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Determination of Camellia oleifera Fruit Hardness and Visualization of its
Distribution Based on Hyperspectral Imaging Technology
Weidong Yuan, Hongzhe Jiang, Cong Zhang, Yu Zhou, Xuesong Jiang, Hongping Zhou"

College of Mechanical and Electronic Engineering, Nanjing Forestry University

Abstract: [Objective] The hardness of Camellia oleifera fruit is a critical factor influencing its processing
performance, as well as its quality during storage and transportation. The aim of this study was to achieve rapid,
non-destructive, and high-throughput assessment of Camellia oleifera fruit hardness by integrating machine
learning algorithms with visible-near infrared hyperspectral imaging (VNIR-HSI, 374.98~1038.79 nm). [Method]
After acquiring and calibrating the hyperspectral images of Camellia oleifera fruit, the full spectral data were
extracted from designated regions of interest (ROI). The physicochemical values of hardness were determined using
a texture analyzer. The dataset was randomly split into a calibration set and a prediction set in a 3:1 ratio. Several
preprocessing methods were applied to the raw spectral data, including multiplicative scatter correction (MSC),
standard normal variate (SNV), Savitzky-Golay smoothing (SG), and its first- and second-order derivatives (SG1
and SG2, respectively). Full spectral partial least squares regression (PLSR) models were constructed based on these
preprocessing methods, with SG1 identified as the optimal preprocessing technique. To reduce data dimensionality,
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feature variables were selected using methods such as successive projections algorithm (SPA), competitive adaptive
reweighted sampling (CARS), Monte Carlo uninformative variable elimination (MC-UVE), random frog (RF), and
iteratively retained informative variables (IRIV). PLSR, particle swarm optimization-support vector regression
(PSO-SVR), and particle swarm optimization-extreme learning machine (PSO-ELM) models were then constructed
based on these feature variables. [Result] After band selection, the feature variables accounted for 15.7% to 22.6%
of the full spectra. The study revealed that the CARS-PSO-ELM model exhibited the best prediction performance,
with R¢ and R} values of 0.908 and 0.907, and RMSEC and RMSEP of 1.038 and 0.831, respectively. Finally, the
optimal prediction model (CARS-PSO-ELM) was used to calculate the hardness value of each pixel in the
hyperspectral images of Camellia oleifera fruit, and pseudo-color mapping was applied to visualize the hardness
distribution for each fruit. [ Conclusion]Overall, VNIR-HSI can be utilized for non-destructive, rapid measurement
and visualization of Camellia oleifera fruit hardness. The hardness prediction method based on the CARS-PSO-
ELM model demonstrates robustness and accuracy, providing theoretical support for Camellia oleifera hardness
assessment and offering valuable insights for evaluating the hardness of other agricultural products.
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