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Abstract: Maturity is an important criterion for evaluating fruit, as it directly affects the quality and economic value. A discriminant model
based on visible/near-infrared spectroscopy was established to determine the maturity of red globe grapes to simplify the process of assessing the
maturity, uneven nutritional value, and low competitiveness of red globe grapes. Spectral information on the samples was collected from four
stages of the red globe grapes growth period (immature, semi-mature, mature, and super-mature). The spectral band of 550~1 000 nm was
selected for modeling. Pre-processed spectra were extracted by competitive adaptive reweighted sampling, uninformative variable elimination,
and successive projection algorithm (SPA) to establish the discriminant models of support vector machine, extreme learning machine (ELM),
and partial least squares discriminant analysis (PLS-DA), respectively. The best discriminant classification model for the maturity of red globe
grapes based on visible/near-infrared spectroscopy was established. The results showed that the ELM model for discrimination and classification
of maturity, established by applying the SPA for feature wavelength extraction after spectral pre-processing using the Savitzky-Golay (SG)
algorithm showed the best results, followed by the support vector machine model and then the PLS-DA model. Therefore, the best discriminant
classification model for red globe grape maturity was SG-SPA-ELM. The accuracy of this model was 97.50% and 96.67% for the training sets
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and test sets. Therefore, visible/near-infrared spectroscopy can be applied to determine the maturity of red globe grape using a non-destructive method.

Key words: red globe grape; maturity; discrimination and classification model; visible/near infrared spectroscopy; nondestructive detection
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Fig.1 Samples at different levels of maturity
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Table 1 Results of the classification of red globe grapes samples based on different modelling methods
Dk (3£ 240 MEER) MR (3£ 120 MER)

AR AERBRIR R AREREANK i O aane R A
SG 1031 10 95.83 9 92.50
SG-CARS 71 12 95.00 11 90.83
SVM SG-UVE 594 1 9542 10 91.67
SG-SPA 34 10 95.83 9 92.50
SG 1031 7 97.08 5 95.83
SG-CARS 71 8 96.67 6 95.00
ELM SG-UVE 594 9 96.25 7 94.17
SG-SPA 34 6 9750 4 96.67
SG 1031 11 9542 10 9167
oL SG-CARS 7 15 93.75 1 9083
SG-UVE 594 16 93.33 1 90.83
SG-SPA 34 14 94.17 12 90.00

% 2 LTiRREAE SG-SPA-ELM S IR RARAF DR K TR
Table 2 List of optimal characteristic wavelengths for the SG-SPA-ELM model for the maturity of red globe grapes
PAVAEEE AL % HK/nm

550.25. 567.82. 601.94. 647.50. 671.95. 745.67. 810.34. 926.68. 937.77. 942.03.

943.73. 949.69. 952.24. 952.66. 953.09. 954.79. 956.49. 957.76. 959.46. 960.31.

962.00. 964.12. 964.97. 968.79. 970.06. 971.75. 973.45. 974.30. 976.83. 995.43.
995.85. 997.96. 999.22. 1 000.06

R mitZ  SG-SPA-ELM
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