International Journal of Research Publication and Reviews, Vol 4, no 5, pp 1578-1583 May 2023

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IIRPR.COM

Al Technologies to Detect Chemicals in Fruits and Vegetables

Triveni G, ?Dr. S. Bhargavi, 3Zainab, “Shaik Fareed Ahamad

1UG Student, Dept. of ECE, SJC Institute of Technology, Chickballapur, India trivenig2001@gmail.com
2Professor, Dept. of ECE, SJC Institute of Technology, Chickballapur, India bhargavi@sjcit.ac.in

3UG Student, Dept. of ECE, SJC Institute of Technology, Chickballapur, India zainah469717 @gmail.com
4UG Student, Dept. of ECE, SJC Institute of Technology, Chickballapur, India sfareed1234@gmail.com

ABSTRACT—

The safety and quality of the food supply are a significant concern, and detecting harmful chemicals in fruits and vegetables is a critical task. Artificial Intelligence
(Al) and Machine Learning (ML) technologies help in detecting chemicals in vegetables and fruits. Hyperspectral imaging is a non-invasive technique that combines
Al and ML algorithms to detect chemicals in product. Machine learning algorithms can recognize specific chemical patterns and detect contaminants by analyzing
the unique spectral patterns produced by different chemicals. Other machine learning technologies, such as Avrtificial Neural Networks, Support Vector Machines,
Random Forest, and Convolutional Neural Networks, can also be used to detect chemicals in fruits and vegetables. These technologies can identify a variety of
chemicals, including pesticides, herbicides, and other contaminants. By combining Al and ML technologies with hyperspectral imaging, we can help ensure the
safety and quality of our food supply, improving the health and well-being of people around the world.
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l. Introduction

1.  Artificial Intelligence

Artificial intelligence (Al) is the mimicry of human intellect in devices that are created to behave and think like humans. The term may also be used to
refer to any computer that indicates characteristics of human intelligence, such as learning, and problem-solving.

The ability to reason and take actions that have the highest likelihood of reaching a goal is the ideal quality of artificial intelligence. Machine learning
(ML), a subtype of artificial

intelligence (Al), is the idea that computer programs will learn from and adapt to new data without human assistance. Deep learning techniques allow for
this autonomous learning by taking huge amounts of unstructured data, including text, photos, and video.

2. Machine Learning

A subset of artificial intelligence called machine learning involves teaching algorithms to see patterns in data and then basing predictions or judgments
on those forecasts or conclusions. Instead of explicitly programming computers to carry out a certain task, it entails educating them to learn from data.
Depending on the type of data and the task's objectives, machine learning algorithms can be divided into supervised learning, unsupervised learning, and
reinforcement learning.

Supervised learning involves training a model for a labeled dataset, where the input data is paired with the corresponding output or target variable. The
model learns to predict the output variable for new input data by generalizing the patterns it has learned from the training dataset. On the other hand,
unsupervised learning involves training a model on an unlabeled dataset, where the objective is to discover patterns or structures in the data without any
specific output variable. Reinforcement learning involves training a model to take actions in an environment to maximize a reward signal, where the
model learns from the feedback it receives from the environment.

Machine learning has a broad range of applications, from image recognition and natural language processing to predictive modeling and recommendation
systems. It is used in healthcare, finance, and manufacturing industries to improve efficiency, reduce costs, and make better decisions based on data-
driven insights.

I1. Technologies

1. Hyperspectral Imaging with Al
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The combination of hyperspectral imaging with Al is used for detecting and identifying chemicals in vegetables and fruits. Combining these technologies
can help improve accuracy, speed, and efficiency in identifying specific chemicals. [2]
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Fig 1 Applications of Hyperspectral Imaging [15]
Here are some methods that hyperspectral imaging can be combined with Al:

Training machine learning algorithms: Hyperspectral imaging data is used to train machine learning algorithms in identifying specific chemicals in
fruits and vegetables. Machine learning algorithms are trained to recognize the unique spectral patterns produced by different chemicals and identify the
specific chemicals in the product.

Enhancing classification accuracy: Al is used to enhance the accuracy of hyperspectral imaging classification of chemicals in fruits and vegetables.
This is done by using machine learning algorithms to refine and optimize the classification process.

Automated quality control: Al algorithms are used to automate the quality control process in the food industry. Hyperspectral imaging will capture
images of the product and the Al algorithms will analyze the images to identify any defects or contaminants in the product.

Real-time analysis: Hyperspectral imaging combined with Al is used for real-time analysis of products. This can help identify any potential safety issues
in a product before it is consumed.

Overall, the combination of hyperspectral imaging and Al has the potential to improve the safety and quality of our food supply by detecting and
identifying chemicals in fruits and vegetables more accurately and efficiently.

2. ML to Detect Chemicals in VVegetables and Fruits

Machine learning is used to detect chemicals in fruits and vegetables by analyzing hyperspectral images of the product.[3] Hyperspectral imaging captures
detailed spectral information at many different wavelengths across the electromagnetic spectrum and helps in providing a more comprehensive picture of
the product. The spectral patterns produced by different chemicals, and machine learning algorithms will be trained to recognize the presence of specific
chemicals in the product.
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Fig 2 Detection with ML [16]
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Artificial Neural Networks are a type of machine learning algorithm which is used to detect chemicals in fruits and vegetables. ANNs can be trained to
identify specific chemical patterns in hyperspectral images and are used to classify fruits and vegetables based on the absence or presence of specific
chemicals.

Support Vector Machines are one more type of machine learning algorithm that is used to detect chemicals in fruits and vegetables. SVMs are used for
classification tasks and work by finding the best boundary between different classes of data. In the case of detecting chemicals in fruits and vegetables,
SVMs can be used to find the best boundary between contaminated and uncontaminated products. Random Forest is another machine-learning algorithm
which can be used to detect chemicals in fruits and vegetables. Random Forest works by creating multiple decision trees and combining their outputs to
make final prediction. In case of detecting chemicals in fruits and vegetables, Random Forest can be used to classify products based on the absence or
presence of specific chemicals.

3. Electronic Nose

An Electronic Nose (E-Nose) is a sensor-based technology that mimics the human olfactory system to detect and recognize different volatile organic
compounds (VOCs) in the air. The E-Nose consists of an array of chemical sensors that have the potential of detecting and quantifying different types of
VOCs based on their unique electronic signature. The data collected by the E-Nose will be analyzed using machine learning algorithms to identify patterns
and classify the VOCs based on the chemical properties.
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Fig 3 E-Nose [14]

E-Noses have been used in various industries, including food and agriculture, to detect and monitor the presence of different chemicals, such as pesticides,
herbicides, and fungicides, in fruits and vegetables. The technology has been used to detect food spoilage and contamination by analyzing the VOCs
produced by microorganisms.

The advantage of E-Nose technology is that it is non-invasive and non-destructive, meaning that it does not damage or alter the sample being analyzed.
Additionally, E-Noses are relatively inexpensive compared to other analytical techniques, and they can provide results in real time.

Overall, E-Noses have shown great ability in the food and agriculture industry for detecting and monitoring the presence of different chemicals and
contaminants in fruits and vegetables, thereby improving food safety and quality control.

Electronic Nose with Al

Electronic noses (E-Noses) can be combined with artificial intelligence (Al) algorithms to improve the correctness and reliability of chemical detection
and classification. Al is used to analyze the data collected by the E-Nose and identify patterns and correlations between different VOCs and chemical
compounds. One example of using E-Nose with Al is in the recognition of pesticide residues on fruits and vegetables. E-Nose sensors can detect the
presence of different pesticide residues on the surface of product. Al algorithms are used to analyze the sensor data and identify the specific type of
pesticide present. This information is used to improve pesticide application practices and reduce the risk of pesticide residue contamination in the food
supply. Another application of E-Nose with Al is in the detection of food spoilage and contamination. E-Nose sensors can detect the VOCs produced by
microorganisms during the spoilage process. Al algorithms are also used to analyze the sensor data and identify the specific type of microorganism
responsible for spoilage. This information is used to improve food safety and prevent outbreaks of foodborne illnesses. Combining E-Nose with Al has
the ability to improve the accuracy and reliability of chemical detection and classification in food and agriculture industry, leading to improved food
safety and quality control.

111. Methodology

The fig 4 shows the methodology for detecting chemicals in vegetables and fruits.
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Fig 4 Methodology
Description
Data Acquisition: The hyperspectral images of product are captured using a hyperspectral camera or other imaging device.
Preprocessing: The images are preprocessed in order to remove the noise or artifacts that may interfere with the detection process.

Feature Extraction: The spectral data is extracted from the images, and relevant features are detected using signal processing and image analysis
techniques.

Training Data Generation: A set of classified training data is generated, which includes hyperspectral images of fruits and vegetables with known levels
of chemicals.

Machine Learning: Models are trained on the training data using a variety of machine learning methods, including Artificial Neural Networks, Support
Vector Machines, Random Forest, and Convolutional Neural Networks.

Model Testing: The trained models are tested on a set of validation data to ensure accuracy and reliability.

Chemical Detection: Once the model is trained and validated, it can be used to detect the presence of specific chemicals in new hyperspectral images of
fruits and vegetables.

Output and Visualization: The outputs of the chemical detection process are outputted and visualized, allowing users to identify contaminated products
and take appropriate actions to ensure food safety.

V. Advantages and Applications

Advantages
®  Machine learning can provide highly accurate and rapid detection of chemicals in fruits and vegetables, improving food safety.

®  Machine learning and hyperspectral imaging work together to simultaneously identify many pollutants.
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®  The necessity for expensive and time-consuming laboratory product analysis can be diminished by machine learning.
®  More thorough contamination detection is possible because to machine learning, which can spot patterns in vast datasets that might not be obvious
to the naked eye.

Applications

®  Agriculture: Machine learning is used to detect pesticides, herbicides, and other chemicals on fruits and vegetables to make sure that they are safe
to consume.

®  [ood safety: Machine learning is used to detect contaminants such as E. coli, Salmonella, and other harmful bacteria in the product, helping to
reduce risk of foodborne illnesses.

®  Quality control: In order to identify and address issues before they spread, machine learning is used to detect changes in the chemical composition
of fruits and vegetables that may impact their quality.

®  Environmental monitoring: Machine learning will monitor the impact of agricultural practices on the environment by detecting the existence of
chemicals in soil and water.

®  Research: In order to produce new functional foods and nutraceuticals, machine learning is utilized to discover novel compounds in fruits and
vegetables and analyze their prospective health benefits.

V. Conclusion

The agriculture industry has demonstrated significant promise for enhancing food safety, quality control, and environmental monitoring through the
application of Al and ML technologies for identifying contaminants in fruits and vegetables. High accuracy and efficiency have been achieved in the
detection of chemical pollutants in fruits and vegetables using hyperspectral imaging, machine learning algorithms, and deep learning models. These
technologies have a wide range of uses, including research, food safety, and agriculture. Future development and fusion of Al and ML technologies with
other cutting-edge technologies, including 10T and blockchain, have a lot of potential. This could lead to a more complete and secure system for detecting
chemical contaminants in produce, which would improve the overall safety and quality of vegetables and fruits in the market. As more data becomes
available, and new algorithms are developed, these technologies will become even more accurate and efficient, paving the way for a safer and healthier
agricultural industry.
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