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Quantitative Model of Raman Spectra for CaF, in Fluoritum Based on BP-ANN Algorithm
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[ Abstract | Objective: To establish back-propagation artificial neural networks quantitative models by
Raman spectroscopy technique, the model can get a rapid determination for the content of CaF, in Fluoritum.
Method: Raman spectra of 54 batches of samples including Fluoritum and the mixture which had different content
of CaF, were collected, and were preprocessed with Fourier self-deconvolution ( FSD ), first-order derivative
(FD), vector normalization (VN) and 9 point smoothing by OPUS 7. 0 software. Modeling spectrum interval was
optimized by siPLS, the quantitative models were established by BP-ANN algorithm in MATLAB 2014a software.
The content of CaF, was determined by EDTA titration method, which was used as a reference. Result; Three-
layer BP-ANN quantitative models were established, the characteristic modeling spectrum intervals were 1 675-
1625, 1 525-1 475, 850-800, 750-700, 650-600 cm ', RMSEP was 2.73% with R® of 85.64%. The

maximum relative deviation of prediction result was 5.55% , the average relative deviation was 2.30% and the
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average recovery was 99. 74% . Conclusion: The three-layer BP-ANN quantitative model established on the basis

of siPLS can get a rapid and accurate determination for the content of CaF, in Fluoritum.
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Table 1 Sample informations of Fluoritum
Cal, RSD Cal, RSD Cal’, RSD
No.  FRim4r%L e R R No.  FR4r%L o B3 No.  FREHH o IR
/ % /% /%
1 82.98 1.2 waeD 19 99. 44 0.7 Q) 37 87. 06 0.9 F
2 82. 88 0.1 i | 20 97. 64 0.02 ) 38 87.45 0.7 A il
3 83.12 0.3 i 21 96. 52 0.2 ) 39 90. 52 0.2 EXil
4 98.52 0. 04 pg i 22 87.93 3.7 b 40 90. 85 0.2 A
5 96. 14 0.2 Y 23 99. 30 1.5 Y 41 91. 68 1.3 A i
6 95. 16 0.1 &t 24 98. 61 0.5 ) 4 91. 54 1.1 1
7 94.70 0.1 g e 25 78.26 0.1 ) 43 89. 96 0.1 g i
8 94.70 0.1 Wik 26 79.37 0.5 ) 44 85.52 0.1 P
9 94.73 0.3 ) 27 93.01 0.7 ) 45 92.85 0.1 )
10 92.52 0.4 g 28 93.10 0.3 ropgh 46 78. 64 0.5 it
11 77.76 0.3 e 29 86. 90 0.6 Q) 47 78. 03 1.0 WaED
12 99. 45 0.2 bOE) 30 84.48 0.3 B AR 48 97. 85 0.2 e
13 97. 88 0.4 ) 31 90.76 0.4 ) 49 96. 44 0.7 R
14 90. 09 0.01 H 32 88. 54 1.7 At 50 95.10 0.6 by
15 95.34 0.1 bopE:] 33 78. 16 0.3 gkl 51 83.02 1.3 A i
16 99.75 0.6 T 34 80. 67 0.8 E1 52 81.77 0.1 £
17 92.96 0.3 b3 35 81. 86 0.7 S 53 94. 00 0.4 A
18 84.83 0.5 ) 36 82.77 1.1 B il 54 91.61 0.1 A
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Fig. 1 Comparison between Raman spectra of Fluoritum ( A) and

their preprocessed spectra (B)
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Table 2 Model parameters of modeling spectrum interval based on siPLS

5 B Cv

5 TE AR #Y AR om ! O Rank
/em R*/% RMSECV/%
1 2 600 ~ 100 2 500 44.92 4.92 4
2 2600 ~2 100,1 850 ~ 1 350,850 ~ 600 1250 63. 04 4.03 6
3 1 725 ~ 1 475,850 ~ 600 500 71. 40 3.55 5
4 1675 ~1 625,1 525 ~1 475,850 ~ 800,750 ~700,650 ~ 600 250 72.79 3.46 4
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Fig. 3 Correlation analysis between reference value and predicted

value of CaF, content from training set (A) and validation set (B)
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Table 3 Prediction of Fluoritum samples from validation set %
No. Z% T iy 2 AR 2 E No. S T {E i 2 X ZE ECR
43 89.96 92.21 2.25 2.50 102. 50 49 96. 44 96. 56 0.12 0.12 100. 12
44 85.52 86.42 0.90 1. 06 101. 06 50 95.10 89.82 -5.28 5.55 94.45
45 92.85 92.07 -0.78 0. 84 99. 16 51 83.02 81.72 -1.30 1.56 98. 44
46 78. 64 79.26 0. 62 0.78 100. 78 52 81.77 82.57 0. 80 0.97 100. 97
47 78.03 83.36 5.33 6.83 106. 83 53 94. 00 89.97 -4.03 4.29 95.71
48 97.85 95.09 -2.76 2.82 97.18 54 91.61 91.33 -0.28 0.30 99.70
2.5 siPLS #i#0 5 BP-ANN ##) [ & [L#HET P AE TS BEATS A /2 o B siPLS A 1 1% B &

48 BERY PLS A5, siPLS ) ¥ 455 %1 J% BP-ANN
B WA 4. g5 R 8R4zl Be PLS A58 FU RE ) L
25, N REIA B R 0 M 19 2R o 28 siPLS fL B 4# 1R
B, R 1 15 B R A, AL TR AR ) R R

F4 RERMAESDTMNE S

Table 4 Comparison for predictive ability of different models
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FEEE () $E ] T 45 A 9 CaF, i Y B
e o

e IE A Y ﬁﬁﬁ;}z} RSB em ™! il Rank
/cm R*/% RMSEP/%
1 PLS 2 600 ~ 100 46. 54 4.44 4
4 siPLS 1 675 ~1625,1 525 ~ 1 475,850 ~800,750 ~700,650 ~ 600 74.79 3.39 4
5 BP-ANN 1675 ~1625,1 525 ~1 475,850 ~ 800,750 ~ 700,650 ~ 600 85. 64 2.73 -
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