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Loop closure detection algorithm based on global search of point cloud features
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Abstract: Aiming at the localisation drift problem of pure laser SLAM algorithm, a coarse matching loopback detection algorithm based
on the global search of point cloud feature descriptor is proposed. The algorithm firstly adopts the fast segmentation method based on
image distance to remove ground points from the laser point cloud, implements edge feature extraction and clustering based on the point
cloud curvature and key point aggregation algorithm, and obtains the feature descriptor of the point cloud in the current frame through the
feature descriptor generation algorithm, then completes the global matching search by calculating the similarity scores of the current frame
and the historical frames to achieve the selection of candidate looping frames, and completes the loopback detection. The coarse matching
process is completed. Then the NICP algorithm is used to accurately match the current frame with the candidate loopback frame to
complete the loopback detection process. Finally, the real vehicle platform of the mobile robot is built to complete the acquisition of the
campus dataset to verify the positioning effect of this paper’s algorithm, and through the analysis of the results of the experiments on the
real vehicle, it can be seen that the average value of the degree of optimisation of the error on the campus dataset acquired by the real
vehicle is 13. 15%. In order to further validate the overall performance of this paper’s algorithm, test comparisons are performed on the
KITTI dataset, and the results show that compared with the Lego_loam and Lio-sam algorithms, the algorithm proposed in this paper
effectively improves the localisation accuracy on the basis of guaranteeing the operational efficiency.

Keywords :laser SLAM; loop detection; positioning; feature descriptor; mobile robot

ki H . 2023-11-02  Received Date: 2023-11-02
* AT E - f LR AR 45 9% L T 45 9E Bl (PA2023GDSK0065) 2023 4F I8 iRk 1215 B (B A1) (2223jc04) BBl



53 3

BT R BRI RR R B R I A 177 -

0 35l

il

7 A5 5 37 1 PR ( SLAM ) 2 30 $6 475k & i TR 1 L
WNBHFEAR Z B & A TSGR 2
JEHI> SLAM [T RGN 4% A 2 SLAM R 58 B — 4> Kb
W43, AR TE SLAM b B r Uil i 180 2 2800 58] 7 PR 3%
15 SLAM R GEHf, [l 3p A5 I 2 T 21 1E SLAM R 48315
ST BAE O SLAM R IE# Y —Fh k™ B,
X6 [ B A I A0t 5 EL A AR e Y SE PR EL

TEWFOG SLAM 1] ARG I ) F 52 v, 32 202 ) FH 4 B
(5 2 RAAE A TRAE R AR AT B R AE 2011 48,
Steder 2517 YR RHEOE SLAM 4 [ BRAS 100 2 JFAIF 5%, 42
PR R T R SR R O /N R AT [ B A Y
2 XAE T IR FEHOE SLAM SRk 2 s IR A &, o T
TR o m i =4k 1T PRt [ N AN o AT TR Z
W5, Muhammad AP = 4RO S = BRI Y
[B] R AGEIN 5125 | A st 2= B30 1) Jmy A8 2 T i B 7 1)
FEH Pk 2632 ) AL 7 R N s s A i 3 7R
LT 7 R R RRAE DT L 5k ok 53R A i
Himstedt 55 #2117 —Fp 3 FHUFR C R 19 7 %, T4
FEL L O W [ U RS Ly R DR K VA A S IS R U
X MR 9 O 2R HEA T AR, AT AR 2 05 = B R 1, SR IR
BT AR 18 2 ( approximate nearest neighbour, ANN) MR
5% 50 B I B g 5 S R T o L R B B
PERES TR Li 5@ bl 3D B s = AT IOE AE 2D
T b, SR FH A T 118 2 32 SRR Of A i 3R - 2 A 7 1] BRI
Be B2 1 A B A Y M 5 Kim 551D A 2 4 X
FEREAEA ER IR, X P 5 R B DR B A = 1Y SR AR R
fE 4w T ROIRE BE . I AMR Z2 0 R 25 T s 4R s DL
5% Kallasi %5 BT T — F i 2 S5 SR I 28 3 5
P 2 T OB R T 5 L AT DE T S5 0 ) PG N
BT DEFE A I 96 UE T 3% R0 s Dube %51 #31—
FXT 8 23 R AT 43 DG C A RS I 7 2, 3 1503 S AR
ZoAEBLRE HEAT (B BRAG I . Wang 251 S0 T B i (0] SR 4G )
B 5 D e (1000 i | L 115931 i Y L WG S 8 L9
T 0 VG T A Gl DR A% 8 1 5 S A IR A B —Fh
FET 55 2 R A REDRS PR 25 (0] IR A I 1 73, 42 1 T 2 I
R UM XS =48 i 2 JEAT BT NDT G325 1 ] B0 A6 0 i
P DRAIE T RS BE i [ B £ 5 1 DR RCAR . B A BIFSY
MR AR 2 AR S B R A BOL A = R A7 IL IS, Li
BN R VR T 8 P A5 20 SO B AT [ B AG I A A8
IR SA-LOAM S5k | SR Wik 7 12 T AR G £ 55
SE A R PR BB 5 Cui A517 4R T — BT 3D Ok
SLAM FY )42 [ A4 I 2R 48, REAR 4P YRS IE S22 1 6 A
P [ 67 245 DU T K 1) i OB 6 SR AL

TR TR AR B DO SLAM FE47 [mI BRI ) 2 15
SRR T, S0 R W R AR A AR T [ SRR TS

EEXT A SLAM B3 22 7 B2 ] A3, A SCHR s —
ol il 5 HE 20 0 [ PR A 0 503 | 1 e b AT 2 T A A T
(14 42 SRy H ZRML DG I, 308 3 X630 i 2= R T A 25 B L
GRRRAE BRI S L RO AF 3R 2 B 2 5 ) 24 i o
= BRI IR AT, SR 5 203 4 JR) DE Bie 48 R A5 3] fie 4 0] 3R
T YR, 52 A R B ARG I KL DC B ik 2 | 3 4 NICP 383k
A 24 T 5 5] BT 4R 0 DT, DA T 5 ARG [ A 0 5
I EE ¥ ey A7) K PN SUPE S PR Sy I T € B e M
BIE, U5 R R AR A AR S T SLAM 3 B A E £
B R R

1 FHER R F £ HHETE

1.1 BfEiEZe

FEFRRE AR T4 0 18 ZOMLVC e 353k 32 S5 P A
B, WE 1 PR, — A RRE R IR - R OB A
P52 WAk B 2 05 0 DRSOt 8 = Bl e kAT
RANSAC FE S 7 Hb 1] 0 25 B5 , 2R 5 i A = i 8 K
B SRR S A TR SR, 78 3 0k A Wi g it
T E S R I S A DL BN E A SCGE
XGRS AT RO R X B ARRE N S =, e
T RO R A R SE BRI R AR T AR IR, S —
ARy 4 A 2R ] PR DG eSS e | IS B3 3 % 224 iy o 4
TR AR 715 D7 S Wt dE 47 FH LR X6 B, 6 456 DG AH AL B A5
3 R BB MU Sy e ¢ 118 4 328 1] B i, 56 o5 KL D e 1
[l PRSI o

| (AT

MESTE L
AT

() E} (CaFE ERe e

RFAE AR T SRR

BT B TARAE A T 42 I8 AR DE B I AL

Fig. 1 A framework of coarse matching algorithm for

global search based on feature descriptors
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Fig.3 Ground segmentation schematic
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Fig.4 Flowchart of edge feature extraction algorithm
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Fig. 6 Flowchart of Euclidean clustering algorithm

based on horizontal angle partitioning
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Fig.7 Flowchart of the feature descriptor generation algorithm
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Fig. 14 Lego_Loam relative error indicator chart
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