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Abstract

The core of point cloud registration is to align the source point cloud and target point cloud by
solving the optimal rigid transformation matrix, and its performance directly affects the applica-
tion effects in fields such as simultaneous localization and mapping (SLAM) and 3D reconstruction.
However, traditional algorithms suffer from problems of low registration accuracy, long time con-
sumption, and insufficient robustness. To address these issues, this paper proposes a point cloud
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registration method that collaborates hash function with Whale Optimization Algorithm (WOA): the
hash function is used to perform low-dimensional mapping of high-dimensional point cloud fea-
tures, enabling rapid screening of potential matching point pairs; then the Whale Optimization Al-
gorithm is adopted to iteratively optimize the coarse registration matrix, improving the accuracy of
transformation parameters. Experiments are conducted on the Bunny, Dragon, Buddha, and Arma-
dillo models from the Stanford public point cloud dataset, and the proposed algorithm is compared
with three traditional algorithms (SAC-IA, FPCS, and PCA). The experimental results show that the
proposed algorithm significantly outperforms the comparison algorithms in terms of the compre-
hensive performance of registration time and accuracy.
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Figure 1. Method flow chart of the proposed point cloud registration algorithm
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Figure 2. Schematic diagram of hash transformation and data lookup
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Table 1. Algorithm runtime (s)
= 1. BIERER(s)

Method SAC-IA FPCS PCA Proposed algorithm
Bunny 58.238 32.123 25.321 27.382
Buddha 74.929 52.967 60.333 26.871
Armadillo 11.956 41.234 13.046 10.928
Dragon 32312 23.012 20.223 20.234
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Figure 3. Comparison of registration results
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Table 2. Registration accuracy RMSE (mm)
% 2. B /EREE RMSE (mm)

Method SAC-IA FPCS PCA Proposed algorithm
Bunny 2.454 5.224 4.715 1.261
Buddha 2.512 5.523 4.232 1.592
Armadillo 3.343 3.213 6.823 2.131
Dragon 3.541 4.623 5.747 2.928
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XPG7y +SVD BCEAHLL, 588 AL RMSE MMA MK 57.2%, 1EH] WOA ARAL BTG A1) U6 A8 46 0 [ 1) 1%
AL REA BARTHRCHEREFE s 51 WOA RALECEAHLL, e G IL IS ATI (B 460K 93.4%, WIS Ay LT
R i PR 7 e S B AR UL G AR, BRORER T T RERCR . ERREE T, e AR S
SEARHAE Y SIS RIGIE T A ULEL S WOA AL RGN : A5 ULAC Y WOA $efitiin
2R HIRIIE R : WOA T R RE4E 28 SR W AR AR EAT R AR A, 76 CRAUE 535 SIE B 1 [R] B ORAIE 17
WA FEE
4.3.2. MR

NP BOEEA F BRI 5 R A EHENE, UL Dragon BEAY Iy, FRA TR ) 55 25 #2 B A s in wen 7 e 7
BEATRCHERCR I S BE LIS 5 2 A (£10°) R BEAT 5 25 A [7) B B AR T v AR A

Table 4. Algorithm registration accuracy under different noise levels

F 4. FRIFHKFTHELEERE

ik 5 TR AL (mm) i AE TR 7 (%)

JomE 1.812 100%

R 0.5% 2.342 90%
e 7 R ’ ’
1.0% 4.96 80%

1.5% 4.722 80%

0 1.816 100%

o N 100 3.421 90%
BBE AN °
200 3.523 90%

300 2.616 90%
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7 4 AR, A SCHEEAE ST S S RS TS TR RISt THiee /1. oS T4k
i, SOABCHEREFEIL 1.812 mm, FCAERLTIZE 100%, B9 7 Al SERnitERs; B w0 i A 0.5%
PRITE 1.5%, ECAERSEE BN 2.342 mm P50 2 4.96 mm B [EI75 2 4.722 mm, (HECVERIIRAUM 90%F4% %
80%, A HIBLKMRIEIR, 2RI EIENT by o e Wi s B — 8 A s ZE RSB TR, RS
TR A 0 BE M A 300 A, FCHERRIIZAG A FRELE 90% L b, H MBS mih 300 AN, FCERS L 100
N3 200 ANBSHE S RN AA FTHE T, AT T WA R 40 2 ) B 0 e AL 1 0o B A A RO BEAE A
gr b, ARSCHEEAE R S TS B AR R 2 s, I REORSEAR T M BCHERS FE 5 B I T %,
PR E TR .

Table 5. Algorithm performance under random angular perturbation

5. et AEME TR E AR

Rz iR FiC 1 A 15 (mm) ACHERS [F(s)
Bunny 2.287 7.851
Buddha 3.971 23.561

Armadillo 2.152 4.334
Dragon 3.037 6.709

5 BEREIR, ACHEEAERENUA IS S EUR = HE RIS, A F LTS5 1 R
RBIRIN A E M. BAKE, TR RSB U RIS, ASCHEF R/ BN Pz
Y5 S RRAT RIEHE, R BURCHE R R D, SR WIS M BE B 51 R 10 i 5 B R AR FLAT R I
ENAE, EANF SRR R R s B AR 55 h S R AR AR

4.3.3. BEMESREL
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5. &t
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RS, KRR IR, R WOA W HIAGHCHERE FEBEATIA 04, R “ B M & 3%
W KA RR R S R ESTT R BIRE ), A RO S s B R AR, ST T AR S B R RS L, BRAR T Sk
XIAA AL S MR, TR B SR AN S SRR R W], PR VA AE R = A5 B (P e [R] S5 R B £k 15 1k
REm I TG ENE, SO T AR SRR PRI TT

RRBEFORESE AT T5 FRETT: it WOA kAL, 51N il BAL s A e g, it
AEAIRACIS ], $RTF MR = A B A SEI s PRREE TR 22 ST UL BC R X LG, 255 R il X
FRAE, MmREIREARE R @ B Uit 5N M ek Boit NG & = B RS 1 038 R bR
B, MG ZYFLRER, B PRI S RE R R A B E B B =4 SR s
R)AZE MeN: B
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