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Project Summary :

The project proposal aimed at developing a comprehensive monitoring framework to detect and
quantify microplastics in aquatic environments and agricultural soils. In this summary, we will explore
the project's objectives, methods, and expected outcomes. The issue of microplastics pollution has
gained significant attention worldwide due to their harmful effects on the environment and human
health. Microplastics are small plastic particles that are less than 5 millimeters in size, and they are
found in various forms, including micro-beads, micro-fibers, and micro-fragments. They are known to
accumulate in aquatic environments and agricultural soils, leading to serious ecological and health
concerns. Therefore, there is a need for effective monitoring and detection methods that can accurately
quantify the concentration and distribution of microplastics in these environments. The proposed
project aims to develop an automated detection and quantification framework using deep learning
techniques to detect and quantify microplastics in aquatic environments and agricultural soils. The
project's primary objectives are to: ¢ Develop a deep learning-based model to detect and classify
microplastics in water bodies and agricultural soils. ¢ Integrate this model with 10T sensors to automate
the detection and quantification process. ¢ Develop a comprehensive monitoring framework for
continuous monitoring of microplastics in aquatic environments and agricultural soils. To achieve these
objectives, the project will utilize various deep learning techniques, including Convolutional Neural
Networks (CNNs), Recurrent Neural Networks (RNNs), and Generative Adversarial Networks (GANSs),
to develop a robust and accurate detection model. The model will be trained on publicly available
datasets, such as the NOAA Marine Debris Program Dataset and the InSitu Microplastic Dataset, and
validated on real-world data collected from water bodies and agricultural soils. The project will also
integrate the deep learning model with sensors, such as water quality sensors and soil quality sensors,
to capture data set The sensors will collect data on water and soil quality, and the deep learning model
will analyze the data in real-time to detect and quantify microplastics. In conclusion, the proposed
project aims to develop an automated detection and quantification framework using deep learning
techniques to detect and quantify microplastics in aquatic environments and agricultural soils. The
project's expected outcomes include a deep learning-based model for microplastics detection,
integration of the model with IoT sensors, and a comprehensive monitoring framework for continuous
monitoring of microplastics in these environments. The project's outcomes will contribute to the
development of effective strategies to address the issue of microplastics pollution, protecting both the
environment and human health.

Objectives:

* The proposed project aims to develop a comprehensive monitoring framework to detect and quantify
microplastics in aquatic environments and agricultural soils. The project objectives are:

* To develop a deep learning-based model for accurate detection and classification of microplastics in
water bodies and agricultural soils.

* To integrate the deep learning model with IoT sensors to automate the detection and quantification
process in real-time.

* To develop a comprehensive monitoring framework that can provide continuous monitoring of
microplastics in aquatic environments and agricultural soils.

Keywords:
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Expected Output and Outcome of the proposal :

The expected outcomes of the project are: « A deep learning-based model for accurate detection and
classification of microplastics in water bodies and agricultural soils. * Integration of the deep learning
model with IoT sensors to automate the detection and quantification process in real-time. ¢ A
comprehensive monitoring framework that can provide continuous monitoring of microplastics in
aquatic environments and agricultural soils. ¢« Real-time information on the concentration and
distribution of microplastics, enabling policymakers and stakeholders to take appropriate actions to
address the issue. ¢Effective strategies to address the issue of microplastics pollution, protecting both
the environment and human health.
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Deep Learning-based Automated Detection and Quantification of Micro plastics in Aquatic
Environments and Agricultural Soils: A Comprehensive Monitoring Framework

Abstract: Microplastics have become a major environmental concern due to their widespread occurrence in aquatic
environments and agricultural soils. Microplastics are small plastic particles that are less than 5 millimeters in size,
and they are found in various forms, including micro-beads, micro-fibers, and micro-fragments. They are known to
accumulate in aquatic environments and agricultural soils, leading to serious ecological and health concerns.
Therefore, there is a need for effective monitoring and detection methods that can accurately quantify the
concentration and distribution of microplastics in these environments. The current methods for detecting and
quantifying microplastics are time-consuming and require skilled personnel. This proposal presents a comprehensive
monitoring framework based on deep learning for automated detection and quantification of microplastics in aquatic
environments and agricultural soils. The proposed methodology includes image acquisition, pre-processing, feature
extraction, classification, and quantification on publicly available datasets and acquires the realtime data using
sensor based and microscopyapproach. The objectives of this proposal are to develop an automated system for
microplastic detection and quantification using advance deep learning algorithms and evaluate the expected
outcomes. The proposed framework has the potential to enhance the monitoring of microplastics in aquatic

environments and agricultural soils and contribute to effective management strategies.

Keywords: Microplastics,Deep learning,Aquatic environments,Agricultural soils,Automated detection,Monitoring
framework

Introduction:

Micro plastics are small plastic particles, typically less than 5mm in size, that have become an increasing concern
for the environment. They can be found in various ecosystems, such as oceans, freshwater bodies, and soils, and
pose a threat to wildlife and human health [1-2]. The environmental impact of micro plastics is multifaceted. In
aquatic ecosystems, micro plastics can be ingested by marine organisms, leading to physical harm, toxicity, and
death [3]. Micro plastics can also accumulate in the food chain, potentially leading to harm for organisms at higher
trophic levels, including humans. Additionally, micro plastics can transport harmful pollutants and pathogens,
potentially spreading them throughout the environment [4]. In soils, micro plastics can negatively impact soil health
and crop growth. They can alter the physical and chemical properties of the soil, affecting nutrient cycling and water
retention. Micro plastics can also potentially harm soil organisms, leading to potential impacts on soil biodiversity

and ecosystem functioning [5-6].

The widespread use of plastics in daily life has contributed to the increasing prevalence of micro plastics in the
environment. Micro plastics can enter the environment through various sources, including plastic waste, textiles, and
personal care products. Improper disposal of plastic waste, such as littering and dumping into water bodies or soil,

can also contribute to the problem [7].
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To mitigate the environmental impacts of micro plastics, various approaches have been proposed, including
reducing plastic use, improving waste management practices, and developing innovative technologies for micro
plastic detection and removal [8]. It is important to address the issue of micro plastics to protect the environment,
human health, and the food chain. The current methods for micro plastic detection and quantification are time-
consuming and require skilled personnel. The traditional methods involve visual inspection, filtration, and chemical
analysis, which are labor-intensive and expensive. The development of an automated system for microplastic

detection and quantification can potentially overcome these limitations.
Related Work:

Recent studies have proposed various methods for microplastic detection and quantification, including spectroscopy,
microscopy, and chemical analysis. Spectroscopy-based methods include Raman spectroscopy and Fourier-
transform infrared spectroscopy (FTIR) [9-10]. These methods can provide information on the chemical
composition of microplastics but require skilled personnel and are time-consuming. Microscopy-based methods
include optical microscopy and electron microscopy. These methods are commonly used for visual inspection and
counting of microplastics. However, they are labor-intensive and require skilled personnel. Chemical analysis-based
methods include gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass spectrometry
(LC-MS) [11-12]. These methods can provide information on the chemical composition and quantity of

microplastics but require extensive sample preparation and are expensive.

Objectives:

The proposed project aims to develop a comprehensive monitoring framework to detect and quantify microplastics

in aquatic environments and agricultural soils. The project objectives are:

1. To develop a deep learning-based model for accurate detection and classification of microplastics
in water bodies and agricultural soils.

2. Tointegrate the deep learning model with 10T sensors to automate the detection and quantification
process in real-time.

3. To develop a comprehensive monitoring framework that can provide continuous monitoring of

microplastics in aquatic environments and agricultural soils.

The project outcomes will contribute to the development of effective strategies to address the issue of microplastics

pollution, protecting both the environment and human health.
Proposed Methodology

The proposed methodology for automated detection and quantification of microplastics in aquatic environments and
agricultural soils is based on deep learning. The framework includes the following steps and depicted in figurel:
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Image Acquisition: The first step is to acquire images of microplastics from aquatic environments and agricultural
soils. The images can be obtained using various techniques, including optical microscopy, electron microscopy, and
spectroscopy and also uses publicly available datasets like NOAA Marine Debris Program Dataset and the InSitu

Microplastic Dataset.

Pre-processing: The acquired images undergo pre-processing to enhance the image quality and remove noise. The

pre-processing techniques include image filtering, image normalization, and image segmentation.

Feature Extraction: The pre-processed images are then used to extract relevant features using deep learning
algorithms such as convolutional neural networks (CNNs). The CNNs can learn the features of microplastics, such

as shape, size, and texture, which can be used for classification and quantification.

Classification: The extracted features are then used for microplastic classification. The classification can be
performed using various deep learning algorithms including Convolutional Neural Networks (CNNSs), Recurrent
Neural Networks (RNNSs), and Generative Adversarial Networks (GANS), to develop a robust and accurate detection
model[13-15]. The model will be trained on publicly available datasets, such as the NOAA Marine Debris Program
Dataset and the InSitu Microplastic Dataset, and validated on real-world data collected from water bodies and

agricultural soils[6].
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Figure 1:Block Diagram

publicly available datasets: NOAA Marine Debris Program Dataset and the InSitu Microplastic Dataset.
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The project will also integrate the deep learning model with 10T sensors, such as water quality sensors and soil
quality sensors, to automate the detection and quantification process. The sensors will collect data on water and soil
quality, and the deep learning model will analyze the data in real-time to detect and quantify microplastics.

Finally, the project will develop a comprehensive monitoring framework for continuous monitoring of
microplastics in aquatic environments and agricultural soils. The framework will include the integration of the deep
learning model with 10T sensors, data storage, and analysis, and visualization tools. The framework will provide
real-time information on the concentration and distribution of microplastics, enabling policymakers and stakeholders

to take appropriate actions to address the issue.
Expected Outcomes:

The expected outcomes of the project are:

e A deep learning-based model for accurate detection and classification of microplastics in water bodies and
agricultural soils.

e Integration of the deep learning model with 10T sensors to automate the detection and quantification
process in real-time.

e A comprehensive monitoring framework that can provide continuous monitoring of microplastics in
aquatic environments and agricultural soils.

e Real-time information on the concentration and distribution of microplastics, enabling policymakers and
stakeholders to take appropriate actions to address the issue.

o Effective strategies to address the issue of microplastics pollution, protecting both the environment and
human health.

Conclusion

In conclusion, the proposed project aims to develop an automated detection and quantification framework using
deep learning techniques to detect and quantify microplastics in aquatic environments and agricultural soils. The
project's expected outcomes include a deep learning-based model for microplastics detection, integration of the
model with 10T sensors, and a comprehensive monitoring framework for continuous monitoring of microplastics in
these environments. The project's outcomes will contribute to the development of effective strategies to address the

issue of microplastics pollution, protecting both the environment and human health.

Estimated Budget in Rs.:

Sl. | Items Project Cost (Own share
in Lakh)

i. | Outsourcing charges for R&D/Design Engg./Consultancy/Testing/Expert cost-Laboratory analysis, | 10L
MicroScope,Data Collection etc.,

ii. | Raw materials/consumables/spares-Water Sensors, Agriculture Sensors, Data Servers,GPU 5L
iii. | Fabrication/synthesis charges of working model or process 1.5L
iv. | Business travel and event participation Fees -Conferences 1.5L

(Ceiling of 10% of approved project cost)
v. | Patent Filing Cost 1L

(PCT- Ceiling of 10% of approved project cost)
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vi. | Contingency 1L
(Ceiling of 10% of approved project cost)
vii. | Total Cost 20L
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Deep Learning-based Automated Detection and Quantification of Micro plastics in Aquatic
Environments and Agricultural Seils: A Comprehensive Monitoring Framework

Abstract: Microplastics have become a major env'ﬁ)nmemall concern due to their widespread occurrence in aquatic
environments and agricultural soils. Microplastics are small plastic particles that are less than 5 millimeters in size,
and they areﬁvund in various forms, including micro-beads, micro-fibers, and micro-fragments. They are known to
accumulate in aquatic environments and agricultural soilsﬁzlding to serious ecological and health concerns.
Therefore, there is a need for effective monitoring and detection methods that can accurately quantify the
concentration and distribution of microplastics in these environments. The current methods for detecting and
quantifying microplastics are time-consuming and require skilled personnel. This proposal presents a comprehensive
monitoring framework based on deep learning for automated deleﬂ)n and quantification of microplastics in aquatic
environments and agricultural soils. The proposed methodology includes image acquisition, pre-processing, feature
extraction, classification, and quantification on publicly available datasets and acquires the realtime data using
sensor based and microscopyapproach. The objectives of this proposal are to develop an automated system for
microplastic detection and quantification using advance deep learning algorithms and evaluate the expected
outcomes. The proposed framework has the potential to enhance the monitoring of microplastics in aquatic

environments and agricultural soils and contribute to effective management strategies.

Keywords: Microplastics,Deep learning,Aquatic environments Agricultural soils, Automated detection,Monitoring
framework

Introduction:

Micro plastics are small plastic particles, typically less than Smm in size, that have become an increasing concern
for the environment. They can be found in various ecosystems, such as oceans, freshwater bodies, and soils, and
pose a threat to wildlife and human health [1-2]. The environmental impact of micro plastics is multifaceted. In
aquatic ecosystems, micro plastics can be ingested by marine organisms, leading to physical harm, toxicity, and
death [3]. Micro plastics can also accumulate in the food chain, potentially leading to harm for organisms at higher
trophic levels, including humans. Additionally, micro plastics can transport harmful pollutants and pathogens,
potentially spreading ll'ﬁ throughout the environment [4]. In soils, micro plastics can negatively impact soil health
and crop growth. They can alter the physical and chemical properties of the soil, affecting nutrient cycling and water
retention. Micro plastics can also potentially harm soil organisms, leading to potential impacts on soil biodiversity

and ecosystem functioning [5-6].

The widespread use of plastics in daily life has contributed to the increasing prevalence of micro plastics in the
environment. Micro plastics can enter the environment through various sources, including plastic waste, textiles, and
personal care products. Improper disposal of plastic waste, such as littering and dumping into water bodies or soil,

can also contribute to the problem [7].
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To mitigate the environmental impacts of micro plastics, various approaches have been proposed, including
reducing plastic use, improving waste management practices, and developing innovative technologies for micro
plastic detection and removal [8]. It is important to address the issue of micro plastics to protect the environment,
human health, and the food chain. The current methods for micro plastic detection and quantification are time-
consuming and require skilled personnel. The traditional methods involve visual inspection, filtration, and chemical
analysis, which are labor-intensive and expensive. The development of an automated system for microplastic

detection and quantification can potentially overcome these limitations.
Related Work:

Recent studies have proposed various methods for microplas bdelccli()n and quantification, including spectroscopy,
microscopy, and chemical analysis. Spectroscopy-based methods include Raman spectroscopy and Fourier-
transform infrared spectroscopy (FTIR) [9-10]. These methods can provide information on the chemical
composition of microplastics but require skilled personnel and are time-consuming. Microscopy-based methods
include optical microscopy and electron microscopy. These methods are commonly used for visual inspection and
ﬁunling of microplastics. However, they are labor-intensive and require skilled personnel. Chemical analysis-based
methods include gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass spectrometry
(LC-MS) [11-12]. These methods can provide information on the chemical composition and quantity of

microplastics but require extensive sample preparation and are expensive.
Objectives:

The proposed project aims to develop a comprehensive monitoring framework to detect and quantify microplastics

in aquatic environments and agricultural soils. The project objectives are:

1. To develop a deep learning-based model for accurate detection and classification of microplastics
in water bodies and agricultural soils.

2. To integrate the deep learning model with IoT sensors to automate the detection and quantification
process in real-time.

3. To develop a comprehensive monitoring framework that can provide continuous monitoring of

microplastics in aquatic environments and agricultural soils.
The project outcomes wilb()ntribute to the development of effective strategies to address the issue of microplastics

pollution, protecting both the environment and human health.

Proposed Methodology

The proposed methodology for automated detection and quantification of microplastics in aquatic environments and

agricultural soils 1s based on deep learning. The framework includes the following steps:
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Image Acquisition: The first step is to acquire images of microplastics from aquatic environments and agricultural
soils. The images can be obtained using various techniques, including optical microscopy, electron microscopy, and
spectroscopy and also uses publicly available datasets like NOAA Marine Debris Program Dataset and the InSitu
Microplastic Dataset.

Pre-processing: The acquired images undergo pre-processing to enhance the image quality and remove noise. The

pre-processing techniques include image filtering, image normalization, and image segmentation.

Feature Extraction: The pre-processed images are then used to extract relevant features using deep learning
algorithms such as convolutional neural networks (CNNs). The CNNs can learn the features of microplastics, such

as shape, size, and texture, which can be used for classification and quantification.

Classification: T& extracted features are then used for microplastic classification. The classification can be
performed using various deep learning algorithms including Convolutional Neural Networks (CNNs), Recurrent
Neural Networks (RNNs), and Generative Adversarial Networks (GANs), to develop a robust and accurate detection
model[13-15]. The model will be trained on publicly available datasets, such as the NOAA Marine Debris Program
Dataset and the InSitu Microplastic Dataset, and validated on real-world data collected from water bodies and

agricultural soils[6].

The project will also integrate the deep learning model with IoT sensors, such as water quality sensors and soil
quality sensors, to automate the detection and quantification process. The sensors will collect data on water and soil

quality, and the deep learning model will analyze the data in real-time to detect and quantify microplastics.

Finally, the project will develop a comprehensive monitoring framework for continuous monitoring of
microplastics in aquatic environments and agricultural soils. The framework will include the integration of the deep
learning model with IoT sensors, data storage, and analysis, and visualization tools. The framework will provide
real-time information on the concentration and distribution of microplastics, enabling policymakers and stakeholders

to take appropriate actions to address the issue.
Expected Outcomes:

The expected outcomes of the project are:

e A deep learning-based model for accurate detection and classification of microplastics in water bodies and
agricultural soils.

e Integration of the deep leaming model with IoT sensors to automate the detection and quantification
process in real-time.

e A comprehensive monitoring framework that can provide continuous monitoring of microplastics in
aquatic environments and agricultural soils.

e Real-time information on the concentration and distribution of microplastics, enabling policymakers and
stakeholders to take appropriate actions to address the issue.

e Effective strategies to address the issue of microplastics pollution, protecting both the environment and
human health.
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Conclusion

In conclusion, the proposed project aims to develop an automated detection and quantification framework using
deep learning techniques to detect and quantify microplastics in aquatic environments and agricultural soils. The
project's expected outcomes include a deep learning-based model for microplastics detection, integration of the
model with IoT sensors, and a comprehensive mil()ring framework for continuous monitoring of microplastics in
these environments. The project's outcomes will contribute to the development of effective strategies to address the

issue of microplastics pollution, protecting both the environment and human health.
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