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Spectroscopy and Spectral Analysis

My 2 ERGR TS BB AR I AT AN IR R IE BR A 7T R

W, ETEWE, SR, ERT. B K. BRE. B

R AL R L TR B . VLR ARIN 221116

B OE BT B AL AN U R AR TR OB AR R SR TR S RS 9 ¢ 1R A IR A R
BT I TR AR IR . A TR AR PR R I U SE R . O T WE ST R AR R RN S RS T 2T AN 3 Y
M A E A HCEE T U B0 IR 3 JER TR JOTC AR . R 1B 3 SR AC Y S {3 e 7
HIAE 23 A RETKAEILT I 23 NBEEFEA TR [ L 204N B 1000 —2500nm 1Y 52 58 't 385 4 Sy 52 4 s v
RO S o SIS AR HERE A B R 3 SR TR RE ARG 3 SRR REAC H BE AL B 4 1 M REARAE Sk AT, 2p
B R LHEATE 600, 1 000, 1500 A1 3 000 mg » m K3 4 BT I £ S0 B AT i Bt . 25— 2
N BPAREITASEL 1 000~1 200 nm P BLS 2 400~2 500 nm i BLAY 6T QA5 MR L AR 5 Bl by A2 o
T o 53 A v ) TG D A 2 1 0 O A S SR A AR T R IR A U 5 SR TG AR RE DE RS SAML A K B2
IR 3 A G 22 BORHRRE FRR WA HEAT AR DG S0 AT« JOMBESEREAS | IR A | B A REA | TROE R A
TG T £ B DCC SAM DU FEARE B R A 35 805 A DL ICBE o DCRCREAE & B AR EE T AL T 0.9 B B s AHEREK
DG e 455 T84 D i 135 2 3 22 B 5 R R B T3 AH G R BN 0. 735 SR AR E SO B B TR AR A 4 SG B BRI SNV
PR TE S UL BRS  F0A BB S B4 RE AR O 126 15 S 90 AR AS i ff B2 DT S SAML D JRE 28 DT e 38 TG W R AR A . A
56 22 UG T A8 DC T B W AR TE . B MISE R BN 0. 785 BRI 2 541 . BT BUREAS SR AT 56 R BCE R T
0.13, JCHAME 2 BHEA K AR IM 2 RBUR T 76. 320, MikEAR 12 1B 2 5 165 M 56 R 820k Hil kb
HHREAG . LGS M B UL SAM DL B2 /R b AR 56 2R BOBEE U BE RS, (AL A A, BN 07 a 17,
i 2o 7 Al TR A AR R X AN () R T AR 6 A S AR A BEAT B R O A VT SAM SRS HE A AR P Oy
10026, HHIIS ] 8 ms. K2R b AH 5 R B BAERR S Py 87. 500, U]y 852 ms.

KR ARG BIEEE STLL NI WA R
FESES: TD67 XEfFRIRAD: A DOI: 10. 3964/j. issn. 1000-0593(2020)11-3430-08

Vol. 40, No. 11,pp3430-3437
November, 2020

5 5

ELLANETEAE Ry — P A KB . S fEMR b dEmE
TG T A M B A, R 5 0 A A T R 4 T A
FHAAEI TR, Hb, RIS H LR LA % R 4 S
MTZ, EAAEEBEARBEGTTHZHIR. B
RS TR K Ay 7 A, FESL T SR 1 B A K 4y ] A
(SVR) P J 1] 7t 45 45 43 25 (SVC) B 780 St 448 45 306 47 325 5 185 11 50
e, A LA A e U R R

R SRR T DA I A L R O T AT G I B K
Sy PEERTUM , R IR B A5 A A 2 X G LR R, e

W B
E2WH:

2019-11-11, 83T HEA: 2020-03-20

T H (PAPD) %% B
EE®/ AN
* 3 R A

e-mail: wangshb(@ cumt. edu. cn

B 1994 4FAz, rp Ak R A# AL AL T o7 B AL T 5 A

B RABE T, B AR, B M2 f L L Ao B I
(R85 7 ENE R 1 B4 AR W W) S P B = .5 R 7R B A W
JEEBETE . SRR AR . PR AR 2 A E R i 2
Y. BTLL, BT XTSRS 482 2, LR s o B s D 5
L S N v B4 N2 N N T 2 o S U oy L S (T W a1
HEREAS PR 8 57 T R L PR R B

ISHRE

1.1 %8
Bl 1 BR3P BT T LLAOLTE R 4L B . R TN AR 2 [

41 500 mmX 500 mmX 600 mm 25 3156 7 535 (1 ¥y 2 3R B,

K B ARERE SIS SE 40U H (U1610251, 51874279) . [E 4T s AF & THHRITUH (2018YFC0604503) » L34 i 45 AL 2 Bt 1%

e-mail: xiangyang cumt(@ qq. com



%11 4

il 2 563 i 3431

AR 5 5 119 B3 2 ok BE 4 A E BB AR UL, SR SL-DCO5 7Y
To 728 i e UL (A A2 4k T 20 A 3 20 B B IR S . R
FOGIR 3 0L T B AP0 . B4 150 em. iR/
T R B e IR . T 150 2 000 W B G U LR
JTAHE R U8, AR BB A LS122A 21 414 S 1 H 0 5 O Vi 4
SragsL . RIS 2 AvaSpec-NIRS12 3 21 4P L £F O3 AL 47
iR, BUEDEIEIERE Y 1 000~2 500 nm, RERFE 3
nm; A ERR 3.5 em WHEE B NFE S REEE, HH

BidEdE Y TR . — i LB, 9 — A A 650 nm g
JEICWAE AR e W, LUGE T REXTHEFF DI AEAS . Oy i By 22
PEE RIS A . TEME B BB K AL AR JGS3 ARy, 42

WEHBEE THEEMEAR L, EEERELER N 2.5 cm,
i 0. 17, W E B S HEA BRI BE B AR 5 150 em BT
TEAEREA B RYR TN XS B AR 2. 76 em. ALK LN 6
em’ o FEEA S FTA 15 em X 15 em #4805 PTFE AR HEH
HAE 150 cm 48 A A X O I EAT A AC IE .

1 MR-EaSRERRERE

Fig. 1

1.2 HAENEMEE

SCHRC3 158 1 6] b R AR T, 433 TR E c(CBRAY mg -
m ) WA EEE LGRS m) s HOLRE R TR,
43 3 S 8 3 S G BRSO R (B g mW e em ?) 5 S
Z a5k & =X

I = Ie*" (D

[) 1 3 45 8B 2 T O R BT R AR B BE L R A Y OB AR
BFH R &

k=% 2
(Jd 50 2

K@, o B HEE LR o AR DREE; dwh
BRI W BRI RY R o W R 1Y R
BE L FRORLAR dso— RE R DL . OB AR vk BEBOR . iR T I
SEROEER T ok Wi B, S TR IR E B8 T 4 U R
B BB R T RS2 B A 8 O R RO B UG e . 7RI AR 42
JG - TG AW B2 2 min, FEATA B R EEE 5. FIAL
SR G S XL RUIE AR ' I8 8, 5d 2 I OGN &
DGR, CRUED B G R 20 1200 W e m 7, SEERE LR
20 000 Lux,

AR SOk L4 0 25 SR T AF T 0 2B vk BE i 7, 23R AR
AT P 4 2 1Y 9k B2 MRL B 2 300~ 600 mg » m* . HORL AR N
22.23 pm, TEEA BRI R O0 T - 8 2R RO v B AT 3K
3000 mg+ m * o AT R AR AR RO, )
R AR e B 43 5 Sy 600, 1000, 1 500 13 000 mg+ m *, il
T A A A DN R 2 T S R A R MOk
Bk S AR AR

Dust-near infrared spectroscopy experimental device
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Table 1 Experimental dust injection
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Table 2 Experimental samples table
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Fig. 2 Spectra of 23 coal and rock samples

(a): 11 typical coal measures samples

(b): 12 typical coal samples
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Fig. 3 Near-infrared spectroscopy of different dust

concentrations in typical coal samples
(a): Sample 2, anthracite No. 2;
(b): Sample 10, gas coal;

(¢): Sample 12, lignite coal
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Fig. 4 Near-infrared spectra of different dust
concentrations in typical rock samples

(a): Sample 17, sandy shale No. 2;
(b) : Sample 20, siltstone No. 1;

(¢): Sample 23, argillaceous limestone No. 2
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Fig. 5 Angle cosine between experimental

samples and standard samples
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Fig. 6 Correlation between experimental

samples and standard samples
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Fig. 7 Processed standard spectral database by SG+SNV

(a): Typical coal measures samples;

(b): Typical coal samples
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Fig. 8 Angle cosine between experiment

samples and standard samples
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Fig. 9 Correlation coefficient between experimental

samples and standard samples
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Table 3 Sample table for coal rock cluster analysis

REAR FEAF S SR EE/(mg + m™*)

1 600
A 2 2 1 000
THAHE 2 5 3 1500
4 3000
5 600
FEA 10 6 1 000
Bt 7 1 500
8 3000
9 600
FEA 12 10 1 000
L2 5 11 1500
12 3000
13 600
FEA 17 14 1000
WRILE 2 5 15 1500
16 3000
17 600
FEA 20 18 1 000
WbsE 15 19 1 500
20 3000
21 600
FEA 23 22 1 000
WIRIKE 25 23 1500
24 3000

P = % X 100% (6)
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Fig. 10 Coal and rock identification results of experimental

samples by two recognition models
(a): Spectral angle matching (SAM) ;

(b) : Pearson correlation coefficient
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Table 4 Coal and rock identification results of two models
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AR LT B AR O R AR T 76. 300, WM 2 S G AR OG
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(SAM) BEE G By 100% , PRI R Ky 8 ms, Bz /K i#bAH
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Study on Near-Infrared Spectrum Features and Identification Methods of
Typical Coal-Rock in Dust Environment

XIANG Yang, WANG Shi-bo* , GE Shi-rong. WANG Sai-ya, ZHOU Yue, LU Yuan-bo, YANG En
School of Mechanical and Electrical Engineering, China University of Mining and Technology (Xuzhou), Xuzhou 221116, China

Abstract In order to study the dust problem existing in the identification of near-infrared coal and rock in the underground coal
mine, the mixture of anthracite and the anti-explosive agent was used to simulate the dust environment of coal mine underground
so that the experimental device for spectral identification of coal and rock in dust environment was constructed. 23 samples of
in-situ typical coal samples of shale, sandstone and limestone samples and anthracite, bituminous coal and lignite coal samples
were collected from all over the country. 23 coal and stone samples reflection spectrum collecting without the dust of the near-
infrared band (1 000~2 500 nm) was used as an experimental standard database. 1 sample was randomly selected from the three
typical coal samples and three typical rock samples in the experimental standard the sample library as experimental samples, and
the test samples’ reflectance spectra of the near-infrared bands at 600, 1 000, 1 500 and 3 000 mg » m * dust concentrations
were collected. The results showed that the addition of dust led to a decrease in the signal-to-noise ratio of the spectral image
between 1 000~1 200 and 2 400~2 500 nm; With the increase of dust concentration, The opaque substance of anthracite in the
dust made the characteristic absorption valley in the experimental sample weaken; Correlation analysis between sample and
standard sample library was carried out by spectral angle matching SAM and Pearson correlation coefficient. Anthracite samples,
bituminous coal samples, sandstone samples and limestone samples had a high matching degree under SAM matching model. The
cosine angle was above 0.9 at each dust concentration; Correlation coefficient matching model matching degree was strongly
affected by dust, and the average correlation coefficient was 0. 73; After the experimental standard database and special envoy
samples were normal preprocessed by SG convolution and SNV standard, the matching degree of SAM matching model did not
change significantly. Correlation coefficient matching model matching degree was significantly improved, the average correlation
coefficient was 0. 78; The correlation coefficient matching model excepted for lignite No. 2, the spectral correlation coefficient of
all samples increased by 0. 13, anthracite No. 2 The sample correlation coefficient increased by 76. 3% , while the spectral corre-
lation coefficient of sample 12 lignite No. 2 was reduced by spectral pretreatment. The spectral angle matching SAM and Pearson
correlation coefficient coal and rock identification model was established. The two models were used to identify coal samples
under different concentrations and binarized coal rock sample, the coals were “0”, and the rocks were “1”. Coal rock identifica-
tion was performed on 6 experimental samples at different concentrations by two recognition models. The identification accuracy
of SAM was 100% , and the recognition time was 8 ms. Pearson correlation recognition accuracy of the coefficient P was

87.5%, and the recognition time was 852 ms.
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