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Fig. 1 Some coal and rock samples
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BEE — R, A A TR A BRI A . 7R 1 900 nm HFIT
BT af e M Fe & TR E ALO, . HAFEE
BRI UCAY . TE2 130~2 250 nm JEBLN K 55 A AFTEBR
S, XEMT Al TRAEM P EEL ALO, WIEAF1E.
LA A7 N 2 LL AICOHD s JTERAEAE . AICOHD; 1y Al—
OH ks PR 2 7 HLAE 2 210 nm BT 2 AT 3 0% i

Spectral Data =

Reflectance
o

800 1000 ‘1200‘ ‘wl‘volwmgh ‘1500‘ 1800 : ‘2000‘ : 2200 : ‘2400‘
B2 REEXERSEHL

Fig. 2 Original reflectance spectra
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IR, HK A =N T ST 50% . Bk, K4
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U5 . 25 W M6 2F 4% S e SO 5 D B o U0k P RR AR A AR R
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FRICKL B R4 0. 15 mm $EFE . B AFEA(1L0.1) g,
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K, B RS BT 105~110 CE X TIRA N, TR T
B B E L AR HERE G LR B K S I By 4R
(Mad),

F1 WYBEHETLERNKER

Table 1 Test results of industrial indicators of
coal samples from two mines

REA i 5 Mad/ % Vad/ % Aad/ %
XQM1 1. 60 28.16 33. 74
XQM2 1.71 27.16 29. 60
XQM3 1. 00 28. 37 33. 66
XQM14 1. 50 28.07 27.08
XQM5 1.10 27.63 31. 38
XQM6 1. 20 28.57 31. 96
XQM7 1. 20 27.50 31.51
XQG1 1. 40 10. 84 85. 05
XQG2 1. 00 10. 66 86. 11
XQG3 1. 40 12. 39 86. 31
XQG4 1. 20 10. 83 86. 44
P2M1 0. 99 23.67 40. 80
P2M2 0. 85 33. 15 5. 86
P2M3 0.79 32.09 6.61
P2M4 1. 06 33. 74 7.05
P2M5 0.92 34. 25 11. 24
P2M6 1.32 26. 85 22.71
P2M7 0. 90 29. 11 17.00




T RS . ST A] 0L - T 2040 O 1 i R U s SR SR T 5

2137

e
P2M8 1.38 25.59 32. 60
P2G1 0. 40 2.71 97.00
P2G2 0. 80 9. 26 87.10
P2G3 1. 80 9. 64 88. 46
P2G4 0. 70 7.27 85. 43
P2G5 1.70 8. 96 89. 78
P2G6 2.10 12.31 82.57
P2G7 0. 80 10. 75 84.12
P2G8 0.70 10. 97 88. 08
P2G9 1.03 6.93 92.19
P2G10 1. 11 9. 20 88. 31

(2)BEAS B I 43 (Aad) e F BR800

O TS B8 28 50 o 8 5 (9 B L v o BRIBCRE B2 /N F 0. 2
mm [ — 3T LI HERE (1 0. 1) g, FRUEZ 0.000 2 g, B
S M HET-FE K LA, fe A ST J7 JEDK 1 B AN B 0. 15 g,
Vo B B O BRI T8 5 43 HE TS0 A T e AR A R AR L
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Fig. 3 Experimental chart of ash content

of coal and rock samples
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Fig. 4 Set up for determining the volatile

matter in coal and gangue
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Table 2 Oxygen percentage contents of coal and rock samples from two mines
e = Na; O MgO Al, Oy Si0O, P,0s SO; K;O CaO TiO, Fe, Oy
XQM1 0. 37 0.51 30. 00 57.10 0. 24 2.37 0. 00 1.93 1.53 5. 97
XQM2 0. 34 0.53 27.93 57.74 0.16 4.29 1.13 0.19 2.08 5.62
XQMs3 0.22 0.52 28.71 58.42 0.21 2.97 0.13 1.19 1. 86 5.76
XQM4 0. 36 0. 55 27.16 57. 34 0.18 4. 66 1. 16 0.67 2.11 5.82
XQMs5 0.33 0.52 28.68 57.92 0.16 3.95 0. 82 0.09 1. 97 5.56
XQM6 0. 39 0.51 28.66 57.08 0.17 3. 36 0. 50 1. 66 1. 93 5.76
XQM7 0. 30 0. 51 28. 37 57. 88 0.17 3.77 1. 05 0. 50 1. 98 5.48
XQG1 0.17 0. 33 33.15 60. 68 0.10 0.16 0. 44 0. 00 1. 44 3.53
XQG2 0. 36 0.31 32.37 61.22 0.09 0.17 0. 87 0. 00 1. 20 3.42
XQG3 0. 44 0. 31 35.67 58.63 0.10 0. 09 0.16 0. 00 1. 08 3.53
XQG4 0.28 0.32 32.58 60. 48 0. 10 0. 16 1. 08 0. 00 1. 46 3.55
P2M1 0. 33 0. 43 28.04 60. 24 0.18 2.09 0.97 1.41 1. 31 4.99
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P2M2 1. 49 0. 90 13. 64 47.82 5.63 7.47 0.56 11. 73 1. 80 8. 97
P2M3 1.53 0. 99 17.76 57.14 1.15 9. 36 0.00 0. 66 2. 80 8. 60
P2M4 1. 24 0.99 15.99 55. 32 1.70 10. 35 0. 00 1.78 3.04 9.58
P2M5 0.65 2.57 9.71 38. 28 0.23 5. 71 0. 00 33.71 0. 85 8. 30
P2M6 0. 66 0.56 23.46 52.59 0.17 8. 65 2.24 3.65 1. 86 6.17
P2M7 0.90 0.62 24.23 51. 89 0.19 6. 48 0.98 6.71 1.91 6.10
P2M8 0.33 0.52 27.18 56.61 0. 26 3.53 1. 06 3.00 1. 56 5.97
P2G1 0. 05 0.32 19. 99 68. 38 0.10 0.13 6.01 0.77 1. 11 3.15
P2G2 0.19 0.31 29. 66 61. 64 0. 10 0.23 3.51 0. 00 1. 30 3.08
P2G3 0. 20 0.31 30.13 62.91 0.10 0.12 1.55 0. 00 1. 26 3.42
P2G4 0.21 0. 31 30. 23 62. 87 0.10 0.12 1.52 0. 00 1.23 3.42
P2G5 0. 31 0. 30 28.81 62.82 0. 09 0. 24 2.78 0.07 1.25 3.34
P2G6 0.51 0.31 34.54 58.91 0.10 0.15 0.73 0. 00 1.51 3. 26
P2G7 0. 36 0. 30 29. 80 61.57 0. 09 0. 54 2.91 0. 00 1. 26 3.18
P2G8 0.13 0. 30 27.82 63. 56 0.10 0.18 1. 61 0.56 1. 06 4. 69
P2G9 0. 37 0.29 29. 40 61.34 0. 09 0. 10 4. 28 0. 00 1. 00 3.15
P2G10 0. 28 0. 29 28.29 63. 86 0.09 0. 40 2.34 0.01 0.92 3.52
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AR R Y L g £ PCA-SVM, PCA-BP #i
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R T ph AR 1 2 34T . e dd 2 U R o W A e O 3k AR R
Hf o) A BRI BEAR, RS AR .
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(1) B 53 M 45 4 32 4 1) B AL (PCA-SV M) A5 A

T U AR ST — A A 2 ), I R 5 2 X o 0
A A BRI T P 28, R AR S U R AR AR 0T, A A
PR I AR 2817 XA A R AE (I SE AT U 25, KB
BORRIEAEAE R B A8 B A AR BIARZE <07 F 17 1 o [H A
B I T R T 25 00 A T X B I 4R EAT IR . o, B X
NE B A AL 43 391 R e ) A T I 530 40 41 3 B i R 5 RN T
Ar A AT 5 XRE AL & 0 a4y & & . B8 Ll 2546 20
AFEARFIIESE O N REAS . SR A 5 3R 47 3 B4 2 47
8 1540 R 5 475 58 X363k 5 A e 10 A 571 2 5000 %
el 22 B0, PEAT S B AU R EE S, IR 06 TE 4 AR AR
RIS UE . FEMLEE L 20 20 35 W43 43 AT 45 A =4 1) R HL U 1A
B SR AR . BIrgs Rk 3 iR,

MR 3 A, RS ATE A S AU R, R
R RE e 10094, BeflRAE Bl 55 %, SEHIRE I 83. 75 %0,
I S AR R SIRG B Bk o 66. 67 %, BRI R 22.22% , P
BB BE AN 45. 97 %,

F3 ETARA-GELIRIER PCA-SVM KB H IR B HE
Table 3 Model accuracy of PCA-SVM model based on

visible-near infrared spectra

g ﬁﬁ%ﬁ EE 21 BRI BTER
S8 ¢ g /% /%

1 0.378 93 6.964 4 85 44. 44
2 0.5 1.148 7 75 75

3 1.071 8 36. 758 3 100 66.67
4 1 2.143 5 75 55. 56
5 0. 000 976 56 0. 000 976 56 65 22.22
6 1.624 5 0.378 93 75 55. 56
7 13.928 8 4 90 33.33
8 0.933 03 12.1257 90 22.22
9 1.2311 27.857 6 95 66. 67
10 19.698 3 1.741 1 95 66. 67
11 675.588 1 0.435 28 95 66.67
12 0.000 976 56 0. 000 976 56 55 33.33
13 1.148 7 315.173 100 33.33
14 27.857 6 2. 639 90 44. 44
15 0.000 976 56 0. 000 976 56 55 44. 44
16 0.000 976 56 36. 758 3 85 44. 44
17 3. 249 0.203 06 65 22.22
18 1.319 5 48.502 9 90 44. 44
19 1.2311 84.448 5 95 44. 44
20 73.516 7 6.062 9 100 33.33

(2) Ty T 4 & BP #4245 (PCA-BP) FL Y

X REAS G35 B R BE AT A 4 BT 153 28 A
BUAYT . OSSR BP 02 W& 19 00 06 S BT IR H i
LML, SR - AR B (epochs) =10 000, 2]
(Ir)=0. 05, JI%kH FRiR 2 (goal) =0. 001, H& A hjt 25 ) 2% JC
BRGS HWUAF S WA, —TREZE. — T2,
. R AR AN 5 TR .
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Fig. 5 Model structure of PCA-BP neural network

based on visible-near infrared spectra
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Fig. 6 PCA-BP neural network model recognition rate
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FE T REAR SO F 6 1 KA (1) PCA-BP i1 25 ) £6% 452 704 341 51
ook 54.55%, Ik Lk 26.25%, P ¥ i) &
S 43.33%,

B E WL 3 B 45 6 4y 73 Bt (KPCA-SVMD 55 7

KA AS B BE AT A% F2 A3 43 W B 3 K 4345 43 18 )
FH 5 538 LI E 0 S R AR ST S BRI A 7 2 280, 1T X
i BB R S, Ok R AR B, 20 4] KP-
CA-SVM Bl 240 IIERAE . RIERE B SR 4 i,

24 A, BRI a6 R s, g
POKS BE B O 100%, R ARKT B b 85%, FE B RS A
95.5% . 55 i £ B B PRI RS B R om o 1002, B KA
66.67 %0, IR BE LY 90. 56 % .

2.2 ETHARSSENEMERIRANEER

(1) BLA 53 B 45 4 3245 1) B AL (PCA-SV M) A5 78

XFFEA Y 14 A & AT B 4T, 0 3R A
B EAH 5 A5 38 LRI & I RIS S ARl £ 5
B, PEAT AR R WU R B ST, IR 5 56 TE 4 A RIS GIE .
ST REA B 1) PCA-SVM BT S 2 8. 24 . B0 TEMS
BN 5 iR,

M2 5 AT, BRI AT 4 A S Re ) s AL T rh, AR
W B S o 100 % , e fIRAS S 70% . SRS 83. 75 %,
B I 45 AR R IR B B 5 o 100%6 . B AR R 22. 22 %, RN
kS B 29 50.56 %,

4 KPCA-SVM MBI g BRI i
Table 4 Accuracy of KPCA-SVM model

g ﬂE'iﬁE‘E%‘ﬂ T ESH AR UK R
BH ¢ g /% /%
1 0.319 5 2.639 100 100
2 0.176 78 0.659 75 90 88. 89
3 0.267 94 0.5 90 100
4 0.574 35 0.435 28 100 77.78
5 0.435 28 0.353 55 95 77.78
6 0.574 35 0.757 86 95 88. 89
7 0.203 06 0.659 75 95 77.78
8 34.296 8 4 100 100
9 0.233 26 0.757 86 85 100
10 0. 000 976 56 2.462 3 100 100
11 2.828 4 1.414 2 100 100
12 0.267 94 3.249 95 88. 89
13 0.287 17 1.148 7 100 66.67
14 0.233 26 0.812 25 95 88. 89
15 0. 25 0.615 57 95 77.78
16 3.482 2 0.574 35 90 100
17 0.307 79 3.031 4 95 88. 89
18 548. 748 1. 866 1 100 100
19 0.5 2.639 95 88. 89
20 0.203 06 0.574 35 95 100

x5 ETHARSDH PCA-SVM B K BIE &
Table 5 Accuracy of principal component analysis combined

with support vector machine model

a1 R UL 2 HBR Y RS E
S8 e g /% /%

1 0.574 35 5.278 75 44. 44
2 10. 556 1 0.217 64 70 66. 67
3 0. 757 86 111.430 5 90 44. 44
4 6.062 9 6.964 4 85 33.33
5 256 1.515 7 95 22.22
6 13.928 8 0.066 986 80 66. 67
7 0. 757 86 207.936 6 100 33.33
8 1.2311 630. 345 9 100 22.22
9 137.187 0.094 732 70 66.67
10 0. 000 976 56 2.639 70 66. 67
11 6.062 9 0. 066 986 75 66.67
12 0.267 94 0. 870 55 100 100

13 0.757 86 34.296 8 95 33.33
14 6.062 9 2.828 4 90 66. 67
15 0.707 11 64 90 44. 44
16 0. 870 55 55.715 2 85 44. 44
17 25.992 1 1.414 2 80 66. 67
18 0.615 57 51.984 2 80 44. 44
19 0. 870 55 2.462 3 75 44. 44
20 0.615 57 1.741 1 70 33.33

(2) R Hréi & BP #4245 (PCA-BP) #E 1l

b A A Ol 1 I S A B AT 2R A A, 18] 12 A E
B o B SERT BP M M 4% ) B S B AT . M TE
LML . ZHANT . AR KL (epochs) =10 000, 3] %



2140 ik 56 4

842 %

(Ir)=0. 05, Y& B ARiRk 2 (goal) =0. 001, & A f 25 W 4% G
BLRSE D HUAFS: AR, —PMREE. —1EE 2.
i o . MM LSRN 7 TR .

Neural Network

Hidden Layer Output Layer
Input Output
12 _l.I
8 1
B7 BEFHEAMSH PCA-BP HEMELEH
Fig. 7 Structure of PCA-BP neural network based on

sample components
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Fig. 8 Recognition rate of PCA-BP neural network

model based on sample components

B FREAR AT 1) PCA-BP i 2 W) 45 55 0 30 51 3R 85 v O
77.78% . BeAKON 22.22% , SFEHIRFNFE Ny 46.11%

% F A3 43 M 46 & F 43 43 B (KPCA-SVMD £ 7Y

X REA B A BEAT A% RS 43 A i A A9 A (EL R
5 45 38 I E A E S AR ST S 8O R 7 25 S 80, 64T S0
) HLBTRL A ST, IR IR ik 4R i AR BLIGHIE . 20 40 KPCA-
SVM R S48 IIR4E . BERS B2 N3k 6 iR .

M3 6 AT, A JE B A BT 4 A SRR LA A v, g
PORS BE f = o 1002, IR ARRT b 9506, SF BIKE A
98.5% . i il &AL R Y BRI R ok 10020, R i
77.78% IR BIREREL R 95 %,

3 45 ik

Bt AL I3 20 A 6 ik s AR A B R A S
AR, 254 R 32 A 2 B 45 B S 1) LA 1
(PCA-SVM) . F B4 5 M & & BP M2 M 48 A A0 | A% 32 i 43
Sy BTG A S H 1A B LR T (KPCA-SVMD 377 T HFSE, 304

AR R REINTEER T H .
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Table 6 Model accuracy of KPCA-SVM model

based on sample components

40 B LI SR MR B IERTBE
ZH e g /% /%
1 0.203 06 0.659 75 100 88. 89
2 0.329 88 0. 870 55 100 100
3 0.353 55 0.757 86 100 100
4 0.233 26 0.406 13 100 88. 89
5 0.435 28 0.406 13 95 100
6 0.329 88 0.435 28 100 88. 89
7 0.287 17 0.535 89 95 100
8 0. 757 86 0.329 88 100 88. 89
9 24.2515 0.016 746 100 100
10 0. 000 976 56 0. 000 976 56 95 100
11 0. 000 976 56 0. 000 976 56 95 100
12 0.267 94 0. 870 55 100 100
13 0.329 88 0.378 93 100 88. 89
14 0.707 11 0.535 89 100 100
15 12.125 7 0.033 493 100 100
16 0. 000 976 56 0. 000 976 56 100 88. 89
17 0.267 94 0. 435 28 100 88. 89
18 0.267 94 0.466 52 95 100
19 0.233 26 0.659 75 95 100
20 0.267 94 1 100 77.78

R7T HEBBEBE/RANELE

Table 7 Algorithm model accuracy/recognition rate comparison

- g MR i T A BE/
1 41 1 4y i) :
FEAE HE L N7 %) 7% v
——_— PCA-SVM 83.75 66.67
Al il 5-
. PCA-BP 46. 11
LA /
KPCA-SVM 95.5 90. 56
PCA-SVM 83.75 50. 56
FEA B4 5 = PCA-BP / 46. 11
KPCA-SVM 98.5 95

(1) e F 7] WoG-JE 4040 635 1 KPCA-SVM # R 4 40k
BESR A 100% , S ARKE B oA 8506, B iiF A5 UK B O A
100% o FEFFEA BLAT & 51 KPCA-SVM 5578 S A58 37 I 155
100 %, S ARAE B 9500 . TR UiE AR RURS ¥ 0 7 Ol 10024, 1)
U5 FEF T 0030 21 41 o 1% R IRE 2 By i 0 A7 0 2 1R )
RVATH . FERBT % KPCA-SVM R, i T PCA-
SVM #1 PCA-BP ¥ 53k .

(2) FEFRA R & RAE AANSHEL B, KP-
CA-SVM 1 gt B A% £ " T PCA-SVM, 7 3 dt BOKG 4
98.5%; [l /it KPCA-SVM 4 % i ¥ & & F PCA-SVM Fi
PCA-BP B F J5 1k 1) 36 UE RS B2 35K R 95 %,
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(3) PREUT B B 618 BOUE A o A BN R ERAE . 45 A KPCA-SVM Ay BRI 5 3 R Rk 8 T 95% , R T oAt 1 Fib
PCA-SVM, PCA-BP il KPCA-SVM =Fi& g i, 77 T 5 IR, WO A
AL AR B T v, 3 T R, LT A R A A R
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Experimental Research on Coal-Rock Identification Method Based on
Visible-Near Infrared Spectroscopy
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1. National Key Experiment of Mining Response and Disaster Prevention and Control in Deep Coal Mine, Huainan
232001, China

2. School of Spatial Information and Geomatics Engineering, Anhui University of Science and Technology, Huainan
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Abstract Taking the coal and rock samples retrieved from the Huainan Xieqiao Mine and the Paner II Mine as the research
object, the sample reflectance spectrum curve was collected by a ground spectrometer, and the sample’ s oxide content,
moisture, ash and volatile content were simultaneously detected to reflect the sample’s reflection. The rate spectral curve and the
sample component content are used as independent variables, and the sample type is used as the dependent variable to establish a
coal and rock identification model to classify coal and rock. This paper mainly adopts three models, which are principal
component analysis combined with support vector machine (PCA-SVM), principal component analysis combined with BP neural
network (PCA-BP) model and kernel principal component analysis combined with support vector machine (KPCA-SVM) model.
The results show that among the three models based on visible light near-infrared spectroscopy. nuclear principal component
analysis combined with support vector machine model has the highest recognition accuracy, the average accuracy of modeling is
95.5% . and the average accuracy of verification is about 90. 56 % ; three based on sample components. In the model, the kernel
principal component analysis combined with the support vector machine model has the highest recognition accuracy, the average

accuracy of modeling is 98. 5% , and the average accuracy of verification is about 95%.

Keywords Visible-near infrared spectroscopy; Principal component analysis; Nuclear principal component analysis; Support

vector machine; BP neural network
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