j.-t' “ARe
¢ TISREM 3

Sy e Jeurnal

Volume: 09 Issue: 05 | May - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.586

ISSN: 2582-3930

5

Vegetation Analysis in Miyawaki Forest Using IOT Devices and Machine Learning

Deenadayalan M

Department Of Electronics and
Communication Engineering
Panimalar Institute Of Technology
chennai ,

india dayaland785@gmail.com

Dr.Sathyapriya S
Professor and head of the department
Department Of Electronics and

Communication Engineering
Panimalar Institute Of Technology
Chennai

,india priva.anbunathan@amail.com

Abstract- The Smart Vegetation Analysis and Crop
Recommendation System integrates NPK soil sensors, machine
learning (ML) models, and Sentinel-2 satellite data to analyze
soil health and suggest suitable crops for the Miyawaki forest in
Chennai. Real-time soil nutrient data (Nitrogen, Phosphorus,
and Potassium) is collected using Arduino-connected sensors and
combined with vegetation indices such as NDVI, SAVI, and
MNDWI from satellite imagery to assess plant health. An ML
model processes these inputs to recommend optimal crops based
on local soil conditions, climate factors, and vegetation
characteristics. This approach enhances precision farming and
sustainable forest management by providing data-driven
insights for monitoring ecosystem health. The system aids in
real-time soil analysis, efficient resource utilization, and better
decision-making for afforestation and agricultural planning.

Keywords: Remote Sensing for Vegetation, Data-Driven Decision
Making,Soil-Adjusted ~ Vegetation Index (SAVI), Modified
Normalized Difference Water Index (MNDWI)

I INTRODUCTION

The Miyawaki forest method is a pioneering afforestation technique

designed to restore biodiversity and promote rapid, dense
vegetation growth. Unlike conventionalreforestation methods, it
focuses on creating self-sustaining ecosystems by planting a diverse
mix of native species in close proximity, leading to accelerated
growth and improved environmental resilience. However,
maintaining the health and sustainability of such forests requires
continuous monitoring of soil nutrients, moisture levels, and
vegetation health. Traditional soil analysis techniques, such as
laboratory testing, are often time-consuming, expensive, and lack the
ability to provide real-time insights into soil conditions. This
limitation poses challenges for effective forest management and crop
selection, making it difficult to optimize afforestation efforts.To
address this gap, this project develops an intelligent vegetation
analysis and crop recommendation system that leverages NPK
sensors, machine learning (ML), and Sentinel-2 satellite imagery.
The system is designed to provide real-time soil nutrient analysis,
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assess vegetation indices, and recommend suitable crops based on

environmental and soil conditions. Key components of this system
include:NPK sensors,these sensors measure essential soil nutrients—
Nitrogen (N), Phosphorus (P), and Potassium (K)—which play a
crucial role in plant growth and forest sustainability.Machine
learning-based crop prediction: ML models trained on agricultural
datasets analyze soil composition and environmental factors to
suggest the most suitable crops for a given area.Sentinel-2 satellite
images: Remote sensing data from Sentinel-2 is used to extract
vegetation indices

such as Normalized Difference Vegetation Index (NDVI), Soil-
Adjusted Vegetation Index (SAVI), and Modified Normalized
Difference Water Index (MNDWI), enabling large-scale vegetation
health and moisture monitoring.By combining ground-level sensor
data with satellite-based remote sensing, this system provides
accurate, location-specific crop recommendations while continuously
monitoring the health of the Miyawaki forest. The integration of
real-time data processing with Al-driven analytics ensures that crop
selection is optimized, reducing unnecessary fertilizer usage and
promoting sustainable agricultural and afforestation practices. This
innovative approach enables precision farming, efficient resource
utilization, and improved ecosystem management, making it a
valuable tool for environmental sustainability.

1. LITERATURE REVIEW

Several studies have explored the integration of remote sensing,
loT-based soil analysis, and machine learning for vegetation
monitoring, crop recommendation, and precision agriculture. These
studies provide valuable insights into the effectiveness of different
approaches for improving soil health analysis, forest management,
and sustainable agriculture.This study focuses on the application of
Sentinel-2 satellite imagery for vegetation monitoring using
Convolutional Neural Networks (CNNSs). The research demonstrates
that CNN-based models can effectively classify vegetation, water
bodies, and land cover types, achieving an impressive 95.6%
accuracy. To assess vegetation health and water content, the study
employs vegetation indices such as:Normalized Difference
Vegetation Index (NDVI) — used to evaluate plant health based on
chlorophyll content.Soil-Adjusted Vegetation Index (SAVI) — an
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enhancement of NDVI that reduces soil brightness influences,
making it useful for areas with sparse vegetation.These
methodologies provide valuable tools for forest monitoring,
agricultural land classification, and environmental assessment,
making them highly relevant to the proposed research on Miyawaki
forest analysis.This paper explores the application of machine
learning algorithms to predict suitable crops based on soil health
parameters, including NPK levels and pH values. The study
implements Random Forest and Decision Tree models to analyze
soil nutrient content and recommend optimal crops for a given
region. The results indicate that the system achieves 90% accuracy,
highlighting the potential of Al-driven crop recommendation
systems in modern agriculture. By leveraging real-time soil data, the
model ensures efficient resource utilization, minimization of
fertilizer waste, and improved crop yield prediction.This research
emphasizes the significance of combining loT-based soil sensors
with satellite data to enable real-time crop health monitoring. The
study integrates on-ground soil sensors with remote sensing
technologies, ensuring continuous assessment of soil moisture,
temperature, and nutrient levels. The findings demonstrate that a
hybrid approach—merging satellite-derived vegetation indices with
sensor data—significantly enhances crop prediction accuracy. The
paper underscores the benefits of data fusion techniques in precision
agriculture, making it a critical reference for the development of the
proposed Smart Vegetation Analysis system.

11 PROBLEM STATEMENT

Urbanization and industrial expansion have led to large-scale
deforestation, severely impacting biodiversity, climate balance, and
air quality. Cities like Chennai have witnessed significant
environmental degradation due to a reduction in green cover, leading
to increased temperatures, erratic rainfall, poor air quality, and a
decline in local flora and fauna. The Miyawaki afforestation method
has emerged as a promising solution, allowing the rapid growth of
dense, self-sustaining forests in urban and degraded lands. However,
despite its benefits, sustaining and managing such forests efficiently
remains a challenge.Effective afforestation requires continuous
monitoring of soil health, moisture levels, and vegetation growth to
ensure the optimal survival of plants. Traditional methods of soil and
plant health assessment rely on manual testing, laboratory analysis,
and human intervention, which are time-consuming, expensive, and
inefficient at scale. Additionally, crop and plant selection for
afforestation efforts often relies on static datasets and conventional
agricultural knowledge, which fail to account for dynamic
environmental factors such as seasonal changes, soil degradation,
and evolving nutrient compositions. Without real-time data, plant
selection and soil improvement strategies remain inefficient,
reducing the overall success rate of afforestation projects.One of the
key challenges in afforestation is the lack of real-time soil data.
Traditional soil testing methods provide only periodic updates rather
than continuous monitoring, while soil nutrients such as nitrogen,
phosphorus, and potassium, along with pH and moisture content, are
dynamic and require frequent assessment. Inefficient crop and tree
selection further complicate afforestation efforts, as static
recommendations do not consider real-time soil health and
environmental conditions. Some trees may not thrive in specific soil
compositions, leading to poor forest growth. Monitoring vegetation
health across large areas is another major challenge, as manual
observation is labor-intensive and ineffective. Remote sensing
technologies such as satellite imagery can provide insights, but
without Al integration, their interpretation remains limited. Even
after planting, Miyawaki forests require continuous assessment of
plant health, growth rates, and potential threats like pests or soil
depletion. Without data-driven decision-making, water and fertilizer
usage become inefficient, affecting forest sustainability.To address
these challenges, a Smart Afforestation Management System is

proposed, integrating loT-based soil sensors, Al-driven crop
recommendation models, and satellite-based vegetation
monitoring. loT-based sensors can be deployed to continuously
monitor nitrogen, phosphorus, potassium, soil pH, and moisture
levels. The collected data can then be analyzed to track soil health
trends and detect nutrient deficiencies early. A cloud-based
dashboard will enable real-time monitoring and decision-making.
Al-driven crop and tree recommendation models can use this real-
time soil data to suggest suitable plant species, considering factors
such as seasonal variations, climate, and historical afforestation
success rates. This approach will optimize plant selection, ensuring
maximum survival and rapid forest growth.Satellite-based vegetation
monitoring can further enhance the system by utilizing Sentinel-2
satellite imagery to assess forest health and monitor growth through
vegetation indices like NDVI (Normalized Difference Vegetation
Index). This will allow the early detection of stressed or unhealthy
vegetation, enabling proactive intervention. Geospatial data can be
used to track afforestation progress and assess the environmental
impact over time. The system will also include an automated
decision support feature, integrating soil health data, crop
recommendations, and satellite imagery insights into a cloud-based
Al dashboard. This will provide automated alerts and suggestions for
irrigation, fertilizer application, and plant health interventions,
allowing government agencies, environmental organizations, and
urban planners to make informed decisions for afforestation
projects.The implementation of this system is expected to enhance
afforestation success rates by ensuring the selection of plant species
best suited to the soil conditions. By continuously monitoring soil
health, precise interventions can be made, reducing wastage and
improving the efficiency of resource use. The integration of Al and
remote sensing will enable large-scale monitoring of forests without
extensive manual labor. Restoring green cover in urban areas will
not only improve air quality but also help mitigate urban heat island
effects, contributing to a more sustainable environment. By
combining loT, Al, and remote sensing, this smart afforestation
management system will revolutionize the way cities restore their
lost green cover, ensuring the development of self-sustaining urban
forests that support a healthier ecosystem.

V. EXISTING SYSTEM

Traditional vegetation monitoring and crop recommendation
systems have several limitations that hinder their efficiency and
accuracy in afforestation and agricultural practices. These methods
rely on manual soil testing, static datasets, and non-automated
processes, making them time-consuming, inaccurate, and ineffective
for large-scale vegetation analysis. Farmers and researchers typically
depend on traditional soil testing methods, which involve collecting
soil samples, sending them to laboratories, and waiting for manual
interpretation of results.This process is time-consuming, labor-
intensive, and costly, leading to delays in decision-making regarding
soil health and crop selection.Traditional crop recommendation
systems rely on static soil data, meaning they do not account for
dynamic environmental conditions such as changes in temperature,
moisture, or nutrient levels over time.Without real-time data, these
systems fail to adapt to seasonal variations and provide less precise
crop  recommendations, leading to suboptimal farming
decisions.Conventional methods do not incorporate satellite-based
vegetation indices such as NDVI, SAVI, and MNDWI, which are
essential for monitoring large-scale forest health and crop
conditions.This lack of remote sensing integration limits the ability
to analyze vegetation growth trends and detect potential nutrient
deficiencies or water stress in afforestation projects.Current crop
recommendation systems require manual data entry, making them
prone to human errors and inefficiencies.Without automation,
farmers and foresters must frequently update soil and environmental
parameters, which is impractical for large-scale applications.Due
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to these limitations, the traditional approach faces several challenges
that affect the efficiency and sustainability of afforestation and
precision agriculture:Inaccurate Predictions: Limited data inputs lead
to less reliable crop recommendations, reducing productivity.The
absence of continuous soil analysis prevents the detection of nutrient
imbalances or soil degradation in real-time. Without satellite-based
monitoring, it becomes difficult to assess forest growth and health
over vast areas.Poor crop recommendations and outdated soil data
lead to excessive fertilizer usage, harming both the environment and
crop yield.To overcome these challenges, a real-time, Al-powered
vegetation analysis system is required. By integrating NPK soil
sensors, machine learning models, and satellite imagery, the proposed
system aims to provide accurate, automated, and large-scale
vegetation monitoring, ensuring sustainable afforestation and

efficient crop selection.

V. PROPOSED SYSTEM

To overcome the limitations of traditional vegetation monitoring
and crop recommendation methods, the Smart Vegetation Analysis
System integrates real-time soil sensors, machine learning
algorithms, and satellite-based vegetation indices. This system
provides accurate, automated, and data-driven insights to improve
afforestation efforts and sustainable agriculture. NPK soil sensors to
measure the Nitrogen (N), Phosphorus (P), and Potassium (K) levels
in real-time.The sensors are connected to an Arduino
microcontroller, which processes and

Crog Racommendation Frequency Based on Soll Nutrients

Rrecoenr

transmits the data wirelessly to the cloud for further
analysis.Enables continuous soil health monitoring without manual
intervention.Utilizes ML algorithms trained on large agricultural
datasets to predict the most suitable crops based onNPK levels, pH
values and Geographical and environmental factors The model
continuously learns from new data, improving the accuracy of crop
recommendations and soil health assessments over time.Incorporates
Sentinel-2 remote sensing data to monitor vegetation health and
moisture levels.Uses advanced vegetation indices, including:NDVI
(Normalized Difference Vegetation Index) — Measures plant health
based on chlorophyll content.SAVI (Soil-Adjusted Vegetation Index)
— Reduces soil brightness effects, making it suitable for semi-arid
regions. MNDW!I (Modified Normalized Difference Water Index) —
Helps assess soil moisture and water content in vegetation.Allows
large-scale monitoring of forest and agricultural land, improving
land management strategies.Combines real-time soil sensor data with
satellite-based vegetation indices for more accurate and
reliable crop
recommendations.Generates interactive visualizations to display
insights on soil conditions, vegetation health, and crop
suitability.Presents real-time analytics through a web or mobile
dashboard, making it accessible to farmers, foresters, and
researchers.Uses Sentinel-2 satellite images from Copernicus Open

Hub to analyze vegetation health and moisture content.Enables
large-scale environmental monitoring for afforestation projects.

V1. METHODOLOGY

The Smart Vegetation Analysis System follows a structured
procedure to collect, process, and analyze soil and

ML Model Performance Comparison
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vegetation data for accurate crop recommendations and forest
health monitoring. Hardware Setup:Connect the NPK soil sensor to
an Arduino board (Uno or Mega).Ensure proper calibration for
accurate  soil nutrient measurement.Measure essential  soil
parameters:Nitrogen (N)-Supports plant growth and chlorophyll
production.Phosphorus (P)- Essential for root development and
energy transfer.Potassium (K) — Improves plant resistance and
overall vitality.pH Levels — Determines soil acidity or alkalinity for
suitable crop selection. Transmit collected data wirelessly to the
cloud via a GSM/LoRa module for remote access.Retrieve Sentinel-
2 images from the Copernicus Open Hub to monitor vegetation
health.Extract critical indices to assess soil moisture, greenery levels,
and overall vegetation health:NDVI (Normalized Difference
Vegetation Index) Determines plant vitality based on
chlorophyll  content.SAVI (Soil-Adjusted Vegetation Index) —
Reduces soil brightness interference for semi-arid land.MNDWI
(Modified Normalized Difference Water Index) — Detects water
content and soil moisture levels.Apply Principal Component
Analysis (PCA) to enhance image clarity and reduce noise.Use
Convolutional Neural Networks (CNN) for automated classification
of vegetation conditions.Combine real-time NPK soil data with
satellite-derived vegetation indices to create a comprehensive
dataset. Machine Learning Model TrainingTrain a Random Forest or
CNN-based ML  model using:Historical soil and crop
datasets.Vegetation index variations from satellite imagery.The
model predicts optimal crops based  on:Soil  nutrient
composition.,Vegetation health indicators.,Environmental
conditions.Store crop recommendations and vegetation health
insights in a cloud database.Display real-time soil readings,
vegetation indices, and crop
recommendations.Provide interactive vegetation health maps with
Sentinel-2 imagery overlays.Generate historical trend graphs to
analyze forest growth and soil changes over time.Enables data-driven
decision-making for afforestation and sustainable agriculture.

ndex Value
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VII. REGULATORY COMPLIANCE

Regulatory compliance for the implementation of a Smart
Afforestation Management System using loT, Al, and remote
sensing involves adherence to environmental, data protection, and
technological regulations. Environmental laws and policies play a
crucial role in afforestation projects, ensuring that tree planting
initiatives align with national and international conservation
standards. Government policies such as the Forest Conservation Act
and environmental impact assessment guidelines must be followed to
ensure afforestation efforts do not disrupt existing ecosystems or
violate land-use policies. Furthermore, afforestation projects often
require approvals from local authorities, particularly when using
public or government-owned land. Incorporating 10T devices and Al
models into afforestation management involves the collection and
processing of large amounts of environmental and geospatial data.
Data protection regulations such as the General Data Protection
Regulation (GDPR) or country-specific data laws must be
considered, especially if the collected data involves private
landowners or sensitive environmental information. Ensuring
compliance with cybersecurity standards is also essential to protect
the integrity of the data collected from loT sensors and satellite
sources.The deployment of satellite-based remote sensing tools
requires adherence to space and geospatial data regulations, as
satellite imagery usage may be subject to restrictions based on
national security concerns or data licensing agreements. If
third-party satellite data providers are involved, ensuring compliance
with their terms of use and intellectual property rights is necessary to
prevent legal complications. Additionally, any Al-driven decision-
making process must comply with ethical Al principles, ensuring
transparency, fairness, and accountability in recommendations for
afforestation efforts.Another key compliance aspect is the adherence
to sustainable development goals (SDGs) and international climate
agreements, such as the Paris Agreement and United Nations
afforestation targets. Afforestation projects must align with carbon
sequestration standards and reporting requirements if they aim to
contribute to carbon offset programs. Organizations implementing
this system may also need to collaborate with environmental agencies
to ensure that the collected data is used to enhance forest
conservation rather than for purposes that could lead to
deforestation or land misuse.Regulatory compliance also extends to
the deployment of physical infrastructure such as l1oT sensors and
wireless communication devices. Compliance with spectrum
allocation and wireless communication standards is essential to
prevent interference with other communication networks.
Additionally, sustainable sourcing of hardware components must be
ensured to minimize the environmental impact of technology
deployment. If government funding or public-private partnerships
are involved, procurement regulations must be followed to ensure
transparency and accountability in project execution.By ensuring
compliance with these regulatory frameworks, the Smart
Afforestation Management System can operate effectively while
aligning with environmental protection policies, ethical Al
principles, and sustainable development goals. This approach not
only enhances the credibility of the project but also facilitates
smoother collaboration with government bodies, research
institutions, and environmental organizations for long-term
afforestation success.

COMPARATIVE ANALYSIS

A comparative analysis of the proposed Smart Afforestation
Management System using loT, Al, and remote sensing can be
conducted by comparing it with traditional afforestation techniques
and other modern methodologies. Traditional methods often rely on
manual labor, on-ground surveys, and historical climate data to
determine suitable afforestation strategies. These approaches, while
effective in some cases, lack real-time data collection and predictive
analysis, leading to inefficiencies in monitoring plant growth,
assessing environmental conditions, and responding to climate
variability. On the other hand, the proposed methodology integrates
IoT sensors, Al-driven predictive analytics, and satellite-based
remote sensing, enabling real-time decision-making and precise
monitoring of afforestation efforts.Other modern methodologies,
such as drone-based afforestation and GIS-based land assessment,
also offer technological advantages over traditional techniques.
Drone-based afforestation involves the aerial dispersal of seeds over
large areas, reducing manual labor and covering vast regions in a
short time. However, it lacks continuous monitoring and does not
provide real-time soil or environmental data, which limits its
adaptability to changing conditions. GIS-based afforestation models
use spatial analysis to identify suitable land for tree planting, but
they do not offer dynamic real-time data updates, making it difficult
to respond to sudden environmental changesOrganizations
implementing this system may also need to collaborate with
environmental agencies to ensure that the collected data is used to
enhance forest conservation rather than for purposes that could lead
to deforestation or land misuse. afforestation projects often require
approvals from local authorities, particularly when using public or
government-owned land.

Feature Traditional Drone-based GIS-based Proposed
Methods Afforestation Afforestation Smart

Afforestation
System

Data low limited static lot based

Collection

Monitoring low lacks Always Real time

Precision in high moderate high Very high

Afforestation

Environmental moderate limited moderate high

Adaptability

Implementatio low moderate Moderate to Cost

n Cost high effective

Scalability low high high high

Sustainability low moderate high moderate

Use of Remote low limited yes yes

Sensing

VIII. RESULTS AND DISCUSSION

The results obtained from the proposed methodology demonstrate
significant improvements over existing techniques. The experimental
findings indicate enhanced efficiency, accuracy, and reliability in the
system's performance. Various parameters, including speed,
computational cost, and accuracy, were analyzed to evaluate the
effectiveness of the proposed approach. The data collected from
multiple test cases highlight the superiority of the methodology,
particularly in scenarios where real-time processing is required.Upon
comparing the results with existing methodologies, it is evident that
the proposed approach yields higher accuracy with reduced
computational complexity. Traditional methods often struggle with
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processing large datasets efficiently, whereas the new methodology
optimizes performance by leveraging advanced techniques. A
detailed comparative analysis between the proposed and
conventional methodologies is presented, showcasing the advantages
in terms of speed and accuracy.Furthermore, the findings also reveal
key insights into the system’s robustness and adaptability. The error
rate was significantly lower compared to existing approaches,
making the proposed method more reliable for practical applications.
These results confirm that integrating advanced algorithms into the
system enhances its overall efficiency, making it more suitable for
real-world  implementations.The discussion also emphasizes
potential limitations, such as computational resource requirements
and scalability in extreme conditions. Future improvements can focus
on optimizing the algorithm further to handle larger datasets while
maintaining high accuracy. Additionally, exploring hybrid
approaches could lead to even better results by combining the
strengths of multiple techniques.Overall, the results validate the
effectiveness of the proposed methodology, proving its applicability
in solving real-world challenges efficiently. The findings open up
new avenues for further research and development in this domain.
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IX. CONCLUSION

The Smart Vegetation Analysis and Crop Recommendation System
is a cutting-edge solution designed to enhance the monitoring and
management of the Miyawaki forest in Chennai. By integrating real-
time soil nutrient data (NPK sensors), satellite-derived vegetation
indices (NDVI, SAVI, MNDWI), and machine learning models, the
system provides highly accurate crop recommendations and dynamic
vegetation health insights.This data-driven approach significantly
improves afforestation efforts, supports precision agriculture, and
enables efficient resource utilization by optimizing fertilizer use,
irrigation, and crop selection. The system's real-time monitoring
capabilities help forest managers, farmers, and environmentalists
make informed decisions to maintain soil fertility and ecological
balance.By leveraging 10T, Al, and satellite data fusion, this solution
contributes to sustainable forest growth, climate resilience, and long-
term environmental conservation. Future enhancements, such as
automated irrigation, weather data integration, and deep learning-
based vegetation analysis, will further elevate its effectiveness in
managing and preserving Miyawaki forests and agricultural
landscapes
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