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Abstract 

Precision agriculture has emerged as a transformative solution to address the growing demand for 

sustainable farming practices. The integration of Internet of Things (IoT)-enabled drones and edge 

computing technologies offers a novel approach for real-time crop health monitoring. This research 

explores the application of IoT-enabled drones equipped with multispectral sensors and the use of edge 

computing for on-site data processing, aiming to enhance the efficiency of crop health assessment and 

decision-making in agriculture. The study investigates the performance of these technologies in capturing 

key crop health indicators, including vegetation indices (e.g., NDVI), soil moisture levels, and temperature 

variations. Results demonstrate that the use of IoT-enabled drones significantly improves the accuracy 

and timeliness of crop monitoring, while edge computing ensures rapid data analysis, reducing reliance 

on cloud-based processing and enhancing operational efficiency. The findings highlight the potential for 

large-scale adoption of this integrated system to optimize crop management, increase yield prediction 

accuracy, and contribute to sustainable farming practices. The implications of these technologies are 

significant for both large-scale commercial farming and smallholder agriculture, where timely 

interventions can significantly reduce resource wastage and enhance productivity  

Keywords: Precision agriculture, IoT-enabled drones, edge computing, crop health monitoring, real-time 

data processing, sustainable farming, vegetation index, yield prediction, agricultural technology, remote 

sensing. 

1. Introduction 

Traditional agricultural practices face numerous challenges in meeting the increasing global demand for 

food while ensuring sustainability. These challenges include inefficient resource management, labor 

shortages, environmental stressors, and the growing complexity of managing large-scale farming 

operations[1]. Conventional methods of crop monitoring often rely on manual inspections or satellite 

imagery, which can be both time-consuming and inaccurate due to factors like cloud cover or low-

resolution images. As a result, farmers are left with limited access to real-time data, hindering their ability 

to make informed decisions quickly[2]. The integration of modern technologies, particularly IoT-enabled 

drones and edge computing, is seen as a promising solution to address these issues and optimize farming 

practices[3]. 

Precision agriculture has emerged as a response to these challenges, offering a way to increase crop yield 

and reduce environmental impact by leveraging data-driven decisions[4]. This approach uses advanced 
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technologies, such as sensors, GPS, and data analytics, to monitor and manage agricultural operations 

with a higher degree of accuracy[5]. By applying precise amounts of water, fertilizers, and pesticides, 

precision agriculture can help conserve resources, improve crop quality, and reduce costs. Additionally, 

it allows farmers to track the health of their crops in real-time, enabling early detection of problems such 

as pest infestations, diseases, or nutrient deficiencies[6]. As global agricultural demands grow, the 

adoption of precision farming methods becomes increasingly vital for ensuring food security while 

minimizing environmental degradation[7]. 

One of the most innovative advancements in precision agriculture is the use of IoT-enabled drones. These 

drones, equipped with various sensors such as multispectral, thermal, and RGB cameras, can collect real-

time data on crop health across large fields[8]. These sensors measure a range of variables, such as 

vegetation indices (e.g., NDVI), soil moisture, temperature, and plant stress levels. Drones provide high-

resolution, actionable data that traditional methods cannot achieve. With the ability to fly over vast areas, 

drones can cover large fields efficiently, offering farmers a comprehensive view of their crops without the 

need for extensive manual labor[9]. Furthermore, drones are capable of reaching remote or difficult-to-

access areas, making them an invaluable tool for precision monitoring, especially in large-scale 

farming[10]. 

Edge computing plays a critical role in maximizing the potential of IoT-enabled drones in agriculture. 

While drones can capture vast amounts of data, processing this data in real-time is crucial for immediate 

decision-making. Edge computing allows data to be processed directly on the drone or nearby devices, 

reducing the need to transmit large amounts of raw data to distant cloud servers. By performing data 

analysis at the source, edge computing reduces latency, ensures faster decision-making, and minimizes 

the risk of data loss due to connectivity issues. For instance, if a drone detects crop stress, edge computing 

can immediately analyze the data and trigger corrective actions, such as notifying the farmer or activating 

irrigation systems. This localized processing enables faster, more efficient responses to issues, making it 

particularly useful for time-sensitive agricultural operations. 

The purpose of this study is to explore the integration of IoT-enabled drones and edge computing for 

efficient crop health monitoring. By focusing on how these technologies work together to collect and 

process data in real-time, the study aims to highlight their potential for improving crop management, 

enhancing yield prediction accuracy, and reducing the environmental footprint of farming practices. This 

research will investigate the effectiveness of these technologies in providing timely, actionable insights 

that can empower farmers to make informed decisions and optimize resource usage, ultimately 

contributing to sustainable agriculture practices. 

2. Literature Review 

Precision agriculture has become an essential approach in modern farming, aiming to optimize resource 

usage, enhance productivity, and ensure sustainability. A growing body of research highlights the 

transformative role of emerging technologies such as Internet of Things (IoT)[11], drones, and edge 

computing in this field. IoT has been applied in agriculture for monitoring various environmental 
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parameters like soil moisture, temperature, and light intensity[12]. IoT sensors allow farmers to collect 

real-time data from their fields, which is essential for making timely decisions. A study by Zhang et al. 

(2018) explored the use of IoT sensors for soil monitoring and found that they significantly improved 

irrigation efficiency and crop health by providing accurate, real-time soil moisture data. Additionally, IoT-

based systems for precision irrigation have been shown to reduce water consumption and improve crop 

yields by ensuring that crops receive the right amount of water at the right time (Mahmood et al., 2020). 

Drones, equipped with high-resolution cameras and multispectral sensors, have become an invaluable tool 

in precision agriculture for crop health monitoring. Several studies have demonstrated the effectiveness 

of drones in detecting early signs of pest infestations, diseases, or nutrient deficiencies[13]. A study by 

Anderson and Gaston (2013) emphasized how drone-mounted sensors can capture high-resolution 

imagery that allows farmers to detect variations in crop health, thus enabling prompt intervention[14]. 

Drones offer a significant advantage over traditional crop monitoring methods by providing detailed, up-

to-date information on large expanses of land, reducing the need for manual inspections that are labor-

intensive and less accurate[15]. 

Edge computing has recently gained attention as a solution to the challenges of processing large volumes 

of data collected by IoT sensors and drones. Traditional cloud-based data processing often introduces 

latency, making real-time decision-making difficult[16]. In agriculture, this delay can be costly, as quick 

responses are required to mitigate crop damage. Edge computing addresses this issue by processing data 

closer to the source, on the drone itself or through local computing devices. This approach not only reduces 

latency but also minimizes the bandwidth required to transmit large datasets to distant cloud servers. A 

study by Li et al. (2019) highlighted the use of edge computing to process sensor data in real time, enabling 

faster decision-making in crop management tasks like irrigation scheduling and pest control[17]. 

Despite the promising advancements in these technologies, several challenges remain in crop health 

monitoring. Current crop monitoring methods, such as manual field surveys or satellite imagery, are time-

consuming and may lack the spatial resolution required for precise monitoring. Manual surveys are subject 

to human error, and satellite images can be affected by weather conditions like cloud cover, reducing their 

accuracy[18]. Additionally, these methods typically offer limited real-time information, which can delay 

the response time needed to address issues such as disease outbreaks or nutrient deficiencies[19]. While 

drones and IoT sensors can provide more frequent and accurate data, challenges still exist in ensuring the 

consistency and reliability of these devices, particularly in harsh environmental conditions such as high 

winds, rain, or extreme temperatures[20]. 

IoT-enabled drones and edge computing can overcome these limitations by providing continuous, real-

time monitoring with high spatial resolution. The integration of IoT sensors on drones allows for the 

monitoring of a wide range of variables, including vegetation health, soil moisture, and temperature. 

Drones can cover vast areas in a short amount of time, while edge computing processes the data on-site, 

enabling immediate analysis and action. This setup allows farmers to detect issues early and respond 

promptly, preventing crop losses and optimizing resource use. Additionally, edge computing reduces the 
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dependency on cloud servers, ensuring that data processing is faster and more reliable, even in remote 

areas with limited connectivity. 

The key technologies involved in this approach include IoT sensors, which are used to monitor 

environmental conditions such as temperature, humidity, and soil moisture; drone technology, which 

enables efficient aerial monitoring and data collection; and edge computing, which processes this data 

locally to provide real-time insights. The integration of these technologies creates a robust system for 

precision agriculture, where data collection and analysis occur seamlessly, enabling farmers to make more 

informed decisions and manage their crops more efficiently. This combination of technologies represents 

a significant advancement in agricultural practices, offering the potential for improved crop health 

monitoring, higher yields, and more sustainable farming practices. 

3. Methodology 

This section outlines the methodology employed in this study to explore the integration of IoT-enabled 

drones and edge computing for efficient crop health monitoring. The approach encompasses the study 

design, the specifications of the IoT-enabled drones used for data collection, the edge computing setup for 

real-time data processing, the process of data collection, and the data analysis techniques employed to 

evaluate crop health and predict yield outcomes. 

3.1 Study Design 

The research adopts a field-based experimental design in which IoT-enabled drones equipped with various 

sensors are deployed to monitor crop health in agricultural fields. This design allows for the collection of 

real-time data directly from the field, providing accurate and actionable insights for decision-making. The 

study focuses on the integration of two key technologies: drones with IoT sensors for data collection and 

edge computing for real-time data processing and analysis. The goal is to assess the effectiveness of these 

technologies in improving crop health monitoring and enhancing decision-making processes in precision 

agriculture. 

The research approach involves the deployment of drones over selected agricultural fields to gather data 

on various crop health indicators, including temperature, humidity, soil moisture, and vegetation indices. 

The experimental setup consists of drones flying over the fields at different altitudes and speeds, collecting 

data at regular intervals to ensure comprehensive coverage of the area. The drones are programmed to 

operate autonomously, with the ability to adjust flight patterns and sensor readings based on predefined 

parameters such as field size and crop type. The collected data is then processed using edge computing 

systems, which are installed either on the drones or nearby ground-based devices. This enables immediate 

analysis of the data, providing farmers with real-time insights that can drive timely interventions. 

3.2 IoT-Enabled Drones 

The drones used in this study are advanced models equipped with multispectral sensors, thermal cameras, 

and RGB cameras. These sensors are essential for capturing a wide range of data that is critical for 

assessing crop health. The multispectral sensors capture light reflected from the crops across multiple 
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wavelengths, which are used to calculate vegetation indices such as the Normalized Difference Vegetation 

Index (NDVI). NDVI is a key indicator of plant health, as it highlights the differences between the 

vegetation and non-vegetated areas, helping to identify stressed or unhealthy crops. The thermal cameras 

measure the temperature of the crops, which can indicate water stress, while RGB cameras provide high-

resolution imagery of the crops that can be used to visually assess plant growth and detect abnormalities 

like pest infestations or disease. 

In addition to these cameras and sensors, the drones are equipped with environmental sensors to measure 

parameters such as soil moisture and atmospheric humidity. The soil moisture sensor helps monitor the 

water content in the soil, which is critical for determining irrigation needs. The temperature sensors 

measure both air and surface temperature, offering insights into the environmental conditions affecting 

the crops. These data points are essential for assessing the overall health of the crops and identifying areas 

that may require intervention, such as irrigation or pesticide application. 

The drones are designed to operate efficiently in various weather conditions and are capable of covering 

large agricultural areas in a relatively short period. The integration of these advanced sensors allows for 

continuous monitoring and high spatial resolution, which ensures that no area of the field is left 

unexamined. Additionally, the drones are capable of operating autonomously, adjusting their flight paths 

to avoid obstacles and optimize the coverage of the field. 

3.3 Edge Computing Setup 

Edge computing plays a crucial role in processing the large volumes of data collected by the drones in 

real-time. Rather than sending all the data to a central cloud server for processing, edge computing enables 

the data to be processed on-site, either directly on the drone or through local ground-based devices. This 

setup reduces latency, ensuring that the data is analyzed almost immediately, allowing for faster decision-

making and action. 

The edge computing system used in this study consists of small computing devices with sufficient 

processing power to handle the data from the drones. These devices are equipped with local storage and 

are connected to the drones via secure communication channels. Once the data is collected by the drones, 

it is transmitted to the edge computing system, where it undergoes real-time analysis. The system uses 

pre-configured algorithms to process the data, extracting relevant insights about crop health. For example, 

the NDVI values are calculated directly on-site to assess plant health, and any significant deviations are 

flagged for immediate attention. The system also performs basic anomaly detection, identifying areas of 

the field that may require further inspection or intervention. 

The edge computing setup also ensures that the data is stored locally, which is particularly useful when 

operating in areas with limited connectivity. If necessary, the processed data can be transmitted to a central 

server for further analysis or long-term storage once a reliable connection is available. This decentralized 

approach to data processing ensures that the system is highly resilient, allowing it to continue functioning 

even in remote locations where cloud-based computing may not be feasible. 
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Figure 1: Methodology for IoT-Enabled Drones and Edge Computing in Crop Health Monitoring 

3.4 Data Collection 

The data collection process in this study involves the use of IoT-enabled drones equipped with a range of 

sensors to capture various crop health metrics essential for assessing plant conditions and predicting yield 

outcomes. These sensors include multispectral sensors, thermal cameras, RGB cameras, soil moisture 

sensors, temperature sensors, and humidity sensors. The drones are deployed over agricultural fields, 

flying at predetermined altitudes and speeds to ensure comprehensive coverage. The multispectral sensors 

capture light reflected by the plants across different wavelengths, providing valuable data for calculating 

the Normalized Difference Vegetation Index (NDVI), which is a critical indicator of plant health. NDVI 

helps to differentiate between healthy and stressed vegetation, allowing for early detection of issues such 

as nutrient deficiencies, water stress, or pest infestations. The thermal cameras on the drones measure the 

temperature of the crops, identifying areas where plants may be experiencing water stress, as high 

temperatures often correlate with insufficient irrigation. The RGB cameras capture high-resolution images 

of the crops, providing visual insights that help detect abnormal growth patterns, pest activity, or disease 

symptoms. Additionally, soil moisture sensors are employed to monitor the water content in the soil, 

which is a key factor in managing irrigation and ensuring that crops receive adequate hydration. The 

temperature sensors measure both air and soil temperature, contributing to the understanding of 

environmental conditions affecting the crops, while the humidity sensors provide data on atmospheric 

moisture, which influences evapotranspiration rates and overall plant growth. The drones collect this data 

continuously during their flight, ensuring real-time monitoring across large areas. The gathered data is 

then transmitted to an edge computing system for processing and analysis, where it undergoes further 
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examination to evaluate crop health, detect anomalies, and generate insights for decision-making. This 

comprehensive data collection process allows for a detailed and accurate assessment of crop conditions, 

providing the necessary information for precise agricultural management. 

3.5  Analysis 

The collected data is analyzed using a combination of statistical analysis and machine learning techniques 

to evaluate crop health and predict yield outcomes. A key focus is on analyzing the NDVI values, as they 

provide a reliable indicator of plant health. Machine learning models, such as support vector machines 

(SVM) and random forests, are used to process the data and identify patterns that correlate with various 

crop health conditions. For example, SVMs can be trained to classify regions of the field based on NDVI 

values, identifying healthy crops and areas of stress. 

Additionally, predictive models are developed to estimate crop yield based on the data collected, such as 

soil moisture, temperature, and NDVI. These models are trained on historical data from previous growing 

seasons and refined using real-time data to improve accuracy. The analysis also includes anomaly 

detection algorithms, which flag unusual patterns that may indicate issues such as disease outbreaks or 

water stress, prompting immediate attention. 

Through this comprehensive data analysis process, actionable insights are generated that can inform 

decisions on crop management, such as irrigation, fertilization, and pest control. These insights are crucial 

for optimizing resource use and ensuring that crops receive the necessary care to maximize yields. The 

methodology is visually represented in Figure 1, which outlines the step-by-step flow from field 

preparation and drone deployment to data collection, processing, and decision-making. The diagram 

shows the integration of IoT-enabled drones for data capture, the use of edge computing for real-time 

analysis, and the final actionable insights that inform farming decisions. This structured methodology 

ensures that the study is conducted systematically, allowing for accurate and real-time crop health 

monitoring while optimizing resource usage. Through the combination of IoT-enabled drones and edge 

computing, this approach provides a powerful tool for modern precision agriculture, enhancing the 

efficiency and sustainability of farming practices. 

4. Results 

This section presents the key findings of the research, focusing on crop health monitoring metrics, the 

performance of IoT-enabled drones, and the effectiveness of edge computing in terms of data processing 

and real-time analysis. It also includes a comparative analysis with traditional crop health monitoring 

methods. 

4.1 Crop Health Monitoring Metrics 

The crop health monitoring metrics collected through IoT-enabled drones, including NDVI, temperature, 

and soil moisture, revealed significant variations across different crop types and environmental conditions. 

As shown in Figure 2, which illustrates the relationship between NDVI and soil moisture for various crops, 

there is a clear positive correlation between higher soil moisture levels and improved crop health, indicated 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 
ISSN PRINT 2319 1775 Online 2320 7876 

Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 11, Iss 06 2022 

2759 
 

by higher NDVI values. This is particularly noticeable in crops like wheat and maize, where sufficient 

moisture is crucial for healthy growth. Conversely, lower soil moisture levels corresponded with reduced 

NDVI, highlighting areas of potential crop stress. The temperature and NDVI relationship, depicted in 

Figure 3, further emphasized that high temperatures negatively impacted crop health, especially under low 

irrigation conditions. Crops exposed to higher temperatures showed reduced NDVI values, indicating 

water stress. Additionally, crops with better irrigation management demonstrated better resilience to 

temperature fluctuations. 

 

 
Figure 2: NDVI vs. Soil Moisture for Different Crop Types 

 
Figure 3: Temperature vs. NDVI for Different Irrigation Levels 
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Figure 4: Yield Prediction vs. NDVI using Machine Learning Model 

4.2 Performance of IoT-Enabled Drones 

The performance of IoT-enabled drones was evaluated in terms of data accuracy, coverage, and efficiency. 

The drones equipped with multispectral sensors, thermal cameras, and soil moisture sensors provided real-

time, high-resolution data across large agricultural areas. As shown in Figure 4, the drones demonstrated 

high accuracy in capturing crop health data, particularly in terms of NDVI values. The coverage was 

extensive, with drones able to cover up to 50 hectares per flight, reducing the time required for field 

inspections significantly compared to traditional methods. The efficiency of the drones was also evident 

in the time it took to collect data, which was substantially faster than manual field surveys. Furthermore, 

the high spatial resolution of the data captured by the drones allowed for precise monitoring of crop 

conditions, providing farmers with actionable insights for better decision-making. 

4.3 Edge Computing Performance 

The edge computing performance was assessed by examining the processing speed and data handling 

capacity. With the integration of edge computing, the drones were capable of processing data locally, 

either on-board or through nearby ground-based devices, significantly reducing latency compared to 

traditional cloud-based systems. The real-time processing capabilities allowed for immediate analysis of 

NDVI, soil moisture, and temperature data, enabling quick responses to crop stress indicators. This real-

time data analysis is shown in Figure 5, where the decision-making time for irrigation and pest control 

was reduced by 40% compared to traditional cloud-based data processing systems. Additionally, the edge 

computing setup demonstrated strong data handling capacity, processing large volumes of sensor data 

with minimal delays, even in remote or network-limited areas. 

4.4 Comparative Analysis 

A comparative analysis of IoT-enabled drones and edge computing with traditional crop health monitoring 

methods reveals several key advantages. Traditional methods, such as manual field surveys or satellite 

imagery, are often time-consuming, expensive, and subject to environmental constraints like cloud cover. 
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In contrast, IoT-enabled drones offer a real-time, high-resolution, and cost-effective alternative for crop 

health monitoring, significantly improving the accuracy and speed of data collection. Edge computing 

further enhances this system by enabling on-site data processing, reducing the dependency on cloud 

infrastructure and ensuring quicker decision-making. The results also demonstrated that the combination 

of IoT-enabled drones and edge computing improved operational efficiency, with data collection and 

processing times reduced by up to 60% compared to traditional methods. This shift not only increases the 

accuracy of crop health assessments but also enables more responsive agricultural practices, contributing 

to higher yield predictions and optimized resource management. 

6. Discussion 

The results of this study demonstrate the significant benefits of integrating IoT-enabled drones and edge 

computing for crop health monitoring. The findings, particularly those shown in Figures 5 and 6, highlight 

how these technologies can enhance the efficiency and timeliness of decision-making compared to 

traditional crop monitoring methods. The comparative analysis reveals that edge computing significantly 

reduces processing latency, allowing for immediate action based on real-time data, as illustrated in Figure 

5. By processing data on-site, edge computing eliminates the delays associated with cloud-based systems, 

enabling farmers to respond promptly to issues such as pest infestations, disease outbreaks, or irrigation 

needs. This real-time processing capability directly contributes to improved crop health management, 

enhancing yield predictions and minimizing crop losses. Additionally, the integration of IoT-enabled 

drones provides continuous monitoring, ensuring that crops are closely tracked for any signs of stress or 

environmental impact. 

The combination of IoT sensors and edge computing offers numerous advantages, particularly in terms of 

real-time data collection, processing efficiency, and scalability. Real-time data collection ensures that crop 

conditions are constantly monitored, providing up-to-date information on important metrics like NDVI, 

soil moisture, and temperature. This enables farmers to detect early signs of crop stress and take corrective 

actions promptly. The processing efficiency of edge computing further enhances the system by enabling 

rapid, on-site data analysis, which significantly reduces decision-making time. Figure 6 illustrates how 

edge computing accelerates response times in agricultural management tasks such as irrigation and pest 

control. Furthermore, these technologies provide scalability, as IoT-enabled drones can cover large 

agricultural areas quickly, and edge computing ensures that even substantial datasets are handled 

efficiently without relying on cloud infrastructure. This scalability makes the system ideal for large-scale 

operations or regions with limited connectivity. 
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Figure 5: Comparison of Real-time and Cloud-Based Data Processing Latency 

 
Figure 6: Impact of Edge Computing on Decision-Making Time for Crop Management 

However, there were challenges and limitations encountered during the research, particularly with sensor 

accuracy and environmental factors. Sensors, such as those used for measuring soil moisture or 

temperature, were occasionally affected by environmental conditions like high humidity, extreme 

temperatures, or uneven terrain, which led to inaccuracies or malfunctions in the data collected. 

Furthermore, weather conditions such as strong winds or rain occasionally hindered the drones' ability to 

operate effectively, impacting data quality and flight efficiency. Technical difficulties in integrating edge 

computing devices with the drones also posed challenges during the study. Despite these challenges, the 

overall performance of the system remained strong, and the benefits of real-time data processing 

outweighed the limitations encountered. 

The practical applications of this research are particularly relevant for small- to medium-scale farmers 

who often face resource constraints. Traditional crop monitoring methods, such as manual field surveys 

or satellite imagery, can be both expensive and time-consuming. IoT-enabled drones and edge computing 
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offer a more cost-effective and efficient alternative, providing real-time insights into crop health. This 

allows farmers to make informed decisions on irrigation, fertilization, and pest control, optimizing 

resource use and improving yields. By enabling precise, large-scale monitoring, these technologies 

contribute to more sustainable and efficient farming practices, which are crucial for smallholders who may 

lack access to other advanced technologies. 

7. Conclusion 

In conclusion, the integration of IoT-enabled drones and edge computing has demonstrated significant 

potential for enhancing crop health monitoring and precision agriculture. The findings from this study 

illustrate how real-time data collection, coupled with on-site data processing, can provide farmers with 

timely, actionable insights to optimize resource use and improve crop management. IoT-enabled drones 

offer high-resolution, continuous monitoring of various crop health metrics, such as NDVI, soil moisture, 

and temperature, while edge computing reduces latency and accelerates decision-making processes. These 

advancements enable faster responses to crop stress indicators, contributing to better yield predictions and 

more sustainable farming practices. Although challenges such as sensor limitations and environmental 

factors were encountered, the overall performance of the system remained robust, showing that IoT and 

edge computing are valuable tools for modern agriculture. The findings also suggest that these 

technologies have significant practical applications, particularly for small- to medium-scale farmers, 

offering an affordable, efficient solution for crop monitoring. Future research should focus on further 

improving the capabilities of these technologies, particularly through the integration of AI and machine 

learning, to enable even more precise and automated crop management strategies, driving the future of 

sustainable agriculture. 
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