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Obstacle avoidance algorithm based on sub-image segmentation and

mapping point cloud space
ZHANG Liya', LI Chenxin', LIU Bin>, YANG Zhifang'

(1. Equipment Branch, CCTEG China Coal Research Institute, Beijing 100013, China; 2. Yangchangwan Coal Mine,
CHN Energy Ningxia Coal Industry Co., Ltd. , Yinchuan 750411, China)

Abstract: The inspection of the working status of coal conveyor belts is an important part of ensuring safe production. As a conventional
means of intelligent inspection, inspection robots are of great significance for ensuring the safe production of coal mines and realizing the
reduction of personnel and the enhancement of safety underground. In order to improve the obstacle avoidance ability of mine inspection
robots under long-distance and complex working conditions, adjust the travel route in real time and achieve the avoidance of obstacles,
based on the inspection and obstacle avoidance system with the fusion of multi-source sensing of infrared cameras and lidars, the main
work is as follows: A robot obstacle avoidance algorithm based on sub-image segmentation and mapping of point cloud space is proposed.
Firstly, by taking infrared data as the boundary condition, the infrared image is divided into blocks to form sub-image units, and the point
cloud space range is mapped with sub-images of different scales, thereby realizing the extraction of obstacle point clouds; and by using the
projection method of each sub-image unit, the limitation of the three-dimensional point cloud in the target area is completed; then, by us-
ing the way of boundary constraints to reduce the total amount of point cloud data processing, the convergence speed of the algorithm and

the extraction speed of the obstacle feature point clouds are improved. Finally, the simplification effect of the algorithm on the total
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amount of point clouds is verified through simulation analysis, the inversion accuracy of the maximum outer diameter of obstacles under

different sub-image scales is simulated, and the real-time obstacle avoidance ability effect of the system applying this algorithm is verified.

The experimental results show that when the side length of the sub-image is 10.0 mm, the maximum relative error is less than 1.53%, the

convergence time of the algorithm is 1.243 s, and both the inversion accuracy of the obstacle outer diameter and the convergence speed

meet the actual application requirements; the algorithm has a high accuracy rate and obstacle avoidance efficiency in static obstacle, dy-

namic obstacle and multi-robot obstacle avoidance environments, meets the needs of inspection robots for real-time environmental data

collection and obstacle avoidance, and has a high practical application value.

Key words: underground coal mine; inspection robot; obstacle avoidance algorithm; multi-source sensor fusion; boundary constraint

i

0 35

FEIE R R, X AL 3 TARRA Y
S o0 o o oa Yl D -5 7 S VAL 18 1 1 B 1814
AR AR S A B A 2% TS A A LA A
(O IEH AT, e, s LA Tl R R A v B
AR FRAS . ShASRRT. 7ERT I F RIS 716
RASTF, FFFTIR AL 8 Y [ 3 D7 b e B3k, %o S Bt
PLES A E Sk B E s X,

KT HLAF AAE A WA - HEE ShPles A, T
H Uz, EANEE [ s ikl AR
7 80 0 i 25 AR AUk A i 9 I X AR 0 7 AL,
A-HEMANTH 2V ] () Gemini &4 R HLES A,
R ABAG Sk 5 5 BRI A T AR, HZi4h# R ADLEr
WAE, THEREES 2 1 500 m; KULKARNI 2519 S ji g
FEHLAR AT M B AT I 4 1, HAT Bkt R
ik, (H i T HESM BT A E S {08 (5, R Aok
(S B MILLER 261 9 OS-1 AURR B AR IIAL
AR T VR, IFRL A 64 LBOGHH, W
ZRESsm . TEE P, EER S A R 4
FiAS AL N3z 332 BR T = 2 3R 55 T AR S5 A 3R
Beiz sl B A5 S R A, B E T — b e
FE R B A HLER N &5 P E T K F 5
TH 5 A AR A T 3R 5 — A I ROILER A,
P AR L RS R R SIS DO EESTER Rl N =
Wk T CUMT-V B gy sUHLa NS5, JoLkim (5 B
A3k 1000 m'"> ", SRERESE 0y I, PNERT ) WSS Tk
TS T A MESE R ML RS 4o AR B 5 JRy s
B, BB S 1 s CAT 2507 b i Pl it £ 7
WS P2 i, KBS0 ) % A g Pl 5 ) A, i ot 4
il ST B B, BT e R AT S . Bk
AR R R ORE 4 Jeg b PRT ) B T B A AR AR A B
T R BE SR RN, B8 2 H R 4%, kfi% 3D
1R I & R T, 25 2 B A PR B3 B Ay T A5 )
T RABLEI R, 3T 5 2 AR B AR, HH
42 SR B8 T B B 5 DG R O 0 3 U B RR 28

DA & R RS2 AL RE 1 A S8 BIL e AAE PR
S L N O R

TESE PRI VR RS o, (RT3 T AR,
(ARG G TOAET e AR o BVELER— 48
B, IR IR HERL B IR S AT
AL AU A i 22, 1 A R 25 2k 45
PO, BER A 2% 0 T MO AR L e A A I g A e

M5 B, BN SO T IR AT 45 &, P2 T3
T F EMG o BB 15 2 2 0] A HL e bk e B3, A
FHEUG o> #1785t 3D =23 (a5 B 5 20 4B HE
ARG AE B TR G, LA THAILAS A B 57 Y o
BRI

1 ZRERME REER

N T AR RS ATLAS N AEAT 11 A £ R
T 2 AL A RS, LA NSRS
WOCTE IR PEATES G, 2§ AL A BR8E B JOA
REST, RGUBAREE U 1 FoR .

H1 ETHRERRGKBILEABRERE

Fig.1 Obstacle avoidance diagram of coal inspection robot

based on multi-source sensor fusion
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Fig.2 Schematic diagram of working principle of Lidar
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Fig.3 Obstacle avoidance algorithm based on infrared image

boundary point cloud extraction
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