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Fig. 1 Coal samples (a, c, e) and gangue samples (b, d, f) from different coal mines

(a), (b): Ximing coal mine; (¢), (d): Shenmu coal mine; (e), (f): Balongtu coal mine
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Fig. 2 Visible and near-infrared spectroscopy collection system

RAEFAGHT . BB AU IR B 15 ~20 min f50 1% BLEN 9 ms. [R]WF) T ERAE 2 DLIE 28 = YRS BUOF Y
Hh 2R RE J T EAT SR A . i S e A A . SR S I AR 23 I ) 4 D 5 B A D B B . AR R O B v . A



2950 ik 56 4

842 %

) R 5 T SR SR A S B 6 L A A o 3 i B A R A 0
R 1~2 Z0tik, H AR R ESCRER A H RN IK 2R
MR HE AR H S % Lo » 2 WG 35 G4 % %
RERESH Lija -
2.2 kitfmsbE

J 0 T B R A2 AN L CRAE A S R A M S 5 0T
RAGR . IR & W R B, M5 T Ok E B . B kAT
TG AL HL, ZKERMEFE RIUAR(E ., SRBUREE R . R 5
56 TR BCHE A R R LT 5 ik AT AL B

(1) BB A IE 5 0% B ok ik

SR BEROR H 5 SR RS R, 2 B X (10D X JR A A
i SO AT SR R I LASRAFAR ST ST R, IR EBR A K
5 B L 7S 4 48 K I B (369. 51~517. 69, 859. 37~1 049. 07
nm) J5 (9 55 6 33 U B (518. 00 ~857. 05 nm) VE 7 J§ £ Wi 4b
B . FRAELERE 2 048 FEE 1 000,
L — Lk
Lwhilu - I‘bl‘dck

(2) Savitzky-Golay (SG) #: FHLSE iy

i Fi Savitzky-Golay(SG) %5 B35 15 % 5L 51 96 1% 47 %
M, PR — MA@l 29, IRAD P w=14,

R = (10)

Ry, oo = ﬂ} ERk{ih: (1D
S
O kRO 2 P REG 2wt 1 HE BN

W H.

(3) b 1 1E 3578 7 AR 4 (SNV)

i TR AR S BETE 40~ 95 mm 5 OB,
FARRAE IE 2578 78 #e (SNV) Sk 1 bR BERT RE i i 2 78 1k X I
SO R I STELA R I 3D, R R O 1 B
Fe X (A2 AT 54

A =lg(1/R 12)

st=¢ (13)

DA,
K A3 R KH AT 1000, A=,

m

TEAS BN WAL M S st & s . MRIER — B0 8 560 A
S OG22 e 0 3 R SR o S S B A S R A
B 20 S 0 E A 0 R DG 25 N T R 4 U B SRR AE
BRI T AR R PRI, 2R E sk, WA KS
a0 R SR 22 SR LR 4l B . T R ) R A Rk
HEAT A DX 3 P 5
2.3 XGBoost E & 5#E BT M B iR

{#i i python 3. 8.3 if & UL M XGBoost, Scikit-Learn Fl
Numpy 2 TR T HAJ, {E Jupyter notebook 4 % #§ 1 i 47 %
B, INGRESWEELL 7. 3 B LLBIBENL R 73 3 a2 > il 2k
55 A% 5 R X R S AT SO0 R IR AR A s
SUBGAET 1 23 ZEHER . ACC, o X5 208 2 50k 17 8 K LA B 4
MG, DU I AR 1 43 S B ACC. A S 4F (4 PF

AIEGE, A AUC (area under the curve) {H 5 ¥ 5 % »
i bR = A AR T LSRG R B R AR e Tk S A 2R D .
R BT 3 BE A XGBoost B I XF A 0L -3 41 5 I B AT
L MPERE. BIA kL4l (KNN) | FEHLAR AR (RF) . S0
i) HL (SVVD = Fif 3 2 S v OGS L
2.4 BUEEREERSEHAUERIR

TSR B 2 50 o M 75 U B AL L, BRAIR T 4B, (AT
KA TCARAT B 2 Y B0 o DR IR R AR5 AF 2 45 X o' T35 450 4
HEAT TR e, DARRARB A 31 3 o, 4 e S AR G A7 i I, Ry
BE— 25 A5 28 50 BT 5T 35 5 LAl 0k FH o U E 0k B Rk
(RFE) ., 3% 4: 4% % 5 1 (SPA) f 35 4 M [ 3& O T m AL S5 ok
(CARS)JFATHFAE B 5 . 3k T AR AE 26 5 )5 19 D 4 B0H08 57
fRT AL A ZERE Y, A PP AL AT SR R A AR B KRR S
BLES 5 2] BRI & .

(1) 3% T HRAIF 3 £ (RFE)

390 51 I 1 4R — R B T A AL R AE T T R AE R B
o TERRR AR AR 4 5 AF T 22 M HE & T PR A TR B ARAE
R E RESENEIREERNT R IIAHEE, AEH
FRAE PG B — 2 4 B, XGBoost 45178 1] 12 3 1o 44 4iF 8 32 1t
R AR R AL EE B AT HE Y . A AR A9 gian By A
— AR score S B 4G bR AE O R AE B EHE T K. IR 8
T 3 AR 1 3T 28 LI HIE 44 J7 AL 5% 22 (RMSECV) 347 3%
FEFRAE 2k B (9 2 45 .

(2) SR (SPA)

SR AE R SR B Bk B RN . Ik A — K B T
f o DRI TSR A B RRAE D I 7E R 3 ARRIE 5, 4%
FEE R R MK, B2 WK EREE,
o A5 B S AR R s K SR K R, R 2 oo KRR
A3 BT (MLR) X %) 43 J5 16 B8 S R 7 g LA A 38 5 R i
72 (RMSE) g BAITEAN F b7, 3t B AR R AR G .

(33w 4P [ I N T INA SR 7L (CARS)

T AP B N T AN R 1 7 B R B P SR R R R
B I 25 48 Hp i ) — 8 490 B A g ST 4 55 /N — 3 (PLS) [FI
AL, LA B v i 7y =X 2 B T80 R RO /N I R AT, IR AE
TR B S R TR AR B IS 1k, DASE UG HIE 3 5 AR iR 25 e/
1 R AIE 4 R B AR R AR R B . IR SRR B 50, SR AR L )
0.8,

2.5 REEZNTRIEAERE

AN T 7= 1) 55 0T A PS5 5 R
RBFFELESR, EHWREREER BT FEMm oI PR
PUAEAE SR PR R U 0 B S 52 0 20 3 o 1 o 0k A T 4
W35 PG 0 o S R o 0 S R B v s o X 4 4 U B
DA BRI 304 S 38 1 43 AR R S0 S 7 ) P R Ok A 36
BB 38 A

o
]

3 R 5{He

3.1 REXENSA
B A2 B AKIE., WE k., SG HER TS
SNV HiAb# )5, BEART A L m, I LB T iR E



%o

2 Ei%E . JET XGBoost 5 I -3 £1 A 't B BERT IR 0 5 vk 2951

B BRRELE R h 2 048 FEE 1 000, [ 3 S WiAb RIS 1 =4
W RS R T LURE A

T Em B 50T A1 1 IS Ot 5 il 28 B A A AL, B 7E 619
nm P T H BRI M0, 750 nm BRI BRI AR . HAE 750 ~
857 nm P B S AT A 2 ALK 22 R R .

I B 5 5 T R i 26 22 52 0E B 0 79 e 3 il 4%
FE 625 F1 820 nm [t 3T H B M e 5 BE AT Y S i 2R 7E 680
nm P 7= A4 0 . FE 730 nm B B UL A . 53 AN
Sy FESRFE 825 nm BT H B0 YO

2{ (@

— COAL L1

—

s

Reflectance(SNV)
L =)

'
LS}

550 600 650 700 750 800 850
Wavelength/nm

2 ©) — COALIL1

Reflectance(SNV)

550 600 650 700 750 800 850
Wavelength/nm

— COALIIL1

()

Reflectance(SNV)
bbb L Ao~

550 600 650 700 750 800 850
Wavelength/nm

B3 I:(a)(b), I': (c)(d), Il:

BB -5 T B S o i s 2k 2 S ) A5 WD A o 0 9 D
Hh £ 75 680 1 820 nm R IT HY B0 % Wi e s T A 19 06 385 il 4R 7
680 nm Fff 3 H BUM I . 736 nm BRI BRI

WA =AW HE 5 RT A0 R W S SOt it £ 22 S 0 B 3
Moo A 22T BN LR R SR N SR AL T X R [ R
IR PERE . Pt dme (B K2 R BT R A I 45 WA 9™ ¢ dh
PR AL, 1 00l 2 o P e AR VA O BB PE B . AR 00 R
T A [ 9 38

—— GANGUE 1.2
24 (b)
=
Z 14
wn
4
£
8
g -1
&~
24
55 600 650 700 750 800 850
Wavelength/nm
—— GANGUE 1.2
21 @@
S 1
Z
2 04
3
51
5
=
&
234
-4 T T T T T T T
550 600 650 700 750 800 850
Wavelength/nm
—— GANGUE I11.2
21 ®
M
& 0
S -14
g
-4
-5

550 600 650 700 750 800 850
Wavelength/nm

(e) () ET K EFRBLEFHHKE

Fig. 3 Spectra of coal and gangue in [ : (a)(b), I : ()(d), [ : (e) (f) mines after pretreatment
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Table 2 Comparison of different classification models

based on the full-band spectra

Sample  Number of (0 acc,  AcC AUC
origin variables
KNN  0.9485 0.9411 0.9415
RF 0.9530 0.9607 0.961 1
T 1000
SVM  0.9443 0.9607 0.961 1
XGBoost  0.957 2 0.9705 0.9716
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Table 3 The prediction results of different classification models based on characteristic wavelengths
Sar'nI?Ie Variable selection Nun?ber of Model ACC)y ACC AUC
origin methods variables
KNN 0.948 3 0.950 9 0.950 9
RF 0.948 3 0.950 9 0.952 0
RFE 9
SVM 0.956 8 0. 960 7 0.952 0
XGBoost 0.965 7 0. 980 3 0. 980 3
KNN 0.953 0 0.950 9 0.951 2
RF 0.953 0 0. 960 7 0. 960 7
I SPA 5 ;
SVM 0.965 7 0. 960 7 0.961 1
XGBoost 0.957 2 0. 960 7 0. 960 7
KNN 0.957 0 0.950 9 0.951 2
RF 0.948 9 0.950 9 0.950 9
CARS 61
SVM 0.978 6 0. 980 3 0. 980 3
XGBoost 0.961 5 0. 960 7 0.960 7
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Fig. 7 The variables selection process of the test group by RFE
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Table 4 The model prediction results of the test group

Sample Variable selection Number of o - .
Model P ) ACCy ACC AUC
origin methods variables
1 000 0.9550 1. 000 O 1. 000 0O
I RFE ~
3 0.975 0 1. 000 O 1. 000 O
XGBoost
1 000 0.940 4 0.964 2 0.968 7
I RFE
7 0.954 7 1. 000 O 1. 000 0
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A Classification Method of Coal and Gangue Based on XGBoost and
Visible-Near Infrared Spectroscopy

LI Rui', LI Bo'* , WANG Xue-wen', LIU Tao', LI Lian-jie"* , FAN Shu-xiang’
1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China
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Abstract Intelligent recognition of coal and gangue is a new technology that needs to be developed urgently to realize the
intelligentization of fully mechanized caving mining. Visible-near infrared spectroscopy technology has many advantages such as
environmental friendly and real-time, which meets the requirements of intelligent separation of coal and gangue. The Extreme
Gradient Boosting Tree (XGBoost) algorithm which performed well in data science competitions, was introducedto achieve the
recognition of coal and gangue based on visible-near infrared spectroscopy. Firstly, a visiblenear infrared spectroscopy
experimental platform was built to collect the reflectance spectra of lump coal and gangue samples from Shanxi Ximing. Shaanxi
Shenmu. and Inner Mongolia Balongtu coal mines in the range of 370 ~ 1 049 nm. The collected original spectra were
preprocessed through black and white correction, method of removing the start and end bands, Savitzky-Golay (SG) smoothing
and standard normal variable transformation (SNV) to reduce the effects of uneven illumination, noise and optical path
difference. Secondly, the experimental group and test group were divided according to the difference of reflection spectrum of
samples from different mines. The experimental group had a minor difference, which was used to compare the performance of
different models and select the best algorithm; the difference of test groups was obvious, which was used to test the performance
of the best algorithm in other coal mines and verified the applicability of the algorithm to different coal mines. In the experiment
of the experimental group, the coal and gangue classification model was established based on the XGBoost algorithm, and the
commonly used machine learning classification algorithms k-nearest neighbor method (KNN), random forest (RF), support
vector machine (SVM), which were introduced for comparison. The results showed XGBoost performed best. The average
accuracy of 10-fold cross-validation (ACC,, ), classification accuracy (ACC), and AUC values respectively reached 0. 957 2,
0.970 5, and 0. 971 6, showing strong stability and classification capabilities. Then in order to reduce the data dimension and
calculations, recursive feature elimination (RFE), successive projections algorithm (SPA) and competitive adaptive reweighted
sampling (CARS) were used to select the characteristic wavelength and combined with the above four classification algorithms to
construct a simplified classification model, respectively. The simplified model of the combination of RFE and XGBoost (RFE-
XGB) performed best in the test. The ACC,,, ACC, AUC was 0.965 7, 0.980 3, 0.980 3, respectively, and the data
dimension reduced to 9. Simplified model improved the stability and classification ability of the model while reducing the data
dimension. In the experiment of the test group, the model based on XGBoost and RFE-XGB algorithms can also achieve stable
and accurate recognition of coal and gangue in other coal mines, and the simplified model performed better, which was consistent

with the results of the experimental group.
Keywords XGBoost; Visible and near-infrared; Coal and gangue separation; Black background; Nondestructive detection
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