Software Engineering and Applications {4 T8 5MH, 2022, 11(1), 32-40 Hans Y
Published Online February 2022 in Hans. http://www.hanspub.org/journal/sea
https://doi.org/10.12677/sea.2022.111005

ETIEAREL RMEREZEN R 2 HE0ERE

?"\‘H.b‘iia %@k}%
g TRESARS:, BB TR, L

Weks . 20214F12 150 FHBER: 20224F1H6H; KA HI: 202241300

wm B

AT PR B ECAESRI R RIAE B, R TETERED RABEREN R RS, BERS
MBERRZHERZHET TR, DRER B A NEREAREHEEN B RS, RARRETHES
BRI, BEHFAFOSAETRELRZHERD, RERIRHEENSR. BEdxt64H
AAKRZ, UERRAZHEERTHHRE, FRRY, SEEERERAEER R, FERiE e
24 skEH, BXMFEHERSRETRRER, SHFIERE.

XKigid

RO, BEHEE SREDOR, Z4EY

Point Cloud Coarse Registration Algorithm
Based on Iterative Minimum Point and
Genetic Algorithm

Siyuan Li, Menggqi Lin

School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai

Received: Dec. 15th, 2021; accepted: Jan. 6th, 2022; published: Jan. 30th, 2022

Abstract

To balance the time and precision of the point cloud registration process, a point cloud coarse
registration algorithm based on the iterative minimum point and genetic algorithm is proposed.
The total point clouds of the source point clouds and target point clouds are down sampled, with
the number of the total point clouds after sampled as the target function of the genetic algorithm,
the genetic operator guides the search direction of the solution, the total number of sampled point
clouds minimizes through the iteration of the new population, and the results of point cloud
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coarse registration are obtained quickly. By comparing the tests of six different point clouds and
using various algorithms, the results show that the proposed algorithm takes about 24 seconds
stably while ensuring the registration accuracy, and treats the registration point cloud model
without special requirements and has strong robustness.
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AR, EERIT[1]. Tok[2]. SCPMEE3] [4]. Wi CRE[S)E (At , s aE Zm
R o AP B T IR, R30S SR K2 HAAEA RIS, FEKR 2 S Z TR
e, REEHEVER R BE . — A EE N =4 R G TIEE[6]. A RI[7ILAS, SRR AE T Al PR
e R R B B A () e e~ R LR

HAT, ENIMES R BES T —@ i, WSR2 Besl [8]% 1 H 1A iR s (Iterative
Closest Point, ICP)5&v2:, 1% EHE T 11 5 BR IR B R ARAF A 5 = 2[RI (R B j0%T, FEA S 0 B2 s v 5
TR FRAE R, TSI H AR S o MR s SR R, S TER R, BRI R EN TR
WA . ICP BV BT, HIRFECON 8, (HHX MW R = A6 A B 2R B, 5 ) H AR ek 2bk
GIFANJR R . N T BEGIX PG O, — MR A ECAE BERSIC ICP BRI RN s AT Aot . S
Pz R v () B B v 2 — R SR P RFAE AT UL . Rusu [9] [10125 N H T A RAE B J7 B (Point Fea-
ture Histograms, PFH), i 15 5 25 F140 I8 8 2 2 18] B9 m) B S0 AR A T i = R T 5 s B JE X
5 W G, faifl 7 RFAE AR B AR AL 1 SRS R], 42 7 PR RUREAE B 75 Bl (Fast Point Feature Histograms,
FPFH); Tangelder [11]&582 T =4E/2 R R 30 (3D Shape Context, 3DSC), %15 UG AL [ & I AE K44 A
() f T ) st 2 [R) R AEDE R 56 2, FH TR T 148 0 s S ARSI TR AR AR s XN [12]46 7 — oI
ML AT (ICA) I S A BCHETT s B R[13R H — PR H s R S A S = it T LG, JFEd
5 R B BV (EMA) SR i H TEAZ PR 155 8 (1 BR] ¥~ g RE R s ) R 81— A7 2 O 5 b sl = PRI TG 45 2%
T[4 1 — M T R SRR T (1SS) & 77 18 L7 B3R T (SHOT) R E Y sl m BCHE S IE st
R T R R AW REEE A A BN, BT 15EE A S S EEACR Y T e R R
W ARG B AT WAL AE, 15 27 (B A B A PE S 2 BRI 16 R A 1 45 T R A Ak e adt i ks 1
Fik, LRSI E bR, SHEBA0T AR B 1) s fH A s FMBOE[17]38 tH — FloRp L 55
151 O’Rourke % AHRA 1 B /ML BBl G R Al 50925, DL O’Rourke By H IR R B BUPE st A& BE 1 H
Fr BREOR AT R IEA.

BT I SEVEAFAE RS P2 B33 I [A) Lyl /AR SCHE T IR sURL (Iterative: Minimum Point,
IMP), Jf-3K 8 £ 535 (Genetic Algorithm, GA), L IMP Jy H bR R Eik 71548, #%E GA-IMP 59, Bk
SERCHBECHES R, WACE ICP Sk Se BBCHE, ORI MR []AURS 52 W9 7 1 A AL R 45 2R
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Figure 1. Point cloud before and after filtering
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Figure 2. Point cloud in registration process
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Table 1. Number of points during the registration process

* 1 EEIETRIBE

Numbers Numbers Numbers
Point cloud Point cloud Point cloud
Original Filtered Original Filtered Original Filtered
S 34518 1180 T1 69036 2317 T4 69036 1468
D 34518 1242 T2 69036 2186 T5 69036 1283
T 69036 2422 T3 69036 1965 T6 69036 1180

LSS, UER TR R, BEE EA RO, JER R S SR EE R, P A
xR, RIS G 8 BB R SR SR AL e HE B SRR B 2 v AT Y .
2.2, IRIEEE

1B 4% 575 (Genetic Algorithm, GA)ZIR T X AW RGBT P EAUVRIUR 78 . & 205 5 AR A AED
HEALHLH K& R R BNl 4 R R AR AL ik, B4 T RSB IS A FT 8 R AL F i . HAH 2

—HERL T ERERNITE, AR RIS B EPRBNR R A R R E AR, IF B &N
FERIR R R ORG R AF, AR 3 Frm.
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Figure 3. Flow chart to the genetic algorithm
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Figure 4. Iterative process of genetic algorithm
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(a) Horse point cloud (b) Proposed algorithm (c) PFH algorithm (d) FPFH algorithm (e) 3DSC algorithm

Figure 5. Horse point cloud
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(a) Dragon pdint cloud (b) Proposed algorithm  (c) PFH algorithm (d) FPFH algorithm  (e) 3DSC algorithm

Figure 6. Dragon point cloud
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(a) Happy Buddha point cloud (b) Proposed algorithm  (c¢) PFH algorithm (d) FPFH algorithm  (e) 3DSC algorithm

Figure 7. Happy Buddha point cloud
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(a) Cochlea point cloud  (b) Proposed algorithm (c) PFH algorithm (d) FPFH algorithm  (e) 3DSC algorithm

Figure 8. Cochlea point cloud
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(d) FPFH algorithm  (e) 3DSC algorithm

(a) Bunny point cloud (b) Proposed algorithm  (c) PFH algorithm

Figure 9. Bun000 and Bun045 point cloud
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Table 2. The registration results for different algorithms

*® 2. TRIEERESER

Point cloud

Algorithm GA-IMP PFH FPFH 3DSC
Timel/s 24.674 42.583 18.434 112.32
Horse
RMSE/mm 3.826 x 10°° 2412 x 1077 8.642 x 1077 3.463 x 10710
Timels 25.412 65.587 47.642 246.324
Dragon
RMSE/mm 0.896 0.833 2.839 0.643
Timels 24.698 47.661 22.146 204.358
Happy Buddha
RMSE/mm 2.763x 107° 1.552 x 10°° 4557 x 107° 2.281 x 107°
Timels 24.361 25.823 18.802 73.879
Cochlea
RMSE/mm 5.327 x 10°® 1.832 x 1072 2.964 x 1072 3.944 x 10°°
Timels 23.676 31.538 16.197 59.436
Bun000Bun045
RMSE/mm 3.658 x 10°® 6.357 x 107 2.647 x 10°° 9.658 x 10°°
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