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Research on multi-manipulator coal and gangue sorting robot system based on machine vision

WANG Peng'?, CAO Xiangang"?, XIA Jing"?, WU Xudong'?*, MA Hongwei"*
(1.College of Mechanical Engineering, Xian University of Science and Technology, Xian 710054, China;
2.Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Monitoring,

Xian 710054, China)

Abstract: Existing coal and gangue sorting methods mainly use image processing and pattern
recognition technology to identify and sort coal and gangue according to texture characteristic values of coal
and rock. The grain size of coal and gangue is 25-150 mm, while the coal and gangue above 150 mm still
relies on manual sorting. In order to sort coal and gangue with large grain size, a multi-manipulator coal
and gangue sorting robot system based on machine vision was proposed. The system uses machine vision to
collect coal and gangue information and applies deep learning method to realize coal and gangue
identification and grab feature extraction. After obtaining the sequence information of coal and gangue, the
sorting work is carried out according to the position of coal and gangue, and the grasping task is assigned
to the corresponding manipulator controller by multi-objective task assignment strategy. After the

manipulator obtains the task, the target is dynamically monitored according to the acquired task. When the
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target enters the working space of the manipulator, the visual servo system drives the manipulator to
complete the coal and gangue sorting. The test results show that the system can efficiently and quickly sort
coal and gangue with grain size of 50-260 mm, and the adopted coal and gangue identification method and
sorting strategy have good stability and accuracy under different belt speeds, and the comprehensive

accuracy of coal and gangue identification and positioning can reach 93%, which verifies the feasibility of

the system.

Key words: coal and gangue sorting robot; coal and gangue with large grain; manipulator; capture

characteristics of coal and gangue; machine

multi-manipulator
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Fig. 1 Structure of multi-manipulator coal and gangue
sorting robot system based on machine vision
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Fig.3 Target identification method of coal and gangue
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Fig. 4 Structure of convolutional neural network
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Fig. 5 Target identification effect of coal and gangue
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Fig. 10 Flow of coal and gangue sorting strategy based on

multi-manipulator coordination
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300 HLfF A1 F1 100 B AEHL LI 45 R I SE 1.

FHe 1 AT AL, BT T A BUHL AR AT A o 45 AL
PEHT LR EE R 50 ~ 260 mm @ BERF A HEAT 4
o R BT A SO0 O IR AR TRl 3 B R
B W R R P L TR 3R i 5 TR A ST B A o R
W ELAG R I AR R AR PR . TAEAS [R) 7 3 T 40
B A B R B, 8 o 78 S 06 rh LB B L T 4
o B TR B PR, B R 22 K S BINHUR ., 5
WPk AE AL AR ) & H A5 7 mE T IR AW .

1 BATO LA AR 45 R
Table 1  Experimental results of coal and gangue sorting robot
W/ (mm e« s~ PUIBERF AR PUWME VRSB PUAE L IRIEC PUAE 2 RS 80 PLAUE 2 ATE InIBoR AVIES
300 282 150 1 132 1 0.993 3 0.940 0
400 281 151 2 130 3 0.982 2 0.936 7
500 283 148 4 135 3 0.975 3 0.943 3
600 284 140 5 142 4 0.968 3 0.946 7
. University(Natural Sciences),2014,41(5):99-105.
L 47 kOB B8 A. JE T W58 BAR 09 85 R AiE 43 537
(L) oot AT RT3 5 55 07 0k A7 AE 0 11 25 LI FRFEEA 201133510 272271,
AHLIEE AR LIS AR R T B e AR T ZHANG Wanzhi, WANG Zengcai. Analysis and
ST LB A 0 22 HL AR B F 7 40 T ML A 2 Bk 1d'ent1flcatlon of coal ar‘ld rock characteristics based on
visual technology[J]. Coal Technology,2014,33(10):
65 SR A A T HERE 47 R0 A TR AT 5 4 .
e LR LR I 7] 90 PR SRS SA FRAT 40085 057 XURCHR AL E AT T QAT R
(2) 3 X REAT A 43 PR bl e A A i b T AR Jt REGHEGREL B 2140 16110, 522247 . 2000, 25 (5) ,
RPN R TR A I S B I VAN o LT 1 534-537.
K507 8 IR e MRl b S 1 T AL A AL Y LIU Fugiang. QIAN Jiansheng, WANG Xinhong.
ZHLHE BT A L2 ARENL., FEPLSCIG 4t 3 et al. Automatic sorting of coal gangue based on
B, UKL AR B BT A 40 45 BL 2% AT ks BE o 50 ~ image processing and recognition technology [J].
260 mm E‘J‘l%ﬁﬁﬁﬁ%}& \‘H%ﬁﬁ?\ i& , FJ??T%FH i J(% Journal of China Coal Society,2000,25(5) :534-537.
BEET U R RS A R A T Ay gty 0 TR IR L B R0 0
A P R FE . 0 00T T 56 5 69 7T 47 8 PR AL LR 2
L7 N ZRAEW, EM, 5. 5T 2 MUBUE U W) (9 B AT
AR HRE T — RS, SRR IELT) BB R A 12019471 7-12.
% % 37 B (References) : CAO Xiangang, FEI Jiahao, WANG Peng, et al.
Research on coal and gangue sorting method based on
L1 s Tk r & b B B Tl Bl o % e 4F 3 iz multi-arm  coordination [ J ]. Coal Science and
(2016 4R D R ATLI]. EBEAR,2017,43(2) : 10. Technology,2019,47(4) ;7-12
China Coal Industry Association. Annual report on 81 sR7 U, X A, BREBUME 55 LR BUIE A AR /K 7 B 48 3
the reform and development of China’s coal industry 28 0 K T B0 AR R T R B A AT LT . M e 22 4, 2015,
(2016)[J]. China Coal,2017,43(2) :10. 40(5) :988-993.
(2] RBEg. 3T ARM fl CPLD AT A 7E4R A 3h 43 % ZHANG Ningbo, LIU Changyou. CHEN Xianhui,
ZRGW5E D], 784 . 78 % FHE K27 . 2006. et al. Measurement analysis on the fluctuation
(3] To#R. BT M, B4R, 5. J6 T BLAR v 4 4k 9 45 e i characteristics of low level natural radiation from
I A e F R LT ). W R 2E 2R CH SRR 2 gangue [ J ]. Journal of China Coal Society, 2015,
i) ,2014,41(5):99-105. 40(5) :988-993.
CHENG Dong, TENG Zhaosheng, LI Fuhai, et al. (9] #HE. LA B EFAESREEROEMNAAE

Coal ash measurement model and its application based

on dual-energy 7vy-ray [ ] ]. Journal of Human

AR U [T ], 48 i BB R 22 22 4 CH A B2
J§) »2003,31(12) ; 22-24.



2019 £ % 9

EMF AR THEMNEN S IMEBET B HMEARRAR + 53 -

[10]

[11]

[12]

[13]

XU Qi. KONG Li, CHENG Jingjing. Adaptive fuzzy
pattern recognition of coal gangue based on niche
algorithm [ J .
University of Science and Technology
Science Edition),2003,31(12) .22-24.
XIscr AL g BRI RERT A B S R A 2 T R 4 R0 T
AT ] AR ,2002(3) 1 22-24.

LIU Wenzhong, KONG Li, QU Tan. Research on

genetic Journal of Huazhong

( Natural

adaptive neuronal network identification method for
coal gangue [ J]. Coal Preparation Technology, 2002
(3):22-24.

2ROk B S H L SO L G HL AT R R g aE S
WHALT ], AL ES AL 24, 2001,22(3) : 265-268.
LI Wenbin, YANG Jianyu. WEN Jianguo. The
manufacture and test of discriminating photoelectric
system for selecting waste rock[ ] ]. Chinese Journal of
Scientific Instrument,2001,22(3) :265-268.

LENZ 1, LEE H, SAXENA A. Deep learning for
detecting robotic grasps[J]. The International Journal
of Robotics Research,2015,34(4-5) :705-724.
VARLEY J, WEISZ J, WEISS ], et al. Generating

[14]

[16]

[17]

multi-fingered robotic grasps via deep learning[ C]//

2015 IEEE/RSJ International Conference on
Intelligent Robots and Systems ( IROS), 2015.
4415-4420.

REDMON ], ANGELOVA A. Real-time grasp

detection using convolutional neural networks[ C]//
2015 IEEE International Conference on Robotics and
Automation (ICRA),2015:1316-1322.

PINTO L, GUPTA A. Supersizing self-supervision:
Learning to grasp from 50k tries and 700 robot hours
[ C1//2016 IEEE
Robotics and Automation(ICRA) ,2016:3406-3413.
GUALTIERI M, TENPAS A, SAENKO K, et al.

International Conference on

High precision grasp pose detection in dense clutter
[C]//2016 IEEE/RSJ International Conference on
Intelligent Robots (IROS), 2016:
598-605.

KOTSIANTIS S,

and Systems

KANELLOPOULOS D,
PINTELAS P. Data preprocessing for supervised

leaning [ J ]. International Journal of Computer

Science,2006,1(2) :111-117.



