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Point Cloud Bayesian Reconstruction Based on Particle Filtering
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(Department of Electrical Automation, Shanghai Maritime University, Shanghai 201306)

Abstract: To solve the problem of feature distortion induced by excessive smoothing or sharpening during the
reconstruction of 3D point cloud, a feature-preserving probabilistic reconstruction method is proposed. First,
low-rank estimation of local curvature of point cloud is realized by space-based principal component analysis in
order to better locate sharp features, and the normal field of point cloud is adaptively optimized based on curva-
ture which guarantees accurate normal constraints during sharp feature recovery. Then, the probability reconstruc-
tion model of point cloud is established according to Bayesian statistic inference. And the posterior probability
distribution of each point position is simulated by sequential Monte Carlo method within particle filtering frame-
work. In order to improve the convergence, the resampling range is adjusted according to the local noise. Finally,
the Bayesian reconstruction of point cloud is achieved using resampling with normal and spherical constraints for
different regions which takes the advantage of multiple hypothesis testing, and the problems of feature degradation
and irregular edges are solved. Compared with several state-of-the-art methods, the experimental results show that
the proposed algorithm has improved subjective visual effects, reconstruction accuracy, and efficiency, and the re-
construction error is reduced by 46.84% while the running time is decreased by 33.34% on average. The proposed

method can effectively restore original features while suppressing noise, which improve the quality of point cloud.
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85.85%; 5 EAR S E I, A CHEHIET R
FESEE, A A S 2 DX 3l 8 S P B A, (A A
WRE /D 41.83%, BACFHHEE 69.21%; 5
PointProNet 25 PO [, A SCEETOT KB kR
YNGR, 51 AR ) [ 38 Al T LA n o ff b
ARBUE 0 LT 8, Pl A 5 R BE T LA Rk A5
TR R E R, EARZE D 22.83%, AR

g. PointProNet

[20]

®1 AE2NMEEET7HEERERSIREI

TR N a N7 W% B/
RIMLS™ 0.0778 5
cLop!™! 0.0973 85
L, R 0.0625 35
Block 20k 0.4 LR' 0.0791 98
EAR! 0.0706 45
PointProNet®™  0.0554 42
AR 0.0346 13
RIMLS™ 0.0137 6
cLop!™! 0.0199 132
L, R 0.0113 40
Fandisk 27k 0.8 RIS 0.0154 113
EAR!™ 0.0101 52
PointProNet!*"! 0.0074 61
A3 0.0068 17

. MR IR .

YL E 70.59%.

5.3 jHESS#EMLWw
R L BRARSCE L R FEA LIRS, X Cube
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ﬁﬂLﬁEMﬁ@i%,%ﬁﬁ%iﬁﬁﬁm%

U, Z5RE 9 s, nTLLEH, Kl 9b H,
2%%m%w$% o RBURFAE AL 1935 [ G A AR
ﬁ%@ﬁﬁﬁﬁﬁ&ﬁﬂ%%,ﬁﬁ%%ﬂ%%
TG 45 2 A R IR AR 52 5[] s S 38 DX 38 1) 3%
MAAFTEA—E, SEEME RS o AN gL K
9c Hr, HY TR i 3 B A RO A T 2 BR AR Sy
R, PRI G v T AR R ) 9 A O TN R

Ho B R MR BRI, 3 UL SRR IR K AT AE
BB 9d R, AR A 1) HERAE SR P 2 XA
SRS, MARBUAZRAE Dl T A 3 — 1k 1 24
W, HIE B TN, P 9e Hh, TRk AL
B A — B i e, 24 2 IR A BR AR E R A
AR IS AL R R, HIGE IR =/
JEI; T Of Fh, FERTA AL IRAYIL R T M A 3
EE R TR Bk SR IRG S /&8

a S SR

i‘.“..

b TEEmMAL o RRHERETT

d TIRAERME e TIERERM L EBHEE

Bl 9 FEHNME Cube FERI(N = 6k, o = 0.4) | A< SCE5vE 1 Rl 52 6 445 I

% 2 Fias K 9b~[E of %A TR Y AL iR 2
XFEe. ATLAE Y, A SCRE & D TR R A 45 R
AR, Hoh, 1R B SRR BRI AR
ﬂi*#%%ﬁ,l%%mmﬁﬁﬂm%ﬁ%%

SRR FREAE TS ik Ak, X
REE SRR 25 1 X e b 2 [0 S A
SUITE M AR —B, R 2 P AT E R A X i 2 285
RIEARSH KKK, HAERBRHELL, 3T 248
B 1) 29 oA BR R RO T 8 — 3k 1) 24 R v
I H R A

T2 ANEZEZRLBEWIRESTL
55 2 9
- - - )
FRAE pEm T EkikE RE srm
it otk FRE SRRt

V v v 1.3453 & 9b

J y y 1.1974 & 9¢
x/ J y 0.9517 & 9d
J J \ 0.8051 & 9e
V y y y 0.6527  of

. MR R (.

BT B AEA SCR R A, X Bunny =
RRHL A3 Bt N R 4 0.2, 0.4 F10.6 MR, 25540
3 FR. FTLUE H, A SO AT LUA S50 40 i
FME RS, BA—ERSEE. 1oh, WK 6~&
8 L m LI i, FFX A AR[R M A 25 2K i
RN, AR SO AL RE AR B FRAR 1 F A 45 2R
5.4 S¥ S

TE Bunny AR L G SRS AE A R AT
BEAR 6 T R R AR E B 0 AL 3 17 S5 5,
ZERNEL 4 P, ATLAE M (1) 0 mEGEN 1
it A SRR B, SR THZ AR (A5 50 1) R
SINRHIE R, RIS . (2) BEE r iy
WD, R BRI A R AR, T A0 R R B
TRER, ez, SR, 4075 Feik gt 22k

A SR F BE LA ASRL - AL 25 o507 8 ) Ak %6
Sy A TE R B B MR, DA B B 5 R AR R
SRR . T o BoRL B0 R E SR AR R X A
SCRAEERE R SZ ), O [R) H kL 0 ) R A
SCAMESE SIR (1 A B LRI E 7 o Y Fandisk 15
RUHEATSEIy, B AT A R 1R 2 R A0 L 5 2R A



o2 e, S R ORI TR DL S 2097

%z 3 Bunny(N=348k)IRE F AN EEAERE a THEMRER

AR EL =02

a=04

0
5

=4 BFESH S L AT EE RN
JE b 5 (6.6)

(0.05, 6.2)

(0.12, 4.3)

(0.075, 6.2)

(0.12,6.2)

K10 fis. TR (1) IrkET, RS
HneT DA e AR B, (R AR T 50 SR
WG 2 2 w5 R FEAR /DN, T 559528 47 ) TR 4R 4R B bz
TR RE 3. (2) HREH, RAES SIR
(10 50k POV A S RS A ) R R R, g kAR
o5 3 LA R T AR AR R R, A S A
T AR SCAR 3 1 0 7 b 3] 2 SR R AT B in s ey 1) B
EiE T, fEMFRFERIEO T, WG k5t
SIR B EPIFHRE 65.39%, HHyiR2E -2
6.98%.

50 160
45| 120

%m- wg

S 350 40 =
s0l i mm BT 0

10 20 50 100 150
RFHL
== [AI(ARC); == IE](SIRPY); - {RE(ARI); —~ IRZE(SIRPY)
B 10 wFHE S E SRR 2 B
Ak MERERY R

6 4 &

AR SR G — B AT R AR DR AR A 1 B T A
. BT BAT R B A A AT 9 5E i AT
Sl 2% o S M TS RN, B RRAE AL i 1) A
A A AR IR R LRE s SRR i s A AR
DU AE R 7 s 0 A R B e R AR TR, O
BEIE T 3 N FE R AL I A A0 T 1 e B A
BRI, S B 2R R R E A
FYG LSRRI, AT REAG AL I ] WG 1 [ i
SLRBURSE, AR RS SR, TS
8 = A I B 3t — T LA S ) T B

Ak, ATLAEIETIA AL E R VT P RE, 56
M EERAL; HE—0, WIS sh i = BkL
TR TR, SIS A A s S E A
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