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Abstract - Environmental surveillance and monitoring 

involve the continuous observation of a wide geographical 

region to determine vegetation health, land use changes, and 

ecological transitions. However, the imaging of wide fields 

using drones or ground cameras often leads to the generation 

of overlapping images based on hardware constraints and 

limited field of view. Manual processing of these images for 

stitching is a time-consuming process and often involves 

geometric distortions. This paper proposes a computer vision 

and Artificial Intelligence hybrid approach for the automated 

stitching of panoramic images and environmental transition 

analysis. 

The image stitching process involves the use of Oriented 

FAST and Rotated BRIEF (ORB) for keypoint detection and 

description, followed by feature matching using Brute-Force 

matching and Random Sample Consensus (RANSAC) for 

outlier removal. Homography calculation is carried out for 

geometric alignment of overlapping images, and image 

warping and alpha blending are used to generate panoramic 

images with minimal distortions. For improved environmental 

analysis, the stitched panoramic images are further analyzed 

using AI-based analysis tools for vegetation pattern analysis 

and temporal transition analysis. 

1.INTRODUCTION ( Size 11, Times New roman) 

Environmental monitoring has become a pressing 

concern in recent years because of rapid urbanization, 

deforestation, climate change, and ecological imbalance. 

It is necessary to have accurate and continuous 

observation of the large geographical area for the 

purpose of vegetation health, land use change, disaster, 

and environmental degradation. The latest surveillance 

systems often employ drones, satellites, and cameras to 

obtain visual information. Nevertheless, owing to the 

constraints of the camera's field of view, resolution, and 

practicality, the wide-area scene is often captured by a 

set of overlapping images instead of a single image. The 

need to build a panoramic representation from the set of 

fragmented images is an important requirement in eco-

surveillance and remote sensing. 

Image stitching, also referred to as image mosaicking, is 

a computer vision process that merges several 

overlapping images into a seamless panorama. 

Conventional image stitching techniques involve the 

detection of distinctive keypoints, feature matching 

between images, computation of geometric 

transformations, and image merging to reduce the 

visibility of seams. The pioneering work of David G. 

Lowe’s scale- and rotation-invariant feature-based 

image stitching technique highlighted the significance of 

scale- and rotation-invariant features in achieving 

accurate image alignment. Although considerable 

progress has been made, there are still challenges in 

dealing with illumination changes, viewpoint changes, 

parallax distortion, and outdoor complexities. 

In the context of environmental surveillance, stitched 

panoramas provide more than just a visual continuity. 

They provide a means for comparative analysis, 

vegetation pattern change detection, land degradation 

analysis, and ecological disturbance analysis. However, 

most existing stitching systems are purely geometric 

reconstruction without incorporating intelligent 

environmental analysis. This leads to a gap between 

image processing and meaningful ecological analysis. 

The opportunity arises with the integration of Artificial 

Intelligence (AI) and Machine Learning (ML) 

algorithms with traditional computer vision pipelines. 

This research work proposes a hybrid approach that 

combines feature-based panoramic image stitching with 

AI-assisted environmental change detection. The 

proposed system uses keypoint detection, feature 

matching, homography estimation, and image blending 

for geometrically consistent panorama reconstruction. 

The reconstructed panoramas are then analyzed by 
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intelligent modules for changes in vegetation 

distribution and land pattern changes. By integrating 

panoramic reconstruction and environmental 

intelligence into a single web-based platform, this 

proposed approach aims to enhance efficiency, 

scalability, and analytical power in eco-surveillance 

applications. This research work contributes to the 

development of an accurate and interpretable automated 

system for practical environmental surveillance 

applications. 

 

2. Body of Paper 

In the context of environmental surveillance, stitched 

panoramas provide more than just a visual continuity. 

They provide a means of comparative analysis, 

vegetation pattern change detection, land degradation 

detection, and ecological disturbance analysis. However, 

most existing stitching systems are designed to perform 

geometric reconstruction alone without incorporating 

intelligent environmental analysis. This leads to a gap 

between image formation and meaningful ecological 

interpretation. The application of Artificial Intelligence 

(AI) and Machine Learning (ML) approaches with 

traditional computer vision pipelines provides an 

opportunity to fill this gap. 

This research work proposes a hybrid approach that 

combines feature-based panoramic image stitching with 

AI-assisted environmental change detection. The 

proposed system employs keypoint detection, feature 

matching, homography estimation, and image blending 

for geometrically consistent panorama formation. These 

panoramas are then analyzed by intelligent modules for 

detecting changes in vegetation distribution and land 

pattern variations. By integrating panoramic 

reconstruction and environmental intelligence into a 

single web-based platform, the proposed approach aims 

to enhance efficiency, scalability, and analytical power 

for eco-surveillance tasks. The proposed work 

contributes to the development of an accurate, 

automated, and interpretable system for environmental 

surveillance. 

1. Overview of the Project 

The project named “Intelligent Image Stitching Using 

AIML for Eco-Surveillance and Environmental Change 

Detection” aims at creating a comprehensive, intelligent, 

and scalable system that can perform automated 

panoramic image reconstruction and environmental 

analysis in a single web-based platform. The main 

objective of the project is not only to stitch images 

together but to go beyond that and offer intelligent 

environmental analysis of the generated panoramic 

images. 

In real-world eco-surveillance applications, images of 

forests, agricultural lands, outskirts of cities, riverbanks, 

or disaster-hit areas are captured using drones, handheld 

cameras, or fixed surveillance systems. Since the 

hardware limitations of the devices are not capable of 

capturing the entire area of interest in a single image, 

multiple overlapping images are taken. These images are 

traditionally stitched together manually using 

commercial software or analyzed separately, which 

leads to a lack of environmental understanding and 

increased human intervention. The system aims to 

overcome this issue by offering automated panoramic 

image reconstruction and intelligent environmental 

analysis. 

The project uses a combination of classical computer 

vision algorithms like feature detection, matching, 

homography computation, and image blending with 

Artificial Intelligence and Machine Learning algorithms. 

2. Core Technical Components 

The project has been broken down into two large 

technical components: 

A. Image Stitching Engine 

The image stitching engine consists of a structured 

computational flow: 

Preprocessing: 

Images are resized, normalized, and converted to 

grayscale for efficient processing. Noise reduction 

algorithms can be applied to improve clarity of features. 

Feature Detection and Description: 

ORB (Oriented FAST and Rotated BRIEF) features are 

extracted from overlapping regions of images. ORB 

features are selected for their optimal trade-off between 

computational complexity and robustness, making them 

ideal for web-based implementation. 

Feature Matching: 

ORB feature descriptors are matched using Brute-Force 

or FLANN-based matching. False matches are prevalent 

in outdoor scenes with repetitive patterns like leaves or 

soil. 
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Outlier Removal using RANSAC: 

The Random Sample Consensus algorithm removes 

false matches and preserves only geometrically valid 

matches. 

Homography Estimation: 

A transformation matrix is computed to render images in 

a unified perspective plane. This step is essential for 

accurate panoramic image reconstruction. 

Image Warping and Blending: 

Perspective transformation is applied to align images, 

and alpha blending is used to remove seams. This 

produces a seamless panoramic image. 

 

B. AIML-Based Environmental Analysis Module 

The stitched panorama image is not only a visual result. 

It is also an input for environmental analysis. 

The AI module carries out: 

Estimation of vegetation density 

Land pattern segmentation 

Analysis of color intensity variation 

Comparison of changes between temporal panoramas 

Machine learning algorithms process pixel distribution 

patterns to detect changes in vegetation density, soil 

exposure, and surface irregularities. This enables the 

tracking of environmental degradation, crop variation, or 

disaster effects. 

3. System Architecture 

The system is developed as a web application for ease of 

accessibility and scalability. 

Frontend: Developed with Next.js (React framework), 

which facilitates easy image upload, preview, and result 

display. 

Backend: Developed with Django, which handles API 

requests, image validation, image processing 

coordination, and database operations. 

Image Processing Layer: Developed with OpenCV in 

Python. 

Database: Where uploaded images, stitched results, 

logs, and user information are stored. 

This modular design facilitates ease of maintenance. 

 

4. What Makes the Project Unique 

There are already many image stitching systems 

available. But what makes this project unique is the 

following: 

1. Integration of Stitching with Environmental 

Intelligence 

Traditional stitching systems are only concerned with 

geometric stitching. They do not interpret the ecological 

significance of the stitched image. This project 

integrates both image stitching and environmental 

interpretation. 

 

2. Hybrid Classical + AI Approach 

This project does not use only deep learning (which is 

computationally expensive) or classical approaches 

(which are unintelligent). This project combines both 

approaches. Classical approaches provide accuracy and 

efficiency, while AI components provide analytical 

capabilities. 

3. Web-Based Deployment 

Most research projects are desktop applications. But this 

project is designed to be web-based and scalable, 

allowing it to be accessed through browsers and 

deployed on cloud servers. 

4. Environmental Monitoring Focus 

The project is domain-specific. It is not a general-

purpose photo-stitching application for tourism or 

photography. It is specifically designed for eco-

surveillance, agricultural monitoring, and environmental 

monitoring. 

5. Expandability for Future Research 

The project architecture is expandable for future 

research directions such as the following: 

Real-time drone image integration 

Deep learning-based semantic image segmentation 

(using U-Net architectures) 

https://ijsrem.com/


          
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 04 | April - 2026                            SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

   

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                      |        Page 4 
 

Satellite image stitching 

5. Research Relevance 

The proposed research project holds a prominent 

interdisciplinary spot at the crossroads of computer 

vision, artificial intelligence, and environmental 

informatics. Conventional panoramic image stitching 

algorithms mainly concentrate on geometric registration 

and visual consistency. Traditional research 

contributions on invariant feature extraction and 

homography-based image alignment have already 

shown robust results for photography and mapping 

tasks. Nevertheless, these methods mainly regard the 

stitched image as a visual output rather than a data 

source for domain-specific analysis. 

Conversely, environmental monitoring research tends to 

concentrate on remote sensing modeling, vegetation 

index analysis, or deep learning-assisted image 

segmentation without adequately investigating the 

fusion of panoramic reconstruction as a preprocessing 

step for environmental analysis. This methodological 

disparity leaves a gap between low-level visual 

reconstruction and high-level environmental 

intelligence. 

The proposed framework aims to fill this gap by 

synergistically integrating feature-based image stitching 

with AI-assisted environmental analysis in a single, 

automated platform. Rather than compartmentalizing 

geometric reconstruction and semantic interpretation, 

the platform regards panoramic image construction as a 

starting point for environmental analysis. This fusion 

improves contextual understanding since stitched 

panoramas offer a larger spatial context for analysis, 

allowing for more precise vegetation pattern 

identification and land-use change detection. 

From a research point of view, this contribution is 

relevant in the following areas: 

Applied Computer Vision Research: This project 

focuses on the analysis and optimization of feature 

detection, robustness of feature matching, and 

homography refinement in outdoor environments, which 

are more complex due to light variations and natural 

textures. 

Intelligent Remote Sensing Systems: This contribution 

is in line with the current trends in intelligent geospatial 

analysis because it combines classical mosaicking 

techniques with AI-driven environmental understanding. 

Environmental Monitoring Technologies: The 

contribution provides a scalable solution for temporal 

monitoring, which is useful for long-term ecological 

research. 

Scalable AI-Driven Surveillance Frameworks: The 

web-based modular framework is suitable for large-scale 

eco-surveillance networks because it can be easily 

deployed in distributed monitoring systems. 

In this way, this research contribution is not only about 

the integration of algorithms but also about system-level 

innovation that combines reconstruction quality with 

environmental intelligence. 

6. Practical Applications 

The system’s practical applications can be applied in a 

variety of real-world environmental and surveillance 

situations. The combination of panoramic reconstruction 

and AI-based analysis offers improved situational 

awareness, especially in wide-area surveillance 

situations. 

 

 

Forest Surveillance 

In forest environments, the surveillance of deforestation, 

canopy density variation, and disease spread requires 

wide-area visualization. Images taken by drones and 

stitched together in panoramic form offer a macro-level 

view of forested areas. The AI component can analyze 

variations in vegetation distribution over time, helping 

to detect early signs of illegal logging or environmental 

degradation. 

Agricultural Crop Analysis 

Agricultural areas are typically divided into several 

capture regions based on size limitations. By stitching 

these images together into a single panoramic image, 

agricultural producers and crop analysts can assess crop 

uniformity, irrigation patterns, and stress areas. 

Comparison of stitched images over time enables crop 

health analysis and yield estimation. 

Riverbank Erosion Detection 

Riverbanks are dynamic areas that are influenced by 

climatic and seasonal changes. The system is capable of 

creating panoramic reconstructions of riverbanks and 
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analyzing the changes in soil exposure and vegetation. 

This helps in erosion detection and flood risk mapping. 

Disaster Impact Mapping 

Disaster areas like landslide areas, wildfire areas, and 

flood areas need immediate wide-area analysis. 

Automated stitching helps in faster scene reconstruction, 

and AI analysis helps in the detection of damaged areas, 

vegetation loss, and structural changes. 

Urban Expansion Tracking 

Urban expansion tracking needs periodic visual analysis 

of construction growth and land use changes. The 

panoramic reconstruction system helps in visualizing 

large areas of development, and AI analysis helps in 

detecting changes from green areas to development 

areas. 

Smart City Planning 

Environmental panoramas stitched together can be 

analyzed for green coverage, land use, and 

infrastructure. Integration with geographic information 

systems (GIS) can further improve decision-making 

tools. 

In conclusion, the system is beneficial to government 

bodies, environmental researchers, agricultural 

departments, disaster management bodies, and urban 

planners for accurate, automated, and interpretable 

visual intelligence. 

7. Technical Depth and Academic Strength 

The academic strength of the project is in its 

mathematical modeling, optimization, and experimental 

validation. The system is more than just an 

implementation of existing libraries; it has theoretical 

support and optimization analysis. 

Mathematical Modeling of Homography 

The image transformation between overlapping images 

is represented using a homography matrix  

H, which transforms points from one image coordinate 

system to another. The mathematical representation is 

essential for ensuring projective consistency and is a key 

factor in optimizing alignment distortion. 

Optimization Using RANSAC 

Matching features in a natural environment often results 

in outliers due to repetitive patterns and noise. The 

Random Sample Consensus (RANSAC) algorithm is 

used to optimize the transformation matrix estimation by 

discarding inconsistent matches. 

 

Quantitative Evaluation Metrics 

To ensure scientific validation of performance, the 

system is designed with quantitative evaluation metrics: 

SSIM (Structural Similarity Index): This is used for the 

perceptual comparison of the similarity between stitched 

images and reference images. 

PSNR (Peak Signal-to-Noise Ratio): This is used for the 

evaluation of the quality of the reconstructed image. 

Reprojection Error: This is used for the evaluation of the 

geometric alignment accuracy. 

Stitching Success Rate: This is used for the evaluation 

of the system's ability to handle varying overlap ratios. 

Experimental Validation 

The system is validated with overlapping environmental 

image datasets acquired under varying lighting 

conditions and scene complexities. Comparative 

analysis is conducted between different alternative 

feature detection methods to assess the trade-offs 

between accuracy and computational complexity. 

 

Comparative Performance Analysis 

The system includes the benchmarking of combinations 

of algorithms (for example, ORB and alternative feature 

descriptors, standard RANSAC and optimized versions) 

to provide evidence for performance enhancements. 

Such comparative analyses add to the research integrity 

and publication value. 

Taken together, these aspects ensure that the project is 

academically sound, experimentally validated, and 

publishable in a peer-reviewed journal. The combination 

of mathematical rigor, algorithmic optimization, system 

architecture design, and application domain expertise 

ensures both theoretical and practical significance. 
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Component 
Minimum 

Requirement 

Recommended 

Requirement 
Purpose in System 

Processor (CPU) 

Intel Core i5 (8th 

Gen) / AMD Ryzen 

5 

Intel Core i7 (10th Gen or 

above) / AMD Ryzen 7 

Feature detection, matching, 

homography computation, backend 

processing 

GPU (Optional but 

Recommended) 
Integrated Graphics 

NVIDIA GTX 1650 / 

RTX 3050 (4GB+ 

VRAM) 

AI/ML model acceleration and faster 

image processing 

RAM 8 GB DDR4 16 GB DDR4 or higher 
Handling multiple high-resolution 

images and stitching operations 

Storage 256 GB SSD 512 GB SSD or higher 
Dataset storage, stitched outputs, logs, 

and system files 

Display 
1366 × 768 

resolution 
Full HD (1920 × 1080) 

Visualization of panoramas and 

analysis outputs 

Network 

Connectivity 
10 Mbps Internet 50 Mbps or higher 

Web deployment, API communication, 

and cloud integration 

Drone / Camera 

(Data Collection) 
12 MP Camera 

20 MP or higher with 

stable gimbal 

Capturing high-resolution overlapping 

images 

Cloud Deployment 

Server (Optional) 

2 vCPU, 4 GB 

RAM 
4 vCPU, 8 GB RAM 

Hosting web application and AI 

modules 

 

 
Table -1: Hardware Requirements  
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DFD Workflow 

1. System Flow Description 

The Intelligent Image Stitching and Environmental 

Analysis System is a multi-layered data flow system. 

The system accepts user inputs, undergoes 

computational image reconstruction, uses AI-based 

environmental analysis, and provides data flow outputs. 

The data flow design ensures modularity, scalability, 

and separation of concerns for frontend interaction, 

backend processing, image stitching computation, and 

analysis evaluation. 

The system can be modeled using a multi-level Data 

Flow Diagram (DFD), which includes: 

Level 0 DFD (Context Diagram) 

Level 1 DFD (Major Process Breakdown) 

Level 2 DFD (Detailed Computational Flow) 

Each level describes data flow from user input to 

panoramic image output and environmental analysis. 

 

Level 2 DFD – 

At the Level 2 Data Flow Diagram, the system’s internal 

computational processes are described in a detailed 

manner, specifically addressing the process of how raw 

input images are processed from a stitched panoramic 

image to an environmental analysis. This level of detail 

allows for a better understanding of how data flows 

through the system’s algorithmic processes within the 

Image Stitching Engine and the AIML-Based 

Environmental Analysis Module. 

The process starts with the submission of validated input 

images from the backend storage to the preprocessing 

module. At this point, the images are resized to a 

standard resolution to ensure consistency in 

computational processing and efficiency. Color images 

are then converted to grayscale images to facilitate 

feature detection, as most keypoint extraction algorithms 

are based on intensity gradients rather than color. Noise 

reduction filters such as Gaussian blurring can also be 

applied to eliminate minute distortions that could affect 

feature detection. 

After the preprocessing step, the system proceeds with 

feature detection and description. Employing the ORB 

algorithm, keypoints with high descriptors are detected 

in overlapping regions of an image. These keypoints are 

strong visual patterns like edges, corners, and regions of 

texture. Simultaneously with keypoint detection, 

descriptors are calculated to provide a numerical 

description of the local area around keypoints. These 

descriptors facilitate the comparison of corresponding 

regions in two adjacent images. 

The subsequent step is feature matching, whereby 

descriptors of one image are matched with another 

image to find possible matches. A Brute-Force matcher 

or FLANN matcher determines the distances of 

similarity between descriptor vectors. However, not all 

matches are valid, particularly in outdoor environmental 

settings with repetitive textures. 

After the preprocessing step, the system proceeds with 

feature detection and description. Employing the ORB 

algorithm, keypoints are detected in overlapping regions 

of an image. Keypoints are points of interest in an image 

that are invariant to rotation and scaling. They are used 

to describe edges, corners, and textured regions in an 

image. Simultaneously, keypoints are described using 

descriptors, which are numerical representations of the 

local neighborhood of keypoints. The descriptors 

facilitate the matching of keypoints in overlapping 

regions of adjacent images. 

The subsequent step in the process is feature matching, 

where keypoints of one image are matched with 

keypoints of another image. A Brute-Force matcher or a 

FLANN matcher is used to determine the similarity 

distance between the keypoints of two images. 

However, not all keypoints are correct matches, 

particularly in outdoor environmental scenes with 

repetitive textures. 

To remove the wrong correspondences, the proposed 

system uses the Random Sample Consensus (RANSAC) 

algorithm. The RANSAC algorithm repeatedly chooses 

subsets of corresponding points to establish a 

transformation model and finds inliers that fit the 

transformation model within a specified error tolerance. 

This helps to establish geometric consistency among 

overlapping images and improves the alignment process. 

After obtaining correct correspondences, the estimation 

of homography is done. A homography matrix is 

calculated to denote the projective transformation 

among image planes. The homography matrix facilitates 

the mapping of points from one image coordinate 

system to another, taking into account correct geometric 

alignment despite perspective transformation. 

https://ijsrem.com/
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After estimating the homography, the perspective 

transformation is done. The image is transformed into 

the coordinate system of the reference image. The 

overlapping areas are aligned according to the 

transformation. However, direct alignment may cause 

seams or intensity variations. Thus, blending methods 

such as alpha blending are used to achieve smooth 

transitions. The output of this process is a seamless 

panoramic image. 

The resultant panorama is then fed into the AI-driven 

environmental analysis module. In this module, the 

image is subjected to color space conversion, usually 

from RGB to HSV, to enable vegetation segmentation. 

Green intensity and saturation values are then evaluated 

to determine vegetation density. Feature vectors 

containing pixel distribution patterns are then extracted 

and processed using machine learning algorithms or 

rule-based systems. 

If existing panoramic images are present, comparative 

analysis is performed to determine environmental 

changes over time. Changes in vegetation density, soil 

exposure, or land use patterns are calculated to 

determine environmental differences. The final step 

involves the production of a formatted environmental 

report that may contain information such as vegetation 

percentage, regions of change, and statistical data. 

Therefore, the Level 2 DFD process model illustrates a 

continuous data transformation process whereby raw 

environmental images are transformed into 

geometrically corrected panoramas and further refined 

into meaningful environmental data. 

 

 

 

Detailed Working of the Intelligent Image 

Stitching and Environmental Change Detection 

System 

 
1. Introduction to System Working 

 

The Intelligent Image Stitching Using AIML for Eco-

Surveillance and Environmental Change Detection 

system is developed as a systematic and multi-layered 

computational process that combines computer vision 

algorithms with artificial intelligence approaches to 

produce panoramic images and derive environmental 

information. The system works as a series of 

systematically defined steps starting from user 

interaction and ending at ecological analysis results. 

Each step of the system performs a distinct task, and the 

output of each step serves as the input for the next step, 

creating a continuous processing chain. 

 

The system's working can be generally categorized into 

the following major steps: 

 

User Interaction and Image Acquisition 

 

Image Validation and Storage 

 

Preprocessing 

 

Feature Detection and Description 

 

Feature Matching 

 

Outlier Rejection using RANSAC 

 

Homography Estimation 

 

Image Warping and Geometric Alignment 

 

Image Blending and Panorama Generation 

 

AI-Based Environmental Analysis 

 

Temporal Change Detection 

 

Result Generation and Visualization 

 

Data Storage and Logging 

 

Error Handling and System Optimization 

 

Each of these steps is explained in detail in the 

following sections. 

 

 

 

 

 

2. User Interaction and Image Acquisition 
 

The proposed system starts with user interaction via a 

web interface developed using Next.js. The user is 

required to upload several overlapping images taken 

using drones, cameras, or surveillance cameras. The 

images usually consist of parts of a larger geographical 

area. 

 

The user interface has the following functionalities: 

 

Supports multiple file uploads. 

 

Displays previews of the selected images. 

 

Sends images to the backend server using a REST API. 

https://ijsrem.com/
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Triggers the stitching process when requested by the 

user. 

 

3. Image Validation and Storage 
 

After the backend receives the uploaded images, it 

carries out a series of validation tests to guarantee data 

integrity and compatibility. These validation tests 

include the following: 

 

File format validation (JPEG, PNG, etc.) 

 

File size limit validation 

 

Minimum number of images validation 

 

Basic resolution validation 

 

Validation of possible corrupted files 

 

If the images pass the validation tests, they are 

temporarily stored in a server directory or database 

storage system (SQLite or PostgreSQL). The images' 

metadata, such as the upload time, file name, and user 

ID, are also stored for traceability purposes. 

 

If the images fail the validation tests, an error response 

is sent to the user. 

At this point, the data transfer is straightforward. Images 

are sent from the client-side application to the Django 

backend server. 
IJSREM sample template format ,Define abbreviations and 
acronyms the first time they are used in the text, even after 
they have been defined in the abstract. Abbreviations such as 
IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be 
defined. Do not use abbreviations in the title or heads unless 
they are unavoidable.  

  

 

4. Image Preprocessing 

The images are then processed for validation. The 

images are then prepared for feature extraction. 

This process includes: 

4.1 Image Resizing 

High-resolution images require more memory and 

processing time. Hence, images can be resized to a 

standard resolution while preserving the aspect ratio. 

 

 

4.2 Grayscale Conversion 

Feature detection algorithms mainly focus on intensity 

gradients rather than color intensities. Hence, images are 

converted from RGB to grayscale. 

4.3 Noise Reduction 

Noise due to environmental factors or image sensors can 

affect feature detection. Gaussian blur or median 

filtering can be employed to remove unwanted noise. 

4.4 Contrast Enhancement (Optional) 

Histogram equalization can be employed to enhance 

feature visibility in low-light environments. 

The preprocessed images are now ready for feature 

extraction. 

 

5. Feature Detection and Description 

This is one of the most important steps in the stitching 

process. 

The algorithm employs the ORB (Oriented FAST and 

Rotated BRIEF) algorithm to detect keypoints and 

create descriptors. 

5.1 Keypoint Detection 

Keypoints are points of interest in the image that are 

invariant to rotation and scaling. They include corners, 

edges, and textured regions. The ORB algorithm 

employs the FAST algorithm to detect keypoints. 

5.2 Orientation Assignment 

Each keypoint is assigned an orientation based on the 

intensity gradients. This makes the algorithm rotation 

invariant. 

 

5.3 Descriptor Computation 

ORB computes binary descriptors (BRIEF) for each 

keypoint. The descriptors describe local patterns in the 

image. 

The result of this step is: 

A set of keypoints for each image 

A descriptor matrix 

https://ijsrem.com/
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6. Feature Matching 

After extracting the descriptors from the neighboring 

images, the next step is feature matching, where 

matching points are identified between overlapping 

images. 

The Brute-Force matcher calculates the Hamming 

distance between the descriptor vectors (for binary 

descriptors such as ORB). 

For each descriptor in Image A: 

Calculate distance to descriptors in Image B 

Find best match (minimum distance) 

This gives a list of possible matches between images. 

However, most of these matches may be false due to: 

Repeating patterns (such as trees, grass) 

Lighting variations 

Motion blur 

Perspective transformation 

Thus, outlier rejection is required. 

 

7. Outlier Rejection using RANSAC 

The Random Sample Consensus (RANSAC) algorithm 

is used to remove false matches. 

How RANSAC works: 

Randomly select a set of matched points. 

Calculate a homography model. 

Calculate reprojection error for all matches. 

 

Count inliers (points within error margin). 

Repeat several iterations. 

Select the model with the highest inliers. 

This ensures that only geometrically valid matches are 

kept. 

The result of this step is: 

Inlier correspondences 

Decreased reprojection error 

This greatly improves the alignment results. 

 

8. Homography Estimation 

Based on the matches, the homography matrix is 

calculated. 

Homography Matrix 

The homography matrix is a 3x3 transformation matrix. 

It transforms points from one image plane to another 

under a projective transformation. 

Mathematical Representation 

[x′ y′ 1]ᵀ = H [x y 1]ᵀ 

The homography matrix represents the following: 

Translation 

Rotation 

Scaling 

Perspective transformation 

The homography matrix calculated transforms the 

coordinate systems of the overlapping images. 

 

9. Image Warping and Geometric Alignment 

Based on the homography matrix, the system performs a 

perspective transformation. 

One image is transformed into the coordinate system of 

the reference image. The transformation is done such 

that the overlapping areas are properly aligned. 

 

 

The steps involved are: 

Apply warpPerspective function 

Specify output canvas size 

https://ijsrem.com/
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Merge aligned image into canvas 

The images are geometrically aligned but have visible 

seams after the warping process. 

 

10. Image Blending and Panorama Stitching 

Blending is used to eliminate the visible boundaries and 

blend transitions. 

Alpha blending is used to combine pixel values in 

overlapping areas: 

I(x, y) = αI₁(x, y) + (1 − α)I₂(x, y) 

More complex blending methods, like multi-band 

blending, can also be used for a smoother blend. 

The final result of this phase is a seamless panorama 

image. 

 

11. AI-Based Environmental Analysis 

The stitched panorama image is now used for 

environmental analysis. 

11.1 Color Space Transformation 

The image is transformed from the RGB color space to 

the HSV color space to better extract vegetation 

information. 

11.2 Vegetation Segmentation 

The green areas are segmented using thresholding or 

clustering techniques. 

11.3 Feature Extraction 

Statistical features are extracted: 

Vegetation coverage 

Texture distribution 

Color histogram statistics 

 

11.4 Classification and Pattern Recognition 

Machine learning algorithms are used to classify the 

land patterns based on the extracted features. 

 

12. Temporal Change Detection 

If there is any historical panoramic data available, the 

system will perform a change detection. 

Steps include: 

Align the historical and current panoramas 

Calculate the pixel difference map 

Detect the important changes 

Highlight areas of vegetation depletion or land use 

change 

This allows for environmental monitoring. 

 

13. Result Generation and Visualization 

After analysis, the results are structured into: 

Stitched panoramic image 

Environmental summary report 

Highlighted areas of change 

Statistical values (SSIM, PSNR, etc.) 

These results are then transmitted back to the frontend 

and visualized for the user. 

 

14. Data Storage and Logging 

The system will store: 

Uploaded images 

Generated panoramas 

Analysis result 

Timestamps of processing 

Error logs 

 

15. Error Handling and System Optimization 

The system has decision logic: 

If feature matches < threshold → Stop processing 

If homography fails → Display alignment error 

https://ijsrem.com/
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If AI confidence low → Mark uncertain region 

 

Optimization techniques: 

Multi-threaded processing 

Image downsampling 

GPU acceleration (optional) 

 

16. Overall Workflow Summary 

The entire functional workflow can be succinctly 

summarized as follows: 

User Upload 

↓ 

Validation 

↓ 

Preprocessing 

↓ 

Feature Detection 

↓ 

Feature Matching 

↓ 

RANSAC Filtering 

↓ 

Homography Estimation 

↓ 

Warping 

↓ 

Blending 

↓ 

Panorama Generation 

↓ 

AI Analysis 

↓ 

Change Detection 

↓ 

Result Display 

 

17. Conclusion of System Working 

The Intelligent Image Stitching and Environmental 

Change Detection System is a well-organized, modular, 

and scalable system that takes raw overlapping 

environmental images and generates ecologically 

significant panoramic images. Through the combination 

of computer vision algorithms and AI-powered 

environmental analysis, the system provides geometric 

accuracy and ecological intelligence. The system is 

designed to be robust, maintainable, and amenable to 

research publication as well as practical eco-surveillance 

applications. 

This allows for traceability and the ability to reproduce 

experiments. 

 

Future Scope 

The proposed Intelligent Image Stitching and 

Environmental Change Detection system has immense 

potential for development in terms of technical 

capabilities and research contributions. There are many 

areas where the future scope of this project can be 

explored. 

1. Integration of Deep Learning-Based Stitching 

The proposed system can be further enhanced by 

incorporating deep learning-based stitching techniques. 

Deep learning-based image stitching techniques can be 

used to improve the stitching quality of the proposed 

system. The proposed system can be further improved 

by integrating deep learning-based stitching techniques. 

Presently, the system is dependent on classical feature-

based approaches like ORB and RANSAC for image 

alignment and homography estimation. Although these 

methods are computationally efficient and robust, recent 

developments in deep learning have also led to the 

development of neural network-based models for feature 

extraction, matching, and geometric transformation 

estimation. Future enhancements could be the inclusion 

https://ijsrem.com/
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of convolutional neural networks (CNNs) for learning 

more discriminative features, particularly in outdoor 

environments with repetitive textures or low contrast. 

Deep homography estimation networks could also 

enhance image alignment with extreme perspective 

distortion. The inclusion of these models would make 

the system more robust and applicable to challenging 

environmental datasets. 

 

2. Real-Time Drone Integration 

Presently, the system is dependent on pre-captured 

images uploaded by the user. In future versions, the 

system could be directly integrated with live drone feeds 

to provide real-time panoramic image stitching and 

environmental monitoring. This would necessitate 

optimization for computational efficiency and possibly 

the inclusion of GPU acceleration or edge computing 

devices. Real-time functionality would greatly improve 

disaster response applications, forest surveillance, and 

agricultural monitoring. 

 

3. Advanced Environmental Analytics 

The existing environmental analysis module is mainly 

concerned with vegetation segmentation and pattern-

driven change detection. However, future improvements 

could involve the use of advanced semantic 

segmentation techniques based on U-Net or transformer 

models for vision. These models can be used to classify 

the land into various classes like water bodies, built-up 

areas, vegetation, and barren land. Moreover, the 

integration of spectral indices like NDVI (Normalized 

Difference Vegetation Index) based on multispectral 

images would help in accurate vegetation health 

analysis. 

 

4. Multi-Temporal and Predictive Analysis 

Future work could be directed towards developing the 

system for predictive environmental analysis. Instead of 

change detection between two time instances, machine 

learning algorithms can be developed to predict the 

future trends of environmental changes like 

deforestation, crop yield, or erosion. Time series 

analysis can be used to detect patterns and predict future 

ecological outcomes. 

5. Cloud-Based Distributed Processing 

In the case of large-scale eco-surveillance involving 

large geographical areas, the processing needs may go 

beyond the processing capabilities of a single server. 

Future development can include the use of cloud-based 

distributed processing systems for efficient processing 

of large datasets. Parallel processing algorithms and 

containerization (Docker-based architecture) can be 

used to ensure scalability and high availability. This will 

enable the system to be used as a large-scale 

environmental intelligence system rather than a local 

application. 

 

6. Integration with Geographic Information 

Systems (GIS) 

Integration of the stitched panoramas with GIS systems 

will enable geospatial referencing and mapping of 

coordinates. This will enable location-based analysis 

and will also enable the sharing of data with government 

and environmental agencies. Geotagged panoramic 

results can be mapped on digital maps to improve spatial 

awareness. 

 

7. Improved User Interface and Visualization 

Future releases can include interactive visualization 

components like heat maps, dynamic change overlays, 

and 3D terrain visualization. These features will ensure 

that the system is user-friendly for non-technical users. 

 

8. Expanded Application Domains 

While the system is designed for eco-surveillance, it can 

be applied to other domains like infrastructure scanning, 

archaeological site modeling, smart city monitoring, and 

industrial asset tracking. With proper domain adaptation, 

the system can be applied to various industries. 

 

Conclusion 

The proposed RAG-based chatbot system is a major leap 

forward in the manner in which confidential and 

domain-specific documents are accessed, interpreted, 

and leveraged. Fundamentally, the proposed project 

integrates the processing power of large language 

https://ijsrem.com/
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models with a systematic document retrieval process to 

build a secure, intelligent, and highly contextual 

question-answering interface. Unlike conventional 

chatbot systems that function solely on the basis of pre-

trained knowledge or static FAQs, the proposed system 

derives all responses exclusively from user-uploaded 

PDF documents. This is a major requirement in sensitive 

domains such as the government, banking, legal, and 

private sector domains. 

One of the most impressive features of this project is its 

use of the Retrieval-Augmented Generation (RAG) 

model. Rather than letting the language model come up 

with an answer based solely on general knowledge, the 

model first identifies the most relevant information from 

the uploaded PDF and then uses that information to 

come up with an answer specifically based on that 

context. This feature alone cuts down on hallucinations 

and improves factual accuracy. The addition of page-

level citation and visual highlighting is the icing on the 

cake. By allowing the chatbot to come up with an 

answer and showing the user the exact page of the PDF 

with the information highlighted, the system is not only 

conversational but also evidence-driven. 

Security and privacy are also core components of the 

project. Since the system is intended for handling 

confidential documents, it does not transmit sensitive 

information to external APIs when used in a private 

setting. By employing local large language models (such 

as those hosted on Ollama) and incorporating storage 

solutions within secure vector databases, the system can 

run entirely within an organization’s network. This is 

particularly useful in scenarios where data leakage is not 

acceptable. It is also in line with the requirements of 

industries with strict information governance policies. 

Technically, the system demonstrates strong 

architectural planning. The workflow—from PDF 

upload, text extraction, chunking, embedding 

generation, vector storage, semantic retrieval, response 

generation, and final visualization—is structured and 

modular. Each component can be upgraded 

independently. For example, better embedding models 

can replace existing ones, or advanced reranking 

algorithms can be introduced to improve retrieval 

precision. This modularity ensures long-term scalability 

and maintainability. Furthermore, the integration of 

visual highlighting of answers within PDFs enhances 

user experience by bridging the gap between 

conversational AI and traditional document reading. 

Another important contribution of this project is its 

adaptability. It is not limited to one industry or one 

document type. The system can handle contracts, 

policies, financial reports, academic materials, 

government notifications, and more. By simply 

uploading a different PDF, users can create a temporary 

knowledge base tailored to their needs. This flexibility 

transforms the chatbot into a dynamic document 

assistant rather than a static AI tool. It supports both 

technical and non-technical users by offering natural 

language interaction, eliminating the need for manual 

document scanning or keyword searching. 

From an academic and research perspective, the project 

demonstrates the practical implementation of advanced 

AI concepts such as semantic search, vector similarity, 

context window management, and large language model 

prompting. It shows how theoretical machine learning 

and natural language processing techniques can be 

integrated into a real-world application. This practical 

orientation enhances its academic value and makes it 

suitable as a final-year engineering project or research 

prototype. 

In conclusion, this RAG-based confidential document 

chatbot is more than just a conversational system—it is 

a secure, intelligent, and verifiable document analysis 

platform. By combining retrieval mechanisms with 

generative AI, ensuring transparency through page 

highlighting, and maintaining strict privacy controls, the 

project addresses real-world challenges in information 

access and management. Its scalability, modular 

architecture, and domain adaptability further enhance its 

uniqueness and practical significance. Overall, the 

system stands as a modern solution for secure 

knowledge extraction and intelligent document 

interaction in today’s data-driven environment. 

 

ACKNOWLEDGEMENT 

 

The heading should be treated as a 3rd level heading and 

should not be assigned a number. 

 

 

 

 

 

 

 

 

 

 

 

https://ijsrem.com/


          
          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 04 | April - 2026                            SJIF Rating: 8.659                                   ISSN: 2582-3930                                                                                                                                               

   

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                      |        Page 15 
 

REFERENCES 

Brown, M., & Lowe, D. G. “Automatic panoramic 

image stitching using invariant features,” International 

Journal of Computer Vision, 60(2), 91–110, 2007. 

Jindong Xiao, “Research of different feature detection 

and matching algorithms on panoramic image,” Applied 

and Computational Engineering, Vol. 15, pp. 38–51, 

2023. 

Ruyan Guo, Baiyi Xiao & Shilun Zhang, “Research of 

feature matching algorithm on panoramic mosaic,” 

Applied and Computational Engineering, Vol. 6, pp. 

1227–1235, 2023. 

Rupali Chandratre & V. A. Chakkarwar, “Image 

Stitching using Harris and RANSAC,” International 

Journal of Computer Applications, 89(15), 14–19, 2014. 

Wang, M., “Enhancing Image Stitching Algorithms 

with SIFT Feature Detection,” Applied and 

Computational Engineering, Vol. 105, pp. 74–81, 2024. 

UAV remote sensing image stitching via improved 

VGG16 Siamese feature extraction network, Expert 

Systems with Applications, 229:120525, 2023. 

Yujie Zhang et al., “Hyperspectral panoramic image 

stitching using robust matching and adaptive bundle 

adjustment,” Remote Sensing 14(16):4038, 2022. 

Gaetane Lorna N. Tchana et al., “Seamlessly Natural: 

Image Stitching with Natural Appearance Preservation,” 

arXiv:2601.01257, 2026. 

Huan Zhong & Chen Wu, “T-UNet: Triplet UNet for 

Change Detection in High-Resolution Remote Sensing 

Images,” arXiv:2308.02356, 2023. 

Andrew Kiruluta et al., “Novel Change Detection 

Framework in Remote Sensing Imagery Using Diffusion 

Models and SSIM,” arXiv:2408.10619, 2024. 

AI in remote sensing and satellite image processing — a 

review, Environmental Earth Sciences, Springer, 2026. 

Zhaobin Wang & Zekun Yang, “Review on image-

stitching techniques,” Multimedia Systems, 26:413–430, 

2020 (cited in literature). 

Kripa S & Monisha Menon, “Single-Viewpoint 

Panorama Construction with Wide-Baseline Images 

using SIFT and SURF Features,” IOSR-JECE, 2020. 

Munendra & Dushyant Singh, “Multiple images 

stitching for panoramic image based on RANSAC and 

homography matrix,” International Journal of Advance 

and Innovative Research, 2020. 

DeTone, D., Malisiewicz, T., & Rabinovich, A., “Deep 

Image Homography Estimation,” arXiv preprint, 2016 

(used in deep stitching literature). 

Nguyen, T. et al., “Unsupervised Deep Homography: 

A Fast and Robust Homography Estimation Model,” 

ECCV, 2018 (from GitHub cited sources). 

Lowe, D. G., “Distinctive image features from scale-

invariant keypoints,” IJCV, 2004 (classic SIFT paper). 

Yan Ke & R. Sukthankar, “PCA-SIFT: A more 

distinctive representation for local image descriptors,” 

CVPR, 2004 (descriptor improvement method). 

SuperPoint paper — DeTone, D., et al., “SuperPoint: 

Self-Supervised Interest Point Detection and 

Description,” CVPR Workshops, 2018 (deep features 

for matching). 

Hugin panorama software resource — practical 

implementation tool for panoramic stitching. 

 

https://ijsrem.com/

