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Abstract

In recent years, with the development of indoor unmanned positioning technology, the market de-
mand for unmanned intelligent systems is increasing. However, the complexity of the indoor envi-
ronment also brings great challenges to the positioning technology. Due to space constraints, ob-
jects often block or interfere with each other, which not only seriously affects the recognition ability
of the sensor, but also reduces the accuracy of positioning. In order to solve this problem, this paper
proposes a multi-sensor fusion method. This method uses LiDAR as the main sensor, supplemented
by depth camera, WiFi and inertial measurement unit (IMU) to enhance the performance of the sys-
tem. Aiming at the problem of inaccurate point cloud matching caused by obstacle occlusion, this
paper designs an improved Point-to-Line Iterative Closest Point (PL-ICP) algorithm, which can sig-
nificantly improve the accuracy and speed of matching in occlusion scenes. In addition, this paper
also improves the Otsu algorithm so that it can better use the image (RGB-D image) matching col-
lected by the depth camera to extract additional feature information, thereby enhancing the con-
vergence of the system in the presence of occlusion. Finally, the extended Kalman filter (EKF) algo-
rithm is used to fuse point cloud, image and WiFi positioning data, which further improves the ac-
curacy and robustness of positioning. After a large number of experimental verification, the method
in this paper not only improves the accuracy and stability of positioning, but also shows good con-
vergence characteristics. This provides an economical and efficient solution for robot positioning
and navigation.
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Figure 1. Multi-sensor fusion method for positioning and mapping
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-1

Xk+l\k = Xk|k + Kk+1\k (Zk+1\k - hk\k) (3.16)

A

})lc+1|k = (I_Kk+lA)PIc+l\k (3.17)

FERE AP BG KRG I LIDAR W5 RS BIRPIR S & X, AW T7 22536 K5 B, AR iR EE B LE i 1
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RUIEACHRE S(PL-ICP) By () Beit . %) Otsu BIME ik i ekit, LLE R A& & A FE At . 9286 5% FH i %
% YAHBOOM HJ ROSMASTER X3 /NF, Z3E B4 T B R Al WO EHEIEAM Astra IREANAEREE,
K2 fim. JERbxeesens, BAERE. A RohIEE TR iR R e .

Figure 2. Equipment settings for experiments
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4.1. gi#EY PL-ICP
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(A) f&4t PL-ICP (B) Bt PL-ICP
Figure 3. The experimental results of traditional PL-ICP and improved PL-ICP were compared
[ 3. &4 PL-ICP F2{i#t PL-ICP BOIRIELER
BEAt, AR Gt JE ) PL-ICP SRS (R BEAT 1 A 204, RIS H 5148 PL-ICP 5ikit
1T TR WHFCRBL, A£4E PL-ICP SE RSN [0 310 =70, Mkit/s i) PL-ICP HIA R 260 25
HIAT 58 Ol e 3K — 2 A USCSAORT Bk b s FE M UIE B T SO SR AERCR R E IR T T
gE LA, W LU E YR, B S 1 PL-ICP SVATE AN 2 3 i (M PR e SR THS 31 T i 3%
SR o [FIIN,  USCSSORT ] FR) 58 B O Mtk — PR SE T SO SVAAE R B R T IX S A AR A

Xof il PR SCR A B ER R 37 e b, B R4 1) B A5
4.2. BU#HREY Otsu
T VARG Otsu BERIA RN, ASCRN T B EEEHE £ (MNIST, CIFAR-10), FE4f L AREE
T TR, B T SAORE S5 Komeans 5035 BIEA) Otsu S97R0 #4484 50
A 4 froR, RUSGEN Otsu HIEE =Rk G R MRS . EAERNE, TERHR
K R T AR ER S ). eAh, MR N MR, RTCAB A, BIEZEARRIA CPU AT
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I curvelet Transform
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Figure 4. Time-consuming comparison of four algorithms
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BBAh, AR SONAE [F] — B 18] s AN [R] 7 V2 S B0 0 BSCR EAT T b dr, sl s Bios. fEbE
A XN RGB-D &5, B il — ki Otsu BikBRIMLE R, CENIImESLS%, D FR
K-means /{54558, E JB/R T IR WA R R . DI ESES % C NEEE, WHE 5 LA
R T JUVMAERER WS R . 1, EoiE S, AU EEH, K-means FiLTIR R 7584
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AR —8 AEH SO B AER 2 E 77k SR, B S(E)RoR 7 2 AR et i, e P B R
MR T X REE, SETN RN ERERK.

Figure 5. Comparison of denoising effects of different methods. Among them, (A) original RGB-D image; (B) The real value
of the ground; (C) Improved Otsu; (D) curve transformation; (E) k-means
B 5. RRESEMERGRMLLE. Hoh, (A) B4 RGB-D Efg; (B) MEHESE; (C) %Ki Otsu; (D) BT,

(E) k-means
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Figure 6. The influence of ground real value and the improvement of SLAM and fusion by EKF

& 6. HhEESERSNEF EKF X SLAM Figh & 89 i

Table 1. Verification of positioning accuracy

F 1. ENRFERIIE

286 2H (m, rad) Hi JE IX ] X0t PL-ICP (%)  fB1&4% SLAM (%)  EKF il & 585 (%)
<0.001 99.85 99.99 99.98
(0.001, 0.005) 0.01 0 0

R4 1(0.05 m, 0.05 m, 2) (0.005, 0.01) 0.01 0 0.01
(0.01, 0.05) 0.13 0.01 0.01

>0.001 0.00 0.00 0.00
<0.001 99.71 99.83 99.98

(0.001, 0.005) 0.02 0.02 0

I 2 (0.05 m, 0.05 m, 4) (0.005, 0.01) 0.03 0.02 0.01
(0.01, 0.05) 0.22 0.11 0.01

>0.001 0.02 0.02 0.00

<0.001 99.51 99.96 99.95

(0.001, 0.005) 0.03 0.01 0.01

R 3 (0.05m, 0.05m, 8.6) (0.005, 0.01) 0.05 0.02 0.02
(0.01,0.05) 0.33 0.01 0.01

>0.001 0.08 0.00 0.00

<0.001 98.43 98.65 99.79

(0.001, 0.005) 0.088 0.01 0.01

AL 4 (0.05m, 0.05m, 17.2) (0.005, 0.01) 0.13 0.10 0.02
(0.01, 0.05) 0.44 0.35 0.07

>0.001 0.92 0.89 0.11

<0.001 84.48 92.67 99.79

(0.001, 0.005) 0.20 0.18 0.01

{5 5 (0.05 m, 0.05 m, 32) (0.005, 0.01) 0.28 0.20 0.02
(0.01, 0.05) 0.93 0.41 0.07

>0.001 14.11 6.54 0.11
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gk
<0.001 73.46 85.48 99.79
(0.001, 0.005) 0.23 0.14 0.01
5% 6 (0.05 m, 0.05 m, 45°) (0.005, 0.01) 0.35 0.21 0.02
(0.01, 0.05) 1.14 0.82 0.07
>0.001 2481 13.35 0.11
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