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Abstract: Point cloud data collected by lidar, structured light sensors, and stereo cameras have attracted widespread atten-
tion with the maturity and popularization of 3D data acquisition equipment. On this basis, many algorithms of point cloud

registration, classification, segmentation, and tracking have been developed. Algorithms promote research progress in the
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field of point cloud. Point cloud registration is an important research direction in point cloud data processing. It aims to
find a rigid transformation motion parameter. Thus, the motion parameter can be aligned with the reference point cloud
after acting on the source point cloud. Most of the traditional point cloud registration methods are sensitive to initial poses
and outliers. In comparison, computational intelligence methods can effectively solve point cloud registration problems.
They can also be applied to handle the partially-overlapping problem. In these cases, computational intelligence methods
show strong robustness and generalization. These methods do not depend on the characteristics of the problem itself nor
require the establishment of an accurate model. However, they only require an approximate solution to replace the true
value solution, thereby greatly simplifying the calculation amount. The applications of computational intelligence methods
in point cloud registration have three main categories: deep learning, evolutionary computing, and fuzzy logic. The deep
learning methods in point cloud registration can be divided into two types according to whether a corresponding relationship
exists: the corresponding point cloud registration method and the noncorresponding point cloud registration method. The
research on the former is based on the traditional iterative closest point framework ; that is, the network framework is
divided into four parts: feature extraction, feature matching, outlier elimination, and motion parameter estimation. In com-
parison, the noncorresponding point cloud registration is performed by searching for two parts. The difference in the global
features of the point cloud estimates the motion parameters. Noncorresponding point cloud registration finds the difference
between the global features of the two point clouds. It also solves the motion parameters according to the difference and
includes two important steps: 1) extracting the global features sensitive to the pose of the point cloud and 2) using the dif-
ferences in global features to solve for motion parameters. The main point cloud registration is the point cloud registration
method based on the correspondence relationship. The global feature descriptor is used by proposing global registration to
describe the point cloud registration. The feature descriptors are used to include the neighbors of the feature points.
Domain information can effectively overcome the problem that the traditional iterative closest point method is sensitive to
the initial pose and easily falls into the local minimum. The correspondence-based point cloud registration method com-
prises four modules: feature extraction, feature matching, outlier removal, and motion parameter estimation. Feature
extraction is the primary task in point cloud registration. The quality of the extracted features directly affects global perfor-
mance. In the point cloud registration based on correspondence, the global features of all points in the two point cloud sets
are first extracted to generate a map. After the transformation matrix is solved, feature extraction mainly includes voxel-
based feature extraction and feature exiraction based on raw data. Feature matching can find the corresponding points in the
overlapping area, thereby evaluating the transformation matrix. Compared with the traditional point cloud, deep learning-
based point cloud registration uses the network to generate the corresponding points. Outliers greatly impact the point cloud
registration performance. The weights of the points can be solved through the neural network , and the corresponding points
with large weights can be selected through the maximum pool for registration. The outliers can also be removed. Motion
parameter estimation is the last task in point cloud registration. It solves the rotation matrix and translation vector by mainly
using regression and singular value decomposition. Evolutionary computing methods in point cloud registration mainly
include two categories: evolutionary algorithms and swarm intelligence. The genetic algorithm and differential evolution
algorithm are mainly used in the evolutionary algorithm and point cloud registration. The genetic algorithm constructs the
population, evaluates the individual, and performs crossover mutation according to the fitness to evolve the population until
the population meets the termination condition and obtains the optimal solution. The differential evolution algorithm is a
heuristic global search algorithm. It encodes the parameters in the point cloud registration. Then, it initializes the popula-
tion, performs mutation crossover and selection according to different strategies, and finally finds the optimal transforma-
tion parameters according to the iterative search. For point cloud registration, the point cloud registration method based on
swarm intelligence is also mainly divided into two types: particle swarm optimization algorithm and ant colony optimization
algorithm. The particle swarm algorithm in point cloud registration first designs an appropriate objective function as a fit-
ness function. Then, it encodes the parameters to generate an initialization particle swarm and updates the individual best
position and the global best position according to fitness. It iterates until the termination condition is met. The evolutionary
algorithm has robustness, parallelism, and self-adaptation. These features are in good agreement with the characteristics of

point cloud registration. The fuzzy logic method in point cloud registration is mainly used in two ways: 1) reducing the
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number of point clouds and 2) point cloud registration based on fuzzy clustering. When the point cloud is reduced, the

quality of the point cloud can be improved by dividing the point cloud input space into several fuzzy sets and defining fuzzy

rules and membership functions of fuzzy variables. The fuzzy clustering method has three main steps: converting the point

cloud input into a fuzzy matrix, establishing a fuzzy similarity matrix, and relying on the fuzzy matrix for classification.

This method can evaluate point cloud registration quality without ground truth. The present article discusses in detail the

above point cloud registration methods and the advantages and disadvantages of each method to summarize the related

research on point cloud registration comprehensively and clearly.

Key words: point cloud registration; computational intelligence; deep learning; evolutionary computation; fuzzy logic

0 35

][l

YRR R AR R B AT S — s =, AT DL
A REAL HOCER BFBRER, I HEfA 2R
A5 3 AR EE R AR R MR =4 s M2l
B Rk S5 o Bl = 4E A A 1Y BRI B, ok
B0 s B RIS R BT, s B v
Ho B AL B — ST 0] . AR SCEE S
WIVEAZ A IZ Bl T (9 s = BOE R, 25 0 AR - 45
EMAD Rz, BTEHR B — AW AR 0z 3 28 LS
BR BN HSHE fm, Lo S ol REAE R Ry g
N R SR RSSO0, I BRI A
PAEBFTRCRIETHE T, B —E B R AL
(R HERAPE

M 2z BE ME [R) 8B 9 17 5B A, Besl Fil Mckay
(1992) 2 i BA IF A M 1 AR T 1512 Citerative
closet point, ICP) , i 1o £ 8 - FR X 1 8 56 R A58
BENSEP LR PRSI IME L (B 2 —
B PRI 2 LU B A SR iR e A A o BEJS L 17
ALY J s BCHE T VR S H R AR R4 491 1 E 25
434 A8 4 (normal distributions transform, NDT) 5. 72
F14PCS (4-points congruent sets ) 515, {H 2 K2 5%
58 i, 5 B HE SR 2 2 B N SR i e I e 0] e AL
U

RS — o3 S 2 iy )R, B REAL GE i)
1CP BRL TR — TR 5 R E A AR 55, HARM & =
G, IS M Y2 R R = R BE v
BT # fF T3 RESR Ak BEIX — FLAT PR 4T
%o METHRGERTH R I, TR R A N 2 2,
[ 25 ) 19 I, AT DA S A 5 e R AN [ 52 2 3 55
TR S BCHER L, O AR e B A
PEo TR R S TR T AT RO 2 >

EL AN C LI H T A s BT

B A BB A 1) A R, TR R 2 2] 32 B il DG . Ak
FHAZ (Maturan 1 Scherer, 2015) F1EE T 240 E 09 5
12: (Su, 2015) S TR JEE 7 2 i ] T i m B HERY 5
9K, I HEBUE T RAFIIRCR . Qi%e A(2017a,b) 42
PointNet Fll PointNet++, T X LA B2 1 7 20B0 8 B 2
AT R, BEERE Z8dR A # TR R
SRR R TR R AL U R K H R RR
(i) R, 3 ELASE XS B R R DRAIE T A 2 1Y) e — 2k
it TR i = BE AT B TC R R R, B S L TR
FET R TR, AR I TV 2 BA Bk
BRPEN T o ASOR BT IR E S 2T 1 i = L HERT
SERREA TOX I FR 5328 2 T I 5C FR a2 B HE AT
FETREN OC ZR ) = BT TT

TE TG X N K &R 2 BEE ', PointNetLK I
PCRNet A f5e 28 HiL 1) 1 F 9 2%, o FH PointNet $2 5
O FHESE , 30 ) G s T
i S ZH, 15 7 05 o 5 B sl 4 75 =, o
M FHEE IS 2T 2 D s tis o 2
B HENTERZR 7 EE S s RCEPAEES S
S BCHEST R R B ST R IR . XF I, Xu 55 A (2021)
& T OMNet, OMNet J& — > T 42 Ja) F5AIE f) 7 73
SN BCHEEAC NG, 7] LA B 43 8 S i Bl
P 1) 0T R A 0 A B MR R . WA, Xu BF A
(2022) #2 T FINet, FINet 32 B2 fift e T 76 45 F 42
I 2008 T 22 A Z 8] R R &R R BURRERR
SBUHE — 0 23 B0t DG IR B ARF AR X — ) &, I 4 3 Loy
SCASH XTI RV A% s B S U AT AR B

TEAT R OC FR A 2 EL i, 4R 30068 7 G A A2 X
FRUFRBCHERSCR 1 B . S2 ARG AR > Y i T i
TR &, KBRS T X 56 2 R FE s = By
AR TR Y, R AT DURE 5 g AR 43 kR
TEPRE FFIE DT IC | B HE(E 2B Fiz sh 280k 1 44

2765



2766

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 28,No. 9, Sep. 2023

B, TERRMESR I | 2207 1 3 3] PointNet (13
& 4 PointNet ZE 44 i FH 3 A 7Y 9 25 rp LR IR
fiE o SRIBCRAIE 5 5 Z A TR AE DR RC LA 2 5 i 2
(RS DIV St B RS54 A Y PN & S (A = 27
ST BRI I OC R BRI , Lu 55 A (2019)
PL & Wang FI Solomon (2019) il 1 % ¥ {5 B #E17 fin
AL, THE XN S A7 E s Huang 556 N (2021 ) 38 15 XX
T A T — A I 2% SR 2 SO B Pl &5 & T
SCHYAR R, A AR Y IR R DR IC , fif ke TAREE & 5t
NRECHER R . AR SEPRI T T R B R A
ANTLE AR, Pais %5 A (2020) K B REE L BR 518N —
3 A1 ; Bai %8 A (2021) $2 H Y PointDSC %5 [H] —
HMEGIA R B ECHE, JH UL H B R 2 B O o
R RBCHER B G — D R B T B R X C R ATz
SSHL, H 0 5 15 2 NE R A 58 53 f# (singular
value decomposition,SVD) .

SR 2= 2 R TA], 6T (Yang Fil He, 2015)
SR HARIA K 38 A0 A ) A R A S AR
YAt Ry i B M e ) R — R A 2 A vk B
IR T — TR RA e
(Igbal 55 , 2020) . I 47 ¥ (Chen, 2019) Fil f& *H: 14
(Back &5, 1997) FUARE . B RETEALIS A ZHZUE LA
TEPEAN A 2 2T 1, HSEE AR T ) A B, B
IR B 1 30 P 5 i T R AR T B 0 B A 2 AR A
AL A AR B 4 5 20K [R] I BEA T g 23
AR ARG G MBI T B BB AA R
WA, X B AG A5 PR B RERETE AN F] 2%
PF N RB BRI . ST IR S 2 = A
R EIE, SEG RN, BT R A
DU A 1D AEAL PR TRD IR, AN 20 SR fie )t
7 8 CHEAT T K 4 5 (De Jong, 2016) , H w6
5 SR [00) BT 8 Sy i 7 5 o, 308 3 ) A AR 17 3
V7 AR AL B 2% ARE R AR DL, T AN 95 2 1 E b bR
3 E M5 B LA S HARR R AR OCAE B o FITLL L BRIE A
S I R 20 TR, A 250 MR S A% G A A B0 0k M LA i ke
TR M AN i R AU AT 19 52 2R A AR TR) B (Fogel
1997) . 2) BEALSE 00 BA —E /9 H 15 N K g
1, BEE AR i R AL, RERE AR AR O TL 25 2R A
T VA R SR R LA 4 R B AR AR BT &
AIRE ST, IR PR FFRIRE Z HEE (Yang Fll He ,2015) , fiE
A Gk 5 B AR R B A SR8 i IR, 3) 1%
GEARAL S DL — A0 0 (R A R B i, ik

A 2 AR RE A 5 2K ) I X i 2 i) ) 224 IX el itk
TRE IR EMAZ WA G R . XFIr
RIS L AR S LU R i 3 1 SR Tz B IX
o ) PFIE P Z S AERAEE R BEDLAY 4
A8 X AR FHIESEE T (Eiben 11 Schoenauer, 2002) o
TS e 8 AL PR 251 A BOAS 1 P ) R EL AT —
EPLS, A et

REE 27 ] 5 TR B 7R3 e
(AR $e S50, T ASOR 2 B8 mT LR F T4 B TAE . Rl
BRI &, = 4B Al A rp S A R S 11 45
ZOBAR | X TE 22 I W A BN Ry — S ) S B
R, S5 G X — L VF B9 B0 TR sE i 5
RN T . BRI TR AT S R R
et s DA U g o AR () S T S T RORY) 2
(PR T vk AT DATE S 415 0 K 4 T T AR ROR
I H AT DU P 3RA3 G F R S ERCER X A
EA . BRI Z AN, =4 S m iR — A T
e TE AN T A B A 0T X Jc o o A T DA
1M DAL I AN BE A Sh X AN H i, k45
IR S S BT AR PR Ak 7
12 W WS BB AURS A %) B v 9 HLELA T
Bk

ARG R R S e Y I F M S W E
SR 1A LA, AN T[] 0 ) i, 1 A I
A DAAR U b fiff A0 U A7 248 2% AFAE IS AR DL
S A R PR R AT, DT A b -8 1 ) A8
e

FE o BLHETT 10 (253 v, EAT BB 20 AH S5
TAE. AL EEBU TSRS s ik
(Yanggjf ,2013;Ma%§,2013; Ma%§,2014a; Koide 55,
2021) . ZEHEGORN (5 FKHE (2022) %5 4 = B i 5 150
AR 2 O R 2 2 R T A S R T
gl Ze RSN (2022) Fll Zhang %6 A (2020) 545
TR BE A > W A 2 T v Sy T AR e . Al
A —BEZE R (Zhang 25, 2020) P Sl A 3068 0T 1 5
(VL (Ma %5 ,201352014b) X 56 F AL |25 B
RURBR AR sRECRE S S8 T H 0 F B R 4 A
RO EI T DL ERRST B oR 9 Rt i
FIBOHI S0 0 s R B HE 7 3 b 2 ifiE . T 4
1 22 G A 28 = 4k 5w T E T AT R R 1k, AR
SCNEEFURBE 4 2] T E b 115 Rn 5 T 108 % 4
34N T8 0 ) R T X6F a5 2 TC o 92 B i [ sk



K, e, mAtk, Bek, BEE, WIS, Q%R, 3%, @R

$28% /98 /2023 £9 A

R A RRAPNITTEE T EER

G i BT R AT R BN 4, B A LU 2
T 14 75 2R S T 5 1) b AR GRS

A SCFEEGTIRUNT = 1) X 5 22 B HE 7 ) AH O HIF
FITAFSAT A RS . XTI~ TR
ISR 12 5 1) 5 25 O HE D7 120X 3 /D7 T 45 Y e LA
CEOATE T AR WG o 2) XF AR R4 A X
HEMARAS BT L T A . 3R T
TRIE 2] (0 5 23 BCHE DT I AR A ORI 56 38 90 G
XoF IV 5 28 Az P A 5 9 AR T8 0 5 2R 9 o 2= P 7
Tk VLS I A0 SE B A A OCHT 5T . 4) IR T 3k
ML TR RETA A A B 2R RS e T A
mBCHEFF RN . S)WFFE T RO B A 5 = B i
I

1 EERREERZE

T RBUH A RE T R B T A
SERENVER) B0, AT XL G 55 B e 7 A A
W g S s BeHER A 3R Ik, 430k
ICP(Besl # McKay, 1992) \NDT(Magnusson%,2007) .
4PCS(Aiger 55 ,2008) , i J5 1F 2 Bo fE 5 3 2L T iX
3 U SR AR TR
1.1 ICPE:%

1CP B335 B 2 AC B I s 5805, H Besl Al Mckay
(1992)#1 , & M A FCHE P 2052 i 1 8
RIS = XN E R ARG R s S E Dl
5N 7wt B S A, S AR RPN IR IR
0 A BT 4% 7 o5 8 =2 25 /N i BB, 26 1k 2k
IR/ S

1CP 3X P 7775 25 5 B N Jmy i e A fife 3 0 i 22
— ARG LS 6 R, B RN
FEVTS B ] AR R, R e A 95 VR A BR 1 8 50
5 LA S AR v N A TR

JEELVF 25T ICP IR SY 2R IE B R Bk
1k (Chen 1 Medioni, 1992 ; Segal 45 ,2009) 1454
B BIUE (Gold 45, 1998) FIl 4 /& 45 1 15 17 4% %
(Simon %5, 1995 ; Pavlov % ,2018) 3 J5 i JB 1Y .

1.2 NDTE%

NDT B e s = e i ) — & A 2 iy
Magnusson 58 A (2007) & i o 4@ Wi P =
ph, Q= gt FIKEE L HEK Sz QR T4~
Ix Ix LERER 20 5 h B AR R A (8 e A3

T5 25 3 (R R N GO B 5 AR A IR R
N BB /N T 3, U B 5 28 B AL S A SR
A TE 259345 FIE 23 43 A R AN 3R — AR Y
Jay # AE 2% 4 i pR %X (local probability d-ensity func-
tions, PDFs ) , TG MAZ Y PDFs 193 2 {0 22
T — U ENAT AT Z A UGE A A fE
FIR) 728 80 R S A A5 U A, 2 2% s 280 WP 72 46 I 7
X N7 B AR 4 5 B RSP AR R (LR R KU K Y
AR o AR E e SR G 9 ) A —
JERES AVt S UK = 6

NDT 552 BAR RE AR AT BT Y P HERCR |, (H 24T
ity SR BRI L2, 15 WK 25 5 W Bz R i e pE
. JE2EET NDT B9 AH & 58 (Das Fll Waslander,
2012,2014; Lu 45 ,2015; Zaganidis 55, 2017) 3 2
2 LA B 7 R IR S HERf P RS A TR B
1.3 4PCSE%

4PCS FE I — TP Ak T BEHLRAF — B (random
sample consensus , RANSAC ) 5572 B A5 11 A4 ML Bc v
B, 1 Aiger 55 A (2008) 4241 . SAE R & P = ipf,
Q = {q P BIHS, 5 Bl m o Prhde B L m iy
WREB = {a, b, c, d , KM FLBAHZ T e, it
AR B LA 5y, H 53 R P AR 2R B i KB
d, i d, SRIGTER = Q WA B T 4 b S A N
B U = {ul, Horb AT AR w5 20 R P A%
LR BT e 3 R LRI04 vy, KBRS (i 1]
B L & 12 o P S R IR 22V D), H AR B
JEW 3505 d, dy KBRS (18 FH 9 1 {1 & 42 i T
R R ) o B 38 A T A w X Y B
B HIE RS T, B 5 = Py IR 454> T AT 78 4
SPGETHHARR S M A RS R s QRN T
Vo (L & 1 B3 i, 50 i O JIT R 7§14 748 48 4 B T, B oy
AR,

APCS T3 R HE B 1, DRI R S A L
R BB . R 26T APCS B 1Y AH DG B 5
(Mellado % , 2014; Huang 4§ , 2017 ; Mohamad %% ,
2014; Fotsing 4 , 2020) £ 22§ JHZF A 1 12 17
L&

1.4 NG5

TEAL S8 5 B HER L T, ICP 30k BORORS BE 3%
o ER — R O T T A R IR L 2 TF
HE B HCRBAG NDT Bk 2 1 8oR B (1
Je T BN I WIR O 25 s APCS R AN 24

2767



2768

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 28,No. 9, Sep. 2023

UL VA NPT RES )R Py gy & St 5l AN (1=l
G i s B HER Ik R ZAF R TROR IR &
PRI RGREA R 7 AR O 285 A TS 2B ]
FETE TR BB T 5 2w R DR s 5 21 1 s i
B, TR RERY DT 15 AR HU AR e R BE Tk T HA R
o

2 R ERHREFIFIE

T AL S8 a5 5 BLETT 1532 53 W (R AR i

_ PCRNet
PPF-FoldingNet (SarodeZs, 2019)

PointNet++
(Qi%%, 2017) (Deng#, 2018)

FoldingNet DCP(Wang
(YangZ§, 2018) | 2z 2019)

ol

VoxNet
(MaturanaZs,
2015)

CGF
(KhouryZ%, 2017)

. o |

PointNetLK 3D-RegNet

SEAE R BOR B Z I F SR T B R O s T
TR AN GTE R RET 5T IR E S~
T s 2 BEE A B R AR A ORI 2%, AT LU 2%
T B R B BT T 100 S FE TR LAY 5 2 BTy
VL RN TENS L 25 C HE D7 12 , i B R 22 F 5 AR 5
T ICP AL GEHELRHEAT 1Y, RIKE 0 28 HE 4253 S e fIE 2
B R DU | B AR SR Az 2 28U X 4 4
O3 5 R E i 1 R A 2 AR R B 22 S A
THE S S8 HETHRIE Y~ 8 = BT I 1 K
1R

FMR

(HuangZs, 2020) PREDATOR
. IDAM (HuangZ%, 2021)
(PaisZ, Li%,  PointDSC FINet

2020) 2020) (Bai%F, 2021)| (Xu%F, 2021)

I I

(AokiZg,
2019)

2018 |, 2009
PointNet PPFNet DeepVCP
(Qi%E, 2017) V(Deng%F, 2018)(Lu, 2019)
N 3DMatch
R AT oo 2017)

o R R AR L S BT i

2015 2017

1

Fig. 1  Point cloud registration ba

2.1 XA RBEETZE

TEXF I 6 R FLHE 7 2R i R A S B 2R
FRIER) 225 B XA 2 5 AR 8is s 24 1
A P CEE AL IR D AR B X AT = 1 B R U Y
S JRVRRAE 5 2) R A 5 5 42 Ry RRAE 1Y 22 S TR

Aoki ZF A (2019) 5% Baker £l Matthews (2004 )
H G R A 1 (Lucas-Kanade, LK) (8 & L 20 T
PointNetLK , {fi Ff| PointNet (Qi %5, 2017a) £ B A~ 45
= A JRRHE O (P) H & (Q), SR 8 FH 36 1) 45 )l 5
RIS B R TN LA (6. )6, — 1|1 it
KeRg, H, 6 HiZM sk R HE 3128, 6,
SESLPRZ SN SEL 1L — A A BB B LR S
briz sh 285 s sh S H0NR 22 . TEIZM %,
HERT O M LR T — IR AR TR R R R T,
I i 5 R R R o Sarode A AN (2019) 2
PCRNet, & 4 BURFIE (9 5 2055 PointNetLK 2E 21, [7]
B8 PointNet $2 BUA R R AE , SR IS H AN d =
(ARAE 4 1 2 048 4R G JURHIE , A1 T S 42
7 2 i R B A T 1932 Bl S, 3 — P B Bk

AlignNet-3D
(Grop%, 2019)

o o o>
2020 2021 l 2022

RelativeNet DQR " MS-SVConv
(Deng%, 2019) (Choy=¢,| 2020) ({orache’s,
RPMNet
(YewZE, 2020)

RGM

P20 (rus,
OMNet

(XuZs, 2021)

2021)

BT REE A I W B BCHEDT R A e

sed on deep learning development

Bl 5 B TE E 7 9% R 4% AR A T N R 2 IR
Grop % N (2019) 42 1y 5y — Fh Ei 45 3K 2 13 2= e o 1Y)
W 4% AlignNet-3D, Z A 57 BV 8 LS50 (37 5, 6 B
LT 3D LA S HUG T

Huang %5 A (2020) # I} Feature metric regist-
ration , 1% X 4% 71 B AR AE SR BOGER 40, 8 H T H St 2%
AIBILHR X T WA 5 = e 5 T B R A, gt 2 42
BRUHE XA S SRR 4 JR R AT S AT 1T LLKEAS [ 1Y)
G SRR IR S SRR 1 B e Je AR

Xu %N (2021) £ X3 57 A58 200 75 &
S T v Rl B A 2 T A R Ol £ T R X —
[F) 5, 42 ) OMNet, OMNet f&— 5 T4 B FRAE 18
43 T B 4 B E AR 45, 7T A B R 4 7 B s
7 e v (] U e B s e . 7 [l —4F, Xu
25 N(2021) $ H T FINet, FINet 3= 2/ o 7 HRAF 42
U 22 W65 224~ i A 22 ] AR B 1 Bk 3R S BIOR e 4
B — 8 BE IR I RFE X — [P 8, FINeCKERFAE
Gy IR, — o T lER% , 0 — 5 A T 1%
I — AR S EERE S AT AR B, 5 A TERRIE AR
BGH A A T LA 38 BASHTBOE 1 758

PR T IO NS S BT



K, 3, mfk, 8k,

$28% /98 /2023 £9 A

BERE, MRS, A%R, B0%, @R
R A RRAPNITTEE T EER

L)

i

L1 SELAY

B H¥E

L 2z B

2z i
ki

2  PCRNet P £ 444 1]

Fig. 2 PCRNet network architecture diagram
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Table 1 Correspondences-free methods of point cloud registration

B J5 vk Bk

Pesi

PointNetLK ( Aoki%,2019) Pk R E DB

PCRNet(Sarode %,2019) WIE 258

AlienNet-3D 4,201 . P :
ignNet-3D(GroB 4. 2009) 3, b s o v 452100 1

il 1] PointNet S H 1 25 42 JRRpAiE, £ FH 396 1) 5 1

{1 ] PointNet $2E U 25 42 JR R AIE , 38 1 42 34 2 2 Tl

P 55 — Bl Bod 9K B i 2 B I B I 4 AlignNet-

A T NS HE B9 S OF ELRERT L
FERFE R — 0 R AR B

FALEHTAH) TAR X 532 B0 UG A0 T B
FERUI TP HAE R

XA A P Rl B AT

i A 2t AL, 0 T A 2 B J B

FMR (Huang %, 2020)

RIS, DB 2 A AN ] B 4 JR AR g Ay T LA

T A s B 5 2 ) A R R AR

AN IR B8 e R A U PR A2 AR T 17 ) e ) ) A

OMNet(Xu % ,2021 IR
et(Xu,2021) N I

FINet(Xu %,2021)

P T — B BN mask #9777k , AT LAAL BEER O B

T IR I3 S48 53 ) EA T 00 Joe e FI-F-#% , 55 41
TEASAE S IGHS 20478 A\ S R B 2 7 S 1k

TEAL PR 53 ¥ 5 0 2 PC I ()L Ji B 5
S 4 5 R
il R T AERFAE S U 2200 22 A Z ALY
HEHIb I

2.2 BEFMEXREHNRREAETE

P38 TR B 2R S AT R s e HER ik B T
XF IO FR I HE T A AR R ). TER SR =
e e 7 AN 1CP v 5 it e SR A T A s
S5 SRR OC R, PR A TR e . 3
JEIX NIRRT sz IR L 2 B 525 ) B ARy BB
H/ME . T R A BT A PR T A
HER J5 1, 8 3 —Fh 4 R A RRAE R IR A R A i s =
AT A, ) B2 R AE 8 R A 2 ) B R AIE A AR 95K
PR L, ELIRCOR SR A PN s 23 YRR DG 2R, I3
T XTI O oK AR . BlE TR S ) B R T
WO R B S s E AT EATEE TR
AR 2 IrE R R RS T AR RE DL
TR M o TR I O R I o BE I ik R

P RRIE BRI RRIE DC IE | B 1 A LB NIz sh S5 it
4B W, T 2 07 O 2 o 2 v Y
B, MO, AN SCRE 4 R ST 4
2.2.1 RRE4EERL

FRAE $2 JBOR: A5 2 C HE v 1Y 1 AT 55 FOC BT
55, REAE 08 G- R 4 5 i) 8] A5 AR 1) M e (i
85,2022) o TEHET XN KR B BCHED , 75 242
U 2 PR s 2 R AE , DL A et >k
FfR AR S B o AR B A B b AR B 2 A ]
PLG3 R B TR 2R A RR AR S BURN 5 T S s i R
PRI,

Maturana Fl Scherer(2015) £ i T VoxNet % 2% ,
AT HI A% R 5 32 B ) = 4e R0
222 (3D CNN)FASS & 5 2 rh 0 B R SR A
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B ZR i A 3D CNN T2 % 1R 28 5080 $ BUE:
ik, 5 i a8 a4 J2 58 OW R TAE

Khoury %8 A (2017) £ 1} 7 —F 3D Jay FRAFAE 4
LT (compact geometric features, CGF) o 3X FRR{EF
TRA AR 30 3 N7 ] LR ALY L N Y 53 A BT BT
3ot R AR S FE HESE (local reference frame, LRF) {7 31F
T AN, LA Dy i AR 25— 22 R0 4%
FRBN o XA 7R S 4R YRR TE AR B2 1) 2R
YRR L HLAG 23 18], AR TR 280k o 2D 15 B YRR Fi
AR 1 5 oy ARG B

Zeng % N (2017)#2 11 T 3DMatch M 2% , ¢ B4
R R B AR B R A, e 5 S AR R B R KR
(truncated distance function, TDF){E ¥ 30 x 30 x 30
PR A K AR R 3D SRR 22 I 2% 1 A, DIl 2
W 25 A5 3 — > 512 4k R AE R AT

SR, ELHENT s 2= 00k B e i R s Kl T e 2
TRME 5 32 305 B o PR s, [R] i ] B
P EORUE RARAG T PER  RDRXAS [R)
Qi %5 A (2017a) $2H T PointNet % 2%, 15 Yk B 48 FH
A BRI TR R . s h R A
Fom N G, oy, 2) AR, I BN B 4540 0% R A 38 18 4
B, LR A ), DLV O I 2 A | i 22 2 J%
FIAL (multilayer perceptron, MLP) & BURFAE , H: vp
JT T-Net (transformation network ) T — {5 5 25 #
i BRI % AN PE . PointNet iz JCBH 1Y — i J&
R T — SRR pR R (B Ak ) e PR IR A
A, I LS R A R REAE

PointNet £7 75 (1 — > Bl 5 B I i S R Jm)
FRAFAE , XA EME T NIX 2 A 5t b . Qi 4
A (2017b) ££ PointNet f) Z& ittt — 222 i T Poi-
ntNet++R P IX AR, PointNet++ B JCi i — 4>
SRR JZ RG22 Al T BRI B B R AR 512 (fart-hest
point sampling, FPS) ¥ i K] 73 2| — 26 J5y &8 19 X I,
AR — AN /N XA FH PointNet 75 21 Ja 4R AE , 48
JRP RGBT LA 3 3 i e B A RE
XA SRR 55 A5 BR800 24 1 SEAELARLARL , 2 K AR
HAR R B g . X AR A i m i 2 R
4321 (multi-scale grouping, MSG) Fl1 2 43 #E % 43 4H
(multi-resolution grouping, MRG ) PN A4~ J7 ¥ X1 43 /N X
i, 3 B PR Sy 2 )RR 5 ) )RR S

52 PointNet [ )7 % , Deng 55 A (2018a) 2 i} T
PPFNet. 1 55l a Y JLATRFAE A AL AR R 55 15 1

XHRFIE (point pair feature, PPF) PFFEAE—EAE A #EA
W 24 %6 A, 8 3 PointNet 48 B2 R0 4FAE , 4% 5 18
L AR M AR SR TR RE SR 5 O A SR A L K 4 R R
TiE5 Ry FRAFAE PF R I i ik 22 2 BRI AL AT R AIE it
BB 3D FEREIR T . TEBIC R B B HR
T NICZH 2% (N-tuple loss) , e iE T4 0 — ool
512K (contrastive loss ) Fl1 = Ju2H 1 2K (triplet loss) , fif
P LR 2 (8] R A BLAY SR AR 23 ) v o AR AR, 5
MU TR OE AR B T ARRIEAS A O [F]  AR Y
HERE

PPFNet 1% A 55 B 5¢ 4 (W e 5% A A8 1E 5 BATh 98
T 2, TR HRIX AN AL, Deng 45 A (2018h) 45
4 PointNet \FoldingNet(Yang £ 2018) Fil PPFNet,
i 7 PPF-FoldNet , {ff ] PPF 4§ fiF Jf HLi#EA T JC B
2] KR IO PPE RRIE S A B — At 2 )2 AL
AR AL 244 1) i | 2R A — S R4 Y-
XA AR R 4 R R iy A ) S A 2 EA T AT, B
HLSERERY PPFRAAE o 33X (75 2 A5 3] 1 % 5 0 B i
SRER R AN A S0 T RS L

Choy % A (2020) $2 H 4= 4 BUL AT FFAE (fully
convolutional geometric features , FCGF) , & F — i i
G 7K RN 3D S S EE Tl 1 x 1 x 1B
FI—>71 A B I 4 R 5% 22 BB ) UNet ZEAGH2 UL
il FEAE . Horache % A (2021) 7€ FCGF 1y 3Rl - 2
T 2 RO Fi i A R 45 X (mul-tiscale sparse voxel
convolution, MS-SVConv) , iX & —Fh LT 2 N B UNet
(975 %, R A B8 A i) I W B G 7% 2% 2J (unsu-
pervised transfer learning with data generation, UDGE)
SRR ST RS . MS-SVConv 8 15 FCGF
—FERE T U-Net 975 125 0 15 B S80RE R R s
BEHAL I RS £, B UDGE T LA 160 26 78 — 245 pig
B4R AT EON SR, S80S B B W4T 55 Hh RS
BUFRIRICR o
2.2.2 FHEVERA

iKY, R A F— HARBIA R S m Z W2
FEAERE T DX, 3 2ok AR DC JiC 0 3 o 28 IX Al b Yy
XoF LR AR T LA b A B AR i I 3K X A s TC TR
YEKHEE, fEfeg )ik, e L—A L
AR AN IR IR | I 26 M A R SRR A 2 ]
FROARLLRE , LAk B B A LAY s VR B (HZ
HT T ) A5 2 22 T 18 R B R ) P U 55— 2 i
PR, 38 2o I ) T LA AR AiE AT e e LA 4R 2% B i o Ry
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fige PR AN 7] BT, Lu 55 A (2019) 42 H1 T DeepVCP 945
P A B B g 5, i PointNet++ 42 U s
ZMSH G m WL . W, — R R
(weighting layer) W& 7> 5> o — /M E , I HEANE
A BB HAR BN 1) — 26 AR e i R 2 5 R 2k
VLRC. #:% ,#3d — 2T mini-PointNet IR 2 Hf
fiE- ik A JZ (deep feature embedding layer ) 24k 2 £ HURR
fiE o SR, 38 3 — > X0 AR )2 (corresponding
point generation layer) 3fif i 3D CNN il softmax 75 3|
P8 URVBE 8 5 TB] A AR R o B, S AR A
TR R R BN B G RIIERCOC AR

Wang Fll Solomon (2019) 7 ICP () & A F4& i T
HE TR B A 2 1 TR ¥ B i 5 (deep closest point,
DCP) %3 . 7 DCP H, B 5538 if DGCNN (dynamic
graph convolutional neural network) (Wang I Solo-
mon, 2019) $2& BURFAE , {5 JH— > 2T [ 1 2 1 LI
I Transformer( Vaswani 25 ,2017) 2% X I8 5~ fl1 2
% Jo WRESEAT gt SR 5 X TR IS = i
F B 5 2% S A P ITAR RUBUR AR O X
T ARARLEE | o FH softmanx A AL EE B 4 S HE S
XA R T R 2 TR R RO R Y T BE
o fJa B X MERE T 2% 8 a5 xR
S I SVD SR AR R [

TEREZG T, H A B MS % 5= 1N
S/D X FECECHEME B |t . Huang 58 A (2021)
#2117 PREDATOR, Hl T iR IRE B 5 F M =
BC ) AR . PREDATOR i FH 1 — 4> XU 2 A% figk £
TR LE S BT R T B A S 2
ST AR I i g i 245 21 A (super point)
B, 8 S ST B A 1 B LT RF AR
R SCHEAT S, OF 25 A4 R 2 IO S
B DA 8 s 6 T S X AT etk . mimad
i fith A % LA REHAT B B0 T A HEAT A6 i
QSN SE SRR =25 DN QUM LT 5 - UM LT
ERLT REEE, AL T A R R DEBCAY T BE
PERIN
2.2.3 ESRERERR

B R R AR R i S B HE T 1 — A G AT:
%o Hse— P E U RS AL BB , 752 PR
PR, 38 1A 4R IR B9 5 2 B T RE 2 A 1 2 M
MBI AL, IS8 i = O HE R P REA B I, A
FEA R T U] G HH 26 RO S B R A T 2

TAE.

Pais 5% A\ (2020) # i T 3DRegNet M 4% . X >
0 25 1 7 2R R AN HE PR R ZH 18 73S phy 5 A
JEFZA> ResNet 14 18, f5 J 75 21 A — X LG FR 1Y
P, 3 2 i R A e 43 5 A A RAS R A 0 I
PEATICHE, A 25 BRESRE A o AERC RIS, 38 i 7R
i 22 [ 2% (deep neural network , DNN) o &5 5+ {H 43+
fift (SVD ) HEAT A4 SR T

Bai %8 A (2021) £ ) T PointDSC (point deep spa-
tial consistency ) %% . PointDSC 2l JEFIH 8 15T
B — SRR #EXT N G & (1) SM (spectral match) 5
2 RS ) — B S IA R s BCHE , 7R B R A B I
T I ROR . PointDSC 3 22 3 B HAY 1Y -
1) FRAE 2 BURE E SCNonlocal , ‘& VE BE 5 A9 45 % 7F
oA R 2 ] — B R IBURAIE o 2) Fh 1 e PR A5
B, R A 4 HURE B 7 A 9 R AR T8 o 22 2 R AL
(MLP) 7 Az 44~ U B X 09 845 B, AR5 i it 4k ek
(LA Al i % HAT A v B A5 8 B9 R o b . 3) 4
Z %V EL AL (neural spectral matching, NSM), %Xt
AR EAT KT AR &R 15 204 T =5 1) —
BOMERY T AT AT NSMOR i M 12 482

Fu 58 N (2021) 4 Hh 1 & 7 3% B2 (BT VT G 1Y) 65
I 75 K EHE 22 (robust point cloud registration frame-
work based on deep graph matching, RGM) , B X $2
M FH R B2 1 DG E K i e s = B HE TR T, RGML H J)
PR AIE IR A A | PRI AR AR S IS | ALS
(affinity layer, instance normalization and Sinkhorn)
R DA M LAP (linear assignment problem) -SVD 5 e
U, AE A s T, ff A Transformer X4 1E #E4T
i, AL & R SCIE R X P 1 2 AR i
HEAT RS, I softmax pRIER AR BUBRARIE ARG . 2E
JEUR G , e dEAT I N B BRI A A4 AE AR5 5
A AIS BEHOXT B BEATRAAE VT FC , 75 3 022 8] 7] E (1Y
XF G AR B T SVD SR A AR R . [T FC A
JE AR AR A RRAIE , T 2 A1) AR A A
FIVEL () 235 K £ L A S ORI 5 28, DA B % b figp ke 125
R SR TR
2.2.4 mEBHULTT

BN SEATTHR S B BCER R G — TS5 . T8
BT XN KR A A s B, T EAR R 28 R IR DL
P A5 20 A X IO 5 R SR ifp 1z Bl 2 K, Qe RE HE I R A
R ¢, DTS s Z R NIV 4, e
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FHI 5 ¥ 72 [ H A2 S (B2 (SVD) o

Deng %5 A\ (2019) ¥4 PPF-FoldNet /1 PPF fY 3 43
HI 3D s A B AR A8 1 PC-FoldNet, ¥ H 5 PPF-
FoldNet — 2 73 51 §1 BUE WA~ a3 25 Hh AT 2 A 22
TR T AE RURAE , X TR s, AT AR Y
ZS e T LR e T TR BRI . Fx
MEHIEIE A RelativeNet H38 158 [ 5 4 77 A5 11 P8
A M Z 8] B AR 4 56 BF . 7E 3DRegNet (Pais 45
2020) H, Jge 5 IR BE 22 M 26 (DNN) 225 2 )22
JEFIALA Z 1> ResNet $& MR 1 FRAE Ak 11 1 52 3l
S xS 1 55 A TS S S8 R AAE
DR BRI U R 5 N 25 s 2 BN L B LR
fIE 3 —A~ WA R 45 AT S5

TEAZSE SVD ARl b, iR 5838 5| A AL SVD
W05 LA Tz sh 280 258 SVD SRR
THREAN XS RO R R AR R SE R T AHR AR S PR DL
L BRAT BRIV 5 ZR AT BE I AN 4x B A 2K, 3E A AR
SVD 77 AT DL TR R AU AR 5 o 1
RPM-Net (Yew HI Lee, 2020) . IDAM (iterative
distance-aware similarity matrix convolution network )
(Li 5%, 2020) . DGR (deep global registration) (Choy
45 ,2020) T, RS A 2 A FT AL SVD 3K A H #4722
e, IR TARGF AR
2.3 NG5

ARIEVHE T = B b BRI 7 > O ik g ik
TRPE 7 2 1 1 s BCHE S ) TE R I s 2 BC T 75 125 A
FET X RLC R B HETT V5 o XS G R BE T
ERM R A & MBS B2 R IER 22 5,
I XA 2 S AR REE s S8 b, AP K
FOD TR 1) S XS 1 2 B SRR 4 R AE 5 2)
FAPIA R = 2R IER 2 i s sh 240 18
S OSSN NS R R e S & B g A
fIEH2 I RRAE DT 2 HE A 25 B As 3 2 8ot
AAMES I XS B 55 T A AR 23 D7 kA T A
4,0 T SRR RO AN AR R B TR
AR R 3 8 X 4T S5 AT R s T, S
38 3 AR E 2 BCRIRRAIE D8 E 3R I AR, 2 T A %o o7 O 4%
RIG AT RE R BR . IRm IS AT 5
AR R 5 325 2 Il A N2 S O A o i il et (Y 2%
A IR SR, Ja F S AT AR, OF H— L0t
TEALGE SVD By LAl E5 I AT AL SVD 1 J5 6, B
TR . TR BERY HAR T A AL

T [FIRERE A8 S IR AL 58 s BCHE P BT AFAE A AR
R2BEGE T — e R 4 ) PR T XSG AR 1Y
HaBEIk.

3 ARBEERHHEITETE

PR R — R AT TR R A ML R SR
AR 4% (Yang Al He, 2015) . B3R R CAY)
AEERE Th LI 25 K8 F AR BRI AR AR 35 7 =X
(893 2 38 3 AR PP AL I — R AROR e ol A, F 15
PR [ea) R SR R DA I R T) RS B0 g e i
fiff % ], ) PR %) 20 A0 R B, W42 Jag il 25 ) 3304 7
RN, L RRAE AR 3] 4 J) S 0 ik 5T 42 32 10
U o AT AL HE AR A6 1k A A N B
(EVPAR I (0 BETH R ™ A= 3 R A S8 R AL 1 4
AR

w1 T AT B AT A & A A
TE LM RY AT SE b, T T itk 5 b 52 2R A A 1)
1, Slowik Fll Kwasnicka (2020 ) #E 45 1 ¥ JE 1k 1154
FH T4k A B P 1) i 22 SR B S R
b B HGE SHR A AL A Sk m) i, e 3 T B
TEfR RS 20 ) 8 B s R A3 . 78 A AR B
i ¥ (De Falco 4F, 2008 ; Santamaria 25,2011, 2012;
Albukhanajer & 2015; Cocianu 1 Stan, 2019) | 1% &%
% L 7 (De Faleo 55 ,2009; Ma %, 2014b; Wu %5 ,
2018,2019,2021; Yavari 55 , 2018) 1% J& K15 43 2%
(Wu 25, 2020) A = 27 [ & FE i (Wachowiak Al
Elmaghraby, 2001; Wachowiak : 2004 Ingole &
2009 ; Damas %%, 2011; Abdel-Basset %% , 2017 ; Panda
85 ,2017) U, WF S F AR T TV 2 A T TSR
T BX SR HE A T R TC E Ty s, R B
A SR 0T T Ak BC 9 (1) 5 ) A3 ) A Ay
PCvESR AL TR R B . BEE R B BE R R Ok
B AT ER I T T R T ] TR =
C 9 1) ) AT, 3 6 5 3k ) R B AT TRE A 78 A5 = T
WP B A AR RE . AR SCFEE AT A7 1
1045 B T AL SR I A s I 7 ¥R AR T A
BREM R s CHE T
3.1 ETHUEENSREAESE

PGS R B SRR A AR L S LR ) ik
TR B Y 4 8 RO . SRS s A0 A s A4 B 1k
(Holland, 1975) .35t % M 4] (Nguyen 5 ,2017) . # 1k
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Table 2 Correspondence-based methods of point cloud registration

FA

7t

{05

VoxNet(Maturana £ Scherer,2015) 25 [ 4 SRR
CGF(Khouryg‘fr,ZOlﬂ
3DMatch(Zeng%,20]7)

PointNet(Qi & 2017a)

. s
PointNet++( Qi %5,2017b) R BT

S ST ] B R R 1A 8 23 A 5 TR R 1)
A IR L5155 COF R LA R

W w5 BRI R R A I 25— 3D %
BRI 2%, A 512 4ERFFIEFR AR T

T UK 5 B AR 2 AT 220 B L = SRR s, R s sl ot
RR AL, 85 R IR 25 1 42 R A

il FRAEJZ 0 2HJZE A PointNet $12 HUR R R BEAS 16 A [7] RE 312 U BERFAE , i R 1

W = A S R R Gl 3D B AR KRR 3D B 2 A S L T LA

A RIAL PR A K

TRAE TS AN RS 1 S

1T AL 55 LA e 2 Fhas [a) RUEE

{7 FH OB R B OR I T A AN AR

A R

K A5 JUART RS AR R 5 X R AR DA S R 2t i 520 IR IO O 2, e 17 AR 5[]

PPFNet( Deng 4 2018a)

PPF-FoldingNet(Deng 4% ,2018h P .
olding et( eng% ) PPF %{E]&{T%%’Jgi}j

DeepVCP(Lu%§,2019)

A8 PointNet Al Kt (b 55 AL, ff il [ 4 i HERURE , & PR R o, FRIIE 1 i
2 R EIHLAG B B 2 B R FA AR AT

254 PointNet, FoldingNet il PPFNet, {3 i Ff

B

GEA 3N L, B, MR T
PPFNet B BEORIE e A AR P

i I PointNet++4& BURFAE , 3 5 IBCR AN T 585 14> T3 327 ~J 1) i = FETERESE
TS B R A A 1 5 P RS I A

LA =

i F§ DGCNN $E HUERAE , 38 32 Transformer X 45

DCP(Wang #ll Solomon ,2019)
5 ZIA) R0 IO A

PointDSC (Bai 45,2021 }
oint (Bai 4% ) Spectral Match 221

PREDATOR (Huang % ,2021)

o
RGM(Fu%,2021) -

MEFEAT St , o AR A4 7 SRR B A

e XS 2 B e A 4 190 2%, i o 5 e o 55 0 K
FH At A0 T B X Y ] BEE

YR R TR BE BT DT JE K il ke a5 2 T T

fifp R TR AL 8 1CP ST R4 JR B IR S 27 )
) — F 5 7]

DR VA R R T — B S IO O B O S (] — B S LA S A O, 7 B R A

KBR EBUS T A ARCR

iR AR R 5 T B 2 BCHE )

TR FH A3 P A5 0 P g 28 1 8 A
SEXF IO FR, DT B 4 T B A

(7] 5

FLA (Porto, 2020 ) F1 i 4k # W (Liu A1 Zhang, 2020) .
H AL SR S s B R B R T AR
TR TR TIEN I BRI A, 225 i
PSR R — i o R 2 ] 22 545 B Ak A
FER BT 24 2 Jo 48 R, LA H 17 2R, 5 1) S 40
A HCSOE el , B 12 N T i g5 A4l 4 £
fEIR1 B (Das 55 ,2016) o 765 = BCAESU, ©4H K
EEE R TSR T 20 0Er k.
1A% 8 1 (genetic algorithm, GA) J& H John Hol-
land 2 H i —Fh A 35 1 19 705 & A0 A6 42 R (Hol-
land, 1975) . G EA AT R AT MR
Sy IS RERS [ 38 R R T SO ZROR
LA B R A M h g T SR B Y. s, 8ife
FIR OB TP s FE ), IR T

A RNE LA RAE i B R s R A A

VI TER B A 2 N T i = B R 7]
B ECTVF 2 TR . Galantucei 5 A (2004) 42 11 T
— L TN T 8 O 2% s A TR 0 T ke il T
FIeR it ) s S BRI R e R DL BRI S s
A0 53 Ry DI AT 43 A, e N A 8 R 2 R L T
0 DX SR AT AL DG TAC , PR 33 A SR i A TR PR
T R A T B R R R 6T
TR, 23 00 T - 7 v B — D SR T A, B
K93 T REFRYBCHESS R N T DL S e s B
FEAE I H 3o 5 B 19 1, = BC VR [ R, Lomonosov 55 A
(2006) $& i 1 —Ff 7] T 5 22 TUMC V110 85 o 35t 42 5
2o EITEMAE TR e MES RTS8
V0L P L 2 A 2R s [, AT AT i i , 3%
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FEA A TS i S B, R 1 B S SR 28
S CRe 72 S MR 0738 S ) R tE AL AR 3 3o 2 AR
PR W7 X 5 2 22, 45 B TG HE 25 R 15 8] TrIcp
(trimmed iterative closest point algorithm) #f 17 4 At
WE o IR R AE Z 0 ) TrICP 5.3 ( Chetverikov 55
2005) LBy #E— 20 58 ¥ R i AR A 9 A A S
TrICP AR AN G R PEEA T25 & 158 T — 1 E R A
K 0 1Y & 48 . Schenk #11 Hanke (Schenk i1 Hanke,
2009; Hanke il Schenk , 2014) & i 1 — i ] - 4b 21
A RAE W A2 I U5 0360 703 5 1 1 o4
FoRC ZTTE 3 A BB B R AN SE AN
SRR FEATALIC A 5 SR PRl i s s L Rk
K HEAT A AR TR B A, FErR, 35 1 U R Ak T
B, 565 2 WA T A e DR C , 34 SR FH WG a5t A4 5
RN T B R s R 1 TP SR X T L A
HATREBCIE . 1205 5 ] LR MO X 2 R i = e v
H R S8 A SR AT | 30 3 7 2 S R T T FORS
T v 2 () S W3 A s, RE A I PR BT v S B2 [ iy
4 T RGN EEYE . Mansour 5% A (2010)
P T T AR s R HERIR A B R X
T s B A A A AR S Sk R I T
LRI BIT VR o BERAER 20T AT EAR IR IR
XT3, BLREAS BIMERG M FCESS SR o WAk 5 H
MBS ARGS9 77 A0 ) T 08 A B v ) SR AR
YR AT S R B . O 1 R AE ICP SR R il
BE— AN ) R (B PRAE WS 1 TR, i A N
Q017 FH T — R T HE MICP 535 1y 5 8
BCHERGE . %071 B A B PAS RUAR R RO X
7 X FERT LS 34 R 24, R 34N 25
PEAT TR 2 A5, PR 8 AL SR A R IR R e

AT R TCE , O 1CP SRvE S At — AR5 o HL R 411
HAHIIRE . 207 2 B B nyl P FE R ST
T 2 24 il 2 IC VR AT BE IR B U Y ICHERIOR o 2
ICP L MR &, IR 255 BEAL S A7 44, Zhang 75
N (2020) 2 H 1 79 Fof B30 12 A b 38 A B v ) AT, —
it e T AL S 5 5y — Rl L T A Al A s
X PRR T 5 H AR T AN [ Z AT T AT A
JiE i AV B 2 B th AT gt , T2 IR = S 25 i
=P HEATEEHLAI AR 4 AR RE , T Bl R Y 52
SOMVAE A o %07 R BEARAS LL ICP 350325 B 4 A TG
HELS R JFIEW] 1B E SR TE s s RO A R
I TSR PP AR A AT N BE A T4 FE I, T ARk

BOR T EIE— - TE . Yacout FiT Shoukry (2021) £
Xof 33 ) AR PR s B S R T — RO TR A
RO o = B A D DA TR, S ) gt A%
SEE AT HE 25 2P R = Z A I Bl 4, 1
W HA RN B PATREICHE . SEI g RAEDT R
PR S N R HES S IR G Ik B B E
i1 T G

2% 43 4k (differential evolution, DE) 32 & & h
Storn Fll Price (1995) #& i i) —Fh s & 2 w8 R 5
Bio 5 HA AR R R X R AR o] — AN Y
WCHEHR RE ST B 52 Wi A R B 72 A TS 5 245
AT EE 430 5E B B (Kachitvichyanukul ,2012) 5
o T B HBA 5 50 B SR A5 S H U LA
E R T B

Tao 55 A (2016 ) B 5= T LB Y X 1 4548 2R
5ot B B 22 43 346 GGimproved self-adaptive dif-
ferential evolution, ISADE) S LA 45 &, ¥ T —Fh
B AR G ECHERE . BB TR B S Y
5 S W R L DA 3R S SR rh B B R A
FTAE ST BRAE XA ISADE 55325 75 32 o e S vk 1
(7] s PR — i B ARRE 22 R sl 0 B A SR i e /ML,
SR 5 X He A9 PR R0 5 AR T 2 B0 AT 3 A
R 2 iR R R 2 R R BE ST . ST
REAE TEA i AR ECHERY 175 00 T - 40 31 42 Jm e 0 A
AEAT B A MERR P, d il T RCHERR B o Prieto
SN (2017 VB IEZS I3 AT A8 4 5 22 73 HEAR Bk EA T 45
G T RO R R s R . AR R
P NDT BN T — T4 A 1 H b pR 4R
SR 38 2o FH 2% G A B 1 o L A T 8 4 S R A
i R SRR IERSH ER A 55% N
BXTFE o AL TR E R Hessian THEL, T DI
1R G872 L A S0 9 NDT 3303 P[] i o
fE W5 AT 5 LR o Zhang FF A (2018) £ %
TrlCP 7E fiff- T 5 53 1 28 a5 2= T s ™ J AR ) 1 1
TR, $ b T — b T 22 o gL A R
R BCHETr k. 25 B R 73 Al 2 8k
Fr 4t FF TrlCP b i3 2% ek BRVE Ay 307 2 bR,
BT — AR 2 AR BORIIE 7 BB 19 3 1 74 49 A
IS ER FEACERAE  RERS AR RE A Sz, 4
18 T4 )R r T REME . 2O RS TE /N
US4 B 45 53, JF B T8y & 1Y
Sz T TR LA R Y M I A R 8P o Li A Dian
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(2018) B X 1CP 351k 25 ) i A Jmy 8 de 1 fie 11 1) L
LA 2B SR K 2 R REE S 1 T —
I T 8h 25 22 4K (dynamic differential evolution,
DDE) Bk 19 5 = BOHE 7 v o R Wi i FE B
ST IR NI iR 25 SO BAR R gk, SR
e PEHEP 2 S 4R BE NS ™ A T A H A R BB Y A2
S AT AR Bk SO o % TR RERS
A B BT UR AL AN A, HBCHERS B Re S i
) 5 1CP A EAR ], 2 —Fh S A M L HESR YL . Liu
FENQ021D) #EH T —Fh etk 22 40 AL SRk 1 A
5C 9 AL T 5 B T TCP B30k RS L HEAH 255 iR &
BC I T7 vk R 22 4 AL S0k i 2 Jjy S e ) AT
WILEXT 55, RS BCHERE AL T — A R AP AR LR (8
WL T AR B A 22 4y AR (Li A
Dian, 2018) 1Y 4= Jay 48 & fig J1 AN S B, 1527 —
B gii R < R I R E B T 2 SR )
SRR R &, OF HALH S T — A S
TV BE PR . % TR LA A R B R R A
P o Tao % A (2022) 75 et [ 3 W 22 7 b Bk
(Tao 45 ,2016) (Y SEAh -, 3 o 45 & 56 T 55 19 7 i F
ISADE % % , # 1 T PADE-ICP (point-based adap-

tive differential evolution ) > fiff £k — 4 ri = L 7 1% 7]
o DT M LT SR T R R A A
1B 58 1 e T AR 4 Z 0 S D N B 4 L 9K 5 i
ISADE 53 vk X 48 28 23 [A) #E A7 S0 , A5 90 46 Tic v
GERIG , AT ICPBE A I A ML HE LS R o %7
T2 WA SHC A 1 D T JRAS: T B R SCR

AT EA L 09 42 SRR R B8 ) REMS AT R R s
=FCHE A —LE Rl 7l P AR i e s
YR R, 5 B3 T O TR B A i X L e
B AT A8 SORVE S 387 Bt A SR S 80
WE . Horh, do o A 0 I R B R, AR X
SR A 2 C T AR S O A T R ) B, — S5 BRAY
R BRI RE TR IE R 1 i 5 BCERICR , B
MRS BB ). HETE 248 iR Tk
BEYE I R S BT X AR BT B B 2%
. BARC LIS T RFRCR B4 5 5 ik
F18) 3R FEE VR 1 R A M AT AR S I T I )
[ &

R3EGE T IMEEETE S s e BA R
77 1%

®3 ETHAUEZNREEATE

Table 3 Point cloud registration methods based on evolutionary algorithm

F Y PR Siin

(W

HGA-PCR(Mansour%5,2010)

GAReg-ISF(Hanke %,2014) RS
7V PR >

Heg 5k AU R M AL BT IR S
PN —F T S A RCHERR S TT %

eI A A Sy 2 SR C VR FDRS TIC I 22 (] O 2 RE S A0 BB R BER P AN 58 S J LA e

e T RE ) AN (] AN 52 58 22 W) B o2 L A 52
M, LR J3E 5 v

TR 733 14 ) 2 BCE ]

T AL 45 T OL LA B0 A A R A B BEAS AN DRG IC v 0 0 W SR 4

ISADE(Tao%%,2016)
725 1 4 JR T v 7 2%

DENDT (Prieto 55,2017) P T A SR

POPCR—DE(Zhang &5 2018)

T N2 AR $R I — R RO T RAFRIEG Rl IME, OF B R A R R

FEVE, [RIAdefinpRe T E v

M4 NDT Bk #d 37 — A B bR R0, B 22 0k REAS HUAS L A% 45 3D-NDT B 7] 4 | TP

AR TSSO

Pt — M2 T DESIE I TrICP 2 /LA T7 ik, RERS R Uil /0 32 & A9 )8, H HAT B3R
Hrp BT T — N RERS A LA R BE AR

18 5 A e

o7 38 A2 B e Ak L A 2 T 9 ) AL, 5 DA

PCR-GA( Zhang 4 2020)
TR RS X AR A

GA-IPM(Yacout Fl Shoukry,2021) >R B SL FIN S LA SS A TR A B i vk
I B 22 3 AR 1 4 Jm $ R BB DT ok S

IAPCR-IDE(Liu%%,2021) o R A X 55
AN ‘ A TT

PADE-ICP(T &‘:,2022 . P,
(Tao%5,2022) S

“MB% i RN EER IR AR O30T BEREIRAS LU ICP 47 A4S R

AT vy (4 P TS 2 R T 4

RIS B P A oS FE 5

YR HET T IE AN ISADE SR fif th =4k 5L G/ AR R LL 207 7 W8

R Ry AR AT T4 5
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3.2 ETEEESENAREERE

% BE % %5 (Parpinelli Al Lopes, 2011) /&% 1
I EE A Y BRI AT O A R MR A — 2
AT . Sl A RO B RS SR R ] 17
fift, R AR Z A B DM AT 8 R R AL 3 A H
15 8 BEMS IR BI P ISR . TRER AR
- ELA 4 R TR B L5 S R R S S R AR
TER AEEN A AT Z N . st B E5HANSE
TAE R F R AL AR AL R E A s
Be v N FH e 2 A

L B L AL B3k (particle swarm optimization,
PSO) J& — Rl i 400 5 28 0 B AT Ry R e 2 2 A
Ak [n] #f) BE AL 48 2R 8 35 (Kennedy F1 Eberhart,
1995) . PSO Bk AaE R . o SC 0L H AT S 4008
L BTN H T A s ECE

Yu Fil Wang (2014) 4y T fift e ICP 559% h B T 4
2 WU A 25 5 B A SR SR A A e, 4 T
PSO-ICP SR S H 8 i m e ifE . LS G T
BT RS 10 42 JR 48 & e AN 1CP Bk i e
Weskng 1. Horp kP RER AL T O 1CP Bk
PEAL A BRI 4R O B, AR5 A 1CP SRk H 3 fg Ak
VEAR AT R 22, I8 LA Sy PSO S35 i 35 17 i
(B8 07— 0 T, 5 2045 51 B A% T o A5 O
TS AT LS B RO B 1 L (E T X g —
A B AN BL T B AT ICP 35, I L% 34 B AR e 1
AR Y )

Ge % N (2016) 2 T i — A 42 & PSO-1CP 5.1k
(Yu Fl Wang, 2014) (% 2 20 FuERf P, JF Hol 17 58
R R AR 158 VG i ) SRy B , 488 1 T — i ke 1)
PSO-ICP 5.k o 1Z L el il o 2t i = kA7 B i
(BRGNSt U8, SR I 78 5L T PSO B9k A e of v i
TI T — R A2 o5 5% 22 ] 5 Rk i £ 7 ) 249 SRR
TE IV pRER, B A 1CP B X PSO B AL 14 4] 16 437
EUEATREECME . Bty PSO-ICP 0k A W o (1) &
TP R PR

Zhan 55 A (2018) 2 T — B L 115 2. AUk
F B B 15 (entropy and particle swarm algorithm,
EPSA) (¥ 55 2 BCfE 7 o 120736 1 Se il i 7 K-D
R 4R 2] KR A0 A0, A P BB s R SR )5 1t
WA 25 = WO SR SR AR PR B |, 555 R PSO
A T e M A T A, R B SR Ry 3 1
PRSI A TR HE R R P o I I e A A AT PR

7L T AR TR B

Zhan % A (2020) 4 T fif T EPSA 53 rh AL TE
TP A B S PR R IF AR £ R7 S
RBCHETT o TR ST A ) Y R R
8 AN 4 A Y EO 2 1) Y BE B AE Sy s = I PR
fiE SR J ) DA 5 B 1 e /N A R A A AR L
KA TP w2 B B A P8 ) RANSAC 2 3§
SR AR RN SR 5 T 5 DU T RO SR AT AR L R
BB S B AR B R s R
it ZRAIE LT, W RS B P HERCR  (H A7
TERCR AR TR

Wongkhuenkaew 5 A\ (2021a) 24 T [7] B fiff R Jié
¥ VR A TBOR B AR i (R, B — R TR T
FESL L ) =2 S i s S e T . Horh R
FERLEXTIE R A% AT Y YTy 15 DR S8
HEAT Gty 388 5 fie /M X8 T 1% 22 R EOR X 2 8025 [
BT T, I A RE IR BB I BCTERLCR

A, Wongkhuenkaew 55 A (2021b) 2 H T —Fh
T g i b P A R BE B 7L (statistical
randomization-based particle swarm optimization, SR-
PSO) 5 ICP ARG 5 HIR A BCMETT % o SR-PSO
AR TR LA (Wongkhuenkaew 55, 2021a)
I E— 2D Ot , e e S IRl R, I HLARE SE 4
A 4 SR AR AN Ry AR IT R RE TS o 1S Se F ] SR-
PSO 53 4R 245 38 19 05 3 748 e 2 Bok JE AT HLIC
Horp I T gAY rr ADRL T il i R R Al
FH w053 A BEALA AL T I A0 8, DI S R I 24
PE e J5 0 1CP Bk A TR e e

i LRSS T LAE R RO AR SR AR Ak
PR ECHER [ R T s R By A, (H R Hsf
WAFAEA — 2L )8, & ) e Ak 5 | SkE 72
B AR 2 T S LSS T R, DT 5 2
ARt o B LA, AR KL 5~ B Ak 3 = T
YE R R) R I, 5 TG B AY SR Mg R 3 sk 1Y 2
FEPE , LIS 4 S RR Ry BRI A B9 RE T o Rl i, B
HERARRIAT SERVERE BRI 7 2R
AR AR IOk AR S A R e RE . R, BT
RLFHERE B 8 2 B DT IR VE AR IR AT
FERYIA) L

W REAE AL 3 1 (ant colony optimization, ACO) A
Dorigo 55 A (1996) $& 1 2k (1) —F 5 K AU R 1%,
HR Bk A T e i )75 2 2R B Bl B AR B A T
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} (Dorigo % ,1996) . ACO 54 AT LA i &% b 3 &5 2
AR, I HREWS kb A SRl ifit. &M T
AbFE [ 8K FER L AE (Peng 45, 2006 ; Rezaei 45 , 2009)
i SRR BCAE (W 55, 2019)  H7E 2 = Bl e i
B HRTAAL TR BB

Khanna F1 Rajpal (2015) £ i 7 —Fh 5 T WU 5
VRS T e s A AR S ik p T k. 3%
SRR AU, e R m D B LA A R ERE
TR R BEAR , URS SR B d )N, SR T IORE
R TSP (travelling salesman problem) s
W EARINE o ARk T T A B R i £, AL
] Bl £k P S it 2L AR B2 i R A 2 iy 24

i

5 HAB Y IR A SRR L, WO S s B A e
FIE S AILH , B AEPERE R A AT 5 i B ik,
BAAG ARl ) ISCRE SRV A g T LA B A R 2
PeAb )b o BRI Z A, WORE 5 1 42 R 48 2R Bk
Wi, I WOk S HAb S & A5 45
G Toras s, T UABGE AR TERE . PRI R O 5
V55 0 B R e R AL ) I 21 5 = AR 55 P o
—AMEAFIRA IS TT W] .

Br T LA SR BRI 22 R BT
FF ORI B 7 A = C HE v A g FH LA, 2
AENATRER T —LEH A A 5L T HEAL T s = T
HETT o

LB k353 (van Laarhoven 1 Aarts, 1987 ) 2
— PR TR A B, A2 B AR KRB R K .
[E] (A DA R 46 L DAL Z A LA T TR SRR i
BRI T [, HRR B oo k. R
EAUE LU, AT A SR B U o Lin 55 A (2019) 42
T — P TR JCRY S ICP J7 vk, AT LATE S
2N TC M v 3 A B AR ARS8, RV A 45 1) 25 A
T, WREHR B AL 2 [H] B L A2 e 250

N T3 BE 58 1k (Karaboga 55, 2014) J2& 52 % WKk
AT R R B A — AR . R Pl 3
AU R M, RIS | 40 AT A e R R B 0, AT TR A
H AR B 03 2 AT AN IR 35 2l , O L i e
H AR Z 8] 43 SRR OCAE BRI B A B . 1%
VA BRI SGR o TR S BCHER T
Bhuvaneshwari 1 Rajeswari (2018) & T HE 7F %% J5 19
P 5] P 42 PG A B2, 340 T — B T N TR
ICPF: ., ZB R T LCP B vk i e e T AN

P, I B UM ICP AR PR AR L, 704 B A3
JE EAAE AR

JRAREALRE S (Mirjalili 55, 2014) JEHES B
B2 — Bl B ROR R AT A A A B
R A YR R o A T B A0
WSS A4 R A 2 e 0, 0 T A B R 2 T v )
. Feng 55 A (2020) 4 Hi — F 5 T IR AL AL &% £Y
Moz B ME L (point cloud registration algorithm
based on the grey wolf optimizer, PCR-GW ) , DAfi# 2k 45
7 P P A T R R VR AV ) A

BribZ A0, AT T 23 m g Ae 38ik
I, N T4 R 55 1 (Delibasis %, 2011) L AT
R GO0 45, 2011) %8 ok BB (Du %5
2013 ) FI T S 5 (Bermejo 25 ,2015) 25, EATE T
Ab PR PR BCHE R A GER T R I BN &
PC T H 3 AR e A RH DG o B AT LA R £ S —
BEREE: | Ay Ak R 25 P R R AR Y JEL B, Xt 2
EARR RIS TT 1]

RARL T — LR RE A i s e HAT
RFEVEMTTTE
3.3 N

i LA, kT AT R R O vk B 2D
T ENTEAL P S 2 FC el AR e 3. i )
FHAEAC L AR RS R 5 A S AR S 5 R A T
e, JF B TR B E 8 2 e S HAE Rk,
s BT A BRI R 42 SR R R OT & o R
]t ik B RV ) R N R R R P A IR R
B EAR R AR s R R AR, 0 B T AT
(77 vk BEAT Bt 4R SIS T R s IS VA 55 Y

T3Ab R BE TP BB 2 4 D7 1k N T
ZFCHER] R b AT 5 R R ARCR

4 REBERREMIZETTE

4.1 EHIZEBLIR

P2 5 (Zadeh , 2008 ) 1 DL 25 2 NS A 1 () 5k
P, AR TSR 4 R A E e pR BSOS, (o i A A
2% [] W S 380 o 1 s ) SR 322 e A B ROR AL
ABERT R D) SR 4 RN R Ak 4 S 4 . BT
B s AR RS B AL, R — X 52 x B4
— X p I ERAE . BRILZ AN, B0 2 4 i — > 6
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Table 4 Point cloud registration methods based on swarm intelligence

o

Ji ik etk

st

PSO-ICP(Yu #l Wang,2014)

EPSO-ICP(Ge %,2016)

EPSA(Zhang %¢,2018)

NVP(Zhang % ,2020)

TDPCR-PSO( Wongkhuenkaew 4 2021b)

SR-PSO(Wongkhuenkaew 45 2021a)

¥ PSO BEIE T8 1CP B 4414 Fh )
UL

o7 P 49 sORE 7 P Sk A L O v . G
rh, £ — A2 0T B R A ] 7 1)
2R o3 L PR

e PEAE SR AE R w1y B pR AR, A PSO
I RS R

T RE TR e/ IME A R A AR 4B
PERIL R 152 A X 7 s,

FIFH PSO B4 i b T8 2= T v vp Al = 4
A5 A5 4[]

SR R, BETT T R TS RERL
Ak B Rz 5k ok -4k B A4 B AR e

A Tz W) 0 L B AN TS SO SR
WA AL, (A B T SR A A O
Bt

RERE A 20kE S Jo) S A (LA , 55 PSO-ICP AH
P, 3275 8 AT L S 0O e 20 RO 114
HIEAES

B AT R0 T 53 e 75 R 482 1 P I 7 )
T

Rl 7 5 = Bt BRSO i B
B I C A

REAS [ ] i DR e e V8% A ORI 5 D) 2%
e w3

L8 TR EER) Z R, OF H BERE BUS Lo
TDPCR-PSO 539 5 by o T E 45

S5

SRR SOR LAY, EE AR T REPE AR
PEFNEL S o BORTIE 5 AT DL SR B2 580 4k, B
P A AT T 32 1 B 3 o S I A ASE R 2 i v h
SE A AN B TS B BB 2 B R4 o 9] i st
R ) RORYT £ 1 ML) SR AR 308 MR 91 155
18 3 R TR B Y AH DG SR, & B H RITEOR) 2 2 2
ARG 3tb 37 J1F S EC o o 9114, Hata 55 A (1999) LA
& Berks 2 A (2001) fiff JH 458 48] 4 ok 8 %€ 722 e .
Lelieveldt 55 A (1999 ) fiff HTASTA 68 A 156 45 1 o ik 381
FC VA RRIE . Tarel A1 Boujemaa(1999) $2 Hi T —Fh )
FHASHA SRS A e — AEBCER B )72 . Ramirez 55 A
(2006 ) K EUGR e A 2 M PIAS BB, 55 1 B Be]
FARAGWE e RS B4 TR TR LA 3. S5 2 B
BOH TS FRAN T AORS B2 o TERE BB, fd FH A
32 i o e R R IO Y S B, DUARASHE R 1 A8 e A
Tho BR 102 ERECHE b, BOW2 B 0 ke e+
A3 B A 2 o B A B F

5 MGE T SO T RO 2 B RY A CE
Jitke
4.2 WHRRZHETE

R RS, T REN A 8E &S
BUTAE R SRESCRA R R RS, VF 2 0F 58 R I
DR BRI E AT VR 2 TR

Budak 55 A (2011) 4 i} 17— Fh 5E TR0 2 #5171
PRETTHE T LATE 12 BN 46 D R R 4 v o

ZRIE T SO A A [R5 R 2 A B A AR
1745 B T BRI HLSR IR pRAI, s ST R
1 T 7Y 9 2% FLIUL, 5 0 DUDHE A A0 45 4 e 1) i
2 [l . SO AR A L I R AR R A4
LT AL RCR 43 01 &, S 28 T Al iR 22 i 5 R
K, A3 SRR LAk D 5 = BRI & T — N Oy
2 IF ELHRAI T I P At R A 1

Farhood % A (2020) 4 H T — 1| A0 2 45
FIVRR I DG e X6 V8 38 Tl R A 7 20 A2 i 5 A6 DU 11 B0
B A ORI AR A% R A 5 R AG I i
Z, B RIRE IR VR A i
J& R L ST A R G, e R AR RN
NG FE B RE o KR A 32 B A 2 T AT S i )
M, o S UG I e oW B T v 1) — 4 = B

5 A B L, RO A e AR A
B AR U, AT DA R 2 P ) G 00 1 o
BRUb 2 b A 0 5 A S A 2 A, DU =
FRERE . BUL R 2 A S A SR AR A S
o7 FH 45 80 4 D 2 B I i A e — AR
1 SEL S
4.3 ETHEMBREMNARERE

BRI SR — PO 2 P 5 RIS &
BIT7 o BRI R 2S48 308 1) ¥ A B b
WEAL , B4 J BRI 5 2) S ST B AR R RE R 5 3) K
FEAHE X TS0 0038 . MR FAE G R TT
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Table 5 Point cloud registration methods based on fuzzy logic

FA

Ji ik vt

st

RFCR(Tarel %, 1999)

FFS(Lelieveldt %, 1999)

ITNFL(Zadeh %, 2008)

FLBDM (Budak %%,2011)

FLACO(Kavita%,2015)

FMBMP( Liao %,2021)

FCBMEGO (Farhood %,2020)

o RSN SR 2 SR X i 5 R A T AL P o
P il —Fh B TR AR A9 A 3T i, A
SR SR Ak WA A P A 4

ISSANE Y PR R 8 PR PR AN 8 P
YO A B A LR SO R A R

PR T — Bl BRI 2 B N 4R R 2 e
2RI Jo i P T ik

PR T — Bl TR 3R IERE il 25 2 A
AR AT 1% o TSI o BRI SR i SR s
R AR DA o RIS LB
R £k

Bt 7 — i o B/ RO R 2 b 2 1]
TR BRSO AN B9 1 2 P T

Pt T — Tl (e FEASERY] 12 B AR AR DC I X
JEE P13 3k LU 5 R AT 15 3R iR JEE A T 2 23

HAT RAFEHE, AT L) e C 7 221 B die

P 1R AR C v R 1 T 9 S

SN E oy N i

P 1RO 22 B AR IR, - 2 0 22 1 B e
LER TR B

A AR PR R O A A s, HLAERE R 4F

XTGP BT R il R S W (EL R, HAEBEA

HoTHT AR 1 B T 20 H T B PP ) D5 0

X e 7 A AR e P A ORI R PR A5

GO IN S

S BE B ) = 4 S

V5 TR RS T U — B AR 0 SR T A e 45
PITAT SRS B 1 IR 2R RCR

Liao %5 A\ (2021) #12 Hj —Ffr il HTALR SR 208 5% —
YA R BB DT 12, OF HAERIE f S B, 45
B FAENE T RRCHE BT PG R . R
Hh s — Al RO SR 2R R | Tl i e/ MR 3R
Je ity Z 8] B BRI A RN 2R AT R m . )
I, 75 20 7 TR HE I A F Ty B RS DL T, sk Ak
TR IR IS A0 BE RN S B2 — R DR R
2 AT B T SO S AR T %6 T LIRS
FIEWIIR TS OL T = R/ MU . B e IR
R L B, RIS R HE T 00 SOE Ak
FIIE T80 B Bk 25 Al ok AT 2 R R, ST
R XS v o 4 R R R v, foff FH IC v o e DA
VE g 45 LR SR P 4140 P AL 22 18 A D ROR 2R
Fers , I FH LT B A J) B WAL S5O T Ve R TG T e
Hog i . 5EAEREIEM L, )7 %8
o B T RORY) SR A I R O A DA A R
ARG HA TARKHE S . Khanna Fl Rajpal (2015)
T T SO 2 50 ORISR 2R S OGS 4R T —
FEE M TCH A S AP EEIN RN T ZA
VE AT LU PR 3 ARSI F R0 e By 200 DL Ak
TR B A, I ELAT DATE 2 50 i (] 2 1T -
5 LAY BB LG L 2 R A 2 B T LA A B

AR M B A o i 2 5 A i A B Y A
LN BA RAFRTERE
4.4 INEE

H T, ORI 2 55 B T 0 r S v T R
SRS, EE R A a2 5 i Fk LR
i . A TAE G RT3, Al TSR 2 5 0 458
AT LLAE R B A AR A0 P R ARG o 1 DL S B mT
A FVE RV MR T AR . TEAK 5
WIS TE s s LM T 5 HA SR e 45 5 O T4 i ik
L A

5 HuREMENIEER

5.1 ERHESE

FERFSE TAE o, 4 R0 75 1 B 0a 4 nT L BE 4 1l
PR B o ARG = Y s B v AT P Y
B AR . DRV U S SR AE T DL A A
BUEHE AR N B s BRI RS . A s 4 &
SR N T EE ST £ Fh iy 1) = i i 503
SOBAREE N H Ll BB, an IO TR I8 (AR
JERER ST AL RO . 2 Bl v S e )
FHBHEEIT

1)ModelNet ZUH54E o J& 8 PRI 58 S5 L4 A
S E 2015 4F KA I A BUEUTE 4 L B 662 41
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25,127 915 4~ CAD (computer aided design) 5% )
K10 2 bricad 75 o i 8cde o AH O TAE N DL B3
HRE R UL 40 281 10 R AL T4, 73 B R R
ModelNet40 Fl ModelNet 10 P58 & . Hodla 56 3R
Hidik A http : //modelnet. cs. princeton. edu.

2)3Dmatch X0 #5450 J& H S s 4 Witk
TR AT 6205 B, o 5440 SRR
Tk, 84> 5t A9 448 T PF Al , 405 7-Scenes
(Shotton 25,2013 ) 1 SUN3D (Xiao %,2013) & T4
B4 48 48 WU B o hip ://3dmatch. cs. princeton.
edu,

3) Stanford 3D Scanning Repository (5 4E . H
5 [E AR Ko KA, A0 5 i Cyberware —ZE4 51X
SRR BN 2 G e 1 S 4% SR AR 17 20 HEL AR
B (Stanford model) o JIT A A5 AU # 28 12) ele i J5 1Y
ICP B0 5%, PR R % 1 2 B R A e B 2
B AR 19 3% U hik A hitp < //graphics. stanford. edu/
data/3Dscanrep/
5.2 FMMiEtR

TEWFIE TAE D 32 1Yy ik BB AP IR 21 &
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