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Research on high-precision coal flow detection of belt conveyors based on machine vision

JI Xianliang', ZHANG Wenjie’, WANG Yugiang®’, LIU Yong', TIAN Zuzhi’, FU Zheng’
(1. Guotun Coal Mine, Linyi Mining Group Heze Coal and Electricity Co., Ltd., Heze 274000, China; 2. School of
Mechanical and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China;
3. Shandong Energy Group Luxi Mining Co., Ltd., Heze 274000, China)

Abstract: In response to the problems of missing image details and poor fitting effect in multiple fractures or
areas with large fracture spacing in existing machine vision based coal flow detection methods for belt conveyors,
a high-precision coal flow detection system for belt conveyors based on machine vision is proposed. It is based on
the principle of direct beam oblique collection laser triangulation. The line laser emitter is arranged directly above
the measurement position of the belt conveyor and vertically irradiates the coal pile. The coal pile moves
uniformly with the belt conveyor, and a camera at an oblique angle is used to capture real-time images of the
surface of the coal pile containing laser stripes. The method calibrates the coal flow detection system, including
camera internal parameter calibration and laser plane calibration, to obtain the height information of the coal pile.

The processing of laser stripe images on coal flow cross-sections is carried out. The gray center of gravity method
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and regional skeleton method are compared and analyzed from multiple perspectives such as extraction precision
and algorithm real-time performance. Based on the comparison results, the regional skeleton method is selected to
extract the center of laser stripes. Aiming at the problem of poor fitting effect of laser stripe fracture repair using
image dilation operation, the least squares method is proposed as the laser stripe fracture repair algorithm.
Compared with closed operations, the least squares method has better smoothing effect and higher precision in
fitting processing. The method establishes a coal flow cross-sectional area calculation model. By calculating the
cross-sectional area of the coal pile at each frame, the coal flow volume at different belt speeds can be obtained.
The experimental results show that when the belt speeds are 0.25, 0.5, and 1 m/s respectively, the detection system

errors are relatively small, with maximum errors of 2.78%, 3.61%, and 3.89%. It verifies that the coal flow

detection system has high accuracy.

Key words: belt conveyor; coal flow detection; machine vision; linear laser emission; direct beam oblique

collection laser triangulation; laser stripe center extraction; laser stripe fracture repair; regional skeleton method;

least squares method
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Fig. 1 Principle of direct oblique receiving laser triangulation
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Table 1 Belt conveyor related parameters

280 5
BiEER/(th™D 15
B /m 2.5
JEHs i /mm 400
A/ (mes™) 0~1

LA R G T 0 R AT B Ak B, A
XF S PR SR A, R T HERRAM AR TR R,
BV /NI 25 B OGN R], {75 00 B S AT R HA
N85 E . 1 SUAL34GC Th FEAHAL, HoA #5014
R R/ANR 130 T3, S R Wisk 265k 211 Wi/s, 5i 3k A] 42
£ R U [ 7~ 36 mm; #0OG #% SR H 5 9 HO-
Y650P100-26110 B9 3 3l Gl A& %, Hoy th I Kl
650 nm, HAT J5 I MEAf . SRR L BRI R A ar

SEOL AL M Tl R AR AR K OT (R ME SR, T T
B T AABLANZ IO A St 4, anlal 2 froR .

p—

V4
&2 BRI R G5

Fig.2 Coal flow detection system hardware platform
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Fig. 3 Images captured during camera calibration
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Fig.4 Comparison before and after distortion correction
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Fig. 8 Laser stripes before and after image filtering
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Fig. 9 Threshold segmentation of laser stripe
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Table 6 Measurement results of coal pile volume

S2bR W R0.25 m/s W K0.5 m/s W1 m/s

RVem® gt ftem® 5222/% MEHE/em® 5222/% W (H/em® 29%/%

295.4 301.6 2.09 302.0 2.21 304.9 3.22

498.0 503.7 1.14 508.9 2.19 514.8 3.37

617.4 633.0 2.53 639.7 3.61 640.5 3.74

725.7 745.9 2.78 749 .4 3.27 753.9 3.89

773.4 792.5 2.47 794.6 2.73 795.4 2.84

956.5 957.0 0.05 968.5 1.26 973.5 1.78
6 it

1D A DX 2R B OO L 26 20 by, AU
SRR RS RO SR BOB AR, T EL AT R B A E R
AR T D 3 T Y IO SR B A

2) R MR/ AR AT HOC A SO R b,
BT M5, fie/h A AR BE A 1 RO A,
R B o

3) AR MEASE R L L e B R A AT
RZEEBITE 1.5% LAF, B0k 1 BEA R U 28 G b o FHi
AR ECH DR BURL RS

LI Xiaoli, WANG Qingfu. Research on fault monitoring
system of belt conveyor based on GA-BP neural
network [J]. Coal Technology, 2021, 40(12): 222-224.

(2] AR BT Wbt A0 DL Sy g 45 1) o 2 1 L e e
2 3. 57 AL 2022, 50(9): 55-58
SONG Qinyi. Fault diagnosis on belt conveyor based on
fault tree and Bayesian network[J]. Mining &
Processing Equipment, 2022, 50(9): 55-58.

[3] GAN Hong, CHEN Kun, ZHONG Xinghong. Static
analysis on the measurement system of an electronic belt
scale[J]. Applied Mechanics and Materials, 2013, 345:
525-529.

[4] BZE, AL, BE. B T1E o E0 SUms pUsR

32 f DX SRS W R (00 T SEHL R T S B, 2024,
41(2):56-61, 99.
ZHAO Xuejun, YANG Zheng, YAN Xue. Coal
transportation area detection algorithm of belt conveyor
based on semantic segmentation[J]. Computer
Applications and Software, 2024, 41(2): 56-61, 99.

[5]1 SRICEE $B3, BORE. 2T MR R B AR 7 Uik bl

I R R g vk [V R TR, 2024, 56(1):
220-224.
ZHANG Wenke, GUO Yu, ZHAO Hui. Self-adaptive
speed control system of coal mine conveying belt based
on image recognition[J]. Coal Engineering, 2024,
56(1):220-224.

[6] VELNL FRERAE, JETHA, 55 JE T TOF RE KB ER

0 fn 32 Ay R R D7 v 0], R A 3k, 2022,
48(1):40-44, 63.
WANG Xinyue, QIAO Tiezhu, PANG Yusong, et al.
Coal flow detection method for conveyor belt based on
TOF depth image restoration[J]. Industry and Mine
Automation, 2022, 48(1):40-44, 63.

(7] FE, 355, AL LS SAE TV R R G
R T]. BUAR A% 4, 2022C6): 54-56.

ZHOU Fulin, HUANG Jing. Application of Al edge
computing in industrial visual recognition system/[J].
Modern Transmission, 2022(6): 54-56.

(8] ZEaith, We T, B, & T HHR ) 2 Umis

PUR BRI S B 388 R 4 0], BRF 2 H R,
2017, 45(8):212-216.
LI Jidong, PU Shaoning, ZHAI Chao, et al. Coal
quantity detection and automatic speed regulation system
of belt conveyor based on video identification[J]. Coal
Science and Technology, 2017, 45(8):212-216.

(9] B&EW, BR, K&, & F TR K sl
P B H A& (7). 4% # AR F AR, 2021,


https://doi.org/10.3969/j.issn.1001-3954.2022.09.013
https://doi.org/10.3969/j.issn.1001-3954.2022.09.013
https://doi.org/10.3969/j.issn.1001-3954.2022.09.013
https://doi.org/10.4028/www.scientific.net/AMM.345.525
https://doi.org/10.3969/j.issn.1000-386x.2024.02.008
https://doi.org/10.3969/j.issn.1000-386x.2024.02.008
https://doi.org/10.3969/j.issn.1000-386x.2024.02.008
https://doi.org/10.3969/j.issn.1673-5137.2022.06.009
https://doi.org/10.3969/j.issn.1673-5137.2022.06.009

2024 &% 5 M E=%7)

. A FAUEM

51“\'

I:](mu*/f/m‘l'@?% e 83 -

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

41(8):164-174.
YANG Chunyu, GU Zhen, ZHANG Xin,
Binocular vision measurement of coal flow of belt

et al.

conveyors based on deep learning[J]. Chinese Journal of
Scientific Instrument, 2021, 41(8): 164-174.

B R, W75 R A SR ALY R I R
JeIN T [T, W KA R CH AR R A R8O, 2015,
42(2):40-47.

ZENG Fei, WU Qing, CHU Xiumin, et al. Measurement
of material instantaneous flow on belt conveyors based
on laser scanning[J]. Journal of Hunan University
(Natural Sciences), 2015, 42(2): 40-47.

BT CL. R A O T S LA R B IAT B  E T 5E
(30 FE T2, 2021, 53(11): 146-151.

HU Eryi.
scanning and machine vision[J].
2021, 53(11): 146-151.

R, W E R, FftE. 2T EOEMEOL B aiif%
PRERWEFC I, B2, 2023, 44(6): 1280-1285.

LI Shujun, TIAN Changyong, ZHOU Chuanyang.
Research on automatic laser welding tracking based on
structured light[J]. Journal of Applied Optics, 2023,
44(6): 1280-1285.

K, ML, B, F T ImOBLIEOE =M
MEE R RS LI T BOLS R T 5 RE,
2018, 55(3):191-196.

ZHU Zhengtao, PEI Weidong, LI Yuan, et al. Research
and implementation of laser triangulation system based
on telecentric lens[J]. Laser
Progress, 2018, 55(3): 191-196.
BidE, BEE, BrE, & T LS I iR iR
Rl R G deit 5 S (00, BN AR 5 it 2018,
39(6): 1782-1787.

ZHU Lei, HAN Ziying, RUAN Yujing, et al. Design
and implementation of tire tread detection system based
on machine vision[J]. Computer Engineering and
Design, 2018, 39(6): 1782-1787.

M, Db, AR T RGB BB AL B % 6 6 T
B B Ao 7 V2 E 9 (00, A& Lk B4k, 2023, 45(6):
35-38, 49.

ZHENG Bin, LUO Shan, JINAG Yincheng. Research
on tire tread defect detection method based on RGB
image processing[J].
2023, 45(6):35-38, 49.
J8SCAS, WA, TR B, A5 SRBLER IR A T RO L 2
3 N L 9 B (T). R A, 2022, 30€16):
89-91.

TANG Yijie, HU Chao, ZHANG Yiwei, et al. Fuzzy
edge adaptive median filtering algorithm under strong

Coal flow measurement based on laser
Coal Engineering,

& Optoelectronics

Manufacturing  Automation,

salt and pepper noise[J]. Practical Electronics, 2022,
30(16):89-91.

R, F—4. BT L AMEMR I L e R Sk
RS W T AT SRk R [J/OL]. Hh [ F AL TR o
# : 1-27[2024-04-12]. http://kns.cnki.net/kcms/detail/

(18]

[19]

(20]

(21]

(22]

(23]

(24]

11.2107.TM.20240226.0957.002.html.

LIU Chuanyang, WU Yiquan. Research progress on
power equipment identification and heating fault
diagnosis methods based on infrared images[J/OL].
Proceedings of the CSEE: 1-27[2024-04-12]. http://kns.
cnki.net/kecms/detail/11.2107.TM.20240226.0957.002.
html.

SROLM, FRIBUHE. 3 T AL AL 08 AR B B A I 7
EL] BERFEA, 2023, 42(9):241-243.

SONG Libin, ZHANG Shuyan. Rapid detection method
of coal flow based on machine vision[J]. Coal
Technology, 2023, 42(9): 241-243.

REW, PRk, ¥, 5. BT Steger HLII £ 2545
FEH AR HLLT]. A0, 2023, 43(10): 188-195.
WU Yubo, CHEN Dilai, YANG Chao, et al. Multi-line
structured light center extraction based on improved
steger algorithm[J]. Applied Laser, 2023, 43(10) :
188-195.

MR, A, B8, 3D LB HNLETHOL K 2ol
FBOTELD]. TRAOR, 2023, 57(10): 155-160.
CHEN Zhe, WANG Shenghuai, ZHONG Ming. Laser
stripe center extraction method for 3D line laser
cameras [J]. Tool Engineering, 2023, 57(10): 155-160.
A FET WO DAL LS N IR B R G ERER T vk
(37, E PR A7 e 2 i CH AR BH RO, 2023, 25(5):
69-75.

HU Shi. Study on welding seam tracking method of
industrial robot based on laser scanning[J]. Journal of
Chongqing University of Science and Technology
(Natural Sciences Edition), 2023, 25(5): 69-75.

i, RN, AR, S ARG SE B R AL
R 5 PR (0], R 25 4R 2023, 44(6) : 50-
57, 132.

WANG Hao, ZHAO Xiaohui, XU Longzhe, et al.
Research on trajectory recognition and control
technology  of light
welding[J]. Transactions of the
Institution, 2023, 44(6): 50-57, 132.
FUE, BAERD, BAR A, & T BHBIB SRR
2 EGROR &R U5 32 (7] KGR Bl 5 28 U, 2023,
44(2):101-108.

NAN Nuo, HOU Zuoxun, CAO Dongjing, et al. Deep-

air image blur restoration method based on image

vision-assisted
China Welding

structured

morphology[J].  Spacecraft
Sensing, 2023, 44(2): 101-108.
HIVL Z, i R ZR, 55, HE T codt i/ — sfedk (K i
[5E] 35 o e A i o 22 A% TR R S R B (7). Tefbider
W, 2024, 45(1):28-32.

TIAN Jiangyun, WEN Xin, LIU Xudong, et al. Multi-
sensor fusion detection technology for elliptical glass

Recovery & Remote

curtain wall defects based on improved least squares
method [J]. 2024, 45(1) :
28-32.

Nondestructive Testing,


https://doi.org/10.5768/JAO202344.0610016
https://doi.org/10.5768/JAO202344.0610016
https://doi.org/10.3969/j.issn.1009-0134.2023.06.007
https://doi.org/10.3969/j.issn.1009-0134.2023.06.007
https://doi.org/10.3969/j.issn.1006-5059.2022.16.027
https://doi.org/10.3969/j.issn.1006-5059.2022.16.027
http://kns.cnki.net/kcms/detail/11.2107.TM.20240226.0957.002.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20240226.0957.002.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20240226.0957.002.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20240226.0957.002.html
http://kns.cnki.net/kcms/detail/11.2107.TM.20240226.0957.002.html
https://doi.org/10.3969/j.issn.1000-7008.2023.10.032
https://doi.org/10.3969/j.issn.1000-7008.2023.10.032
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.3969/j.issn.1673-1980.2023.05.013
https://doi.org/10.12073/j.hjxb.20220715002
https://doi.org/10.12073/j.hjxb.20220715002
https://doi.org/10.12073/j.hjxb.20220715002
https://doi.org/10.3969/j.issn.1009-8518.2023.02.011
https://doi.org/10.3969/j.issn.1009-8518.2023.02.011
https://doi.org/10.3969/j.issn.1009-8518.2023.02.011

	0 引言
	1 煤流检测系统原理与硬件平台搭建
	1.1 煤流检测系统原理
	1.2 煤流检测系统硬件平台

	2 煤流检测系统标定
	2.1 相机内参标定及畸变校正
	2.2 激光平面标定

	3 煤流截面激光条纹处理方法
	3.1 图像预处理
	3.1.1 红色通道分离
	3.1.2 图像滤波
	3.1.3 图像分割

	3.2 激光条纹中心提取
	3.3 激光条纹断裂修补
	3.3.1 形态学处理
	3.3.2 最小二乘法拟合处理
	3.3.3 对比分析


	4 煤流量计算
	4.1 煤流截面积计算模型
	4.2 煤流体积检测模型

	5 实验验证
	5.1 激光条纹提取精度验证
	5.2 煤流体积计算实验验证

	6 结论
	参考文献

