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Abstract

This study provides an improved betel nut quality assessment through the use of deep learning techniques. The demand for higher-
quality agricultural products is rising, and the traditional methods of assessing quality have proven to be time-consuming and
highly subjective. This employed a precise and a vast collection of betel nut photographs, pre-process them, feed them into the
VGGNet model as part of our methodology. Size, color, and texture are just a few of the quality factors that the model is trained to
identify betel nuts.
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I. INTRODUCTION

Agribusiness products must be evaluated for quality in order to be competitive in the market and satisfy customers. Betel nut
consumption is widespread worldwide, and in order to achieve industrial standards, strict quality control is necessary. Experts use
eye assessment to determine the quality of betel nuts in traditional manual procedures. These procedures require a lot of labour
and are sensitive to subjectivity and human error, which can result in inconsistent results and inefficiencies.

The paper[1] present a comprehensive review of machine learning techniques applied to the classification of agricultural
crops using imagery captured by Unmanned Aerial Vehicles (UAVS). The paper [2] provides a comprehensive examination of
multi-class image classification using machine learning techniques. The study explores various algorithms and methodologies for
categorizing images into multiple classes, highlighting the effectiveness and challenges associated with these approaches. The
paper [3] introduces an innovative approach for crop identification and classification using UAV imagery combined with a
Conjugated Dense Convolutional Neural Network (CDCNN). The study presents a novel methodology that enhances the accuracy
of crop classification through advanced deep learning techniques. The paper [4] present a deep learning-based approach for
identifying diseases in maize crops. The paper introduces a novel methodology that leverages advanced neural network
architectures to detect and classify maize diseases from images, aiming to enhance disease management and crop health
monitoring. The work [5] explore the application of machine learning techniques for crop identification using the LUCAS (Land

Use/Cover Area frame Survey) crop cover photos. The paper focuses on leveraging machine learning algorithms to classify crop
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types from high-resolution images collected in agricultural surveys, aiming to improve crop monitoring and management. The

paper [6], provide a comprehensive overview of weed detection methodologies using Recurrent Neural Networks (RNNs) and
Convolutional Neural Networks (CNNs). The paper reviews current techniques, challenges, and advancements in leveraging these
deep learning approaches for effective weed management and crop improvement. The study [7] present a thorough review of
weed detection methodologies utilizing Recurrent Neural Networks (RNNs) and Convolutional Neural Networks (CNNs). This
paper provides an extensive overview of how these deep learning techniques are applied to improve weed management and
enhance crop health. The work [8] address the challenge of real-time crop detection in scenarios of dense planting, specifically at
the seedling stage. The paper explores novel techniques for detecting crops when they are closely planted, which is crucial for
precision agriculture and effective crop management.

In this paper, we investigate how betel nut quality might be evaluated using VGGNet, a convolutional neural network
(CNN) architecture renowned for its outstanding performance in image recognition applications. Because of its deep layers and
capacity to extract complex data from images, VGGNet is an excellent choice for separating superior and inferior betel nuts
according to a range of visual characteristics, including size, color, and texture. This method entails building a solid dataset of
photos of betel nuts that have been painstakingly categorized in compliance with quality criteria. Next, we use these photos for
pre-processing in order to improve feature extraction and use this dataset to train the VGGNet model. The trained model's capacity
to expedite and enhance the quality assessment procedure is demonstrated by its evaluation of its recall, accuracy, and precision in

classifying betel nuts.

II.METHODOLOGY

Our study's approach consists of the following crucial steps: gathering datasets, pre-processing images, choosing models, training,
and evaluating them. To ensure the efficacy and accuracy of our VGGNet-based quality evaluation approach, each of these phases
is essential.

Creating a large dataset of photos of betel nut was the initial stage in our process. We made sure that the portrayal of
betel nuts in terms of size, color, texture, and quality was varied by obtaining these photos from a variety of farms and agricultural
markets. Experts categorized each image into classes of high and low quality by labeling them in accordance with predetermined
quality standards. This classification gave us the ground truth we needed to train and assess our deep learning model. Betel nuts
images are pre-processed in multiple ways to improve the performance of our VGGNet model. All of the photos were reduced to
224 x 224 pixels in order to comply with the VGGNet architecture's input specifications. Normalizing pixel values to the interval
[0, 1] allowed for quicker convergence when training the model. Furthermore, we used data augmentation methods including
rotation, flipping, zooming, and shifting to fictitiously expand the dataset and strengthen the model's resistance to changes in the
input images. A more adaptable and efficient training dataset was produced with the use of these preprocessing procedures.

The convolutional neural network (CNN) that we used, VGGNet, is renowned for its depth and effectiveness in image
categorization applications. In particular, we employed the VGG16 version, which has 16 weight layers. The design of the
network consists of several convolutional layers, max-pooling layers, fully connected layers, and a softmax classifier. VGGNet
was the best option for our quality evaluation task because of its capacity to extract intricate hierarchical characteristics from
photos. To train and assess the model, the preprocessed images were divided into training, validation, and test sets. The VGGNet
model was trained using our betel nut dataset, and it was first initialized with pre-trained weights from ImageNet. The loss
function that we utilized was categorical cross-entropy, and the Adam optimizer was utilized to achieve effective convergence.
Multiple epochs were used in the training process, and to avoid overfitting, the model's performance was tracked on the validation
set. To attain peak performance, hyperparameters like learning rate, batch size, and number of epochs were meticulously adjusted.

Lastly, the trained model's accuracy, precision, recall, and general efficacy in classifying betel nuts were assessed using
the test set. These assessment measures shed light on how well the model generalized to fresh, untested data. When compared to
conventional methods, the results showed how much more accurate and efficient our VGGNet-based approach could make betel

nut quality assessment.
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I1l. RESULT AND DISCUSSION

Promising outcomes were obtained from our VGGNet-based method for evaluating the quality of betel nuts, showing
notable advancements over conventional manual techniques. The model's 92% accuracy rate on the test set shows how well it can
accurately divide betel nuts into high- and low-quality groups. With precision at 91% and recall at 90%, the precision and recall
metrics were also quite high, demonstrating the model's efficacy in reducing false positives and false negatives. These metrics
demonstrate how well our model detects and differentiates between several quality criteria, including size, color, and texture.

VGGNet's deep convolutional layers enable it to learn and extract complex information from images, which is one of its
main advantages. Our findings demonstrated this capacity, since the model was able to accurately represent minute differences in
betel nut quality that are frequently overlooked by human inspectors. The resilience of the model was further enhanced by the data
augmentation approaches used during preprocessing, which allowed it to generalize effectively to fresh, unseen images. For real-
world applications where the model needs to function consistently across batches of betel nuts, this generalization ability is
crucial.

The model's effectiveness was further confirmed by the confusion matrix, Fig 1 which displayed a low number of
misclassifications and a balanced distribution of true positives and true negatives. For quality assessment applications, where both
overestimation and underestimating of product quality can have major economic ramifications, this balance is essential. Because
of the great precision of the model, only premium betel nuts are labeled as such, upholding customer confidence and industry

standards. In addition, its high recall ensures that inferior betel nuts are correctly detected and removed from the supply chain.

Confusion Matrix
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Fig 1 Confusion matrix

We tracked the accuracy and loss over several epochs while training our VGGNet model for betel nut quality evaluation
in order to analyze the network's performance and convergence. The validation accuracy similarly exhibited a constant rising
trend, stabilizing at 92%, while the training accuracy increased progressively, reaching above 90%. This suggests that the model
was using the training data to effectively learn from and generalize. Simultaneously, the training loss experienced a significant
decline in the first few epochs before leveling out, indicating that the model's parameters had been successfully optimized. These
patterns in the accuracy and loss graphs show that the VGGNet model successfully struck a balance between training data fitting
and preserving generalizability to unobserved data, emphasizing its dependability and resilience for the task of evaluating the

quality of betel nut.
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Fig 2 Accuracy and model loss
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VGGNet model's first convolutional layer's feature maps offer important insights into the early phases of betel nut image

processing. Basic visual patterns like edges, textures, and color gradients are captured in these feature maps. The first
convolutional layer uses a number of filters to convert the raw input images into a series of feature maps that highlight key
elements required for additional processing. These initial features that were retrieved serve as the basis for later layers that detect
more intricate and abstract patterns, allowing the model to eventually differentiate between high-quality and low-quality betel nuts
with a high degree of accuracy.

Feature Maps of First C\

Fig 3 Feature map for Convolution layer

To sum up, our research shows how deep learning—more especially, VGGNet—can transform the way that betel nut
quality is evaluated. Our method provides the agriculture sector with a scalable, effective, and dependable solution by automating
the procedure and decreasing dependence on manual inspection. Our model's high recall, accuracy, and precision demonstrate its

applicability as a tool for guaranteeing the steady quality of betel nuts, which will eventually help both producers and consumers.

IV CONCLUSION

Finally, our work shows that a VGGNet-based deep learning method works well for the advanced quality evaluation of betel nuts.
Our model greatly outperformed conventional manual inspection techniques, achieving excellent accuracy, precision, and recall
by utilizing the potent feature extraction capabilities of VGGNet. With the help of thorough picture preparation and data
augmentation procedures, the model's ability to generalize effectively to fresh data highlights its potential for useful application in
the agricultural sector. The efficiency and consistency of quality evaluation are improved by this automated, scalable system,
which also has the opportunity to lower labor costs and human error. Subsequent research endeavours may concentrate on
enhancing the resilience of the model and incorporating it into instantaneous quality control mechanisms, thereby transforming the
betel quality evaluation procedure. thus transforming the process of evaluating the quality of betel nuts and possibly other
agricultural products.

REFERENCE

[1] Bouguettaya, A., Zarzour, H., Kechida, A. et al. “Machine learning techniques to classify agricultural crops through UAV
imagery: a review. Neural Computer & Application (2022) 34, 9511-9536 . https://doi.org/10.1007/s00521-022-07104-9

[2] W A Ezatl, M M Dessoukyl and N A Ismail “Multi-class Image Classification Using Machine learning”, Journal of Physics
Conference Series (2020) 1447(1):012021, doi:10.1088/1742-6596/1447/1/012021

[3] Akshay Pandey, Kamal Jain, “An intelligent system for crop identification and classification from UAV images using
conjugated dense convolutional neural network”, Computers and FElectronics in Agriculture (2022), Volume
192,106543,ISSN 0168-1699, https://doi.org/10.1016/j.compag.2021.106543.

[4] Haque, M.A., Marwaha, S., Deb, C.K. et al. Deep learning-based approach for identification of diseases of maize crop”,
(2022). Sci Rep 12, 6334 , https://doi.org/10.1038/s41598-022- 10140-z

[5] Yordanov, M, et.all. Crop Identification Using Machine Learning on LUCAS Crop Cover Photos. Sensors (2023), 23, 6298.
https://doi.org/10.3390/s23146298

[6] Jabir, Brahim & Rabhi, Loubna & Noureddine, Falih “RNN- and CNN-based weed detection for crop improvement: An
overview” Foods and Raw Materials(2021) . 9. 387-396. 10.21603/2308-4057-2021-2-387-396.

[7] Liu et al. "Development of Deep Learning-Based Variable Rate Agrochemical Spraying System for Targeted Weeds Control
in Strawberry Crop" Agronomy (2021) doi:10.3390/agronomy11081480

[8] Citation: Kong, S et.al. Real-Time Detection of Crops with Dense Planting at Seedling Stage. Agronomy 2023, 13, 1503.
https://doi.org/10.3390/ agronomy13061503

IJRAR1DUPOQO7 | International Journal of Research and Analytical Reviews (IJRAR) | 31


https://doi.org/10.1007/s00521-022-07104-9
http://dx.doi.org/10.1088/1742-6596/1447/1/012021
https://doi.org/10.1016/j.compag.2021.106543
https://doi.org/10.1038/s41598-022-10140-z
https://doi.org/10.1038/s41598-022-10140-z
https://doi.org/10.3390/s23146298
https://doi.org/10.3390/

