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A study of the machine vision-based intelligent separation system

for extraction of tramp materials in raw coal
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Abstract. In order to eliminate the adverse effect on and safety risks in coal cleaning operations produced
by presence of tramp materials in raw coal, a smart tramp material recognition-localization-separation in-
tegrated system based on deep learning and machine vision is developed. A pixel-level recognition model
based on semantic segmentation is likewise developed with its computional costs 8 ~9 times less than that
of the standard convolution network model. The system is provided with a robotic arm which is capable of
making recognition and selection of points for gripping of hard and light foreign materials and keeping
clear of any interference, in an accurate manner, even under complex working environmental conditions.
Result of test conducted with the system at Guobei Coal Preparation Plant shows that the system can work
with a recognition rate up to 96. 647% , an extraction success rate as high as 94. 759% and a sorting rate
of 91. 640% . It well demonstrates that the use of the system can realize high-efficiency removal of foreign

matters and lead to enhancement of the intelligent level in this respect.
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Fig. 1 Process layout of the
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Fig. 2 Schematic diagram showing the separation process
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Fig. 3 A view of the smart separation system on site

2 BELZEWWURE

ZW R RE ik R B R T #: T mobilenet v2 1)
unet B 270 unet JE— AN iE WA BB, H 3
BEPAT AR 5 HAb o RIS E e, A
GRGHET T RME; K5, #R—)2 X — 2 RE,
FIHIX — 2 3 — 2 R E B S 2R 4T R A A,
B — A a5 R B, R R RER SR
L — >0

T 0 2% SR i Ak B BB 28 R 4% mobilenet

PEATRFAE R I, HBOE THREM &8 EH,
BIHE — > b o 5 B PR A ST 19 53 i o AR Ay ,i%e
e, St E 4 s, B-RE2RAZBRER, B
Tk X A i A T8 IO P RS A AR D I R HAUE EZ;E
RusPe, F_ZREIx1 BB, MABLEMR, B
ﬁﬁﬁ%%Aﬁﬁ%%ﬁﬁ%%ﬁ%%%wﬁ,ﬁ
B F R AE 4 I

mobilenet v2 X W 4 A5 R E A7 T A R0 R4,
HAZ ORGSR a8 5 TR o b A B R/
h, xw, x d, )5 A K&, B GBI b e RV =
RN by xow, x d; 1% sk bR B TR BA
hy xw, xd; x d; x k x k{8 A R 738 5
TSR R AR ES B2 M4 A KB HES, 5
U L A 4 B — A H AR B Ay x

>®

oS §

(a) 3XIMBZZER (b) 1IX 13 fiE
B4 WREMSEEBRER

Fig. 4 Sketch showing the depth separable convolution
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Fig. 5 Structural chart of mobilenet v2 core module
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Fig. 7  Tested result obtained under normal plant

operation condition
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Table 1 Result of test obtained under normal plant

operation condition
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Fig. 8 Test result obtained in case of severe
contanmination due to the presence of fine slime
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Table 2 Test result obtained in case of severe

contanmination due to the presence of fine slime
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Fig. 9  Test result obtained in case of high throughput

or buildup of coal
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Table 3 Test result obtained in case of massive
buildup of materials
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