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1. INTRODUCTION

1.1 Introduction

Tree plantation plays an important role in improving environmental quality, increasing green cover, and supporting
climate change mitigation. However, many plantation programs fail because trees are planted in locations that are not
environmentally suitable, leading to poor survival rates and wastage of resources.

The ePSA — e-Plantation Site Assistant is a web-based decision support system developed to address this problem
using data-driven techniques. The system allows users to upload plantation-related datasets and performs analysis using
Machine Learning (ML) models. It evaluates multiple environmental parameters such as location coordinates, terrain
features, soil-related attributes, and climatic indicators to assess plantation suitability.

The application is built using FastAPI for backend services, ensuring fast and reliable performance. Machine learning
models such as XGBoost are used for suitability prediction, while Pandas and NumPy handle data processing. Results
are presented through Plotly-based charts and Folium-based interactive maps, making the system easy to understand
and use by non-technical users.

1.2 Problem Definition

The traditional plantation planning process suffers from several limitations:
Plantation sites are selected manually without scientific validation.
Environmental and spatial factors are not analyzed systematically.

High sapling mortality occurs due to unsuitable plantation locations.
Decision-making lacks transparency and data support.

Financial and natural resources are often wasted.

These problems highlight the need for an intelligent and automated system that can analyze plantation suitability
objectively and assist decision-makers in selecting appropriate plantation sites.

1.2 Objectives

The main objective of the ePSA project is to provide a simple, accurate, and reliable system for identifying suitable
plantation sites using modern analytical techniques.
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To analyze plantation datasets using machine learning techniques.

To predict site suitability based on environmental and spatial parameters.
To provide interactive data analysis and visualization.

To assist forest departments and NGOs in planning plantation activities.
To reduce plantation failure and improve overall success rates.

1.3 Project Deliverables

The major deliverables of the ePSA project are:
° A working web-based application for plantation site analysis.

° A trained Machine Learning model for site suitability prediction.

° Interactive maps and visualizations for decision-making.

° Project documentation, including SRS, design documents, and testing reports.
° User manual explaining system operation.

1.4 Scope

The scope of the ePSA system is limited to plantation site suitability analysis using uploaded datasets.

Features Covered:

° Data Upload: Users can upload CSV files containing plantation and environmental data.

° Machine Learning-Based Analysis: The system trains and applies ML models for suitability prediction.
° Data Visualization: Interactive graphs and summaries are generated for better understanding.

° GIS-Based Mapping: Plantation locations and suitability results are displayed on maps.

° Performance Evaluation: The system provides basic model performance metrics.

2. LITERATURE SURVEY

2.1 Existing System

Manual Plantation Site Selection System

Traditionally, plantation site selection is carried out through manual field surveys and subjective evaluation. Forestry
officials examine land areas based on visual inspection and limited historical information. Decisions are mostly
dependent on personal experience rather than scientific or data-driven analysis. Although this approach is easy to
implement, it lacks accuracy, consistency, and scalability.

Manual methods do not support systematic analysis of multiple environmental parameters such as terrain, soil condition,
and climatic factors. Large geographical areas are difficult to analyze, and the results may vary depending on the
individual performing the survey.

Challenges in the Existing System

. Subjective decision-making

° Lack of spatial accuracy

. High dependency on human judgment

. Difficulty in analyzing large areas efficiently
° Low plantation success and survival rates
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2.2. Proposed System
2.2.1. Introduction

The proposed ePSA (e-Plantation Site Assistant) system provides an intelligent and data-driven approach to plantation
site selection. The system uses machine learning techniques and environmental data analysis to evaluate plantation
suitability. This approach reduces human bias and improves accuracy while maintaining simplicity and reliability.

2.2.2. System Architecture

The system consists of multiple interconnected modules that work together to evaluate plantation suitability:
Data Collection and Preprocessing

Machine Learning-Based Analysis

Suitability Evaluation

Visualization and Decision Support

M.

Result Generation and Export

User Interface FastAP| Backend Machine Learning & Processing Data Storage & Outputs
@ Upload CSV API Endpoints Data Preprocessing » = Uploaded CSV Files
5 (Pandas, NumPy) {7 Uploads Directory
A « /api/upload *
o Train Model . )
el * /api/train e Model Training
il Data Analysis + /api/analyze (XGBoost, scikit-learn) — * I:.ained Models
- /api/map 3 {] Models Directory
p ) + /api/performance Site Analysis & Visualization
Ky SiteMapping (Plotly, Folium)
L ——® | =) Analysis & Reports

Request Handling =

== Results & Maps (C5V &PDF)|
Performance Check s .
@ 2 Performance Metrics Evaluation -

Template Rendering (Jinja2)
‘i’ Download Results

R S Technologies Used: -

@ Python XGBoost %’” Plotly sf‘ola‘m iﬁ' NumPy ﬁl Pandas

Fig: 2.2.1. Functional Block Diagram of ePSA: Plantation Site Assistant

2.2.3. Advantages of the Proposed System

Scientific and data-driven site selection
Reduced plantation failure risk
Transparent and explainable decisions
Efficient analysis of large datasets

nhk v -

Easy-to-use web-based interface
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3. PROJECT REQUIREMENT ANALYSIS & FEASIBILITY

3.1 Analysis

This chapter focuses on the requirement analysis and feasibility of implementing the ePSA (e-Plantation Site Assistant)
system. The system is designed to support plantation planning by identifying suitable plantation sites using machine
learning techniques and data analysis.

This section discusses the hardware requirements, software requirements, system limitations, and feasibility aspects to
ensure that the proposed system is practical, reliable, and suitable for academic as well as real-world use. The analysis
helps in understanding whether the system can be developed and executed efficiently using available resources.

3.1.1 System Requirements Analysis

Hardware Requirements

Component

Specification / Purpose

Computer / Workstation

Used for application development, data processing, and machine learning model training

Server System

Used to host the FastAPI application and manage data processing

Internet Connectivity

Required for running the web application, data upload, and visualization

Storage System

Used to store uploaded datasets, trained models, and result files

Table: 3.1.1.1 Hardware Requirements

Software Requirements

Component

Software /  System

Purpose / Usage

Operating System

Windows or Linux environment for system development and deployment

Programming Language

Python for backend development and data analysis

Web Framework

FastAPI for building the web application

Machine Learning
Libraries
Scikit-learn, XGBoost for model training and prediction
Data Processing | Pandas and NumPy for data handling
Libraries

Visualization Libraries

Plotly for data analysis charts and Folium for map visualization
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Table: 3.1.1.2 Software Component Requirements

Software / Tool Purpose / Usage

Python IDE (Anaconda / | Development and execution of application code
VS Code)

Machine Learning | Training and evaluating ML models
Frameworks

Web Server (Uvicorn) . o
Running the FastAPI application

Visualization Tools Generating charts and interactive maps

Table: 3.1.1.3 Software Tool Requirement

3.1.2 Challenges and Limitations
While the ePSA system improves plantation planning through automation and data analysis, it also faces certain
challenges and limitations:
1) Data Availability and Quality:
The accuracy of plantation suitability depends on the quality and completeness of uploaded datasets. Inaccurate or
missing data can affect prediction results.
2) Environmental Variability:
Changes in climatic conditions and land-use patterns may influence plantation suitability and require updated datasets.
3) Computational Requirements:
Processing large datasets and training machine learning models requires adequate computing resources.
4) User Dependency:
The effectiveness of the system depends on correct data input and proper usage by users.
5) Initial Setup Effort:
Initial configuration, dataset preparation, and model training require time and basic technical knowledge.

3.2 Feasibility Study

The feasibility study evaluates whether the ePSA system can be successfully developed and implemented within the
given academic and technical constraints. The study includes technical feasibility and economic feasibility to assess
practicality and sustainability.

3.2.1 Technical Feasibility

The ePSA system is technically feasible due to the availability of open-source machine learning libraries, data analysis
tools, and modern web frameworks. Python-based technologies such as FastAPI, Pandas, and XGBoost enable efficient
data processing and model execution on standard computing systems.

The modular design of the system allows easy maintenance and future enhancement. Challenges such as data
preprocessing and model performance can be handled through proper validation and testing.
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3.2.2 Economic Feasibility

The development cost of the ePSA system is relatively low since it uses open-source software tools and libraries. No
expensive licensed software is required for development or deployment.

In the long term, the system helps reduce plantation failure by supporting better site selection, which leads to efficient
use of saplings, labor, and resources. This makes the system economically beneficial, especially for large-scale plantation
planning and academic use.

4.PROJECT DESIGN & ANALYSIS
4.1 Design Concept

The ePSA (e-Plantation Site Assistant) system is designed to analyze, evaluate, and recommend suitable sites for tree
plantation using data analysis and machine learning techniques. The system focuses on identifying environmentally
suitable plantation locations based on uploaded datasets and predictive analysis. By automating site evaluation and
providing digital decision support, the system reduces manual effort and improves accuracy and transparency in
plantation planning.

1) Data Collection and Preparation

The system accepts plantation-related datasets in CSV format containing location coordinates and environmental
parameters. The uploaded data is cleaned and preprocessed using data analysis libraries to handle missing values and
prepare features required for machine learning analysis.

2) Suitability Analysis and Model Processing

An intelligent analysis module evaluates each plantation location using machine learning models. The models analyze
environmental and spatial attributes to predict the suitability of each location for plantation activities.

3) Prediction Evaluation and Decision Making

Based on machine learning predictions, the system assigns a suitability score to each plantation site. These scores are
used to classify locations into different suitability levels, supporting consistent and reliable decision-making.

4) Visualization and Web-Based Access

The suitability results are visualized using interactive charts and GIS-based maps. The web-based interface allows users
to view plantation locations, analyze results, and understand suitability outcomes easily through a browser.

5) Reliability and System Maintenance

The system supports dataset updates and re-analysis when new data is uploaded. Regular validation and model
retraining help maintain accuracy and reliability of suitability predictions.

6) User Benefits

The ePSA system helps reduce plantation failure rates, minimizes wastage of resources, and improves planning
efficiency. It provides a scalable, cost-effective, and user-friendly solution for plantation planning and environmental
management.

4.2. Components of ePSA- Plantation Site Assistant System

Component Description

Accepts CSV datasets containing plantation and environmental data
Data Input Module

Data Processing Unit .
Cleans and preprocesses data for analysis

Machine Learning Analysis | Trains and applies ML models for suitability prediction
Module
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Suitability Evaluation Module

Assigns suitability scores to plantation sites

o Displays charts and interactive maps
Visualization Module

Web Application Interface

Allows users to interact with the system through a browser

Table: 4.4.1. Components of ePSA System

4.2. Activity Diagram

I Upload Forest Data (CSV) ’

[ Validate Uploaded Data

Valjd

[Slow Data

I Train Machine Learning Model

|

——"" Model Trained? __———=
okt praan S5

nvalid Yos
Y
[ Calculate Suitability Scores

No ‘ Generate Maps & Visualizations

—d Generate Performance Report |

Fig: 4.5.1. Activity Diagram of ePSA: Plantation Site Assistant
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5.PROTOTYPE / MODEL

5.1 Purpose of Prototype

The prototype of the ePSA (e-Plantation Site Assistant) system is developed to provide an initial working model of
the proposed plantation site suitability analysis framework. The primary purpose of the prototype is to demonstrate
system functionality, validate machine learning logic, evaluate usability, and identify limitations before full-scale
deployment.

Demonstrating Core Functionality

The prototype demonstrates the core operations of the ePSA system, including dataset upload, data preprocessing,
machine learning-based suitability prediction, and result visualization. Users can upload plantation-related datasets,
trigger analysis, and view suitability results through charts and interactive maps.

This prototype helps in understanding how the system automates plantation site evaluation using a data-driven approach
instead of traditional manual assessment. It clearly shows how environmental attributes influence suitability outcomes.

Collecting Feedback

Users such as planners and evaluators can interact with the prototype to assess ease of use, clarity of results, and
usefulness of visual outputs. Feedback obtained during this stage helps in improving the user interface, refining
prediction logic, and enhancing result interpretation.

Early feedback ensures that the system remains practical, understandable, and aligned with real-world plantation
planning needs.

Testing Operational Logic

The prototype enables testing of key system modules, including data preprocessing, machine learning prediction, and
visualization. It verifies that uploaded data is processed correctly, predictions are generated accurately, and results are
displayed in a meaningful manner.

Testing at the prototype stage helps reduce errors, improves system reliability, and ensures correct functionality before
future enhancements or deployment.

6.CONCLUSION

The ePSA (e-Plantation Site Assistant) system provides a data-driven and intelligent solution for plantation site selection,
addressing the limitations of traditional manual planning methods. By using machine learning and analytical techniques,
the system improves accuracy, consistency, and efficiency in identifying suitable plantation locations.

The project successfully completed major phases such as requirement analysis, system design, prototype development,
and feasibility evaluation. The results demonstrate that the system is technically feasible, easy to use, and capable of
supporting effective plantation planning.

By reducing incorrect site selection and improving decision support, the ePSA system contributes to better resource
utilization and sustainable environmental planning. Overall, the system offers a reliable, scalable, and practical solution
for modern plantation management.
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7. FUTURE SCOPE

The ePSA system can be further enhanced in several ways to improve functionality, accuracy, and applicability. As data
analytics and artificial intelligence technologies continue to evolve, the system can be expanded to support advanced
plantation planning features.

In the future, advanced machine learning and deep learning models can be integrated to improve prediction accuracy
using larger and more diverse datasets. These models can adapt to changing environmental conditions and historical
plantation outcomes.

Another possible enhancement is tree species recommendation, where the system suggests suitable species based on soil
characteristics and environmental conditions. This would further increase plantation success rates.

Integration with real-time environmental data such as rainfall and temperature can help generate updated and context-
aware recommendations. Additionally, mobile and field-level data collection features can be added to improve data
accuracy.

Future versions of the system may also support large-scale regional analysis and integration with government or
environmental databases, making ePSA a more comprehensive decision-support tool for sustainable plantation planning.
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