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Drone-Based Real-Time Crop Monitoring System

Prof. Arvind Bagale, Vaibhavi Kalekar, Sanika Shete, KomalAnpat, Samruddhi Shete
SVERI’S College of Engineering Pandharpur, Maharashtra, India

Abstract: This paper Drone-based real-time crop monitoring system helps farmers observe their fields quickly and accurately. In
this system, drones flyover the farm and capture images and videos of the crops using cameras and sensors. The collected data is
analyzed to check the health of crops, detectdiseases,identify pestattacks,andmonitor irrigation needs. This information is
providedto farmers in real time so they can take quick action to protect theircrops.The system helps reduce manual work, saves
time, and improves crop productivity. Therefore, drone technologycan play animportant role in modernsmart farming by making
agriculture more efficient and sustainable.

Index Terms: DroneTechnology,Real-TimeCropMonitoring,PrecisionAgriculture,CropHealthDetection,SmartFarming,Image
Processing.

I. INTRODUCTION
Agricultureplaysaveryimportantroleintheeconomy and food production of many countries. [2]Farmers need to regularly monitor
their crops to ensure healthy growth and good yield. However, traditional crop monitoring methods require a lot of manual effort,
time, and labor. Farmers often have to walk through large fields to check crop conditions, which can be difficult and sometimes
ineffective. Due to these challenges, modern technologies arebeing introducedinagriculturetomakefarming more efficient and
productive.
Drone technology has recently become an important tool in smart farming and precision agriculture.[6]Drones equipped with
cameras and sensors can fly over agricultural fields and capture high-quality images and videos of crops. These images help in
analyzing crop health, detecting diseases, identifying pest attacks, and monitoring irrigation conditions. By using drones,farmers can
observe large areas of farmland quickly and accurately without spending too much time and effort in the field.
The drone-based real-time crop monitoring system aims to improve farming practices by providing real-time information about crop
conditions. In this system, drones collect data from the fields and the information is analyzed to provide useful insights to farmers.
This helps farmers take timely decisions such as applying fertilizers, pesticides, or waterwhere needed.As aresult,the system helps
increase crop productivity, reduce wastage, and support sustainable agricultural development.

Il. LITERATURE REVIEW
Several researchers have studied the use of drones and imageprocessingtechniquesforcropmonitoringinprecision agriculture.
Mohanty et al.developed a Centralized platform where users could upload drone-captured crop images that were processed, stitched
together, and displayed on a digital mapusingGPScoordinates.Similarly, Tsourosetal.reviewed
differentUAVapplicationsinagricultureandhighlighted that drones equipped with high-resolution cameras and[5] GPS can
effectively monitor crop health, detect diseases, and improve yield prediction. In addition, Kulkarni et al. focused on image stitching
techniques such as SIFT and SURF to combine multiple drone imagesinto a single detailedfieldview,which helps improve visibility
and simplifies further analysis.
Patel and Mehta proposed a web-based platform thatallows users to upload drone images and view GPS-based location data with
role-based access for administrators and users. Similarly, Rai et al. [S]demonstrated how GPS data embedded in drone images can
help accurately identify farm locations and monitor crop changes over time. Chaudhary et al. also designed a drone-assisted farming
system where captured images were transmitted to a cloud server and visualized online, showing that drones can significantly
reduce manual crop inspection and improve agricultural decision-making.
Further studies focused on combining drone imagery with advancedmonitoringsystemsand[7]geographicmappingtools. Jadhav and
Deshmukh used image processing techniques to detect crop issues such as pest infections and dryness, while Kumar et al.
[9]Earlier research by Rokhmana and Newell R. MullahighlightedtheimportanceofUAV-basedremote sensing for agricultural
monitoring but also pointed out challenges such as data integration, accessibility, and real-time mapping.
These studies support the need for a centralizedweb-baseddronemonitoringsystemthatcan process, stitch, and display crop data
effectively forbetter farm management.
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1. OBJECTIVES
1) To design and develop a web based application that allows user (farmers/operators) to upload drone-captured images of crop.
2) To demonstrate how image processing techniques can be used to analyze crop health and detect diseases or pest attacks.
3) To integrate GPS mapping functionality for accurately locating farm areas on a digital map.
4) To demonstrate a web-based platform for uploading, storing, and visualizing drone-captured crop data.
5) To implement a smart monitoring system that provides useful insights to farmers for improving crop productivity and efficient
farm management.

V. METHODOLOGY

The proposed drone-based real-time crop monitoring system uses drone technology, image processing, and web-based tools to
monitor agricultural fields efficiently. In this system, a drone equipped with a high-resolution camera and GPS module is used to fly
over the agricultural field and capture multiple images of crops from different angles. The captured images are then transferredto
aprocessing systemwhere image stitching techniques are applied to combine overlapping images and create a single detailed view of
the entire field. Along with the images,[8] GPS coordinates such as latitude and longitude are recorded to identify the exact location
of each captured image. After processing, the images and location data are uploaded to a centralized web platform or server. The
system allows users and administrators to access the uploaded data, visualize the mapped images, and monitor crop conditions in
real time. Through basic image analysis, the system helps identify crop health issues such as pest attacks, disease symptoms, or
water stress. This method reduces manual field inspection, improves monitoring accuracy, and supports better decision-making.The
methodology ensures a structured approach to developing the Drone Monitoring Website. Each phase contributes to building a reliable,
efficient, and scalable system that supports smart agriculture and improves decision-making for farmers.Each phase contributes to
building a reliable, efficient, and scalable system that supports smart agriculture, improves decision-making, and enhances overall
productivity in farming.

The Block Diagram of the Drone Monitoring Website System represents the complete workflow of data collection, processing, storage,
and visualization in a structured and modular manner. The system is divided into multiple layers, each responsible for a specific
functionality.

BLOCK DIAGRAM OF DRONE MONITORING WEBSITE SYSTEM
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Fig.1 Block Diagram

Above Figl shows the following layers :
1) Data Acquisition Layer :
This is the initial stage of the system where data is collected using drones. The drone captures high-resolution images of agricultural
fields along with[6] GPS metadata such as latitude, longitude, and altitude. This layer forms the foundation of the system by providing
raw input data for further processing.
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2) Web/User Interaction Layer :

This layer provides the interface through which users interact with the system. It is developed us ing web technologies such as HTML,
CSS, and JavaScript. Users can register, log in, upload drone images, enter crop-related information, and view processed outputs such
as maps and stitched images. Communication between the frontend and backend takes place through HTTP/HTTPS requests.

3) Backend Processing Layer :

The backend acts as the core processing unit of the system. It is implemented using frameworks like Flask, Django, or Node.js. This
layer handles multiple operations including:

o Image upload handling and validation.

e  Extraction of GPS metadata.

o Image preprocessing (resizing, filtering, format checking).

o Image stitching to generate panoramic field view « GPS-based mapping and visualization .

o Data storage and retrieval management.

This layer ensures efficient processing and transformation of raw drone data into meaningful outputs.

4) Data Storage Layer :

All processed and raw data are stored in this layer. The system uses databases such as Firebase to store user details, crop information,
GPS metadata, and image data. File storage is used for saving both original and stitched images. This layer ensures secure, scalable,
and organized data management.

5) User Access Layer :

This layer defines how different users interact with the system. It includes two roles :

e  User (Farmer/Operator): Uploads images, views maps, and monitors crop conditions.
e Administrator : Monitors all data, manages users, and generates reports.

Role-based access control ensures data security and proper system usage.

6) Admin Analytics and Reporting :
This module provides functionalities such as field monitoring, crop analysis, map visualization, and report generation. It helps in better
decision-making using processed agricultural data.

7) System Flow :

The overall workflow of the system follows a sequential process:

Drone Capture — Upload — Processing — Storage — Mapping — Visualization

This architecture ensures scalability, real-time monitoring, efficient data handling, and supports smart agriculture practices.

V. ADVANTAGES
1) Modularity: Each component (upload, stitching, mapping, etc.)
2) Scalability: The architecture can  handle increased users and drone data.
3) Security:Userauthenticationandencrypted data storageprotectsensitiveinformation.
4) Usability:Theinterface is intuitive and user-friendly for both farmers and admins.
5) Integration:Smoothcommunicationbetweenthe web server, database, and external APIs

VI. RESULTS AND DISCUSSION

The web-based platform successfully achieved the goal of monitoring agricultural fields using drone-captured images and GPS
data.[8] The system allowed users to upload drone images of crops, which were then processed and displayedon the platform along
with their location information. [7]Image stitching techniques helped combine multiple images into a single clear view of the
farmland, making it easier to observe crop conditions. Through this platform, farmers and administrators were able to monitor crop
health, identify possible issues such as pest attacks or water stress, and analyze field conditions more efficiently.[3] The results show
that integrating drone technology with a web-based system improves field visibility, reduces manual inspection, and supports better
decision-making in agriculture.
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Fig.2 Project Evaluation and Analysis

A. System Evaluation and Performance Analysis :

The evaluation diagram represents the performance analysis of the proposed Drone Monitoring Website based on major functional

modules of the system. It visually shows how the developed system was tested and evaluated using different performance

parameters to measure efficiency, accuracy, and reliability.

e Image Upload Success Rate : evaluates the percentage of successfully uploaded drone images and indicates the reliability of the
image upload module. High upload success reflects stable storage handling and proper validation mechanisms.

e GPS Mapping Accuracy measures how accurately geo-tagged drone images are placed on the digital map using latitude and
longitude coordinates. This evaluation confirms the effectiveness of the GPS integration and mapping functionality.[5]

o Image Stitching Efficiency analyzes the performance of combining multiple drone images into a single panoramic field view. It
reflects the accuracy of stitching, processing efficiency, and the quality of the generated field visualization.[3]

e System Response Time represents the time taken by the system for image upload, processing, data retrieval, and visualization.
Lower response times indicate optimized backend performance and efficient system execution.

e Admin Monitoring Efficiency evaluates the performance of the admin dashboard in managing uploaded data, monitoring users,
and supporting analysis and reporting activities. It demonstrates the effectiveness of the administrative control module.

B. Overall System Performance :

Combines the results of all evaluation parameters and shows that the proposed system performs efficiently across major modules
including image processing, GPS mapping, data storage, and user/admin operations.[5]

The evaluation results validate that the Drone Monitoring Website is reliable, scalable, and suitable for agricultural monitoring
applications. It also confirms that the system meets the intended objectives and performs effectively under practical conditions.[6]

VII.  ANALYSIS OF LIMITATION

Across these studies, several limitations emerge, both shared and unique, presenting ongoing challenges in the field of KWS and

ASR:

1) Dependence on High-Quality Drone Imagery: The performance of the system highly depends on the quality of images captured
by the drone. Factors such as poor lighting conditions,[4] low image resolution, motion blur, insufficient overlap between
images, or adverse weather conditions (wind, rain, fog) can reduce stitching accuracy and mapping precision. If the drone
images lack proper overlap or texture, the image stitching module may fail or produce distorted mosaics.

2) Limited Real-Time Processing Capability: Although the system supports near real-time monitoring, high-resolution image
stitching and GPS mapping require significant computational resources. Processing large datasets or multiple farms
simultaneously may increase latency and server load.
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Without cloud-based scaling or GPU acceleration, the system performance may degrade for large-scale agricultural
deployment.

3) Absence of Advanced Al-Based Crop Analysis: The current implementation focuses primarily on image stitching, storage, and
GPS visualization. It does not yet include advanced machine learning or deep learning models for automated crop disease
detection, pest identification, or yield prediction. Therefore, farmers still need manual interpretation of the stitched images,
limiting the system’s ability to provide intelligent decision support.

4) Dependency on Internet Connectivity and API Services: The system relies on continuous internet connectivity for:

e Image upload

e Drone API communication

o  GPS-based map visualization

e  Server interaction

In rural or remote agricultural areas where internet access is unstable or slow,[1] real-time data upload and mapping may be

interrupted. Additionally, dependency on third-party APIs (such as mapping services) introduces potential risks related to service

availability and usage limitations.

5) Limited Coverage and Battery Constraints of UAVs:[9]The operational efficiency of the system is constrained by the physical
limitations of the drone hardware. UAVs have limited battery life, restricted flight time, and finite coverage area per mission.
Large agricultural fields may require multiple flights, increasing operational time and data processing overhead. Additionally,
frequent battery replacements and charging cycles may reduce field efficiency and increase maintenance costs, affecting
scalability for large-scale agricultural deployment.

VIIl.  OVERVIEW OF CONTRIBUTION

This research presents a structured and scalable solution for real-time agricultural monitoring using drone technology integrated

with a centralized web-based management platform. The major contributions of this work are summarized

1) Design of a Centralized Drone-Based Crop Monitoring Platform:[2] A complete web-based system has been designed and
developed to manage drone-captured agricultural data. Unlike traditional methods where drone images are stored locally
without organization, the proposed system provides a centralized dashboard for structured storage, visualization, and
monitoring of crop data.

2) Integration of Image Upload, Stitching, and Geo Tagging:[3] The system enables farmers and administrators to upload multiple
drone-captured images, which are:

o Automatically processed using image stitching techniques (OpenCV-based implementation).

e Combined into a single panoramic field view.

e Geo-tagged using latitude and longitude metadata.

o This integration ensures accurate spatial representation of farmland and enhances field-level analysis.

3) GPS-Based Digital Field Mapping: A key contribution of this work is the integration of GPS coordinates with mapping
APIs (Google Maps-based visualization). Each stitched image is mapped to its exact geographic location, enabling:

o Real-time visualization of crop fields .

o Location-aware monitoring.

o Improved decision-making through spatial analysis.

o This feature bridges the gap between drone imaging and geographic information systems (GIS).

4) Role-Based Secure Access Control System:

The proposed system introduces a dual-role architecture:

e Farmer/User Module — Upload and manage individual farm data

e Admin Module — Monitor all farm data, verify uploads, generate reports.

Secure authentication and role-based access ensure data privacy, structured interaction, and controlled system usage.

5) Modular and Scalable System Architecture :

The platform follows a multi-layer architecture consisting of:
e Frontend (HTML, CSS, JavaScript)

e Backend (Flask/Django or Node.js)

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 6227




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue IV Apr 2026- Available at www.ijraset.com

o Database (MySQL / MongoDB)
o Image Processing Module (OpenCV)
This modular improves scalability, maintainability, and future extensibility.

6) Implementation of Drone Telemetry and API Integration:
e Longitude

e Lattitude

e Speed

7) Secure Data Handling and Multi-Layer Security

Framework :

The platform incorporates multiple security measures including:

e Password hashing (SHA-256 / bcrypt)

¢ Role-based authentication

o Input validation and file sanitization

e Protected admin dashboard access

o This ensures confidentiality, integrity, and availability of agricultural data.

8) Practical Validation Through Multi-Stage Testing :

The system has been validated through:

» Image upload and stitching evaluation

» GPS mapping accuracy verification

» Backend performance testing

» Cross-browser Ul testing

» End-to-end workflow validation

Experimental analysis confirms the feasibility and stability Ofthe system for real-world agricultural monitoring. Bycombining
drone technology, image analytics, and web Basedvisualization, the system supports data-driven farming practices and reduces
manual field inspection effort.

IX. SAFETY FEATURES

1) Thebatteryalertsforthedrone,itsendsawarning when the battery level is low.
2) Emergencylandingfeature.
3) Obstacledetectionandavoidance.
4) Stableflightcontrolsystem.

X. FUTURE ENHANCEMENTS
1) IntegrationwithloT-BasedSmartFarmingSystems.
2) UseofAdvancedSensorstoanalyzecrophealth,soil moisture and temperature more effectively.
3) Real-Time Data Analytics for making faster and more accurate results.
4) IntegrationofArtificialIntelligenceandMachine Learning.

XI. CONCLUSION

This paper presented the design and implementation of a drone-based real-time crop monitoring system that aims to improve
agricultural monitoring and farm management. The proposed system uses drone technology to capture high-resolution images of
agricultural fields and combines them withGPSlocationdatatoaccuratelymapcropconditions.[3]The captured images are processed
and stitched together to provide a clear and complete view of the farmland, which is then displayed through a web-based platform
for easy access andmonitoring.Thisapproachhelpsfarmersobservecrop health, detect possible problems such as pest attacks or water
stress, and analyze field conditions more efficiently compared to traditional manual inspection methods. By integrating drone technology,
image processing, and web-based data management, the system reduces time, labor, and effort required for crop monitoring while
improving decision-making in agriculture.
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The results demonstrate that the proposed system can support precision farming and provide farmers with useful insights for better crop
management. Overall, the drone-based monitoring system offers a practical and efficient solution for modern agriculture and has the
potential to enhance productivity, resource management, and sustainable farming practices in the future.
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