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Abstract

In view of the problem that the registration of ordinary registration strategies takes a long time
and the registration accuracy needs to be improved, this paper proposes a point cloud registra-
tion algorithm with shorter time and higher accuracy. Firstly, the SIFT algorithm is used to ex-
tract the feature points of the source and target point clouds, and these feature points are used
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as the input of the registration algorithm, then the SAC-IA algorithm is used for the rough regis-
tration of the point cloud to provide a roughly aligned pose for the subsequent fine registration,
and finally, the point-to-surface ICP algorithm with normal vector constraint is used for the
point cloud fine registration to obtain the final registration pose. Experiments show that the
proposed algorithm is 96.2% longer than the SAC-IA + ICP algorithm in terms of registration
time, 81.0% higher than the NDT + ICP algorithm, 43.6% higher than the SAC-IA + ICP algorithm
and 24.7% higher than the NDT + ICP algorithm in the root mean of registration square error,
which proves the effectiveness of the proposed algorithm in terms of calculation time and regis-
tration accuracy.
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AR, HLAS ISR PR R e, £ =4ESUg LS e R s =4k B 4. SLAM (simultaneous
ocalization and mapping). B AR NSRRI W5, 1S =ENL AL EORES [ TR, TE NS
B I S A2 B B[] TR s S EE R FREY, BT BREFMIRE], 3D AHNLE— UK
S R RE R — MM R o 8dE, TUCRESEFTEEE LXK, HIAXERRZ MM T
MEEHE, WX LA FAL A 1) A = R A e B 45— A AR 3R T IR E R RN R s T

BB FALA T 0 S o BR 4 B F — b &R FIER, H AR &) Z MR A 2
FH PG ME i K T 7 1) TC VAR ST o B P T OREL G M 10 B9 1 1E 25 43 A A8 4 (Normal - Distributions Transform,
NDT) ik [2]F1 KB — St ¥4 B #E (Sample Consensus Initial Aligment, SAC-IA)#.9%[3], I T45BC 1 (1)
i BLE A% A B s (Iterative Closest Point, ICP) Sk [4] e & R AR A EVL[5] [6] [7]. T 3C T2 A[8]
St 7 U ICP s BCHET i, A R 0 B o e i 5 R SR AN AR R AIE A2 # (Scale Invariant
Feature Transform, SIFT)HFAE f AR, CKERFE s T SAC-IA + ICP [HECHESERG, RME$SEH 7 BCHER
RO RNG FE, AR iU 3 T I BB R B RO BRI . X ER 58 N[9]4 tH 1 2T SIFT 454 ki B 7 Bk +
R BCAE T VE, AT LA SR T E S R AR I S i 2 FR v () RO FIORS FE, ARAE — FRO1 O TG RS P
PRI S B o JEARAREE N [10]42 Hh— Fh T X SO E R AE R R 38 40 il = 5 AR R S e v U7 V2%,
SIA T R AR EROA R 10 05 s ACHE VA b, A R T R HE R P RS, (E N S I
Xof HAFAE IR 38 B BE MR BOR, AR SR PR . 5K R 48 A [L1]42 i H #8438 ¥ (Intrinsic Shape Signa-
ture, ISS)FFAE s 25 & it ICP IBCHESL I, R IC RS BE AN HE AR it — B4 iy, (xRN S HOR E
BONE R, EARE.

Bttt DA b e v S0 AFAE 0 ) B, ASCHR I BE T SIFT S s 3R Bt & ok ICP 1) M B ST, K
SIFT TR R = RHIE A, FE PR UEBCHERS BE I S5 R Ib s oA R TSR, R BRI RHIE svh B R
TH RURFAIE BT B (Fast Point Feature Histograms, FPFH) & & 1A -, 15 2% B g%, fFIH SAC-IA 5k 5¢
PSR TC v 5 i A FH i 42 ) [ 2 24 O 4] 380 SFA 1T 1CP 430925 58 UK TG VB o
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2.1. SCI-1A 8E &

SAC-IA HiF 5T B WK FE—F % (Random sample consensus, RANSAC) 1%, AN [ 2 4b7E T RANSAC
SR RENLRFE S, T SAC-IA HIERIRFESHET 2, KA Z MR AR RG], 750 M S
i, #idE FPFH SRITECT A2 S RO RIEE B, FRAERGR AT 5 R T s (s as e, 38 1 4R ITHAD 2
IRERE . SAC-IA BRI :

(1) 3B S A0 H AR s 1 FPRH RFAERE AR 1

(2) FHEH R = HAHLL FPFH HULHES

(3) BEMLIESE n X (n > 3)ILHL A5

(4) it SVD KRMFZILECTE DL N IR AL R FERE, JF i AR AR 72

(6) HEILIRB)~(5), HENH A IRERXM, i A NI AL R HERE .

2.2. ICP ¥l

ICP SVEApT FRET H/h —Fk i B, R, AFHERMRE S, EX T S s via AL
LA, T EAE ICP Bk Z AT AT i B HE, BIE S BN R AR, HAZ O Rl E AR K R
TR i 2 M H B i 25 Z [V L, AR B2 i K AR B O FREAT AU, B2 H AR B B0l sk
15 B e KIEAIREL

W RN P, AR N Q, ICP HILT ik -

min(np,nq)

(R,T):argRrpin Z ||(Rpi+T)—qi||2 1)
Horb, R ANH SIS N: TARSFRE: np ng 0 IR A MBS s h s 8E. p. g
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(2) JE i R B8 2% B 1R VTR 2 6
(3) BT SVD A ih S A5 R RN B X T R e N WA AR e, SRAGHE R TR RERE R A T
(4) 1 F e PR AR FET P kAT 25101 A8 e, 19 3B S s P
P'=R-P+T (2)
(5) WH P'E QMIBEEIRE, # il RS BUE BB RIE RIS, WM 1EkAR, 75 DK 5 4R PHE
NHTH P Ak BR AT R TR R, BRI L H bR R B K .

3. HRIERE

HE SIFTH#EL SAC-IA 3 v M 2 3R )
ﬁé?z EETZ T T B mgltie T

Figure 1. The overall flow chart of the algorithm in this paper
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U RIS, AR HEZ AT, (R SIFT SRESRBUR . HAR R SIS ml, 78 LR B A 2 RFAE AR [ I Ok
DECHETHRE . S3Ah, A BN A EE AR ZEAE Y ICP SR HARRR B, JF H S INIE ) 8ok A BB K5
BRECHERS SIS ot S PCHERS . A SRR S AR I 1 s

3.1. SIFT $HE R EL

SIFT %&y% /& David G.Lowe 7E 1999 44 tH (1 s R X 3 503k, 7E 2004 4F45 LA5E3E, 1E 2007 “FH
Flint 25 AN T 3D 3l _E[12], 1205 IR B AOHRAE s B GRS e 2 R B8 S5 IR 3R (R R i i O AR AR 1
(RS o L 32 B HAE H A o5 5 AN [ RORE 2 ) 38 R AR ST B R e e S AR (R AE . ST N
AN S S BAE P, ATE— A p AR (X, Vi Zi), 1=1,2, ==+, N, SIFT $RE sS4 B0 B R

(1) MERERR: a5 =4mBmBudir a8, HEREER LK Y, z,0).

L(x,y,2,0)=G(x,y,2,ko)®p(x,Y,z) (3)

H, G (xy, z, ko) N BERIZREL p (X, y, DNE S, oA RESE, k ONREZE RN
SH. =Y A R R S AR R

G(x Y, z,ko)=

(4)

1 —(x2 +y 4 zz)
—-exp 5
(\/Zﬂ'kO’) [ 2(ko) }

(2) THE ST ZE A s NElTe T RANER, Kali e AR R, K
Mz i) e 25> E DoG, fnat:
DoG, =L (X Y. z,ko)- L, (XY, z,ko) (5)

Hrf, DoG A REZMZ I, 1€(0,s+2)s
(3) AL : TH5H DOG FEAJZ W IIRAR =i, FF 55 BT 2 AR JZ 3 B ARL k00 AT A dme B
WA 1% N

3.2. HERMARMFEIHE ICP BE

Q)R Eid 1CP HER LA B S 8] (R ER B9 1R 22 1R N B AR R BOHAT IS AR AR, T 2020~ 1 1)
ICP B3 Lt /MU U5 2o H B 31 H A a2 0 I s T Y T PR R B VR D FCHEHE U, 40 =X(6):
min(np,nq)

(RT)=argmin > Jny(Re,+T -g,)f ©

i=1
o, ni i e EALVE R &
Wi 2 Fras ol s E s (point to point) ICP 5 £ 2~ [fi (point to plane) ICP [F7x ZEl, P F1 Q 7 milfR I
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Figure 2. Schematic diagram of distance calculation
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£ 1CP FREXULHAC M = XIS, 2 5 SIS, (ARG AE R ANRESE 4 i — — XL, X BCHESSE ™ A5
XF, 2 SCHR[L3]I 53, JEI B Bk A B A R R A BRRILC i BT 309 X FHRHE X A
A B, HIEFED AN naflng, 2 na Ml ng ZZHTBUK, HIE S R GEE D, HIL R E A ARTZRE F)
HHE TR na Al ng HIRARIZAENT F R RUOIRILEC £ TR A ER -

4. EWERE SR

A AE AR KSR bR S 1335 bunny. Armadillo AT happy /£ Ascbnt 4, ¥ lE— A
ZARRAE A FEALA R IR E VL SC IR R S a5 HAs iz, DARSCHEIEE NSRER 4, SAC_IA +
ICP HiLAI NDT + ICP SAAE X BAH AT 5256, T8I Lhi — PSRV I BC v 45 SRR M R AR AR, SRIGIEA
SCEERATAT I

4.1. SRROEER

miE 3 @A A 3 MEELHE S =W RIIR S m MBSz, X 3 A s A G AR SR
SAC-IA + ICP LA NDT + ICP 535, A31H/E0) (¢). (d)FIRMEHESS R,

object 1

(d)

Figure 3. The experimental results of the three groups. (a) Point cloud to be registered; (b) Pro-
posed algorithm. (c) SAC-IA + ICP algorithm; (d) NDT + ICP algorithm
B 3. ZHIWHER(Q) FEERT; (b) AXEE; () SAC-IA + ICP Ei%(d) NDT + ICP &%

EE 3 AL E A, E SR, A SO R AE 2 B b A S B B R
WCHE 5 YR 55 2 A H A sl s BESE IS A E— i, UL A SCEVATE RO HERS FE AR T4£ 521 SAC-IA + ICP
By NDT + ICP 5532,
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4.2. BIEMRES AT

NT BT AR SRR RE, B S 3 ANFEIEMAER S EHESE RN IR IR 22 (MSE),
%13 fion, RIGE: 3 NMEVEMITERE . NPRIERVE T M, 76 CRUERC RS A KIS LR, (EH
IR MG T RAERI T IERT SAC-IA + ICP 8341 NDT + IC By BE 34T T RAEEEAE, B3 N REEE 1
R 1T A, PP RS 167 i R AT I S B

Table 1. Algorithm performance in this paper

=1 AXEEMNRE

SER X B W5/ B AR SR WAL S & HILAER s MSE
bunny 40256/40097 526/558 1.986 5.00847e-06

Armadillo 28476/26941 514/514 1.723 7.14344e-06
happy 59544/51266 336/288 1.591 1.97183e-06

Table 2. Algorithm performance of SAC-1A + ICP
& 2. SAC-IA + ICP B kM aE

SRR PR E b i SR i T s FILFERT /s MSE
bunny 40256/40097 17255/16628 68.430 7.92295¢-06

Armadillo 28476/26941 12456/11911 42.100 1.03013e-05
happy 59544/51266 21745/19937 29.224 6.838666-06

Table 3. Algorithm performance of NDT + ICP
%% 3. NDT + ICP &3k 8¢

EXUE UTE by r SRR A i 5 A BLILFENT /s MSE
bunny 40256/40097 17255/16628 7.826 7.09696€-05

Armadillo 28476/26941 12456/11911 12.354 8.77107e-06
happy 59544/51266 21745/19937 7.762 2.89486e-06

M 132 3 ATLABR H, ASCHEVEMA T SIFT JCHE s 2 UR G, AT LUK B4R AU B0 KR 46 3
/0 2 JF R s UK 1.5% 7 47, 1 SAC-IA + ICP ByEA NDT + ICP Bl T H I AL S T KRR A
fAl U, TECRIERSE FE I 261 T RS T J5 1) A S B 9 SRR 40% A A7, A 45 FH - REL T 7 ARIRS TC #E 1)
ZEEBZ, PrUASEEEIFER . BAh, MECHER MSE _ERJULE Y, ASCEIEAEL T B 4 PiRh B0 AT
I/ MSE, Ut B A S SRR HE S ks Al . B S TR T A, AR SCER AR R BT LG
T SAC-IA + ICP BLiE3R 5 T 96.2%. LT NDT + ICP #5325 1 81.0%, 7£ MSE L AHEL T SAC-IA +
ICP B4 | 43.6%. AHLLT NDT + ICP L m | 24.7%.

5. B&

AR A 8 BT 7592 v FRREL IR 7 i K TG 7 ) SRS BN L RS AR A IR, B2 A HT SIFT SR 4
R LR FEOR B RS 15 5 R AE A 25 R AT REAR AR 1 RCHE R A e B, PRI SRR 1
2exd SAC-IA HBCHENS, TEILSS & VIkA 2R R BT ICP BEBHTRIBCHE, KORIRm 1 ECHERI R,
AR T4 Ge e S A2 SVEFE I FIBCHERS B B3 IR 08T, UER] T ASSC BRI A Rk

SE
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16-34+43. https://doi.org/10.13245/j.hust.221102
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