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Abstract

To improve the efficiency and accuracy of point cloud registration and make up for the shortcomings
of traditional point cloud registration algorithms, this paper attempts to use the principal direction
fitting algorithm and the improved Iterative Closest Point (IICP) algorithm as a combined point cloud
registration algorithm; the combined algorithm fully utilizes the advantages of the principal direc-
tion fitting algorithm in rough registration, and combines IICP algorithm as a fine registration me-
thod. Taking a 3D laser scanning modeling project as an example, the registration algorithm men-
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tioned in this article was implemented by programming with Matlab software. The experimental
results show that the improved ICP algorithm has improved registration efficiency and accuracy
compared to the traditional ICP algorithm. The validity of the principal direction fitting algorithm and
the IICP point cloud algorithm in constructing 3D model of point clouds is fully verified.
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e E R FH AR R RE, MEHBARWAERBUER . o, =40 e 3 2 w5
ETEOR R AR 1 ok . = 4EROGHARAOE I Jo Rk I &, SRIPOK BB AT = 400515 B I S = 8k
I BT RO 2 =4 R B, T SR ik =4k e oR (1] [2] [3] [4] [5]. Her, REEARZ A=
L o] SR ek BEVC RS/, T AR TH oM s (1) sR SR, TR ) 24 i 2 B R KRS I FH ) — T B . K
FHRCAEFIL AT TE, B AL K EEF MO RN TR, 8 MU G 4 J 4 2% AR R L #E 7770 . RANSAC
MRk, 07 M A R Bl A% (Iterative Closest Point, ICP) 5245 . & I —Fh B35 Xk LA 2
MM ER, vDR 2 RS & B S S ERE FE O v, an STk [2] 52 2 A 1) 8 9 A SR URFAE
5 S e bR SRR AL B IR (Fast Point Feature Histograms, FPFH)MIRHFALE 5, JH7E ICP HiEdnA
KD-tree 58 il & BCHE; SCBR[3]FE ICP SEP A H R ZoR i iln B B, $0m 1A% 4t ICP SE I RUE,
SCHR[A] I R AE 43 43 T2 (Principal Component Analysis, PCA) LAY I 58 BT A RC#E, {H PCA ik
BORFFICME R AR M ESE, GO AT RIRY, MR — R asmm PR MR SR
. AAERT T 2 MR LG, 2l F 7 MGG LS S0dER) ICP Bikda. KETmEEHE
FAE O BCHE, 1SR ECHEZ J5 10 s = 8E . R Sl 1ICP BEE RS ICAE, SR SLIl s = =i A
PSRt . DASE =40 i @ i TR NG, B AL SR B = s, 2ok R v 5 0 e v A ok
B, SZPL T 4R R A, RIS IRAE TR TR AE s B HE T TH A R

2. B EHEIRE
21. EFREAMESEE

SRR A B S A SURIE 9B, RRAE ) 8P A P OB 20 FERE . X AN FERE fE
R Z R EZALEAE B, IR IR AF 125 B AR 5 S 43R 38 2 A X ARAFAEL6] [7]. N T 3R 77 )
W& SR ECHERCR A2 VRIS AT BT S AN B X W s 3 = BEAT AR AR BE, G BRR 75 2 o L8 X it
ATERHG HH BN T 1R i IR HERS 5 2R

2.2. RIERENREE

ICP Sk JLH4F Mk e B HE R, Rl [ W Ah 23 S AR I T AR RSt 5% (=
RAZFIEMAERERA —EMRRE, MR ESRE S, Ba R s 8di A eRE. S0, B
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BB E, BR8], Xt EAEME A \CP SBIAZ AT, AR v SR 5 2 B R s T v
SR ) T I A SRR RS R ICP SR N, T 7840 RAE ICP BEMItR A,
KR SRR AR HRECHE . [FISME 5K Besl 88 NFEH I SETC i i i BV AT SERL R = O HE, B — 0%
RS2 EH AR E, BERIENEEDTE-BE. B8l 2 ZOoR, 15408
FF HL LI PRRFAIE 17 B2 S AR R B e BC HE S B ME— AR [9] [10]

B R X, REPREZAERE PR R N R, MR ICP SREMB HIR R 5 E Y %
AR ICP AL B, DUR i izt S L R

Y, =C(X,Y) (1)
FIRPCHEEGE S ZEE X Yo HEBEHES IR Q)Fin:
(H,d)=sysf (X,Y,) )
AR E H A e S X Al e e r R AR, @) ps:
H(X)=R(X)+T ®)

()2 R(3) 492 M ICP LR EBVERE, S AT A U R, 5 e ST I S
% 247 5 AR 2 R S

IS EBREAR A SRR 0 X, Y, SERAURS T T,

1) SR HARY, —C(X,Y) M RZH X AR 4, I M ZHR Y P R A,
FIMAIE Vi

z)ﬁﬁ%@%ﬁ:%mwaﬁgﬁ,ﬁﬁmﬁgﬁH,H:E !

3) TG AKX H(X)=R(X)+T , FIFARBHMRE H X EHEE X 247 H[10]:

£) BARIFBE: SRR ORI 1), 208, ARSI S HAM % O .
VBN AN TS o B, B d —d'| <, WA, Hiths

IOP SIS B S BB SR AT T M, Seh — MR 55— MR RO PA T4, 4 A fe
A A AR 2 25 B R 76— e ) A SRR RCAE . 75817 S, ok
R R IIRA AAT0  H8 2R, R NI B0 A SRS 105 O, SRR (UL
HOMHTRAR, Bibl, ICP SILABINART AR SR A RRRAL, SO i BT R B
OREER, AR MR B AL

2.3. BUHRY ICP Bk

22 1CP FE I XA ARSI ARE, DARKRE BRI G R = P RN A p E R R S
Q IR B 0 » FFREN BT RO FERE R 5 PR AERE T, AR T A X AR ZE b

ZIIQ. (Rp+T)| )

},#Eﬁﬁﬁﬁﬁ%m

(@) HAR R 2 BIR A s T8I 2 515, EAA R SBOT AR IR, B,
FEAESE ICP BikIkAi 2 b, N ) B e M A MR R 2 MBS HE e e, RACAL R AT 2808 . AR
W FR:

1) Gt E05 MG A SR GRS s N P, BsE AN Q' Al A Mk &

2) BEXF P! A AR SR Q" i AR L ) BR PR R B Bl A, O R N, B S B I R A T,
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S HR T S B T T SR SR 5 AR 2% (RMSE), LB A R
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Hep, p, 5 gy 2 HFR BRI RS HAR s R AL, n R0 B AR
3.1. Ekg—

3.1.1. tHELE

AR T ETT MR s SR AT A, BRI AR R X ase, Hdl ok B AL
WP R ES R AEEE, B s iiEN 39,910 1, 2% S 5dE &4 39,930 4.

HE L BRI S SEIETTH, BREa53% S aWE 2 MESRE S, ToHEHT AR a7 5
5 B SR AR AE ) B SRR T . FIH Matlab B4 gn FE SR8 3 07 R G & 5005, fEmFE se il fE b ok
PLZ AL BRI G TS, Ol R SR T R A A, Wl 2 R, BAEUEEROR, A
RN AE TR 0.084878 Fb, FEUKENIE 1 1% R0 ) F S0 B HLAR T B A A

FT7 A A VA AN [T RANSAC Bt vfE 59k i LR i 2= B0 b s M BCE L A R], e 25 i 2 250808 233l
TR, A RART RUG AN [F) /N s S B AT v B

BAR T T G A R AR S, (BRI EE I AR R . W EIATERCHE BT, R R
EHEBIE R AR ESSE, WESRENITCIRZIRCHE . FAZHERZ e S ek, i H g
BRI, MR DATERCHEZ HT 20, A/NRA AR B S Z80E, a8l £ 5k
H, FrUERZEAT A — e . FE, EANR NS s B RS RIRE, XA RO
ERRBR T, RS A5
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Figure 1. 2D and 3D display before registration: (a) 2D display; (b) 3D display
Bl EENZ=#HER: () Z#HER; (b) ZHER
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Figure 2. 2D and 3D display after rough registration: (a) 2D display; (b) 3D display
B2 AREZE-SHETR: () —HET; b) Z4£ET
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Figure 3. 2D and 3D display effects after fine registration: (a) 2D display; (b) 3D display
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Table 1. Comparison of registration time and error

= 1. BLERR. REXEE

FITANEAE + ot IcP EH NS + £ ICP FETRME + Sudt ICcP FHHME + £ ICP
HILFERT s HILFERT /s HiLRZ/mm BEFERT/mm

0.27504 1.47981 0.0184 0.0519

W25, HEBH Matlab ox, & 3 ara, RG4S AT, BANMSELRES, BAEEEN AT
ANBUN 40,000 £, IEAEAT 9 W, —SLEERT N 0.190162 A6, LibSe 4k, =4, EESCRLW L ERK,
I, H17e 1Al SO ICP IEARECHE VLB AL S8 ICP 1B VAR L HERER S5 B 7 G $erm . H
o, FEMIF S SR AET, SO ICP BL S ICP BCvERET 460k 4 5 & WS TR 2 5 E 4
HEW T ARSCI A & Sk AR T E

S ICP AR BEVE RS RE/E T BB R B IR/ ZE R BN X e 7B 5 E, Wi Z &
J&, AE AT R (2 R N (R . R N R, EERE B LT E AT,
KA JE & TR I 3. B DL B A& M BRIE, SO sadtr) 1CP ik ARBEE B S B R 5
TR A R TS SRR 2R B0 1 5T, AR Tl 1R 78 I AR AR e R S5 Ve I Sk ) 1CP AR AR R, T
H G 4mfE sz, (HR AR EHGE TR T AT TR AR S, N T SEDLE it A0k 2 BT RLE 15k B
Ik, DAZAEAE P SO ICP BRI, Jend sl R B g TR HE, 25 Hh— N EU B AR A Aa % R

32. W=

HRAE S e BN R AR, SRR GO — KT TR 12.3 2K, BE i 8.45 K,
JERE 2,70 2K, NAR SIREE S5 . i S A R, SR DU A B REEH T M R . AT AT
it (Real-Time Kinematic, RTK)Mll & /7 xSl EIAR mi A bR, AE AR s 2 B8 4 22 2 Bib 2 [A] AL B R 1)
St BRI e 2 R S TS A JE s ] 4 o, R RCRE A 5 iR SHIZAT 1ICP
S, FIFE AL s B A B P, WCR N 6 FioR. NFCHE s = B0 e e ES XN T
s FYGz H 207 A SR TR G ISR 1ICP SRR C 2 5 1) 1 2 B G A o 15 212
BUNE 7 PR . BN ECHE 45 TR P I0AIE 52 TAE, &Gtz mdEfi# 28 0.0593, RIFEA ST
BRME E T ELIA NS B 2 R I EE B AN KT 30 mm BIZAE R, s = 250 v A 1k B e A BSR4 55T o5 R B R
N 0.0593. % 2 NG ICP Sk 5645 ICP Sk et . KM St . S —45 0l Sadkn
ICP AL VA TENS 5 FERT R 2 B T46 48 ICP 53%, FUGIEW] T Sk ICP SAERCHE e 4 .

Figure 4. 3D display of the back of the school main gate
B4 ZFERENBEEZ4ETR

DOI: 10.12677/gst.2024.121003 21 Wz kl2EH A


https://doi.org/10.12677/gst.2024.121003

Figure 5. 3D display of the front of the school main gate
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Figure 6. Point cloud rendering before misregistration
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Figure 7. Point cloud rendering of rough registration and fine registration
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Table 2. Comparison of registration time and error
= 2. EOHERERT, IREXTEE
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HILFERT s HILFERT /s HiLRZ/mm BEFERT/mm

0.30917 1.75310 0.0257 0.0737
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