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Least Squares Discriminant Analysis
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Abstract Identifying the origins of nephrite from three different places has been studied, using laser-induced
breakdown spectroscopy (LIBS) coupled with partial least squares discriminant analysis (PLS-DA) approach. 146
nephrite specimens from Xinjiang ( Hotan, Yutian, Qiemo), Qinghai (Golmud) and Russia (Baikal) were selected
as research subjects. 111 of the specimens were chosen as calibration samples to build the PLS-DA model, and the
rest 35 specimens were used as prediction samples to test the PLS-DA model. In this study, LIBS was used to test
and analyze the element composition of nephrite specimens. Na, K, Al, Li, Be, Mn, Sr, Zr, Ba, Y and Ce were
chosen as analysis object elements, and their spectral lines at 589.995, 766.490, 396.152, 670.793, 313.042,
257.610, 407.771, 389.138, 455.403, 437.493, 401.239 nm were selected as analysis spectral lines. The LIBS
spectrum of Si at 288.158 nm was chosen as internal spectral line. Ratio between the intensity of analysis spectral
lines R, and the intensity of analysis internal spectral line was calculated. The matrix of independent variables
composed by R, was applied to calibrate and test the PLS-DA mode. This study shows that for discrimination mode
built by PLS-DA approach coupled with LIBS, the correlations between category variables of calibration or
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prediction and the measured category variables are all remarkable with a correlation coefficient over 0.9, and low
root mean squared error of cross calibration and root mean square error of prediction (less than 0.29). The
discrimination accuracy for the nephrite from three different origins is 92% by PLS-DA model based on the
validation set of samples. The results indicate that using LIBS coupled with PLS-DA approach can achieve a well
recognition of the origins of nephrite specimens.

Key words spectroscopy; laser induced breakdown spectroscopy; origin recognition; partial least aquares
discriminant analysis; white nephrite; spectral analysis
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Table 1 The nephrite samples from three origins

Calibration samples Prediction samples

Origins - Total
No. Quantity No. Quantity
Xinjiang (Hotan, Yutian,Qiemo) X]J-01 to XJ-34 34 A-01 to A-10 10 44
Qinghai (Golmud) QH-01 to QH-48 48 B-01 to B-15 15 63
Russia (Baikal) RS-01 to RS-29 29 C-01 to C-10 10 39
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Fig. 2 Characteristic LIBS spectra of nephrite
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Table 2 Prediction category variables of nephrite from different origins

Ia/Is I /Is I /I Ieo/Is Ix/Is Ii/Ts T /I Ia/Is Is/Is Iv/Ig I./1g

0.363 0.020 0.025 0.048 0.050 0.021 0.034 0.637 0.012 0.017 0.133
0.387 0.021 0.025 0.058 0.056 0.018 0.032 0.592 0.010 0.018 0.163
0.337 0.016 0.021 0.049 0.032 0.014 0.034 0.480 0.009 0.015 0.102
0.290 0.021 0.016 0.048 0.062 0.018 0.028 0.521 0.010 0.015 0.095
0.437 0.025 0.018 0.053 0.038 0.013 0.023 0.502 0.017 0.018 0.158
0.368 0.021 0.018 0.050 0.028 0.010 0.023 0.432 0.012 0.023 0.136
0.192 0.010 0.018 0.044 0.052 0.025 0.029 0.415 0.007 0.014 0.088
0.245 0.011 0.028 0.042 0.044 0.022 0.040 0.410 0.006 0.014 0.097
0.206 0.007 0.017 0.034 0.028 0.015 0.037 0.263 0.003 0.008 0.067
0.231 0.013 0.019 0.031 0.034 0.015 0.026 0.416 0.010 0.019 0.066
0.113 0.014 0.019 0.052 0.031 0.025 0.007 0.410 0.013 0.014 0.096
0.150 0.016 0.013 0.054 0.024 0.022 0.010 0.381 0.007 0.016 0.098
0.203 0.021 0.014 0.055 0.025 0.026 0.010 0.401 0.012 0.019 0.102
0.185 0.013 0.014 0.052 0.025 0.025 0.014 0.364 0.015 0.018 0.109
0.136 0.024 0.015 0.067 0.011 0.013 0.009 0.183 0.009 0.023 0.098
0.084 0.009 0.013 0.048 0.013 0.021 0.009 0.255 0.008 0.015 0.081
0.123 0.018 0.010 0.054 0.009 0.020 0.009 0.226 0.009 0.015 0.098
0.205 0.015 0.011 0.054 0.006 0.020 0.015 0.107 0.011 0.018 0.111
0.159 0.016 0.012 0.056 0.004 0.013 0.016 0.079 0.012 0.019 0.106
0.139 0.019 0.015 0.065 0.007 0.013 0.009 0.129 0.015 0.019 0.102
0.129 0.010 0.016 0.047 0.015 0.014 0.008 0.193 0.011 0.015 0.120
0.117 0.016 0.019 0.055 0.010 0.016 0.008 0.238 0.011 0.016 0.122
0.118 0.018 0.021 0.054 0.016 0.018 0.010 0.258 0.012 0.024 0.114
0.166 0.013 0.018 0.054 0.027 0.020 0.006 0.237 0.013 0.015 0.126
0.128 0.014 0.015 0.052 0.013 0.019 0.008 0.192 0.008 0.016 0.127
0.397 0.029 0.023 0.051 0.043 0.035 0.015 0.731 0.011 0.015 0.097
0.361 0.021 0.016 0.047 0.063 0.031 0.013 0.603 0.013 0.013 0.106
0.352 0.013 0.041 0.042 0.054 0.041 0.017 0.419 0.011 0.016 0.119
0.355 0.028 0.013 0.041 0.063 0.030 0.013 0.725 0.009 0.014 0.071
0.277 0.014 0.067 0.044 0.047 0.063 0.025 0.430 0.006 0.014 0.066
0.268 0.013 0.024 0.036 0.049 0.042 0.026 0.302 0.007 0.012 0.088
0.547 0.027 0.016 0.040 0.071 0.046 0.023 0.599 0.017 0.016 0.099
0.415 0.018 0.032 0.040 0.083 0.055 0.020 0.796 0.009 0.013 0.087
0.386 0.021 0.021 0.039 0.064 0.055 0.020 0.651 0.013 0.016 0.091
0.348 0.016 0.025 0.041 0.065 0.061 0.029 0.556 0.007 0.012 0.087
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Table 3 Category variables of nephrite from three different origins

Origins Response variables
Xinjiang (Hotan, Yutian,Qiemo) (—1,1,D
Qinghai (Golmud) a,—1.D
Russia (Baikal) (1,1,—D
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Fig. 3 Scores plot of calibration three classes of nephrite samples from different origins using PLS-DA model
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Fig. 4 Explained variance plot of calibration and prediction category variables of three classes of nephrite samples
from different origins by PLS-DA model
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