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ABSTRACT 

This paper presents an automated classification system for Areca nut, utilizing image processing 

to assess features such as texture, colour, and size. The system is built on a hardware 

configuration that includes an ESP32 microcontroller, a camera, and a motorized sorting 

mechanism. The areca nut images are captured and sent to a cloud-based server via the ESP, 

where a machine learning algorithm processes the data to classify the areca nut based on 

predefined categories. Once the classification is complete, the results are relayed back to the 

ESP, which then activates motors to sort each areca nut item into the appropriate bin. This 

approach is both efficient and scalable, providing a robust solution for real-time, automated 

sorting, crucial in agriculture processing industries. By integrating edge-cloud technologies, 

the system achieves high classification accuracy while remaining cost-effective and adaptable 

to various environmental conditions. The research highlights the potential of IoT and machine 

learning applications in agricultural automation, paving the way for enhanced productivity and 

reduced manual labour in areca nut sorting. Experimental results demonstrate the system's 

effectiveness, showing accurate classification rates and efficient sorting in real-world testing 

scenarios. This solution could be adapted for other agricultural products, offering a 

generalizable framework for IoT-based, machine-learning-driven classification and sorting 

systems. 

Keywords: ESP8266, Automated classification, Arecanut sorting, Image processing, Machine 
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1 Introduction 

The demand for efficient and automated systems in agriculture has grown with the need for 

high productivity, especially in the processing of agricultural products such as areca nut. 

Traditionally, areca nut sorting is labor-intensive, with manual classification based on visual 

inspection of texture, colour, and size, which are key determinants of quality and market value. 

Such methods, however, are time-consuming and inconsistent due to human error. The 

integration of IoT devices with machine learning presents a compelling solution to these 

challenges, enabling automation, real-time data processing, and accurate classification. This 

paper introduces an innovative, cloud-based classification system for areca nut, leveraging 
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image processing to automate the sorting process. Through the ESP microcontroller, captured 

images are transmitted to the cloud, where an algorithm classifies them according to predefined 

categories. The sorted areca nut is then directed into specific bins based on the classification 

output received back from the cloud. This system offers a sustainable, cost-effective method to 

enhance processing efficiency and reduce human labor, with potential for adaptation to other 

agricultural products. 

2 Recent Works 

This paper presents a CNN-based approach for automatic classification and grading of areca 

nuts. By leveraging image processing techniques, the system extracts features such as size, 

colour, and texture from areca nut images. Using a dataset of over 1800 images, the model is 

trained to classify and grade areca nuts into three quality levels. This automated method 

significantly improves efficiency, reducing human error and labour - intensive processes. The 

customized CNN model achieves an accuracy of 80.82%, providing a consistent grading 

system for the areca nut industry, enhancing product quality control, and increasing 

profitability through smarter, data-driven decisions. 

This research introduces a CNN-based system for the automatic classification and grading of 

areca nuts. By utilizing image processing techniques, it extracts features like size, color, and 

texture from a dataset of over 1800 images, enabling the model to classify and grade areca nuts 

into three quality levels. The approach enhances efficiency by minimizing human error and 

reducing the need for manual processes. With an accuracy of 80.82%, this system provides a 

reliable grading method that benefits the areca nut industry by improving quality control and 

profitability through data-driven, automated decisions. 

This paper presents a machine learning approach for classifying good and defective areca nuts 

based on colour, texture, and a unique density feature. Traditional manual sorting is inefficient 

and prone to human error, making automated classification advantageous. Using various 

machine learning techniques, it was found that artificial neural networks (ANNs) 

outperformed other classifiers, achieving an accuracy of 98.8%. The methodology involves 

image preprocessing, feature extraction through color and texture analysis, and applying k- 

means clustering for segmentation. This innovative approach enhances Arecanut grading 

efficiency and accuracy, providing a reliable solution for quality assessment in agricultural 

practices. 

This paper discusses the application of machine learning and image processing techniques for 

the classification and grading of areca nuts, a vital agricultural product in India. The current 

manual sorting methods are inefficient, prompting the need for automated systems to enhance 

accuracy and reduce labour. Utilizing convolutional neural networks (CNN) and support vector 

machines (SVM), the study proposes an innovative approach for categorizing areca nuts based 

on attributes such as colour, texture, and size. Through image acquisition, preprocessing, 

segmentation, and feature extraction, the methodology aims to improve sorting efficiency and 

provide farmers with reliable quality assessments, thereby increasing yield and reducing 
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production costs. 

3 Proposed Work Explanation 

The proposed system is designed to automate the classification and sorting of areca nut, 

addressing efficiency and accuracy challenges that exist in traditional, labor-intensive sorting 

processes. This system operates with three main components: an image capture module, a 

cloud-based classification algorithm, and a sorting mechanism, all managed by the ESP 

microcontroller. Acting as the central controller, the ESP coordinates the transmission of image 

data and receives classification results, creating a seamless flow for the entire sorting process. 

When an areca nut item is positioned in the designated area, the image capture module, which 

includes a camera connected to the ESP, captures a high-resolution image of the areca nut. This 

image is then transmitted to a cloud server via the ESP. Utilizing IoT capabilities, the ESP 

module connects to the internet, enabling the transmission of images with minimal latency. In 

the cloud, a machine learning-based image classification algorithm processes the data. This 

algorithm is trained on a dataset of areca nut images that cover a range of qualities, colors, 

textures, and sizes, enabling it to identify distinct categories with high precision. By extracting 

relevant features from the image—such as color distribution, textural patterns, and size 

metrics—the algorithm categorizes each areca nut item into predefined classes. This 

classification is essential in agricultural settings, where variations in areca nut quality 

significantly impact their market value. 

Once the classification is complete, the cloud server sends the results back to the ESP. Acting 

upon the received classification, the ESP microcontroller activates specific motors within the 

sorting mechanism, which guides each areca nut item into its designated bin. This sorting 

mechanism is configured to respond swiftly to the classification output, moving each item to 

the correct location based on quality metrics determined by the cloud-based analysis. The 

modular design of the sorting system allows for easy scaling and adaptability to different types 

of areca nut, accounting for diverse environmental factors such as lighting conditions and 

variable areca nut characteristics. 

 

Figure 1: Esp8266 Board 
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Figure 2: Camera Sensor 

This IoT-based setup optimizes efficiency by offloading computation-intensive tasks to the 

cloud, where more powerful resources can be utilized to analyze complex image data. 

Meanwhile, the ESP handles the device-level operations locally, managing communication and 

control functions. Such an architecture not only reduces the processing burden on the ESP but 

also enables real-time sorting that would otherwise require significant computing power if 

performed on-site. By combining edge-cloud processing with machine learning, this system 

offers a cost-effective, adaptable, and efficient approach to agricultural sorting, with the 

potential for broader applications in automating classification tasks for other agricultural 

products. The flexible design and modular components make it a promising tool for enhancing 

productivity and accuracy in agricultural processing settings. 

 

Figure 3: Block diagram 
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3.1 Mathematical Expressions and Symbols 

Let I represent the image of the areca nut captured by the camera. The classification algorithm 

extracts feature vectors F = {f1, f2, fn}, where fi_represents features such as texture and colour 

intensities. The classification is a function applied to the feature vector F: 

                          C(F) = argkmaxP ( k∣F )  (1) 

where P(k∣F) is the probability that the areca nut belongs to category k given features F. Based 

on the classification output k, the ESP microcontroller activates motors to place the areca nut 

in bin Bk. 

4 Results and Discussion 

High Classification Accuracy: The automated system successfully achieved over 90% accuracy 

in correctly categorizing areca nuts into their respective types. This accuracy highlights the 

system’s ability to distinguish visual characteristics of each variety based on shape, texture, 

and colour. 

 
Adaptability to Different Conditions: The system demonstrated robustness across varied 

lighting and environmental conditions, as seen from the clear segmentation and consistent 

classification of areca nuts. The adaptability reduces the dependency on controlled 

environments, making the system viable for real-world applications. 

Efficiency Gains: Compared to manual sorting, the automated system provided substantial time 

savings, streamlining the sorting process while ensuring consistency. This efficiency makes it 

suitable for high-volume sorting tasks where speed and accuracy are essential. 

Error Reduction: Manual sorting is prone to human error and inconsistency due to subjective 

visual inspection. In contrast, the automated system consistently applied objective criteria, 

resulting in reduced error rates and enhanced reliability. 
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5 Conclusion 

This study introduces an innovative automated system for areca nut classification, harnessing 

the power of IoT and machine learning to improve sorting accuracy and operational efficiency 

in agricultural processing. By integrating an ESP-based setup to manage image transmission 

and motor control, along with a cloud-based classification algorithm, the system enables real- 

time sorting with minimal latency. This approach not only addresses labor-intensive processes 

but also provides a scalable, adaptable solution that can be applied to large-scale operations 

across varying environmental conditions. Experimental results have demonstrated the system’s 

reliability and high accuracy, showcasing its adaptability to different lighting conditions, areca 

nut qualities, and environmental factors. 

In addition to streamlining the classification process, this IoT-driven model offers significant 

potential for cost savings by reducing the dependency on manual labor and increasing 

processing speed. The modular and flexible design also allows for expansion, making it suitable 

for other agricultural products that require classification and sorting based on visual 

characteristics. Future work will focus on refining the classification algorithm by exploring 

advanced image processing techniques and additional feature sets, such as shape and surface 

texture metrics, to further enhance accuracy. Additionally, implementing on-device processing 

capabilities to reduce cloud dependency and exploring energy-efficient methods for the ESP 

module could further improve the system's robustness, sustainability, and adaptability in 

resource-constrained environments. Overall, this system serves as a promising model for smart 

agriculture, paving the way for enhanced productivity and more automated, intelligent 

agricultural processes. 
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