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Article Info ABSTRACT

Rice is recognized as one of the main cereals in the world, feeding two-thirds of the global
population, especially in Asian countries. Accurate assessment of the percentage of filled
grains (PFG) is crucial for the efficiency and quality of rice harvesting. Traditional methods
of measuring PFG are practical and based on personal judgment. This study introduces an
innovative and non-destructive approach based on an acoustic sensor alongside deep learning
Received: May. 10, 2024 models to predict PFG based on the acoustic spectrum of rice grains. Using an advanced deep

. learning architecture, the Deep Spectrum, which works directly on raw spectral data,
Revised: July. 17, 2024 eliminates the need for preprocessing and enhances prediction accuracy. A modified
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Accepted: July. 29, 2024 impedance tube was used to measure the acoustic spectrum, which was then analyzed using
. o the Deep Spectrum model to predict PFG. Results indicated that this approach significantly
Published online: Winter 2024 improves the quantitative analysis of spectral data and provides a reliable prediction of rice

grain filling. The prediction accuracy of the Deep Spectrum model was significantly higher
compared to traditional methods, with a low root mean square error of prediction (RMSEP) of

Keywords: 0.24 + 0.05 and a coefficient of determination (R?) of 0.95 + 0.02. This prediction is vital for
Acoustic Absorption  assessing rice quality, breeding, and genetic research. This study introduces new perspectives
Coefficient, and methods in the field of grain quality prediction and classification using acoustic spectrum
Deep Spectra, analysis and deep learning, which could be beneficial for future research in this area.
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New acoustic sensing approach for predicting the percentage of filled rice grains
based on the acoustic absorption spectrum using the Deep Spectra

EXTENDED ABSTRACT

Introduction

Rice serves as a staple food for a substantial portion of the global population, particularly in Asian countries.
Traditional methods of determining the percentage of filled grains (PFG) in rice are labor-intensive and often
rely on subjective judgments. This study introduces an innovative and non-destructive approach that leverages
a new acoustic sensing technology combined with deep learning models. The primary innovation of this
approach is its use of the acoustic absorption spectrum to predict the PFG without the need for pre-processing
the spectral data. This method holds significant promise for enhancing the efficiency and accuracy of rice
guality assessments, crucial for agricultural productivity and research in rice breeding and genetics. By
employing advanced deep learning architectures, this study aims to overcome the limitations of traditional
grain analysis methods, offering a more reliable and scalable solution.

Material and Methods

The research utilizes an altered impedance tube to capture the acoustic spectrum of rice grains. This method
measures how sound waves are absorbed by the grains, providing a detailed spectral profile. The acoustic data
collected is then analyzed using a deep learning model, specifically designed for this study. The model, referred
to as DeepSpectra, operates on the raw spectral data directly, eliminating the need for the usual pre-processing
steps that can degrade data quality. This model employs a convolutional neural network (CNN) architecture,
which is highly effective in pattern recognition tasks. CNNs utilize layers of filters to process spatial
hierarchies in data, making them ideal for handling complex spectral data. This approach not only enhances
the prediction accuracy but also significantly speeds up the analysis process by leveraging the model's ability
to learn and generalize from the data presented.

Results and Discussion

The results of this study were highly promising, demonstrating that the deep learning model,
DeepSpectra, significantly outperformed traditional methods in predicting the percentage of filled grains in
rice. The model achieved high accuracy, showcasing its capability to handle the raw spectral data effectively
without the need for manual preprocessing. This is a considerable advancement over traditional grain analysis
methods, which are slower and often less reliable. The discussion also highlights how the model's deep learning
architecture, which includes multiple convolutional and pooling layers, contributes to its robust performance
by effectively extracting and learning important features from complex datasets. The study further discusses
the potential applications of this technology in the field of agricultural research and grain quality assessment,
suggesting that it could be a valuable tool for rice breeders and geneticists looking to improve crop yields and
grain quality.
Conclusion

The study concludes that the novel use of acoustic sensing technology combined with a deep learning
analysis model offers a powerful and non-destructive method for accurately predicting the percentage of filled
grains in rice. The acoustic absorption spectrum, as analyzed by the DeepSpectra model, provides a reliable
indicator of grain quality, which is essential for rice breeding and genetic research. The implications of these
findings are significant, as they suggest a shift towards more automated, precise, and efficient methods of grain
analysis. This could lead to improvements in rice production strategies and better food security globally.
Additionally, the study underscores the potential for expanding this technology to other grains and agricultural
products, which could broadly revolutionize quality assessment in agriculture. The researchers highlight the
need for further studies to refine the technology and fully realize its potential across different environments
and grain types.



