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Calibration Set Optimization by Dragonfly Algorithm for Near-Infrared Modeling of Wheat Flour Protein Content

HU Yunchao, LIU Zhijian, WANG Ying, HUANG Haoran, WANG Honghong, WU Cai’e, XIONG Zhixin™®
(College of Light Industry and Food Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: In order to optimize the calibration set for near-infrared modeling of the protein content in wheat flour, the
binary dragonfly algorithm (BDA) was used to select representative samples from the primary calibration set divided by
the traditional Kennard/Stone (K/S) method. Based on the representative samples, a partial least square regression (PLSR)
model for estimating the protein content in wheat flour was established, and the prediction set was employed to evaluate the
stability and prediction performance of the model. The results indicated that an optimal calibration set with 30 samples was
selected finally by BDA, and the proposed model exhibited a coefficient of determination of prediction (Ri) 0f 0.956 4 and a
root mean square errors of prediction (RMSEP) of 0.278 1, which increased by 1.87% and decreased by 15.57% compared
with those (0.938 8 and 0.329 4) from K/S partition of 100 primary calibration sets, respectively. The average number of
calibration sets selected from 10 BDA experiments was 30.2, and the protein content of wheat flour was predicted better by
the 10 models developed than that obtained based on the primary calibration set. Therefore, BDA can select a small number
of representative calibration set samples based on which a PLSR model with good robustness and high prediction accuracy
for the protein content of wheat flour can be established. The proposed method can provide an efficient tool for calibration
set selection in near-infrared spectroscopic analysis of the quality of wheat flour.
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Fig. 1  Flow chart of calibration set optimization by BDA
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Table 1  Statistics of the protein content in wheat flour
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Table 2 Statistics of the protein content in wheat flour in initial
calibration and prediction sets
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Table 3  Evaluation of PLSR calibration models developed using
different pretreatment methods
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calibration set optimization with the number of iterations

Changes in fitness values for BDA experiments 1-10 for
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Table 4  Modeling and prediction results from BDA experiments 1-10 for
calibration set optimization

g DEREE Engmy  HERIEE HES
M (sum) R, RMSECV R RMSEP
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BK3 24 0.246 9 0.980 1 0.2263 0.9452 03116
BK4 34 0278 8 0.986 7 02149 0.946 6 0.3075
BKS 34 0.278 0 0.982 1 0.244 1 0.9519 02921
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BK8 31 02990 0.949 5 0.304 4 0.9478 0.304 1
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