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Spectroscopy and Spectral Analysis
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Fig. 1

Original spectrum and spectrum of different pretreatments
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Table 1 Confusion matrix of modeling set with LDA recognition by different pretreatments
Original SG

a b c d e f g a b c d e f g
a 25 0 0 0 0 0 0 a 25 0 0 0 0 0 0
b 0 25 0 0 0 0 0 b 0 25 0 0 0 0 0
c 0 0 23 1 0 0 0 c 0 0 23 0 0 0 0
d 0 0 2 24 0 0 0 d 0 0 2 25 0 0 0
e 0 0 0 0 25 0 0 e 0 0 0 0 25 0 0
f 0 0 0 0 0 25 0 f 0 0 0 0 0 25 0
g 0 0 0 0 0 0 25 g 0 0 0 0 0 0 25
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Normalize Gapsegment

a b c d e f g a b c d e f g
a 25 0 0 0 0 0 0 a 25 0 0 0 0 0 0
b 0 25 0 0 0 0 0 b 0 17 1 3 5 2 0
c 0 0 22 1 0 0 0 c 0 1 15 7 0 0 0
d 0 0 3 24 0 0 0 d 0 5 8 15 0 0 0
e 0 0 0 0 25 0 0 e 0 2 0 0 10 1 0
f 0 0 0 0 0 25 0 f 0 0 0 0 10 22 0
g 0 0 0 0 0 0 25 g 0 0 1 0 0 0 25

Detrend MSC

a b c d e f a b c d e f g
a 25 0 0 0 0 0 0 a 25 0 0 0 0 0 0
b 0 25 0 0 0 0 0 b 0 25 2 0 0 0 0
c 0 0 22 0 0 0 0 c 0 0 18 4 0 0 0
d 0 0 3 25 0 0 0 d 0 0 5 21 0 0 0
e 0 0 1 0 25 0 0 e 0 0 0 0 25 0 0
f 0 0 0 0 0 25 0 f 0 0 0 0 0 25 0
g 0 0 0 0 0 0 25 g 0 0 0 0 0 0 25

USRI AE R AR 2 Brn. & 2 AT LLE Bk Gap-
segment-PCA-LDA P45 A1, by 457 731 450 AU 4% {4 32 9 R
I RBNIER R T 90% , I AEM ) SG-PCA-LDA #
B, G 100% . HAEFR A LA o 1 d R OK Y ELAH 3R
Jp L KT a A g BIANA K KRR R A SR A R

Fz2 LDAWIEEIRFNER

Table 2 Recognition of verification set with LDA

TRk 3 )5 % NRES
Original 97.14%(34/35)
SG 100% (35/35)
o 4 ‘Normalizc 97.14%(34/35)
Gapsegment 74.29%(26/35)
Detrend 94.29%(33/35)
MSC 91.43%(32/35)

o B R BRI LLE KR 1 2k ok 1 7E & WAL
B, PCA B&4E )5, o LAl A LDA #E473R 9], H SG-PCA-
LDA BURE A, AF R *T L G 824 384T B0 7K IR 28 66 7% 19
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2.5 RBF-SVM i B 7K iR B 11 51 42 5
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I F 84> RBE-SVM @ HEFT 0 b . S5 5 n3E 3 fras . 48
W F o F0 d PR K B B AR A, TWXET a Al g W Fh 4l
IKAKRE R B B 15

IGNFEAE IR A 45 B ® 4 fr s . B 4 (a) 2k Original-PCA-
RBF-SVM IR, A 14 b KB HE N ¢ 2, EHE
97.14%(34/35); & 4(b)Jy SG-PCA-RBF-SVM i jI] 4 % ,
B LA DRI ER ¢ 2, IEHF 97.14%(34/35); 4
(¢)4 Normalize-PCA-RBF-SVM iR JIHE R, 4 1 4> b 28K #
FIER e, 1A e KPR E R 12, 3T RPHAERN e
2, IE#IE 85.71%(30/35); B 4(d)Jy Gapsegment — PCA-

RBF-SVM HBI#E, 1A b RAKBEHER c K, 14 b K
IKBEHFNE Ry e 26, 1A dBIRBHAE R g 25, 24> e B H 2
Jo L2, 2 A FBPHE R e 25, IEHIR 74.29%(26/35); &
4(e) H Detrend-PCA-RBF-SVM H B M HI, 45 1 4~ b 2K 8k
FIER c 26, 1A e KBHImE R 126, 24 T 2RBHER e
2, IE 3 88.57% (31/35); [ 4 () MSC-PCA-RBF-
SVM iHBIEEAL, A 2 4 ¢ KRBEHE R b A, 24 d Hk
FIER 2, 24 DA TN e 26, IEHI 2 82.86% (29/
35) . HIEEHR AN AT LDA BEARIAEFp 2 A7 A3, (H2 %+
a Fl g WP Sl K KRR I U SR W AT H A iR

X3 RBF-SVM EH#&E4£R
Table 3 Recognition of modeling set with RBF-SVM

AL B 7 EHf R
Original 97.14%(34/35)
SG 97.17%(34/35)
e ‘Normalize 97. }4%(34/5;:))
Gapsegment 68.57%(24/35)
Detrend 94.29%(33/35)
MSC 91.43%(32/35)
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Research on Identification of Coal Mine Water Source Based on Laser
Induced Fluorescence Technology

YAN Peng-cheng' ?, SHANG Song-hang®, ZHOU Meng-ran*, HU Feng”, LIU Yu'

1. State Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mine, Anhui University of
Science and Technology, Huainan 232001, China

2. College of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China

Abstract The rapid and accurate identification of coal mine aquifer water source is of great significance for coal mine water
inrush warning and post-disaster rescue. It takes a long time for water source identification with the traditional method, and it is
not suitable to construct an online early warning system. A method of using laser induced fluorescence technology to identify the
type of coal mine water source is proposed. The laser is used to excite the water sample. Then the fluorescence spectrum is
obtained, with pattern recognition the water source can be rapidly identified. Two kinds of water samples-goaf water and sand-
stone water of Xieqiao Coal Mine in Huainan Mining Area were collected, and five mixed water samples were prepared according
to different mixing ratios. Firstly, according to the various noise and interference information that may exist in the obtained
water source fluorescence spectrum, the spectral data were pretreated by SG, Normalize, Gapsegment derivation, Detrend and
MSC. Secondly, PCA was used to reduce the dimension of fluorescence spectral data due to a large amount of data. As a
comparison of the six pretreatment methods (including the original spectrum), the number of principal components was taken by
3, and the results showed that the cumulative contribution of SG pretreatment is the largest, which was 97.26%. The second
was the original spectrum, which was 92. 38%. The cumulative contribution of Normalize and Detrend were not much different,
which were 88.04% and 87.59% , MSC was 66.41% . and Gapsegment was the worst with 22. 65%. Finally, the linear model
of LDA and nonlinear model of RBF-SVM were used to identified and compared with the data of reduced dimension by PCA.
Using LDA for modeling, SG-PCA-LDA had the highest accuracy rate, which reached 98. 86%. According to the LDA model
established, the verification set data were identified, and the accuracy rate of SG-PCA-LDA was still the highest with 100%.
Using RBF-SVM for modeling, Original-PCA-RBF-SVM. SG-PCA-RBF-SVM, and Normalize-PCA-RBF-SVM had the highest
accuracy rate, both of which was 97.14%. Based on the RBF-SVM model established, verification set data were identified, and
the accuracy rate of Original-PCA-RBF-SVM and SG-PCA-RBF-SVM was still the highest, which is 97.14%. Tt can be found
that the accuracy rate of the LDA verification set was improved which compared with the modeling set, and the accuracy rate of
the RBF-SVM verification set was slightly lower than the modeling set, which showed that LDA model had better generalization
ability and higher accuracy rate for fluorescence spectral data of this coal mine water. The results showed that the SG-PCA-LDA
model combined with laser induced fluorescence technology is a better method for local coal mine water source identification, and
it verified the possibility of identification for goafl water, sandstone water and mixed water, which can be extended to identify

other mixed water sources of coal mines.
Keywords Laser induced fluorescence technology; Water source identification; Coal mine aquifer; LDA; RBF-SVM
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