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Abstract

Point set registration is a prevalent research direction in computer vision, which aims to achieve
spatial alignment between two point sets and has been extensively applied in point cloud and image
registration tasks. The core challenge of conventional rigid point set registration lies in establishing
correspondences between the two point sets and estimating the rotation-translation matrix based
on these correspondences. However, in practical scenarios, rigid transformations between the ex-
tracted point sets may occasionally involve large-angle rotations, and non-rigid deformations often
exist between the two sets, thereby introducing greater challenges to the registration problem. Lo-
cal feature descriptors for point sets can explicitly characterize the local geometric structures of
point sets and capture structural discrepancies between them, which is conducive to subsequent
registration processes and thus widely adopted in various existing point set registration algorithms.
Nevertheless, existing local feature descriptors primarily focus on addressing standard rotation-
translation and non-rigid deformation issues, with minimal consideration given to the coupled ef-
fects induced by the simultaneous presence of large-angle rotations and non-rigid deformations. To
address this gap, this paper proposes a novel local feature descriptor for point sets, which is con-
structed based on Euclidean distances between local points, triangular angle features, and pseudo-
correspondences. Subsequently, the proposed feature descriptor is embedded into a classic non-
rigid point set registration algorithm, and experimental validations are conducted. Comparative ex-
perimental results demonstrate that the registration algorithm integrated with the proposed de-
scriptor achieves optimal performance in handling registration problems involving non-rigid de-
formations, large-angle rotations, and their combined effects.
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FE R AR BCHEDUR, FHRIE RS HAR RS Z MM N R A, IR SR & Z AL 23 R AR 4 5% 2 A
FACDYR, 2 H IR IR RN 55 2 B AR s R S R AR AR &R oh, DME TR 8 BB B s KRR &
SRR N TE B A A SRR P[] MR B AR R BRI AL, RURECHERT 73
PERCHEAAERIPERCIE . WIPE SR BCHE P H AR R R QU AE e T M S VA e, ARRIE SR FC e bR 1 2k
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RFIE P RO A SRR SR 3 FR R B B R SUE B S s UL B s SR e
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FEAEH softmax IH—HA ST E 7B, 28GRI Z A M43 T 5 2] o SR, —MAIR N AR TR AR
B, TUNEARRIN] SR A AL, S EURHIERGIR R R

FEER 1) RO HE RE E 200 NI FETRPE I SR AN T 2R R (R B0 o TR AIE 1 T o4 B0
PR 2 R RFEBUR TR, AN BEATRHETCAC LASRBCN RIOC &, AR5 A F A% [ 5 bR 40056 T
FlEAR . HAT, REHEETREME LS, R 2 FhE B RS R g Rl 5 A2 a5 88 (10 T LA 4544
B, Yang ZEN[S)5EH T —FET 2R 5 R A 2 (Global and Local Mixture Distance, GLMD) 5%
5, ZEIERETRIRIE S T NMHERR AT, T IREOE S5 H br SR 2 8] 142 5 FR 88 LA 45
WZES, IHHHERE AT R . GLMD B2 1 TR 25 Fa #5185 F it 1 31 H B AT SEr o, (H sk
RAET, SRR ) LA &5 A ik a1 R~ [ B I FLAT T R BE BN , v R AH AR R[] ) Rk
IRER RS . DRI R AN B8 e e AR 1

FET MR L Sy A %, B — MR I R A T B R E R — ARG, T H bR SR N
FEARBARA M AR G, HTIEIR G % R, MR O I U A A e KA ARG T ) 7
X 5 v R VR A 45 5 (Gaussian Mixture Model, GMM), 1 HARTY b (R A AR B N s A2 TP
AR R RGO 52 R R R E PR B B LA PR B AR AIE o 1RV TR R ON S B 1) 2 AL Myronenko 5 A\ $g H AT
R1%EF%(Coherent Point Drift, CPD)&7%[6]. 1ZFVZE A SN GMM, I IS KA BT
KACMIR,  FF R FH i 42 1) ik R 5 5 1 2 ()AL 46 bR BRI R il . CPD BVE Ol 2 B, (RERERE R,
R TCIEAE R —HEZE R [FIE SEEUWI M S FENI R, 75 ZAUE SN TOIH A R B HEAE LS, HL7E efs
T SR ZE 7] B, H. Osamu [8]15&H T 2T UL M AE 42 (1940 T 55 352 # (Bayesian-Formulation-
Based Coherent Point Drift, BCPD)&y%, ik 78 DU HrHESL R X A0 T s im B AT @8, A AGE 7 Likm
. {H BCPD BEANAAAE—ANEREE, 4PN SRR AR LT 7 AHARI , ot 2 HIUAS B AR AR, X f
TS — A T ARIE M A IR A s ) — BT S EUK . ik, H. Osamu [9]32 H 15 T-J 42 1) Dl
i — B EF% (Geodesic-Based Bayesian Coherent Point Drift, GBCPD) .72, 1255y FH I b 2% I 25 45 1E
BiE T issh—8E. SR, GBCPD HIALE KM EEe GO~ & HIEA Z[9].

TEER M T RE SRR (LA Dy vk, RSB AN B A AR R AN IR T, IR A S
B 50 s ASR B AR AR RRE ARSI, ITHARHE TR SRR B AR S i @ P M RIR SR, ARG
LT & A EE B RHIE 1) 22 7 B A X MR G AL (A ) 22 57, DISRAR Y R 4R 2 TR RSO X
KER, NG E/NOTANIR G Y 2 [A] 1) 22 S oK 58 B2 (A1 AR e o AR A8 0 28 I 1) 2 vy 0T TR -6 A 28 TG o4
(Gaussian Mixture Model Registration, GMMREG)$.7%[7]. 1ZEEMEP D GMM, A J5F]H Kullback-
Leibler (KL)HUEEA L2 A RETEMH A GMM 2 ZESR, @ i/ME KL 8% 5 ke k. BT
GMMREG FEH KL B L2 BE BR80T 22 7, AEAFERE A A S E IS LR, W7 ZE e
ARR, T FEACAE R TR Bk, G. Wang [10]32H T2 TR fREF Gromov-Wasserstein (Locality
Preserving Gromov-Wasserstein, LPOT) 5%, ZHIEMRE AN SUEM B 85 &P~ GMM, 3R H
Gromov-Wasserstein £ 2K 8 4> GMM Z IRl % 57 . LPOT Sikf#k T GMMREG SHIARIGREE, 1247
T P R A I 0T SEIL T SEAR L AE SR « SR, LPOT BVEAE KA FENE R 1 0L T A A E#E[10].

L ERTIR,  RUERRHIE BT AT DL BT AR I AR I A R BRI S M RRAE DRI AE 5 2R 1 T 4
AR TR, TR AR R R IR R i o L HAG RO A TR OSSR RRE R LR, AR
J Iz N T A R R O HE S . SR, A R IE R A R A T TR . ey A EEE
NI TEAR [ fE, - A2 28 R R A o 100 K # B e« ™ B AR W 1 T 78 DR R 25 L [RIAE T AR & 2 a8 1k
W) R, DRI 2 SRR AR A 5 K A B8 e e A0 712 B W T AR B S [R) 40 SRR AIE S HLRE 0 il R A
550 (RIS Rct, WA R EREE R A e AR 5 E ARG, i fRr I v 19 5 B R AN Tl i f 2 HH B
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2. MR
2.1. ERFEER

JHRiRsT S5 GLMD FEMai & )a, 3 PRI A RN 2R R IEER. B, & Xk
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et RRHEZEE 8-
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Aol PR RS R S ) 4 SR R AL AR 7T, HE SO
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D, = Y la-a,
e=l,e#i (2)
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D, = e:g¢j||bj —b,

Horpr, | R IR RS
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BEJ5, S PT iR A AE R AR R R R AR IE AR, A TR B i b b AR AT B
U, @R =ANERECC AT, FEERE a5 b AR5 H A H AL s T R P A &
H SR IR LK R e e a, ={ax i,x =12, K} e R** b, ={by j,y =12, K} e R 5 HIN a;
55 b MR, o K R R0 R A AR s B, KR SCER(S TR K BB BN 5. B8 @ J
HPHA RIS A a) Fl o} B — A=A, Z= MBI RE SO:

51 ==l ;
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HobS' R an o Mo SURIZ SRR, 0 Rk a M SISO, T 8 o B E 5 AMEAD
SRR 2 A AT LRI — A AT, T T DA P a3 A AR 10 A=A IR, by B3E 5 AV
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i S AR BRI B IMELAR B0 B 26 R PE Do X G ZR R BRI O 0 AR BE— 4, HA o KA 0 F 1.
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RV a A1 b FRGE L S5
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3. S£Ig
3.1. SLHNgE

AT T e i SEFCEXT bS58 Y DUBS U TSR R AE R IR R A e . B e R sSiie i 8, H— IR E
NBHEE, BT IR EN TR RR FF IR N 2 GLMD HiEH TR, bS5k 85 GLMD
HERFF—3, WISH R[S G20 H R E, Al A AR RO S 40 3 B DL fish2
RUER, LN 2D R 91 AN SRIEL[11]. SEIR TR R s EE A NP AL, 2l PR e % LA 1
FInAENIMETEAS, PR A G — BN 1, RUERITER M BE M 30738 &2 180° HIt & 30°, SUEEMTE
AELCN 1R 8 B R RAEXLEYE, XIEEAFELMAN CPD. 2T L2 FEE{51H(L2 Distance Based-
Estimation, L2E)57%[12]. GLMD P K FE T 52 % 3 = M FI-F 2 £ 1A 77 (Alternating Triangle and Translation
Feature Descriptors, ATTFD) [ 5HA[13]; &Ja 2 EMTE s, BT SEIRIIAT 100 IR R Ri&is1T, BHX
AT S A HE S R A EE AN H AR s R R BT B SN B AU 2 (B R R R BE B 7 2 FCRR ZE A, SESR P
FRFRE A 100 REFFRIGIZAT IR 100 MRZE(ERIBMERZ Error FArEZ . HIRPTA LR g—
2 MATLAB 58§ F7E— G ECE N 2.66 GHz Intel i5-8265U CPU #1 8 GB RAM Hfisi 47

DOI: 10.12677/csa.2026.169293 114 TFEARY 5N H


https://doi.org/10.12677/csa.2026.169293

b

4 x10° fish2 056 fish2
—&—GLMD ~[—%—oeLmD
—B—L2E —B—L2E
—&—CPD —%—CPD
2 ATTFD 1 0.4 |4 ATTFD
5 5 —%—Ours
| |
or 0.2
21— : : : : : : : 0 % 4 e i i
1 . 2 3 4 5 6 7 8 0 ; 30 60 90 120 150 180
2 210 ‘ ‘ \ . ‘ ‘ o 210
~ ,T Y, _ 'E ___%
oL . . . . . . . 0 ey
1 2 3 4 5 6 7 8 0 30 60 90 120 150 180
Degree of Deformation Rotation Degree
(a) (b)

Figure 1. Registration results of various algorithms on the fish2 point set, (a) Registration results under non-rigid deformation;
(b) Registration results under rotation case
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3.2. RERECESS

BT R R R RCHESEIG, SRIRSIR I 1 P, AT MEUA SR b, B T TSR R AL A 1
Ja IECHESREIUS T SR B LI HERCR  JUHGRAE KA e e S ARSI AWl . O T S ik — o
RS EANFIRIIBCAERUR, ASCHE— B JER TR RN 8 LUK BER AN 180" (ECHE R BIZE 5L, 7l
Bani 2 MK 3 pros, B EAE G755 3R0n BAR e, BAENER AR G SR, 29 E
s s S AR BCHERCR B - WP T DU Y, 45 65 BT 4R 408 75 Ji5 (10 15c v SR i A0
ATTFD S0 B A e AN e, RO IR T vh M 3 (8 = MR IF AN 2 B A BE RGOS, T e
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B E KRR TARKE 2 A R UL .

oo é‘? E :‘%i “? ) g:f t; o . ?;}
Sio ) past® g - : "y
A = :
Initial State GLMD CPD ATTFD Ours
Figure 2. Registration examples of various algorithms under the 180° rotation case
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Figure 3. Registration examples of various algorithms under severe non-rigid deformation cases
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Figure 4. Registration examples of various algorithms under different levels of deformation and rotation angle
coupling cases
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X R R AR 2 T AR 2 I 1]

Table 1. Registration error and average processing time of the proposed algorithm under different K values

1. FrRECERSEAE AR K B THEEIREEM TR

K=2 K=3 K=4 K=5 K=6 K=17 K=8
Error 4.20e—07 5.18¢—07 3.25¢—07 3.04e—07 3.19¢—07 3.07e—07 2.67e—07
Time 0.37s 0.98s 1.88s 2.13s 2.82s 3.76s 4.54s

Table 2. Time consumption of several registration algorithms for different levels of coupled scenarios

2. JLMECERSRL BT ERAFE S A R

Algorithms 1+30° 3+ 80° 5+130° 7+ 180°
GLMD 0.06 s 0.06 s 0.06 s 0.06 s
L2E 8.46s 8.72s 8.81s 9.29s
CPD 0.87s 0.85s 1.07 s 1.43s
ATTFD 0.90s 1.03 s 1.06 s 1.08 s
Ours 2.11s 2.35s 2.59s 2.72s
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AT 7 BON B FBGERCR, (BT RG R AT B S AR 22, ARSRIE O DL OV AT, AR LRI
EHIR BE I AR RITEOL T, ISR AR i 1 (0 R AR T+ e o S0 (1 St 12k

S50k
(1] oRE, Fhse, $, 4. 3D M Z M DGR T AL LT8R AR RIPERCHE R, T SORLAR B 5

DOI: 10.12677/csa.2026.169293 117 TFEARY 5N H


https://doi.org/10.12677/csa.2026.169293

i

N
il
e

(2]

(9]

[10]

(1]
[12]

[13]

B 2023, 35(7): 990-999.

Monyji-Azad, S., Hesser, J. and Low, N. (2023) A Review of Non-Rigid Transformations and Learning-Based 3D Point
Cloud Registration Methods. ISPRS Journal of Photogrammetry and Remote Sensing, 196, 58-72.
https://doi.org/10.1016/j.isprsjprs.2022.12.023

Zhang, D., Wang, Y., Sun, Y., Xu, H., Fan, P. and Zhu, J. (2026) CMHANet: A Cross-Modal Hybrid Attention Network
for Point Cloud Registration. Neurocomputing, 680, Article 133318. https://doi.org/10.1016/j.neucom.2026.133318

Slimani, K., Achard, C. and Tamadazte, B. (2024) ROCNet++: Triangle-Based Descriptor for Accurate and Robust Point
Cloud Registration. Pattern Recognition, 147, Article 110108. https://doi.org/10.1016/j.patcog.2023.110108

Yang, Y., Ong, S.H. and Foong, K.W.C. (2015) A Robust Global and Local Mixture Distance Based Non-Rigid Point
Set Registration. Pattern Recognition, 48, 156-173. https://doi.org/10.1016/]j.patcog.2014.06.017

Myronenko, A., Song, X. and Carreira-Perpifian, M.A. (2007) Non-Rigid Point Set Registration: Coherent Point Drift.
In: Advances in Neural Information Processing Systems 19, The MIT Press, 1009-1016.
https://doi.org/10.7551/mitpress/7503.003.0131

Jian, B. and Vemuri, B.C. (2011) Robust Point Set Registration Using Gaussian Mixture Models. [EEE Transactions on
Pattern Analysis and Machine Intelligence, 33, 1633-1645. https://doi.org/10.1109/tpami.2010.223

Hirose, O. (2021) A Bayesian Formulation of Coherent Point Drift. I[EEE Transactions on Pattern Analysis and Machine
Intelligence, 43, 2269-2286. https://doi.org/10.1109/tpami.2020.2971687

Hirose, O. (2023) Geodesic-Based Bayesian Coherent Point Drift. [EEE Transactions on Pattern Analysis and Machine
Intelligence, 45, 5816-5832.

Wang, G. (2024) LPOT: Locality-Preserving Gromov-Wasserstein Discrepancy for Nonrigid Point Set Registration.
IEEE Transactions on Neural Networks and Learning Systems, 35, 9213-9225.
https://doi.org/10.1109/tnnls.2022.3231652

Chui, H. and Rangarajan, A. (2003) A New Point Matching Algorithm for Non-Rigid Registration. Computer Vision and
Image Understanding, 89, 114-141. https://doi.org/10.1016/s1077-3142(03)00009-2

Ma, J.Y., Qiu, W.C., Zhao, J., Ma, Y., et al. (2015) Robust L2E Estimation of Transformation for Non-Rigid Registration.
IEEE Transactions on Signal Processing, 63, 1115-1129. https://doi.org/10.1109/tsp.2014.2388434

Cai, C., Yu, R-W. and Meng, W. (2026) Nonrigid Point Set Registration Algorithm Based on Alternating Triangle and
Translation Feature Descriptors. IEEE Transactions on Instrumentation and Measurement, 75, 1-19.
https://doi.org/10.1109/tim.2026.3679081

DOI: 10.12677/csa.2026.169293 118 TFEARY 5N H


https://doi.org/10.12677/csa.2026.169293
https://doi.org/10.1016/j.isprsjprs.2022.12.023
https://doi.org/10.1016/j.neucom.2026.133318
https://doi.org/10.1016/j.patcog.2023.110108
https://doi.org/10.1016/j.patcog.2014.06.017
https://doi.org/10.7551/mitpress/7503.003.0131
https://doi.org/10.1109/tpami.2010.223
https://doi.org/10.1109/tpami.2020.2971687
https://doi.org/10.1109/tnnls.2022.3231652
https://doi.org/10.1016/s1077-3142(03)00009-2
https://doi.org/10.1109/tsp.2014.2388434
https://doi.org/10.1109/tim.2026.3679081

	一种用于大旋转角和严重非刚性形变点集配准的新型局部特征描述符
	摘  要
	关键词
	A Novel Local Feature Descriptor for Point Set Registration with Large-Angle Rotations and Severe Non-Rigid Deformations
	Abstract
	Keywords
	1. 引言
	2. 所提方法
	2.1. 全局特征差异
	2.2. 局部特征差异
	2.3. 估算对应关系

	3. 实验
	3.1. 实验设置
	3.2. 点集配准实验
	3.3. 定性分析
	3.4. 计算复杂度与加速策略分析

	4. 结论
	参考文献

