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Nondestructive Detection for Hyperspectral Imaging of Apple Firmness
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ABSTRACT: The work aims to realize rapid nondestructive detection of firmness of apples based on hyperspectral im-
aging technology and error back propagation (BP) network. The hyperspectral imaging acquisition system was used to
acquire the hyperspectral images of postharvest 'Fuji' apples, and then the average reflectance spectra in the whole region
of apple samples was extracted. The successive projection algorithm (SPA) and competitive adaptive reweighted sampling
(CARS) method were used to conduct data mining of spectral data preprocessed by the standard normal variation. A BP
network model for predicting firmness of apples based on full spectra and characteristic spectra was studied. The results
showed that, 18 and 16 characteristic wavelengths were extracted by SPA and CARS from 256 full wavelengths, which
obviously improved the working efficiency of prediction model. Moreover, SPA+BP network model had a relatively good
prediction ability for firmness of apples (7,=0.728, Rpy=0.282 kg/cm?). This study indicates that the prediction
el based on hyperspectral imaging technology and BP network can be applied in the rapid nondestructive prediction of
firmness of apples.
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Fig.1 Hyperspectral imaging acquisition system
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Fig.2 Spectral reflectance curves

F1 AERETAESZET BP HEN EFREER
g R
Tab.1 Detection results of firmness of apples by BP mod-
el based on different spectral preprocessing methods

S i 4 REIE4E JRIES
W7k p Rewl . Rew/
‘ (kg-em 7) ’ (kg-em 7)
SNV 0.874 0.147  0.618 0.406
derivative  0.879 0.155  0.520 0.555
MSC 0.876 0.142  0.609 0.475
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Tab.2 Statistics of firmness of apple samples
in calibration and prediction sets
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Fig.3 Results of characteristic wavelengths extracted by SPA algorithm
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Fig.4 Results of characteristic wavelengths extracted by CARS algorithm
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Tab.3 Detection results of firmness of apples by BP mod-
el based on different variable selection methods

B IE 4 SRIES
R
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Fig.5 Prediction results of firmness of apples
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