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Abstract: To address the challenge of point cloud registration for complex feature targets, a method lever-
aging point cloud normal vectors and curvature key features is proposed. Principal component analysis is

utilized to compute curvature across varying neighborhood radii, facilitating effective key point selection
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and initial point cloud downsampling. For each key point, a seven-dimensional feature descriptor is con-
structed, comprising four normal vectors and three curvature values, thereby encapsulating both angular
relationships among normal vectors and curvature characteristics. Similarity between key point descriptors
of source and target point clouds is assessed, and correspondences are initially established based on the ra-
tio of the Euclidean minimum distance to the sub-minimum distance. The Random Sample Consensus
(RANSAC) algorithm is subsequently employed to eliminate incorrect correspondences and reduce mis-
matches. High-precision registration is achieved via the Iterative Closest Point (ICP) algorithm, enabling
computation of the transformation matrix and quantitative evaluation of registration error. Experimental re-
sults demonstrate a root mean square error (RMSE) of 3. 32 mm in feature extraction and registration for
complex targets, with an average error increment of 0. 33 mm/(° ) within a 0-50° registration range. Com-
parative experiments confirm the superior robustness of the proposed method in large-angle registration of
complex targets. Specifically, for space satellite targets, the RMSE of feature extraction and registration is
2. 71 mm, accompanied by a Y-direction attitude angle error of 0. 427°. The proposed method effectively sup-

ports pose estimation and registration of space targets, indicating broad potential for practical applications.
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Fig.1 Flowchart of point cloud registration algorithm for geometric feature
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Tab.1 Key points extract parameters and results

] Mo SREEREE R (0)

Bunny 40 256 5825 14.47
Dragon 41 841 6 458 15.43
Happy 78 056 15035 19. 26
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Ak 1k B S i AR B B A AR AR AIE
X1 DX, B A A AN SRR 82, T DL i
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Tab. 2 Statistics of key point quantity

Number Points cloud  Key points Rate/ %

0° 17 035 4 045 23.75
5° 16 724 3724 22.27
10° 16 552 3695 22.32
15° 21 318 6 091 28.57
20° 16 110 3737 23.20
25° 15 948 3481 21.83
30° 15779 3601 22.82
35° 15616 3690 23.63
40° 16 174 3883 24.01
45° 15811 3361 21.26
50° 15 087 3631 24.07

XF 0~50"4% B 571 . = BAE #5079 i = KK
PR FEAT 7 S, BCHE R T AR 22 AR A AN 1 14
s, 463 10 4155 56 . RANSAC A6 J5 7 3 4
J¥ 1R 2% 8 o 0. 40 mm, ICP A% e i) - ¥ 43 )
R 22 M B O 0. 33 mm, 18] Ff i 22 Bl A RE Y A2 AL
POV-Z2 R WA 7 178 R A BE 52 2% AR Y TG M 5
SRR R AR ENE . LU0 5" 5 = B i
i, B 15(a) ) RANSAC 1k i 1 il & 25 01
PR A B il B e — S H R S DB T A
A0 DI, AN I o ORS8O MR 25
3.62 mm. HCE R ICP K BC o i Rl A ROR L a0 &
15(h) FT 75, 45 BC VR J5 0 20 € 1) 00 22 P 34 0 A
T A, BAERCR E, HY iRz
3.32 mm, AT HESHILER 3. LEEY], A
& Bk 1) g iy e OC B AR AU T8C o O Rk AE R RO
YA H AR s B e CAE b & 4% T HEAER].

N TSR AR SO BORE I L A0 S TR SR
HR AR 110 T 9 5% 22 AN ], O 5 GO-ICP(Global-
ly Optimal Iterative Closest Point) \NDT (Normal
Distributions Transform) Fll Feature -+ RANSAC
5 AT TR o, GO-ICP By E #E J7 1 B
TRAF T —E WS (H T 5 U B8 sND T /9 J7
T X ) s 245 A R ABAR, T LA R TE 5 I [ Y £
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(a) Original point cloud
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Fig. 12 Correspondence optimization process

—#— RANSAC correspondences
—— Initial correspondences

1 2 3 4 5 6 7 8 9 10
Index

B 13 xR o R A ik h 28

Fig. 13 Correspondence optimization curve
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Fig. 15 Registration and fusion effect
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Tab.3 Registration parameters

Count C, C, Transformation matrix
1.00 0 0.09 0

17 035
0 1.00 0 0

701 590

—0.09 0 1.00 O

16 724
111.3 1.46 2.11 1

7E : *C,=Correspondence 1; C,=Correspondence 2

Tk R B W B AT 53 80 3BT Ik
PC A L3R R 29 5106

x4 FEBIEITLL

Tab.4 Registration data comparison

GO-ICP NDT Feature +RANSAC Ours
Model RMSE/mm Time/s RMSE/mm Time/s RMSE/mm Time/s RMSE/mm Time/s
Mr. LiPei(0°—5°) 6.66 23. 36 6.97 1.50 17.10 5.33 3.32 6.01
Mr. LiPei(0°—50") 33.50 19.61 31.57 1.70 29.93 6.42 15.59 7.23

3.3 ZEHIIEBMABERNEEELR
T EUEAS SCHR Y A vk e i 5l RO
SHERR AR TG 1 7 AR A R 2 24 IR B T R R B, R
AT A (ToF) AHHL XS 1: 35 Y b ) T3 A2 A5 70 gk
T84 R4 . TOF AHHL B AZ 2 AR 48 00 5 6 7 23
] A5 % 1 B TR B TH AR I SRR OT Bl i 5
I A5 SRR AR R, W 245 T 15 ) = 4k K]
%, ToF MHLEE th LED MG IR ML T TOF
1) I 5] 4 000 4 A 35 43 4R, an BT 16 B .
i LED BB R 8 T & S0, K

(85030) nm Z [a] , ToF [ 51 #1025 W ] 42 Ui
Bl A SR B G AGOE E R A TR RN A £ A
58 . TAERS,LED & S s ik b 55 X
A A 5 3 IR 4 4 0 21 41k BE Y 0Ok
o RO A R O A R BT R A S R
SHE B AR R 1 OF AT, OGBSI R 1R
B | B BB ORI 28 B2 U5

3 3 3 g A R B R, mT LAGRAS TR AR
T B = 4 05 e . A 17 (a) B, 3 5 R
B b J R TS 56 IR DL K H bR 38 o L g
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Fig. 16 Principle diagram of time-of-flight three-dimen-

sional area array detection system
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Fig. 17  Three-dimensional at point cloud reconstruction object
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Tab.5 Registration data comparison

BEE R 2/ ()
([N RMSE/mm Time/s
X Y Z
F+R —2.739 —6.190 —29. 66 54. 84 3.67
GO-ICP 0.002 —1.007 0.049 3. 28 2.27
NDT 0.002 —1.002 0 3. 66 5. 60
Ours 0.176 0.427 —0.071 2.71 4.19

*F+R=Feature + RANSAC

3.4 AZEHREME S

Az TC TR ) R T T R R I A 4 R Y
e AR R G RRE E, DA R R s R B
FHE Bl 2 G H B o i 2k ™A% A B K, mT LA

12 1o 2 E T R A 25 92 B B AR A R
MATEEE . O T B AR SCER Rk AR B 7 T
LA, AR E 3 TR Az Sl FRAs 1 I R R
WE2E 0 1R R L an P 19 (a) i s o
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Fig. 18 Registration fusion results
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Fig. 19 Noise resistance test
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