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Abstract Simultaneous localization and mapping (SLAM) technique is sensitive to the environments with

laser interference or structural similarity, which usually cause the closed-loop misdetection. To solve this
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problem, this study proposed a closed-loop coarse matching and geomagnetic feature screening closed-loop
detection algorithm. By adding a geomagnetic matching algorithm to the closed-loop detection link to further
filter the candidate closed-loop detection pose node set, the false detection phenomenon of traditional lidar
closed-loop detection can be reduced. It can also correct the false detection and reflection caused by reflection
and transmission interference in the positioning and mapping environment, as well as the map image distortion.
This study verified the performance of the algorithm through the lidar point cloud and geomagnetic signal
data sets collected in the real environment. Compared with traditional lidar SLAM methods, the proposed
method outperformed in both matching speed and accuracy. Compared with Google Cartographer algorithm,
the algorithm can improve the closed-loop detection speed by 31%, and the false detection rate of closed-loop
detection can be reduced by 23% under the condition of 0.8 recall rate. This research expands the application
scenarios of SLAM technology, so that the lidar SLAM has better positioning and mapping effects in the scene
contains laser interference.
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Fig.1 Common closed-loop false detection interference and incorrect positioning and mapping
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Fig.2 Algorithm framework for geomagnetic signal and lidar fusion positioning mapping
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Fig.3 Algorithm flow of fusion positioning and mapping based on geomagnetic signal and lidar



5 WRilE, 4. —FhddT MRS 5 AOWOG RN & A 5 i I PR R I 7 vk 63

IATHEATIERR o — e U el AT AS I A AT 30
BR o AR SCHR HA %) P PR UL C -5 MR SRR AR 075 3G P 24
For U VLA I p e 51 R 4 2R 5 DL C R A
REIHOE SLAM SR it Az e R HE I I e S 5
3.2 AR IERC S M A O i PR R A B

B, REBCHATEOL R Eds 5 X0 B =l
WHEfE T, RS s mA T =
RS S AR =4E S I BN (XY, Z), REE
W X, Y. Z =HhJ71m) bR O AR AE 530
N m mys om, VHE LT A A FE I
W a0 S, H S, KR i A 10 s #7511
BAH

S= (mﬁ—i-mi—f-mzz) (2)

BE RO R = LB, VLR g
T E S s T . AR SOR 2 T ]
VCRCAR 5 BB [ 05 = 7 H BN e 7 B4, %)
ISR AR IR EREDI DN 3 A R Ik S g 2 Y €2
PRI R AR AT B R s UL, S A B AN AE ]
W, FEBkH SRR . ARG, @A A
i (8] 80 &l (Dynamic Time Warping, DTW) &Lt
SR e M R A0 58 NN () B I B I R
B T &R AR I I R T, 12 B
IEHANTTRETE A E A, DR b PR EA A 00 B X 3k )
12 B0 8 A I T FE I b — RIS s i, BT
T =R . EEXTIX BRI 2 R s B
CLlE s A e s)) , Eid i E A E DTW
PR R 2R B A AN FH o Wi A IR AR 4R
(Iterative Closest Point, ICP) & ikt HFik4Eh
Rz s, JF5 HRTHus T ILE, CREE
EREWSN B &I, TSR
W, RIAE S AL e e SR 1 P 310, TR
DTW BE LI . WA R fi 25 J5 SR 32 1
12 B AE PR R DI ) 3 7 BB 2 DTW i lUL ic
P R A1 9 328 2% A1 o

Kl 4 D9 PEAAH D C -5 b R AR A0 7 328 P A
VR o AR STH R R AE O P R I 2 1)

fei 7 &b, FIBREULEC A DTW ARG A Y
ICP SFL9% R U 32t VR B0 F) PP ASL I o, AT i
P T PRI TR AL ) A (' P9 a4 R AR B 5
) AN (o7t B Bl 1)l (= N B3RS e B i
BN BOCAES . RATELRGIE) . Hd, ICP
IR B SOL B E AR, JF B &N
T PRSI AR VT FE 314 PP 50 BRI, AT DRALE
PRI AR HE R 12 55 s M

Ik

> BRHCH O S = AR

[H524 80 2 U RS S TR TR 81 |

'
(PR 0 5 25 B 5 s 7 |

I e < IR

[\ i 1 R 8 510 1 914 |

[DTW J il 717 815 5 91 s |

| 1CP i eriviz s 5 21 R0 1R S Bk 2 |
v

|t I 1 M2 SR 8% T 41 L& BB DTW S5 852403k |
!

& i /2 DTW FER 23

EIE A

4 IR S MR RHIE i % A AR N B
Fig. 4 Closed-loop coarse matching and geomagnetic

feature screening closed-loop detection algorithm

RIS S, ALK, H DTW 5%
TR O A RIIBHEFE 5 S, 5 S, HIBRARE .
2 DTW (Sey S HIEE BN T PG B Dy
I, R I P IS P RT B R 28715 s N P A AL
k. & 1 G FE S SEOH LG A
MR RIS . & 5 Pl i iy 81 i
Jt SLAM Rl & J5 B ] . = Bhkh (5 St kT U7
AP RIE A S, 5 AH R AL 2060 B ) 7=
BRI HGH A LAT 5 X, R 7 515 = 5



64 £

BEoOR 2020 4

JORR AL R A TR R
®1 MEIES5HEEERME AT ENHE AR
Table 1 Pseudocode for closed-loop detection algorithm of

geomagnetic signal and lidar fusion
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