARG AR Fy (gt £
2% geometry texture).
Bl 4 Fs 7RI HAREE T Y redandblack

BRI G B08 B B E BT Ho 556 S =
X BIASCES B B Hp. EH Low . Medium
High XtRA[R RS, RIRSIM BTN RH
FREEARYIE N, B B R A AR A -180°~180° 2 [i]
SEMRIEER A0 10 ANDXJE]. X HECRAR TR J fi
WA E T RIZ RS, Faanr:
(Ho(D) = H, ()’

2 @ ) ?

A R BB LT IS s B R AL
PR B By B 5 etk s = B B RO EE e,
R IEE BUG T 4 e, 22 5008 d A8/, Ui
AR S R EAE A ARG ) — Bk,
1.2.2 JUITHFAEZR R

XS U HERZ I, $RE 4 AT 1) B4 ek 25 )
HebrifEfb(Mean Subtracted Contrast Normalization,
MSCN) Z BT AE X FR ) S5 7 43 41 (Asymme-
tric Generalized Gaussian Distribution, AGGD)FJ{
&, AESEE I U B2 E 2 EE Fan(gm
0 geometry MSCN). HHEAHEMZT K FLAIEIR

0.4
03
Original ;:02
0.1
O s 10
J71A)
GPCC octree GPCC trisoup VPCC GN
047 d=0.3781 0.4 d=0.0250  0.4f d=0.0064  0.4f d=0.1797
0.3} 0.3} 0.3} 0.3
Low o2t ¥ oo} Fool ¥ 0.2t
0.1} 0.1} 0.1} 0.1}
0 0= 8 10 O 68 10
Jr1a] Jr1al
0.47 0.4r d=0.0017 0.4r d@=0.1700
. 0.3 0.3 0.3
. o2 ¥ 0.21 ¥ 0.2
ol ot ot IIIII I
0 0 68 10 T4 6 8 10
ya] i1l
0.4 0.4¢ d=0.0003 04 d=0.1311
0.3} 0.3} 0.3}
High 0.2t Foat Xoar
0.1} i’ 0.1} 0.1} IIIII I
0
05 6 s 10 Y24 68 10 2 4 6 8 10 =54 6 8 10
Il 77 1] J7 1] 77 1)

B4 AERELELR redandblack AR P P EXEER [ I EES ES BN LB TRAZRERERIIER)
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A IX S EAR HH AR Y) RE J) — e R BB O T X6
FBE, X HSR AR 2 (Global Contrast Factor,
GCF)EHOH LU BERFIE. HFRIE BB A R 115 B
i, I R BRI T 2R R, AT AR
JUT 852 B B R AEAE A S RRRAE . DA b FE
FRE RN R AEAE A 5 2 JLART 45 5% [ B SRR AR
H Fgy 778 (gp 103 geometry perception).
1.2.3 &L HFAEFL I

XA SO B T IR S, $eEaL 4 4
JiTl i MSCN Z £ T AGGD &, A RIS
BAE N F# B SORBGY B ) 25 U IE Fo(tm fG3R
texture MSCN). BIF5E 2B i b 2 150 14 45 g
LA AL 2 AT LA Weibull 23 kLA S B9
XFHWEE i S8y A, H, y 2625, 2
BIRSE. BGRES B E A — 2 E
oA AN, LEXTHE bt B A, T
FE AT DA BGRB9S, E Ty B A 3T
4 Weibull 73, 2R &, ASCHR S
S BB LG S8y A SRR BOE U LT
FEfEE. X BECR A Prewitt B HRIUES B R, HEH
T SEL Weibull 53 RiUE. e L, W
Z 4 Weibull 43 AT 5% B2 bRy i&?\?ﬂ? H:

¢ =<g;m>=i(§) b ®)
Y\V

e g HEUREAEAE. F, ={y,A} FnEA804
B 073 6 B FHE (tg 1838 texture gradient).
5 2R FH Weibull 53 eREON AN ) R FLRRJEE
Mz redandblack R IE MR (SR 52 B
MATHIG I i th4e. Bh H. M. L 43 5150R
. L RS s . B S AT, ARRIR S
FEMAR MR —E R, HYT
N AR LE 42 Jr) GBS AT XA [R] 2k LR TR i B T
LUK S3. [RIR, A6 BEAELAE [0, 1170 PRl PSR A 22 57
PEREK, RIS = BT i DO 32 2R B AE
FEE R IR, X5 AHRXSF JR &l dn 5 19 o PEde
FIHIFE. FRIEAT L, Weibull 2343 eRECA 5 2%
OOIRBSE EIBR R et A B R AP TE.
NG 2 50 HoA 23l a8 e A R a5 1)
SetE, M curvelet 84 n i@ 3 AR 2 R
B 207 10 B 2ORSEEUE 5 UG L.
I, 3T curvelet AR HRTEARIIN AT HORUE 53+,

U (a) GPCC octree
H
_ 0.07 i .
= 006k —— ori scale=2.4324e+03, shape=0.7064
2 P h ---- H scale=1.8831e+03, shape=0.6583
= 005 0 ¢ M scale=1.5005¢+03, shape=0.6221
= [ --=-= L scale=0.6232e+04, shape=0.6118

HEZR 9% JiE ek 5 (PDF)
(=)

(b) GPCC trisoup

—— ori scale=2.4324e+03, shape=0.7064
-—-- H scale=2.2429¢+03, shape=0.6892
------- M scale=2.0239¢+03, shape=0.6547
--=-= L scale=1.6002e+03, shape=0.6138

0 .
0 0.2 0.4 0.6 0.8 1.0 1.2
FhEEAE

0.05 (¢) VPCC
= 0.04 i —— ori scale=2.4324¢+03, shape=0.7064
E i ---- H scale=1.9950e+03, shape=0.6816
= [ M scale=1.9133e+03, shape=0.6493
55]3 0.03 H --=-= L scale=1.7281e+03, shape=0.6010
! \
Ei 0.021 Y
= 0.01

0 Il
0 0.2 0.4 0.6 0.8 1.0 1.2
FhEEAE

0.0121 (d) GN
LY — ori scale=2.4324¢+03, shape=0.7064
E ---- H scale=3.7071e+03, shape=0.8778
<0080 M scale=5.6195¢+03, shape=1.0460
& --=-= L scale=1.0201e+04, shape=1.2873
= 0060
5 0.040
=

0.020

B IE(H

B 5 ARKEZEE SR redandblack #EEIR 4 I

B EREIE Weibull 2%

KPR S BSZ R L] L& 7 e, DA
nxn(n=2",m=8, HAEZBOBEIZE I(x,,x,)
YEMEIA, 1(x,,x,) B HL curvelet 84 LT :
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C(,lLp)= z I(xl’x2)¢/,l,p(xl’x2)’ ©)

X C(,L p) Fw curvelet REL . 1A p 54
KRB, FMZEHPMESE, ¢ FR curvelet
BEpRAG FRIZFORILHT; 1(x,x,) & Chy=s a4k
br. BRSO WA ESH 256 x 256
BIEIAE A, Il 5 AR R, Hir,
C(j,l,p)|/,:4 A5 R O SO R KR o A 15
=N C(j,‘l,p)|].:5 JKGAZ, SRRSO |
RO RS B TR A SRR ML
Ak, JUHOE E ARy SR URE, PRy A A
AR, RIS AR curvelet REMiE. X
B curvelet ZEELL 10 SR ATXTE(E:

4 =log,,|C(5.1,p) - (10)

AR ARG IR E, F AGGD 3k
PG As REOMG, FRWE:

f4s;a,p1,0,,0,) =

a exp _[As—ﬂJ ’
2B+ pIrA/ a) B
A4 <0,
a exp| - A —p
2B +pIrA/ ) B,
4,=>0,

B rd/a)
A= Gy

rad/oa)

b=t Gla)y
K o BRI, w BEME; o Mo il .
bRz, $2H 4 ~FRBUWER NSS (Natural Scene
Statistics) #l & B9 FH1E F, = {a, u,0,,0.} (tc L%
texture curvelet). PRI 2K FLIE B SRR A RUEEFI
J7 i E R RE TS, DRI Z0 5 AN [a] RUOBE iy )
FREREE. XA AR EE curvelet FREUR
A XHE, YENRERME AR/, X T HRER curvelet
A, S DU RUBE Y ) e 4 T LA A R, PR
VEREE IO R 64 A7 ) BT 32 N5l FELAE:
A5 1) b FREOE R 0 A R 5 1) e o

1
E, =Y |CGLD) (13)
4 X

(12)

K By RS URE EARI T curvelet 2%
AE) S,
[l 6 >4 redandblack 1R ERMR (AL &

2% curvelet 84 i 55 DU RUBE S S [R] 1] -5 1Y
Ret A L WnE 6 firs, FHECIE AR 55 =, GPCC
VPCC Fifith 2k FL43 5| AN [F] J 1) -4 1) BE i (B2
b, T R R B e oA T S e
. AT, AFKESERIA] AR s =% o g
B curvelet AR HRIA [R5 17 £ FAYRERL 9341,
AL T 1 26 RE 5 0 A R A BE AT S0 1R A ) 2k 2%t
curvelet ZAFHuIBRE &/ AR 2, AT AT AR R X
IIAF R RITER. 355l 1~16 J7 )5 Hil
17~32 J5 [a) -7 I e fet 0 FE AT oo 11 ey, 321 )
T RE R I w, A 32 AT A e
A SR E e, =0,/ 1, o, My, 53
S U R T )b R A A o AR 22 A E 1L
VI ERERFHE F, = {0, 0,,0,,7} TR,

L5 o

1.0

;EOIHWLMI]HNH ||Mun EZZOIIIIHLMIIHLIOIIH“ I
EZEOW”HL”llllﬂ””“lﬂ“ HH‘HH . ”

bl Jn &g
(a)~(e)43 FIXF I FJ5 4 25z, GPCC octree, GPCC trisoup
VPCC 4ifith Rk B LI K R s R L ==

6 AREXREZEE R redandblack Y IF {1 @R 4FE
KHEBEENRETARARNEESH
Moz O 23 5 S BT i, R ] R
PR SR B (2 5 (Colorfulness, CF)3
NN AR A E NS O A Gk G L VS AL el
WA FHEPY (Dark Channel Feature, DCF)/3Hr H%}



55 434

X, % BT =4S YRR IR O o G B N ik 91

FeRE, FHUDATPA FLRT . DA b 2o B R G 3
FRIEAE R 5 B B S5 B I R AE, X B
F F,, 7R (tp 138 texture perception).
1.3 HAERAL

DL RS =4S = PR U FFIETR EE 1 3D
A 2D IR SR AU L] 7 TE A915 B, 3D 3lEE
fik F3D = (F3g’F3l’F3c)—]:J 2D SRFIE F,, = (Fgm’ng’
F,.F,.F F, F,) 3 267 4E%HIE F . =
(Fyp, F,,). B TR (Random Forest, RF)FEFA
A7 LA 3 24T 55 Il 3 A 28 2 1 Bt 5 B AR,
PRI EPE RE FAFAIE ) M A0 o 8 =2 i =
PR JBT S T 4345 0.

2 ELWERESN

2.1 MR B B AR R AT

AL BERL CPCD 2.0%%, SITU-PCQA!"/Hn
IRPCP 3 A0 5, 2 B P A T 15 = R PNy
PAERERYPEAL. CPCD 2.0 B 10 MB% 4
= M1360 MR E S 2, G T GPCC octree, GPCC
trisoup, VPCC ) 3 Fhufid sk AR H R 1YL
s SRR e B DL SO 2R L. SITU-PCQA %k
PR 9 NBZE 3T MRE A RHM, KE
AL T U] i s | Bt | RERUEE . A\
B RS FIR A 2 E. IRPC R E IS 6 B M
54 MRES R, REEAIMUEE PCL(Point Cloud
Library), MPEG GPCC #il VPCC f9 3 Fh&mfithJc EL.

fifi ] Pearson ZeMEAHIC R EU(PLCC) . Spearman
R AH & 250 (SROCC) . Kendall %5 2% 4H 5% R 5L
(KROCC) Y J5 MR iR 2% (RMSE) K Ak 5 = R i 1T
W RE. PLCC i &0 ot i 43 550R1 32 0 ot

T EIAREE, SROCC FT KROCC Jiz e B3 —
P, RMSE F T it /3-8 Z Al 4 iR 25, >4 PLCC.,
SROCC FI KROCC #4231 3 H. RMSE #/Nf, %
ORI £ 345015 32 5T 6 3 B — ORI, A R Y
RPN R BT, SERCR A K-Fold 58 XK
IE, WG NEURENSE S0 E K H, B
CPCD 2.0, SITU-PCQA #il IRPC $§#} )% K {E/3 %
10,9 Fir6, AMRIFIZRERMERAEL. K
FH 8:2 LRl U R A RN, T S Hh -2
TEMHEPRZS R F 208 5 2 B e ki Re.
22 RBHERBELSM

2 4 TARSUTIETF CPCD 2.0 3 1Y
THALSCIG PSSR, TR, IR R, £
FRRRAE A TEM AR B T B R AETE M, 156 PH
3D 5 2D ML S . JUT S ESPRRHE Y2,
AT AEE 04 T HOE Ok B S EA TR . ERRAE
JEYEJSTE, XFEE 3D HFAES 2D FRAEFERR AT DAL
Fop BT Fip, DLA—86 2D F5AFE B REMS &0
MR W A5 25 BALSE R )L AbBRJS Y 3D ik
Pt 2D FMGEE e, Wl BEWRETE 3D S
R RRAE s B0 AT/, 1T 2D MGG oA
FEMEEGE. IR FEIE 3D FHEhEER
JE, MELUHHE R U8 Z A0y FZEAy, T2 kR
TR BT A BE. IASSOR: 3D $idVE Rl B
SREFIE. FERRFERNETTTE, 7€ 3D, 2D FRIERAK
ERSINAEA R R DR A A A R gL
FRAEVERED] R w, BN F,, + F, + F, + F, F#+E
BT F,, + F, B4, X 8545 TR aLm
FEAE AT LR AE B 22 g v 4 1 A A R ol
TE 5 25 AR R T | B (v s SO K 24 4 ]

R2 CPCD20HEET, AXFTEBFHERFFHEASGRERENIK

FRIFEBUE et FHIE PLCC SROCC KROCC RMSE
3D JUAif Fs, 0.574 7 0.406 8 0.422 4 0.801 6
Ao L3 F3+F3, 0.770 9 0.6309 0.516 9 0.680 4

3D Bk Fsp 0.8142 0.720 4 0.708 0 0.4372

2D JU] FontFyp 0.680 3 0.639 2 0.527 8 0.829 1
VAursetl FiutF+F +F, 0.863 8 0.800 0 0.677 3 0.5165

BE Fyu 0.820 5 0.783 0 0.652 1 0.558 6

2D ik Fop 0.878 1 0.8279 0.708 1 0.500 0

A SCEATL (D FRIE+2D FHIE) Fepe 0.896 2 0.830 3 0.737 0 0.462 0

T R FOR RO ARER, TR
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U, SR AE H LA R AE BT LR 25 5 H Al
i 28] 33K L[] .

Nt — A B UE AR SO i BT RE, KA SO Ik
5 HAh )y PAE CPCD 2.0, SITU-PCQA . IRPC %5
FEH TR, AR ZE S LR 3. CPCD 2.0 %
8 TR PRI 14 12 2 e A0 o 0T Mt s 0B 1 7 2
B, 208 T LS R SO A L — El U R
BLRYREI, P37 05 Sl = 1 J LA R 8 a0
DK B RS 2R B, SITU-PCQA Bd A0 5\
SO FRAR . B R DL B 5 U, X ek B
REAC I ML E — 2R 52 RN B, FF R 5 ik P
JEHIFAE A A TR ELAGIR S, 1 IRPC K H
W RS UM i o B, A 7R JL 2k B A
AT LA 2k BAE R, RIS b B T AR SO R
FIE . # P, Hausdorff. MSE. Mean 1 RMS
ST A s B e, R O, Al L An] i
PR AR AR, 4045 Po2point'™ | Po2plane”
AS | PC-MSDMHI PointSSIM-GP 1 71,  Ji [5] &
BAEZESNEEGEE, SECEMEmEnE
B, 5 PointSSIM-G ML, PointSSIM-CPHEAIPEHy
A, TR ASHE R DRMEE LT NS

J R A LA L, DT R R (SO R 1 T
T e RAH U R AR T PR A R 4%
051k, VIFPUPIH HE T MS-SSIM!U IR 1 47,
[FIFEIAREL R (8O (S B EE 2. 4 CPCD 2.0
F1 IRPC %4 %2 1, GraphSIMU R i 7R H A4 iy
PERE, T ERESE I, TEERASGER
(4, ARSI IS 2% T i ik, BEA
AR RSB E B %, RS T A =45
e i PN A kA L L RN = N = o S S A L DD VA
YL

3 &g

AR T AT =4 S TS R A
RIS HEFRWN I 18 3D WP, Pazs
AL g PEA B R Pkt iR i = R EL 7€ 2D
RIS R U R B (SR B
FERE R ETT I, KL B AR GOOE B S
FoaPHBrkaE, FR KR AR BUB S RIE; 2L
R ELT5 10, $RICS LSRRI AL AR
ORI ELTT T, S (AR O SGAFAE, (R AE
BT curvelet 284, DIBHIAIRZ RE . 207 )

x3 AREEE 3 MEIEEDRIEREXS L

CPCD 2.0 £l 2

SITU-PCQA $i¥i ¢ IRPC ¥/

KA Ak
PLCC SROCC KROCC RMSE

PLCC SROCC KROCC RMSE PLCC SROCC KROCC RMSE

4:%7% Po2point Hausdorff 03482 03145
Po2point MSE™!

Po2plane Hausdorff™ 0.4061 03786
Po2plane MSE"!

0.2179 1.0995
0.6784 0.5491 0.4142 0.8617
0.2663 1.0718
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PointSSIM-C?!
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No-reference quality assessment method of color point cloud based on the
combination of 3D and 2D information

LIU Jiayu', JIANG Zhidi*, YU Mei'
( 1.Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China;
2.College of Science and Technology Ningbo University, Ningbo 315300, China )

Abstract: As a carrier of 3D visual information, point clouds inevitably exhibit distortions that are introduced
during their acquisition, transmission, and reconstruction, leading to a reduction in their visual quality. Therefore,
it is necessary to effectively measure the quality of distorted point clouds. This paper proposes a no-reference
quality assessment method of color point cloud based on the combination of 3D and 2D information, with which
the geometric information and color texture information of point clouds in 3D and 2D spaces are extracted,
respectively. To account for the combined distortion of geometry and color texture in point clouds, a tensor
decomposition-based approach is applied to jointly analyze and extract features from the combination of these
two projection maps. Considering the multi-directional and multi-scale perceptual characteristics of the human
eye, a curvelet transform is used to extract features from the color texture projection map. Finally, a random
forest pooling method is employed to predict the quality of color point clouds. Experimental results on three
databases demonstrate that the proposed method outperforms some of the existing point cloud quality assessment
methods, in that it shows better correlation between the predicted results and subjective quality assessment.

Key words: color point cloud; quality assessment; combination of 3D and 2D; perceptual feature
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