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Early Detection of Mechanical Damage in Chinese Winter Jujube (Zizyphus jujuba Mill. cv. Dongzao)
Using NIR Hyperspectral Images
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(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China;
2. Institute of Agricultural Engineering, University of Hohenheim, Stuttgart 70599, Germany)

Abstract: Fruits of Chinese winter jujube (Zizyphus jujuba Mill. cv. Dongzao) are sensitive to mechanical stress and can easily
develop brown spots after suffering mechanical stress during mechanical harvesting and postharvest handling. The damage
cannot be detected easily by machine vision at very early stages of maturity. Thus, a near-infrared (NIR) hyperspectral
imaging system was used to detect mechanical damage in Chinese winter jujubes. For reducing the dimensionality of
hyperspectral data, three feature selection methods, successive projections algorithm, (SPA), correlation-based feature
selection (CFS), and consistency, were used. In addition, three classifiers, i.e., k-nearest neighbor (k-NN), naive bayes (NB),
and support vector machine (SVM), were evaluated to segment the pixels of the jujubes into two regions: damaged and non-
damaged. Results revealed that two consistent wavebands, i.e., 1 353 nm and 1 691 nm, were established by all the feature
selection methods. Besides, SVM offered the best performance with a correction recognition rate of 95.16% using the
selected features by the consistency method. NB offered similar performance with a correction recognition rate of 84.26% in
the selected wavebands. Hence, this work can pave the foundation for early on-line detecting Chinese winter jujube damage
caused by mechanical stress.
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Fig.1  Schematic illustration of the falling experiment
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Fig.2  Schematic illustration of hyperspectral image acquisition
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Fig.3  Average reflectance spectra for bruise and normal areas on

jujubes with consideration of dropping heights
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jujube fruits dropping from different heights
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Table3 Correct classification rates of k-NN, NB, and SVM for selected
wavelengths of jujubes dropping from different heights
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| CFS 92.04 86.73 91.15
Consistency 94.69 84.96 94.69
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0.5 CFS 84.07 78.76 84.96
Consistency 92.04 77.88 94.69
— B K 78.76 82.30 75.22
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Table4 Correct classification rates of selected wavelengths using k-NN,

NB, and SVM without consideration of dropping heights
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Fig.4  Image processing for extracting bruise area of jujube fruits
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Table 5 Results obtained from the detection of subtle

bruises on jujubes
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