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Fig. 1 Boletus samples

(a): Boletus griseus Frost; (b): Boletus edulis Bull. ; Fr;
(¢): Boletus umbriniporus Hongo; (d): Boletus speciosus Forst;
(e): Leccinum rugosicepes (Perk) Sing;

(D) : Boletaceae bicolor Peck; (g): Boletus tomentipes Earle
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Fig. 2 Average spectra of 7 species of Boletus

(a): Mid-infrared spectrum; (b): UV-Vis spectrum
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Table 2 The main parameters and accuracy of the discriminant analysis model of partial least squares

Tk R T b B 7 3 B9 8e R& Qi RMSEC RMSECV  IgE/%  HiE%E/ %
SNV+SG 24 0. 693 0. 555 0.172 449 0.211 937 97.59 98. 24
4T A i 2D+ MSC+SNV 18 0.778 0.651 0.149 082 0.193 025 99.78 99. 12
1D+MSC+SNV+SG 17 0.673 0.575 0.178 289 0.210 069 97. 37 97. 80
MSC+2D 7 0.038 2 0.024 7 0.320 725  0.329 83 34. 65 32.16
- SNV+SG 16 0. 426 0. 281 0.247 129 0.282 096 80. 70 80. 18
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h Gl A (CPA) 11 0.927 0. 882 0.086 528  0.152 926 100 100
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Table 3 The main parameters and accuracy of the random forest model

ik 2 i Ak P 7 2% Ntree Mtry Y4/ % R4/ %
SNV+SG 2000, 1412 40, 3 76.75 85
vh 2T S i 2D+ MSC+ SNV 1800, 1 149 50, 5 93. 20 99
1D+ MSC+SNV+SG 2100, 1537 42,5 87.72 96. 29
2D+ MSC 2000, 1821 10, 4 62.06 64. 30
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E VP4 . _ _
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Identification of Boletus Species Based on Discriminant Analysis of Partial
Least Squares and Random Forest Algorithm
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Abstract As a famous wild edible mushroom, boletus has great edible and economic value. There are many kinds of boletus,
and it is not easy to distinguish. An effective, rapid and credible species identification technology can be established to improve
the quality of boletus. In this study, a total of 683 strains of 7 species of wild bolete from different regions of Yunnan were
collected. the infrared and ultraviolet spectra of the samples were obtained, and the average spectral characteristics of different
kinds of bolete were analyzed. Based on the single spectral data of multiple preprocessing combinations (SNV+SG, 2D+ MSC+
SNV, 1D+ MSC+SNV+SG, MSC+2D) combined with two feature value extraction methods (PCA, LVs), the partial least
squares discrimination analysis and random forest algorithm combined with data fusion strategy to identify the species of boletus.
There is a certain degree of innovation. The results show: (1) The average spectral absorption peaks of different types of boletus
in the mid-infrared spectrum and the ultraviolet spectrum have small differences, and the absorbance has subtle differences. (2)
Appropriate preprocessing can improve spectral data information. The best preprocessing combination of mid-infrared spectral
data and ultraviolet spectral data for partial least square discriminant analysis and random forest algorithm model is 2D+ MSC+
SNV, SNV+SG, 2D +MSC+ SNV, 1D+ MSC+ SNV + SG. (3) The mid-infrared spectroscopy model is better than the
ultraviolet spectroscopy model in the single spectrum model. The partial least squares discriminant analysis model of the best
preprocessing combination of mid-infrared spectroscopy 2D+ MSC+ SNV has a correct rate of 99. 78% in the training set and
99.12% in the validation set. The accuracy of the random forest model is 93. 20% on the training set and 99% on the validation
set. (4) The data fusion strategy improves classification accuracy. The accuracy of the low-level fusion partial least squares
discriminant analysis model training set and validation set is 100%, 99. 12%. The accuracy of the random forest model’ s
training set and validation set are 92. 32% and 99. 14%. (5) Random Forest Algorithm Intermediate Data Fusion latent variable
(LVs) training set 92. 76 % , validation set 96% ; Intermediate Data Fusion principal components analysis (CPA) training set
97.15% , validation set 100%. (6) Partial Least Squares Discriminant Analysis Intermediate Data Fusion (LVs) training set is
100% , and validation set is 99. 56 % ; the accuracy of intermediate data fusion (CPA) training set and validation set can reach
100%. Based on the discriminant analysis of the partial least squares method and random forest algorithm combined with data
fusion strategy, the species identification of boletus is satisfactory. Partial Least Squares Discriminant Analysis Intermediate

Data Fusion (CPA) can be used as a low-cost and high-efficiency technology for identifying boletus species.
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