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Laser-induced breakdown spectroscopy combined with ASG-LWNet for
quantitative analysis of organic elements in coal

Peng Qingao, Yi Hui,Zheng Lei

(College of Electrical Engineering and Control Science, Nanjing Tech University, Nanjing 211816, China)

Abstract; To address the issue of low accuracy in quantitative analysis of coal quality testing using laser-induced breakdown spectroscopy
(LIBS) due to matrix effects or environmental factors, this article proposes a method for fast quantitative analysis of organic elements in
coal based on LIBS technology combined with the ASG-LWNet algorithm. Firstly, the LIBS spectra of 34 coal samples are collected using
a laser-induced breakdown spectroscopy instrument. Then, an adaptive SG filtering algorithm is used to denoise the collected spectra,
continuously updating the filter parameters to adapt to different signal characteristics and achieve better filtering effects. Finally, the
corresponding characteristic spectral lines of the elements C, H, and S are selected as inputs to the LWNet model for quantitative
analysis. Experimental results show that the correlation coefficients of C, H, and S elements based on the ASG-LWNet model on the test
set are 0. 998 4, 0.973 2, and 0. 995 4, respectively. And the root mean square errors are 0. 379 4, 0.217 9, and 0. 611, respectively.
Compared with before denoising, the prediction accuracy is significantly improved. The results indicate that, in the case of complex
spectral noise, this method can reduce the impact of matrix effects and improve the accuracy of quantitative analysis.
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Architecture of a linear weighted network

Fig. 1
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Fig.2  Flowchart of LIBS combined with ASG-LWNet analysis
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T 55 188.7~981. 52 nm, /M 19 K 1.1 ms, HAMHE
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(a) Schematic diagram of the LIBS system

(b) LIBSA: F e &
(b) Physical diagram of LIBS device
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Fig.3 LIBS experimental setup
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Fig.4 Samples compressed into coal cakes
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(b) After laser striking
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Table 1 Mass concentration of organic elements in experimental coal samples

PR TR C/% H/% S/% SRERE A TR C/% H/% S/%
1 64. 617 4.177 0. 567 18 56.272 3.528 1.142
2 50. 766 3.344 0. 885 19 53.433 2.582 4. 456
3 60. 465 4.000 1. 062 20 61. 831 4.085 1.147
4 73. 899 4.839 1.025 21 59.773 5.674 0. 495
5 66. 118 4. 461 0. 881 22 59.984 5. 663 0. 833
6 64. 269 3.565 1. 050 23 64. 335 6.231 0.413
7 75. 059 4.853 0. 537 24 65. 846 6. 199 0.576
8 70. 956 4.382 1.175 25 66. 759 8.207 0. 432
9 53.351 3.516 3.361 26 66. 937 6.079 0. 635
10 50. 459 3.359 0. 839 27 61.454 4.926 3.271
11 65. 542 4.563 0. 682 28 66. 291 6. 452 0.173
12 59. 653 3.733 1.245 29 71.322 4.094 2.175
13 58.262 6. 694 0. 494 30 79. 604 3. 802 0. 663
14 59.243 6.552 1.215 31 59. 655 3.733 1.244
15 59. 184 5.511 0. 624 32 47.022 2.574 1. 402
16 56. 295 5.472 0. 685 33 59. 301 2.805 2.901
17 61. 862 3.054 1.303 34 53. 635 2. 825 4.355

HJCEM S STTEM RIS L ATk /5 MFAE B % 4, ¥ #% ST 866.849 nm, ST 868. 046 nm, SII
A1) LIBS JGig &, EFE C 1247. 85 nm fEH C T E M & 903.262 nm ST 547.8194 nm {EH S TCE W B E &
itk Y648 H 656.28 nm fEH H TE WML E %4,
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6 000} I
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Fig.5 Distribution of coal quality characteristic spectra
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Fig. 6  Original spectrum of coal sample
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Fig.7 Comparison of different denoising filtering algorithms
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Table 2 Performance evaluation indicators of different

denoising algorithms

PEHFEAR SNR/dB RMSE

fe TR 2.480 2 39. 847

AN G NRTS 3.9825 21.323

P E DR 3.268 1 25.784
Savitzky-Golay 3 i 4.081 4 20.712
TEA = fFB SG Uk A 5.759 8 18.361
RIR PP 5.0327 20. 731
ARITr 6.5716 16. 504

33 f SNR=6. 571 6, H. RMSE = 16. 504 , 1 [t T~ HoAth 2=
MR ARSI RIS

2) B IE

Hi & 7 AT, MR 5 1Y LIBS SGHEA SR A7 A a3k
N, A5 A2 AR R T 5 0 TR A A 132, X4 T ke
OHTIMERR I PR Y B S T SRS
X SIS R SR AL G TEE S R AR R /N ey i x

e EE P TR A IE RS R A 5HUE p EUE
39 105 1002, FEZe M 1E )5 i LIBS Se i an e 8
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Fig. 8 LIBS spectrum after baseline correction
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(a) Prediction results of the LWNet model before spectral denoising
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Fig. 9 Comparison of quantitative analysis of carbon content

before and after denoising of spectra
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Fig. 10 Quantitative analysis of hydrogen content before

and after spectral denoising comparison
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