© 2024 JETIR December 2024, Volume 11, Issue 12 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
serie y JOURNAL OF EMERGING TECHNOLOGIES AND

abS M

«!ﬁ INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

Harnessing Artificial Intelligence for Real-Time
Environmental Monitoring and Sustainability

"Moumita Dey, *Ashish Das, *Md Shahid, *Aleena Firdous, °Ritwika Biswas, °Neha Chouhan

L2Assistant professor, *Student, Student, 5Student, 5Student
12Computer Science and Engineering,
3456Computer Science and Engineering,

12Durgapur Institute of Advanced Technology and Management, Rajbandh, India
3456Durgapur Institute of Advanced Technology and Management, Rajbandh, India

Abstract: Al is fervently working on one of the biggest environmental issues that the world is facing- environmental monitoring.
This campaign utilizes Al for monitoring problems involving deforestation, soil health, air quality, water resources, and climate
change. All these together with the power of acquiring and analyzing real-time data can fight all the factors that seem to pose a
threat towards the sustainability of the environment. These integrated computer vision, machine learning, and IoT sensors aim to
cause less ecological harm as well as optimized use of resources. Al-based solutions increasingly have the capability of analyzing
vast data sets and turning them into actionable insights that can support better decision-making. This research discusses how Al can
generate valuable knowledge in support of eco-friendly practices and proactive response to environmental changes. This study
depicts Al as transformational in the realms of environmental monitoring; such advanced tools are needed to beat up on current
challenges as it is going to strengthen further efforts at the global level that help to achieve sustainability. Concluding, Al is a kind
of tool that is being rated necessary to combat further environmental degradation to enable wiser, responsive movements against
complex ecological issues.

Index Terms - Computer vision, Environmental Monitoring, Environmental sustainability, Eco-sustainable behavior, Internet of
Things, Machine learning algorithms.

l. INTRODUCTION

As the world is surrounded by pollution, habitat destruction, climate change, and depletion of resources, this becomes a need to
perform environmental monitoring efficiently. Though the traditional methods of environmental monitoring like manual data
collection through sensor networks and satellite imaging are available, these remain somewhat limited in giving direct, wide-
ranging, high-resolution insights in real-time. These are very costly in terms of resource, and they usually fail when rapid decisions
have to be taken in a matter of changing environmental conditions. Artificial intelligence, however, has proven to be a revolutionary
instrument that can bridge the above limitations. Al-based environmental monitoring systems collect vast environmental data from
different sources: sensors, satellites, drones, and even social media platforms. Advanced machine learning algorithms, computer
vision, data fusion, and predictive modeling make possible more accurate, scalable, and real-time assessments of environmental
conditions. This technology opens new vistas of unprecedented efficiency and accuracy to monitor biodiversity, deforestation, air
and water quality, and impacts of climate change.

e Real-time data processing: Artificial intelligence (Al) can process streams of data in real time. With Al, it is possible to
identify abnormalities or changes in environmental factors.

e Predictive modeling: Al models help predict future trends or conditions of the environment, enabling proactive measures
to prevent them from worsening.

e Automation and Efficiency: Al increases the efficiency of environmental monitoring programs and saves operational
costs and human mistakes through automated data collection, processing, and reporting.

e Big Data Management: Al is efficient in handling large datasets that are impossible to process and analyze for traditional
systems, including sensor networks, satellite images, and Internet of Things data.
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e Scalability: Al technologies are highly useful for global environmental monitoring efforts, such as monitoring
deforestation or ocean health, as they can scale up to monitor large geographic areas easily.

1.1 Application of Al in Environmental Monitoring

Use of Al in environmental monitoring can predict levels of pollution in different atmospheres; track sources that contributed to
some level of pollution; forecast air quality to prevent issues with health and plan in urban areas.

Water Quality Monitoring: Als helps identify harmful substances in the water, enables to analyses the water quality parameters and
even predict the forthcoming change in the water body that's necessary to control the public health as well as ecosystem protection.
Biodiversity and Ecosystem Monitoring: It also helps to monitor populations of wildlife, measure levels of biodiversity for any
place and image recognition to detect unlawful activities such as poaching and deforestation using data obtained from the satellites.

1.2 Al Techniques Used in Environmental Monitoring

o Machine Learning Algorithms — Discuss how supervised, unsupervised, and reinforcement learning algorithms are used
in analyzing the data of environmental factors and discovering patterns so that it can be forecasted.

e HTH: CNN's work pretty fine on this dataset of image remote sensing, satellite and sensor values, and the RNN's good
time series kind of data.

« Al and Data Fusion in Sensor Networks: Al combines data from multidimensional platforms, such as satellites, drones,
ground-based sensors, and loT devices, to improve the accuracy of environmental monitoring.

1.3 Engines and Algorithms for Al Powered Environmental Monitoring
e Remote Sensing and Satellite Data: Al utilizes satellite high-resolution data for detecting changes in land usage,
monitoring deforestation, and supporting disaster management. Today's data come from loT Sensors such as air, water,
and soil sensors that feed their data to Al models.

e Social Mediaand Crowd-Sourced Data: Al can go through social media or crowd-sourced data on environmental events
to track pollution incidents or detect illegal conduct.

Il. LITERATURE REVIEW

The use of artificial intelligence (Al) in the monitoring of the environment emerged as a revolutionary approach towards the solving
of critical pressing environmental issues. Machine learning (ML), computer vision, NLP, and other approaches of Al are used for
the analysis of complex data, environmental change prediction, and automation in monitoring. This review summarized the body
of knowledge existing with respect to methodologies and applications, challenges, and future prospects for Al-based environmental
monitoring.

[1] Air Quality Monitoring
Al algorithms are used to make real-time air quality assessment using loT sensors and satellite data. Techniques like neural
networks and regression models predict the level of pollutants and identify the sources of pollution. For example, Kumar et al.
(2022) used ML models to identify trends in urban air pollution from temporal datasets.

[2] Water Quality Analysis
Deep learning models, including CNNs, have been applied to identify contaminants in water bodies. Wu et al. (2021) developed
an Al framework that uses image processing to detect algal blooms in lakes and reservoirs.

[3] Deforestation and Land Use
Use random forests and decision trees amongst others to detect patterns that signify deforestation. One practical example is how
Hansen et al (2020) demonstrated high accuracy in mapping forest loss in different parts of the globe by using Al.

[4] Climate Change Analysis
Al enhances climate modeling and predicts extreme weather events using historical data. These tools improve mitigation
strategies and disaster preparedness (Rolnick et al., 2019).

[5] Noise Pollution Monitoring Using Al
The study focuses on Al techniques for monitoring and analyzing noise pollution in urban areas, providing real-time feedback for
control measures (Patel et al., 2021).

[6] loT-Based Environmental Sensors
Research focuses on loT-enabled sensors for real-time environmental monitoring. The study highlights their role in collecting air
and water quality metrics efficiently (Chen et al., 2021).
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[71 Applications of Deep Learning in Air Quality Monitoring
This research highlights how deep learning models analyze air quality data to identify pollution trends and sources (Wang et al.,
2020).

inm. METHODOLOGY
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Figure 1. Flowchart of Al Based Environmental Monitoring System

Start: It starts the process of environmental data monitoring.

Environmental Sensors: Devices such as air, water, temperature, and noise sensors collect environmental data.

Data Acquisition: Collects raw data from the deployed sensors for processing.

Data Preprocessing: Cleanses data by filtering noise, handling missing values, and normalizing it for analysis.

Data Storage: It will store the preprocessed data securely for scalable access and management.

Al Analytics: It performs predictive modeling, anomalous detection, and trends on the data.

Data Visualization: The analytical results should be represented as dashboards, graphs, and charts to facilitate understanding.
Alert System: Such systems produce alerts or warn the concerned people of such identified anomalies.

User Interface: It gives access to both real-time and historical data with options for setting monitoring parameters.

End: This step closes the monitoring process for ready continuous operation.

3.1 Data Collection
3.1.1 Primary Data
e Field Surveys: Collect qualitative/quantitative data from sensors used for environmental monitoring, 10T devices, or
remote sensing tools (such as satellite images, or drone surveys).

o Interviews/Expert Opinions: Interview environmental scientists, policy experts, or Al specialists to gain insights on the
challenges and solutions around Al-based monitoring.
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3.1.2  Secondary Data:
e Satellite Imagery: Land use classification and pollution analysis, vegetation monitoring and existing satellite images.

e Public Environmental Data: Analyze open-access environmental databases, like those from UNEP, NASA, or World
Bank for air and water quality, air pollution, and climate data.

3.2.1 Data Sources

3.21 Remote Sensing: Satellite and aerial images are collected for tracking land-use changes, forest cover, water bodies, etc.
with the help of Al techniques, especially convolutional neural networks (CNNs) can be used to process these images. 10T Sensors
and Real-time Data Use sensors set in environmental surroundings (air, water, soil) that pass on data directed at Al-supported
ongoing examination/analysis

3.2.2  Crowdsourced data: Use environmental data generated on social media platforms, sensors, or citizen science platforms
(e.g. pollution reports, or species sightings) and incorporate this into training Al models.

3.3 Al Models and Algorithms
3.3.1 ML (Machine Learning) Algorithms:

e Supervised Learning: train ML algorithms such as the decision trees, random forest, support vector machines etc on
labeled environmental data examples - pollution levels, and water contamination.

e Unsupervised learning: Using clustering methods identify patterns or outliers in your environmental data. locations with
high rates of deforestation.

e Image or time-series classification: That is where the CNN or deep neural networks come into the picture, modeling
environment over time. RNN's also come handy.

e Data fusion: It is the integrating of data coming from a variety of sources, including satellite imagery, loT sensors, and
weather reports, to better the accuracy of an Al model by sensor fusion and multi-modal learning.

3.4 Data Preprocessing

3.4.1 Cleaning: Handling issues with missing data, noise, or outliers in the data from the environment.

3.4.2 Normalization: Transformation of data, say in terms of environmental parameters-temperature, air quality-range useful
for Al models to draw insights from Feature Selection Identify most relevant features, say pollutants, temperature, soil quality that
would be fed into the Al models.
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Figure 2. Environmental Air Quality Sensing System

Gas sensor MQ2:
e  Wide Gas Detection Range: The MQ?2 sensor is sensitive to a range of throttle, admit carbon monoxide (CO), methane
(CH4), LPG (propane, butane), and smoke. It can be use in a variety of covering, such as find gaseous state outflow
or fire endangerment in homes or industries.
e Analog and Digital Output: The MQ?2 detector provides both analog and digital production. The analog outturn can
be applied to get accurate measurement of gun density, while the digital end product can trip a consternation when
gas pedal story exceeds a preset threshold.
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Humidity and Temperature sensor DHT11:

e ltis less costly and easier to set up. DHT11 sensors are often used on usual temperature and humidity monitoring
applications, due to it having a child's-like interface to connect in easily with the Arduino board, Raspberry Pi
board, as well as others.

e Low Range and Precision: The DHT11 have a temperature range of 0 - 50 ° C with the truth of +2 ° Degree
Centigrade, and a humidity range of 20 - 80 % with an accuracy of £5 %. Although good for common applications,
its range and precision are to a larger extent adapted compared to original sensors like the DHT22.

Raspberry Pi 3 Model B:

o Built-in Wi - Fi and Bluetooth: With an integrated construct -in802. 11n wireless-LAN and Bluetooth 4.2, the Raspberry
Pi 3 model B is ideal for all sorts of wireless lab works without having to impoverished pennies for extra adapters.

« Potent Processor: It holds a 1.2 gigacycle 64-chip quad-core ARM Cortex-A53 CPU and provides enhance performance
as its previous editions, thus makes it ready to tackle works such as medium playback, network browsing, and some
lighter figure seamlessly.

Real-time Database/Cloud:

e Instant Data Synchronization: Real - time swarm database synchronizes data automatically through devices related with

it.
o Scalability: Cloud databases automatically descale to respond to growing data and end-user demand without human
involvement.
Mobile App:

e Convenience and Accessibility: Roving apps cater user with immediate access to armed service and info anytime,

anywhere.
e  Enhanced User Experience: Mobile apps are optimized for performance, offering a to a greater extent responsive and
individualized experience compared to mobile websites.

IV.  CONCLUSION

This concludes the revolutionary aspect of environmental Al monitoring systems to solve burning environmental issues of pollution,
global climate change, and biological species extinction. Machine learning combined with remote sensing applications of loT
devices, while operating through cloud computing provides accurate real-time analysis on prediction rates that surpass classic
approaches to monitoring systems. The implementation of such high technologies allows easy monitoring by the stakeholders of
environmental change and enhances resource management, hence an effective proactive response to any potential environmental
hazards. Still, challenges associated with the reliability of data quality, computational costs, and ethical considerations must be
handled effectively for sound and fair implementations. However, integration of Al in environmental monitoring holds tremendous
opportunities toward even more sustainable environmental management. Therefore, further research and innovation would be
required to overcome these existing barriers and realize the full potential of Al in supporting global efforts for environmental
conservation with continued evolution of Al technologies.

V.  Future Scope:
The future scope of the systemis highly promising and broad. An Al-driven system for environmental monitoring shows tremendous
promise as a resource, especially as challenges pertaining to the environment have grown higher and more challenging through
climate change, pollution, and more and more resources getting used up.

e Enhanced Data Analytics: The system can process larger datasets in real-time with the advancements in Al and machine
learning, enabling predictive modeling for natural disasters, pollution control, and resource management.

e |oT Integration: All future systems will be integrated with 10T devices, which increase data collection in remote and
inaccessible areas, such as oceans or dense forests.

e Climate Change Mitigation: Al can optimize renewable energy usage, track greenhouse gas emissions, and suggest
actionable strategies to reduce carbon footprints.

e Scalability: These systems can be deployed across the globe to monitor air quality, water resources, and biodiversity in
remote and urban areas.

o Predictive Analysis: The system, by the use of machine learning, can predict floods, droughts, and wildfires to give early
warning sand take proactive measures.
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