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Abstract

Aiming at the traditional single-line laser SLAM algorithm, in the process of map construction, due
to the small amount of single-line laser single-frame point cloud data, there may be mismatches
with high scores in some locally similar scenes. In this paper, the iterative link of the point cloud
registration algorithm is improved, and a sliding window point cloud splicing method is proposed.
Using the newly spliced point cloud group, we carry out map construction and loop detection. The
proposed algorithm was verified in simulation and real environment respectively. In the simula-
tion environment, compared with the original point cloud registration algorithm, the iteration
times and running time of the improved point cloud registration algorithm were reduced by
50.22% and 39.67%. In the real environment, the robot platform is used for positioning and map
construction. The results show that the proposed algorithm improves the positioning accuracy,
map construction accuracy and real-time performance significantly, and can effectively solve the
mismatching situation during the operation of single line laser.
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Figure 1. Global process
1. &ERiE

2. REBCESHHE

BWOLTHE BHR#R BWIEEAR A A S SSRGS N, FEETLIEA G, % LSBT
AFETBOA EIEUER, RRIER, SRR, PR AE[10] [11]. AT Az HeE R T BER A A 2= U
W, ER R AR R b, iR NGO, /NS Y B OARE IS N B R S AE S
M A A~ T ) A s, A I 7 V2 RE B8 Y I A o v ) S R 7

RIS G R = s, B S S ECAE SRR AR AH AR i = R AL 8 o 0 i s O v () St L
¥, Hotb#sE 414 Besl 312 H (AT A (Iterative Closest Point, ICP) [12]5.3%, ICP &iEA] e/
TR, RIS R AEN IR R R, ZONER AR TR BT RIS, EsE e
SR ARWIARAZ M Fischler £ H I BENLFE AR — B (RANSAC) [13]757%, AT LB M= 1Ak, AT
TER LN, £ Y SRR B RS B T R IS AR (NDT) [14]77 1% MR % B2
BRIBCR B 8 A s 2 (B B AR ST, [0 T RFAEUCAD, RUONAS 75 ERRAE T3, B ARG HERS ()30 . AR
MRS EAEILE SR ICP L, JEXT ICP BykE I 4T ol . BRI WO HE B RER 2N
FHAT P 2 HE BN P A B, TUIAFT R ot st B2 2 1) PR MIMA A 48 g <

Rii=RR,+T 1)

HA R

>N

A inA . AX | ., NN — N
{“§¢ gn¢]ﬁaﬂaﬂ2@%%%ﬁﬁfh{X}E&ﬁaﬂzﬁm¥%ﬁgwwﬁ&
—SINA@ COSA¢@ Ay

M B, Z B RIERAASE,  AX N B £ X BT FAINLRE, Ay N R £ y S5 A LRI A%
W SR, F R, PRI RS, BRI B AR R, SCBLRERILAC. ENLA NESHEEREM
UL, ARAEPTALBOE T, KPR MY AR E S, HRAHREMBEE R, RN

min(|P, - P..4) )
SR O s B DT E 1) 50 AT DARIR AR A R T (643 B 3R (1 B AR VT R 504 2 B /M -
min(g(R,T)):min(%Zn]Pk —RPM_T|2J ©))
k=1

FFP I BRECR AR F s B R SATALE S5 P 0 A, AP BIR N w15 e, IHEAR
s

' (4)

DOI: 10.12677/aam.2023.125261 2605 I3RS


https://doi.org/10.12677/aam.2023.125261

Forf (o} A BRI, (b)) A P, PSSR, RIS BB R BT I — 1AL

a=a —u’
1 1 5
{bi':bi _ﬂHM ©)
GE P NER ISR @
:%Zn]ai' - Rbi’|2
1 Izl” 2 < 2 4 2 ©)
:H(gaﬂ +§|Rb{| —2§|a{Rb{| j
A R, R %ipmﬁ%ﬁ,éz
err(Ag) = Z|a Rb/| )
Hor Ap PA SR AR AL, W (D) H I Ap K
aerr(A¢) 1 L X X H Xy X
UT(30) L ey et -sinap(a -4 ®
ﬁ\:l:':‘ aix ’ aiy ’ bix ’ bly A Jjja *D b, E/] X, \%7 iﬁ*iﬁf“‘:ﬂfﬁ
inap A ) ©)
COSAP S (ay + by )
i=1
I
> (b -art)
Ag = arctan —';1 (10)
Z(alX b* + yby)
i=1
WS 5 Ap , BiAT LORIGHEEAFE R, At S ARG P4 S ZEdE0ES, B g = 4% il
Q)RR A T

T =p% —Ru= (11)

F—UAREI R, T W HEAH, XA 2 (A IR B T B & e/, I THREA 2 AR A 7815 2
AR T RNERIREL, S EERCE, ARG T — Pk BE M2 R, (55 ICP BERRE
R—W B EES S SEMS AW, AT BE0E PR UK FE I R AS 2 Az i AR 1), AR SR A
Y 4E NS {E 1% % (Mean Absolute Error, MAE)*’JLT~"1%RE@&%¢%&H%, IR AT fE ) ICP 5
A 4 A (Iterative adaptive ICP, IA-ICP), HARMFEJy: ik tHE S n UCRIEE n— 1 {06 R s TA] R ER i 28
11 MAE i, RH MAE FIR/NRIEIREE n IRAIES n — 1 IRV RN 25 (0ARBATE, MAE B8N, R

PR ZEBRAE AL, 33— Pk R I HE D KA, ARSCAE 29 MAE, /MAE, , >0.95 I, 45 134K
Hrp MAE kg 77 X=X (12) 7«

MAE_ |a -bj| (12)

DOI: 10.12677/aam.2023.125261 2606 I3RS


https://doi.org/10.12677/aam.2023.125261

Forbta ) NP RIS, (o) A R, A, n MR

SRAHRAR R, TR, XORARMOEWUR ST P60 25 2 P 2 3RS B, R
R RS, BEEENE TR/ 10, FIF IA-ICP SEUE MUK AT 1114 10 WUSCHRAIAR 2
W, B OB R B2 WO A R T OB, R IR WU, R
O L 2 B EE S SR — WU SRR T 5 10 W — NPHEERFIO S 2. AR B
YRR

<I> RGTFMIEIT, B PIBOA AR, I U R\ 25 MR R A
HE TR LWLl 2 B

Bl P| |
FEIAIE

Figure 2. The system just started running
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Figure 4. The system is running properly
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Figure 5. Robot platform
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Figure 6. Comparison of iterations
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Figure 7. Experimental environment
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Table 3. Performance comparison of SLAM algorithms
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