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A coal-gangue recognition method based on X-ray image and laser point cloud

Si Lei, Tan Chao,Zhu Jiahao, Wang Zhongbin, Li Jiahao
(School of Mechatronic Engineering, China University of Mining and Technology ,Xuzhou 221116, China)

Abstract: The efficient separation of coal and gangue is an important way to realize green mining of coal resources, and the core
technology is the rapid and accurate identification of coal and gangue. Therefore, a coal-gangue recognition method based on the fusion of
X-ray image and laser point cloud is proposed in this article. Firstly, an improved Otsu segmentation algorithm based on the local entropy
and global mean difference weighting is designed to enhance the segmentation accuracy and efficiency of X-ray images. Meanwhile, the
straight-through filtering and voxel grid down sampling are used to simplify the laser point cloud data of coal and gangue, and the coal-
gangue feature combination of X-ray image and laser point cloud is extracted. Then, to address the problems that the traditional sparrow
search algorithm (SSA) is prone to fall into local optimum and the population diversity is poor, a multi-strategy improved SSA algorithm
(TISSA) is proposed to optimize the model parameters of light gradient boosting machine (LightGBM). A coal-gangue fast recognition
model based on ISSA-LightGBM is designed. Finally, an experimental platform for the coal-gangue recognition is established and the
corresponding experimental comparative analysis is carried out. Results show that the comprehensive recognition accuracy of ISSA-
LightGBM model can reach to 99.00% , and the comprehensive performance is superior to other models, which could meet the needs of
efficient coal-gangue recognition.

Keywords : coal- gangue recognition; X-ray image; laser point cloud; feature extraction; LightGBM

JEE R HLARAR ARG, A5 e B 357 A SR 50 11932 i A A
BARAIIRBERR . I, T B s 28000 1k 2 R R
AR AR A AR AT, B S5 IR ¢ T R ¢ (0 T SR )
IRERAETT R B P AR B AT A 977t hF 0 BB MIARAT e A O BE IR EAR . 1548

0 3l

i3

sk H 39 .2022-04-25 Received Date: 2022-04-25
w JEEIH B R B RB I 4 FIH (52074271) JLHE B AR EIE 4 m I H ( BK20211245) A [ 1 + )5 Bk 2% 3k 4 45 500 % Bh 11 |
(2020T130696) VT A B FERHE AAFL2 TR IR A (2021)103 5) VTI8ERESer R TR H (98B % (2018187 5) ¥EBh



194 f# £ ¥

43

S BTy B s A B N Bovioy & 5| S viet L R S 5 N
ARG O B 2 D B T Y PR A5 (M) AT, e LA 335 7 >4 i A
ST RGBSR Sl e A o A IR AR U
FBE AR, JE PR e U A S 425 J2 E AT
Sy FEREA

R L R I A R BRI X S
LR PUN O R0 S5 R R o e BRI 5 T, SC
MR[2AFSE T 36 T 2O 3% B 60 20 B @l & A BT R (2
EHRZU . SCHR [ 3-4 ] 4 EE AN [R] SR 58 5% i) F 22 R AIE
TG A AT SRR ) S HLIEAT 20 28 I AR 2 B8 X LU
BISEIR . SCHR [ 5-7 ] 38 a4 ORI (K150 B e 3 Y 2
YRR R ST T T SRR ) AL B AL AR AR A 22
P 265 B MRERT ORI AY , SCHR [ 8 ] R TGk () LeNet-5 ¥
JIE ol 2 X 246 SR A A AT U 5, A5 BT 4 2 i IR
JEE 2 SRR SCHR[ 9-10 138 3 X L 22 Fl 4 A 22 1) 4%
FEZR T T HRT SqueezeNet R EERT DR R A A ST
BR11-12] 831 72T YOLOV3 F1 YOLOvSs HE 22 () 44
AR T | 52 T Bt KRR IR BE Ak, BE T X
SR B BERT IR 7 1 B X B B s el 1 e B
PG, BB R R AR S AT 00 SOk [ 141X He sy
BET IR X 5 2k R (0 AS 5] 4 B0 B0 | Ry BT 20 g 2
PEARAL T RAFAY B IS5 F . SCHR[ 15 ] b X SRk
GANFPLEAG , BEBCT BB RO AR B MR R A,
HETSE L T AR A AT SE X 4 SOk 16 ] 6T HAE X 4
MG R SE 11T T 3 T NP-FSVM 4325 2% 1Y JE AT
SyERERL, SCHR[ 17 ] BCA R ARMR S & KRR
PRAFRAEXT RN A7 HE AT Z 4E B 0 b, BRAR T X 4R A
B pG R, OB R O T, SCER[ 18 138 i
A3 M TRV K 8 3806 451 1 B 1 RGO B, 4 v T
SREAT U0 RS BE Anp T STk [ 19 ] 83T TR T
R 2GS ARSI Ik SCEk[20] T
TR BRI S o B AR, b T 2 RR AR B A B S
TR 43 2545

M LR TE A SCHR TT LR ST ES AT IR A
R B A B A A | ORI 8 R A8 R i LA e T
G FRGE I R AT 2R 5 X S UG R R AN [ JEE B £ A
B LURE B X 43, FLXCRE X SR A BB 4T 11 J5 5 52 1l 17 G
A IE R R R AR A B ik S B0 U R AR e
PEFIIE FHPERS2E . 55T I, AR SC AR iy JREAT R 531 2503 A
FEEE A B bR, Wit T 3T X FH 4 BURREOE S s A
SREA U T 2% 38 3 PO B TR AR BBOREAT A S S ok B Fn I
FEAR B RN X G2 IR/ ) SR BE AR A B, T T
e PR AR Y BT TR ASE AR | SRy S A 1 R A 1 B
SER

1 R ERE I Rk

SRR BE L B o IR BRI AN P 1 BT, S AT
KRR G U R GEMIAT R GE 2 A, e AT IR &
GURRRE VR B A B o AT ISUREE 1 4% 30 7 1 O
HEAAG IR R G 11T | A 08 A [ (o L il X Ak
IR A T IR TR PR, X S 24800 & A0
B RS TR AL S R AU AT UM R 58, s f IR
BRI RS, T X LR RO R =T
FEUREAT A Z AR AR B, SRR PP R IR BT IR
R GERERINAS SRRk 2 PLC F i 2% , 3 i 2 ol < sl
WS A R o B MRS, K PO R AR AT Ao v 2

XS AR T
v\\ mﬁ%m—'“‘hf“} —
|
B St IR IET N B
e ‘ : X
s e
! A
/ hd /\o
PLC
A UFPC

BT BT o e s 4 I R A

Fig. 1 Schematic diagram coal-gangue separation equipment
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Fig.3 Results of images segmentation
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Table 3 Partial parameters of LightGBM

24 LI T SR
learn_rate 0.1 (0,1] R 2] A8
max_depth 5 [2,+0) WA B R B
num_leaves 31 [3,+%) T A

n_estimators 100 [1,500] TR Al
reg_alpha 1 [0,1] L1 IEME 25
reg_lambda 1 [0,1] L2 IEME 4L

ISSA B3k R REAN R 10 5 17 L Pl o 17 2 e KT
B AR SO UYL 2540 Sl ISSA F 3 7 B ek 8k,
(RN (1l
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Fig.7 Experimental platform of coal-gangue recognition
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Fig. 8 Segmentation results of partial coal-gangue samples
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Table 4 Features of partial coal-gangue samples

(b) FREE&
(b) High energy image

(o) BtE=

(c) Laser point cloud

Label R,  ay o, My, My R, h,, I,

0 1.08 0.93 0.86 74.06 48.59 0.05
0 1.21 0.91 0.75 87.66 56.71 0.00
0 1.34 1.07 0.80 90.65 58.21 0.23
0 1.18 0.98 0.83 75.12 53.52 0.02
1 1.57 1.76 1.12 46.47 38.06 0.85 137.26 147.31
1 1.43 1.56 0.96 63.08 48.83 0.82 89.53 105.46
1 1.39 1.32 0.95 61.40 47.67 0.47 195.55 160.59
1 1.41 1.66 1.18 52.37 42.63 0.50 238.89 167.01

192.23 152.92
131.25 160.43
116.84 134.98
133.04 157.05

0.22
—— PSO

0.20 —— GWO
—— SSA

0.18 F ---- ISSA

0_ 5 lb 13 2‘0 2‘5 3‘0 33 46 4‘5 5‘0
EARKH

K9 AR 2R S E SRR [

Fig. 9 Comparison of model optimization results by

using different algorithms

&5 LightGBM #EKRESH
Table 5 Optimal parameters of the LightGBM model

S8 PSO GWO SSA ISSA
max_depth 10 9 5 4
learn_rate 0.14 0.41 0.32 0.24

n_estimators 50 80 160 120
num_leaves 1023 511 31 15

reg_alpha 0.26 0.2 0.11 0.24
reg_lambda 0.26 0.33 0.12 0.11
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Fig. 10  LightGBM training curves under different

parameter combinations
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PRERAE B 20 N OB 5, X B — R IR P — A
JEE, SR 11 Fis

mf S ]195532 T 432
74
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Re [ 112 1 679.527

pH S 68.742
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aLt  20]] 23.923
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BT 235 4 Ao RS IE T 2

Fig. 11  Feature importance of gain and split

Xt 3 40 1 173 SRR R R B 0 B i AT
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LZERANEE 6 PR,
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Table 6 Comprehensive ranking of feature importance

i3 FRIESHL UL

" R, 2.000
) R, 0. 967
3 I, 0. 839
4 ™ 0.539
5 Ly 0.423
6 H, 0.29
; o 0. 086
8 O 0
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BRA Y T Rer= A — M EIVE T . R a2 S BR A 4R 1E
{8, F ] ISSA-LightGBM Xt A - R AF ¢ 7 1 ) AR 2] 75
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SRoE UG B ERR B, 45 SRR 12 R,

o 1 2 3 4 5 6 71
S BRRFEA B
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Fig. 12 Influence of eliminating features on model accuracy
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Fig. 13 Comparison of prediction results based

on different models
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Fi th, ISSA-LightGBM A7 iy JEEAT R SIS B 5 F1 43 [l e 3%
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Table 7 Comparison of evaluation indexes of different

recognition models %
AP 2 Hf % FEAIES F1 534
s 94 96 95
SVM )
[ 96 94 95
1 90 96 93
BPNN )
[y 96 90 93
I 91 88 89
KNN
fita 89 92 91
ot 100 100 100
ISSA-LightGBM
[aa 98 98 98

EF o EERTIRU  BE LR, i — 25 X AR [R] I
BRI YN ZRAS 1] A7t o B W3R (] R0 o 0 S S5 48 A
ARSI R TR B2 B D A I (A A A )1 2 B[], 77 i
P FH S TR R TR A VR B P A RN, 3R R ) R
100 MREAR SIS BT TG I 0], ERR R A 200t 10 K43 28R 51
HERI(E, 45 N3R 8 FivR . ATLAE Y, 25 B0 (i 15K
RITREE  TRLBIE RDAH 25 8 K5 53 Ah, AR SCR T 1SSA-
LightGBM #5311 ZkBsf 18] 4 A 0. 067 s, £74% 1 F 4 17 kB,
SR MER RN 99. 00% , Y ZRBCRAUK T KNN, {HAF
it i P AN SR T LAl R AR AR

x8 AFENRAEBERLZA MR
Table 8 Comprehensive performance of different

recognition models

o LI 15N 6 = DS I PV 115 1 | T S

/s /kB /ms /%
SVM 3.485 18 0.20 94.90
BPNN 1. 682 39 0.50 92.70
KNN 0. 001 101 0.10 89.70
ISSA-LightGBM 0. 067 17 0.10 99. 00

g5 LTI 6 e E I 43 2SR BRSO SO Y
ISSA-LightGBM #A £ 32 FAERE IR BIMERG R Afe e 1 45
Dy FH e AL AT DL R A AL 6 T 4 m/s Al
AR BRI 1Y SEBR TR K o

5 & i

TP ER S BRI AR SR T T X
SRR FNHOE A = BTN 7 . A1 R 4 A 4
JEYIZEMALEY Otsu 535, I 45 6 L3 I8 5 A A 3R A
5, R X SRR ANHOE R = PR NAR F AR 8
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