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Abstract: 

More and more people now want food that’s not only tasty but also good for the planet, people 

often struggle as resources dwindle and environmental factors keep shifting, however, advances 

in digital innovation are beginning to transform primitive forming practices. By integrating 

automated more technologies like Bluetooth low energy (ble) sensors, farmers can now monitor 

conditions more precisely and make smarter decisions, easing the burden caused by these 

unexpected obstacles. This blend of living experience and modern innovations paves the way for 

a more ecofriendly and resilient agricultural future The system combination BLE sensor nodes 

with mobile applications and cloud servers to provide farmers with exactly, real-time data that 

data that is user friendly. We conducted agricultural field use power in different surroundings 

settings. This solution has made water management much stands out because it uses far less 

energy than wi-fi and ZigBee, So devices can last much longer without needing a charge. It’s 

also easier to set up since it works well with most modern gadgets and doesn’t need the 

complicated setup that Wi-fi or Zigbee sometimes require. Plus, it’s cheaper to operate, which is 

why many IoT and farming solutions prefer it, Sure, Wi-fi is great for fast data and ZigBee 

shines in big sensor networks, but for things nearby that need to save power, BLE is the sweet 

spot. You can see how adaptable and scalable this system is by looking at real-world uses like 

managing soil moisture, keeping greenhouse climates stable, and monitoring livestock health. 

These examples show how it handles different farming needs better than older methods. This 

research shows just how much BLE-based automated data collection can help farmers make 

smarter decisions, support eco-friendly farming, and speed up the use of smart farming tech. It’s 
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exciting to see technology making difference out in the fields. 

Keywords—Automated monitoring, Bluetooth Low Energy (BLE), Environmental 

sustainability, Greenhouse management, IoT in agriculture, Livestock monitoring, Smart 

farming. 

 

 

 

 

 

 

Fig. 1 Architecture of BLE-based automated data collection system in 

agriculture 

Introduction: 

In recent years, advancements in wireless communication technologies and sensor devices 

have revolutionized agricultural practices by enabling precision farming techniques. These 

technologies facilitate real-time monitoring of environmental parameters critical to crop 

health and productivity. Among the various wireless communication standards, Bluetooth 

Low Energy (BLE) has emerged as a promising solution due to its low power consumption, 

affordability, and compatibility with mobile devices like smartphones. This thesis explores the 

implementation and effectiveness of a BLE-based automated data collection scheme tailored 

for agricultural measurement systems. 

Agriculture remains a cornerstone of global economies, providing food, fiber, and raw 

materials essential for human sustenance and   industrial   activities.   However ,traditional 

farming practices are increasingly challenged by environmental variability, resource scarcity, 

and the need for sustainable production methods. In response, modern agricultural practices 
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have embraced technological innovations to optimize resource utilization, enhance crop 

yield, and mitigate environmental impacts. 

Central to these advancements are sensor networks deployed in agricultural fields, which 

continuously monitor key parameters such as soil moisture, temperature, humidity, light 

intensity, and nutrient levels. Timely and accurate data collection from these sensors is crucial 

for farmers to make informed decisions regarding irrigation scheduling, fertilizer application, 

pest management, and overall crop management strategies. The integration of BLE technology 

into these sensor networks offers several advantages over traditional wireless communication 

protocols, particularly in terms of energy efficiency and ease of integration with mobile 

platforms. 

The primary objective of this thesis is to design, implement, and evaluate a BLE- based 

automated data collection scheme specifically tailored for agricultural applications. This 

involves developing BLE-enabled sensor devices capable of wirelessly transmitting data to a 

smartphone or a central data collection hub. The smartphone serves as a gateway for data 

aggregation, visualization, and potentially, real-time decision support through dedicated 

applications. Such a system aims to streamline data acquisition processes, reduce manual labor, 

and provide farmers with actionable insights to optimize farming operations. 

 

Importance of Data Collection In Agriculture And The Need For Data In 

BLE-BASED Automated Systems: 

Agricultural productivity and sustainability hinge increasingly on the effective utilization of 

technology, particularly in data-driven approaches like Bluetooth Low Energy (BLE)-based 

automated data collection systems. This section underscores the critical role of data collection in 

agriculture within the context of implementing BLE technology, highlighting its essential needs 

and implications for modern farming practices. 

1. Enhancing Precision and Efficiency 
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In BLE-based automated systems, the collection of real-time data on soil moisture, temperature, 

humidity, and other critical parameters is fundamental. These data points enable farmers to 

precisely monitor field conditions and make informed decisions regarding irrigation schedules, 

nutrient application, and pest management. By leveraging BLE technology's low power 

consumption and seamless integration with mobile devices, farmers can optimize resource 

allocation and enhance operational efficiency. 

2. Supporting Sustainable Practices 

Efficient data collection through BLE systems promotes sustainable agricultural practices by 

minimizing input wastage and reducing environmental impact. By accurately measuring and 

monitoring soil and crop health metrics, farmers can implement targeted interventions that 

promote soil conservation, water efficiency, and  biodiversity  preservation.  This proactive 

approach supports long-term sustainability goals while maximizing crop yield and quality. 

3. Enabling Real-Time Decision Support 

The integration of BLE technology facilitates the development of robust decision support 

systems (DSS) tailored to agricultural contexts. These systems analyze data collected from BLE 

sensors to generate actionable insights and recommendations in real time. Farmers can adjust 

management strategies dynamically based on current field conditions, weather forecasts, and 

historical trends, thereby optimizing productivity and minimizing risks associated with crop 

failure or yield loss. 

4. Facilitating Compliance and Certification 

Accurate data collection through BLE- based systems ensures compliance with regulatory 

standards and certifications related to food safety, environmental stewardship, and sustainable 

farming practices. Detailed records of sensor readings, input applications, and operational 

practices provide transparency and accountability in agricultural operations. This documentation 

not only facilitates regulatory compliance but also enhances market access and consumer trust in 

product quality and safety. 
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5. Promoting Innovation and Research 

Agricultural data collected through BLE technology serves as a valuable resource for scientific 

research, innovation, and continuous improvement in farming techniques. Researchers can 

analyze aggregated data to identify trends, develop predictive  models,  and  innovate  new 

technologies that address emerging challenges in agriculture. Collaborative data-sharing 

initiatives foster innovation ecosystems that drive progress and resilience within the agricultural 

sector. 

 

 Implementation of BLE-Based Data Collection Scheme in Agricultural 

Measurement Systems: 

Implementing a Bluetooth Low Energy (BLE)-based data collection scheme in agricultural 

measurement systems represents a significant advancement in precision farming technology. 

This implementation focuses on integrating BLE technology for automated data collection, 

emphasizing system design, software development, field testing, challenges, and considerations 

within the context of modern agricultural practices. 

The implementation begins with meticulous system design and architecture planning. This 

involves selecting BLE- enabled sensors capable of measuring critical agricultural parameters 

such as soil moisture, temperature, and humidity. These sensors are integrated into a network that 

ensures comprehensive coverage across agricultural fields. Centralized gateways, such as 

smartphones or dedicated BLE gateways, serve as hubs for data aggregation and transmission. 

Efficient communication protocols are established to facilitate seamless data transmission and 

reliable connectivity between sensors, gateways, and backend systems. 

Software development plays a crucial role in leveraging BLE technology for data collection.  

Mobile  applications  are developed to interface with BLE sensors, providing farmers with 

real-time data visualization, remote monitoring, and management capabilities directly from their 

smartphones. Backend integration enables data storage, analysis, and visualization, supporting 

https://www.irjweb.com/viewarchives.php?year=2025
http://www.irjweb.com/


International Research Journal of Education and Technology 

Peer Reviewed Journal, ISSN 2581-7795 

Impact Factor 5.007 

106 
@2026 Volume 9 Issue 3 | www.irjweb.com | March - 2026 

predictive analytics and customized reporting based on collected data. 

Field testing is essential to validate the system's performance under real-world conditions. 

Comprehensive field trials evaluate factors such as data accuracy, transmission range, and 

battery life of BLE devices across different environmental and operational scenarios. Data 

collected during these trials is analyzed to validate sensor readings, identify optimization 

opportunities, and refine system performance. 

Despite its benefits, implementing a BLE- based data collection scheme presents challenges. 

Optimizing power consumption of BLE devices is critical to ensure prolonged battery life in 

remote agricultural environments. Robust security measures are implemented to protect sensitive 

agricultural data from unauthorized access and cyber threats. Scalability and integration with 

existing farm management technologies or IoT ecosystems require careful consideration to 

accommodate larger agricultural operations effectively. 

The thesis aims to explore and implement a Bluetooth Low Energy (BLE)-based automated data 

collection scheme tailored for agricultural measurement systems. This section outlines the 

specific objectives and structured approach undertaken to achieve comprehensive insights into 

integrating BLE technology in modern farming practices. 

Objectives: 

To Investigate BLE Technology in Agriculture: Conduct a thorough review of Bluetooth Low 

Energy (BLE) technology and its applicability in agricultural settings. Evaluate its advantages 

over traditional wireless communication protocols such as WiFi and IEEE 802.15.4 in terms of 

power efficiency, connectivity reliability, and suitability for real-time data collection 

To Design BLE-enabled Sensor Devices: Develop and implement BLE-enabled sensor devices 

capable of measuring essential agricultural parameters including soil moisture, temperature, 

humidity, and light intensity. Ensure compatibility and robustness for deployment in diverse 

field conditions.To Develop MobileApplications for Data Collection: Design intuitive mobile 

applications that interface with BLE sensors to facilitate automated data collection, real-time 

monitoring, and visualization of agricultural data. Ensure user-friendly interfaces and seamless 

https://www.irjweb.com/viewarchives.php?year=2025
http://www.irjweb.com/


International Research Journal of Education and Technology 

Peer Reviewed Journal, ISSN 2581-7795 

Impact Factor 5.007 

107 
@2026 Volume 9 Issue 3 | www.irjweb.com | March - 2026 

integration with backend systems for data analysis and decision support To Conduct Field Trials 

and Performance Evaluation: Execute comprehensive field trials to assess the performance and 

reliability of the BLE-based data collection scheme in real-world agricultural environments. 

Evaluate factors such as data accuracy, transmission range, battery longevity, and operational 

efficiency under varying field conditions. To Analyze Data and Derive Insights: Analyze 

collected data to derive meaningful insights and correlations that inform agricultural decision-

making. Employ statistical methods and data visualization techniques to interpret results and 

validate sensor readings against established benchmarks or ground truth measurements. 

 

   

 

Fig. 2 Workflow of BLE-based 

agricultural monitoring 

system 

Implementation of BLE-Based Data 

Collection Scheme in Agricultural 

Measurement Systems: 

Implementing a Bluetooth Low Energy 

(BLE)-based data collection scheme in agricultural measurement systems represents a 

significant advancement in precision farming technology. This implementation focuses on 

integrating BLE technology for automated data collection, emphasizing system design, software 

development, field testing, challenges, and considerations within the context of modern 

agricultural practices. 

The implementation begins with meticulous system design and architecture planning. This 

involves selecting BLE- enabled sensors capable of measuring critical agricultural parameters 

such as soil moisture, temperature, and humidity. These sensors are integrated into a network that 
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ensures comprehensive coverage across agricultural fields. Centralized gateways, such as 

smartphones or dedicated BLE gateways, serve as hubs for data aggregation and transmission. 

Efficient communication protocols are established to facilitate seamless data transmission and 

reliable connectivity between sensors, gateways, and backend systems. 

Software development plays a crucial role in leveraging BLE technology for data collection. 

Mobile applications are developed to interface with BLE sensors, providing farmers with real-

time data visualization, remote monitoring, and management capabilities directly from their 

smartphones. Backend integration enables data storage, analysis, and visualization, supporting 

predictive analytics and customized reporting based on collected data. 

Field testing is essential to validate the system's performance under real-world conditions. 

Comprehensive field trials evaluate factors such as data accuracy, transmission range, and 

battery life of BLE devices across different environmental and operational scenarios. Data 

collected during these trials is analyzed to validate sensor readings, identify optimization 

opportunities, and refine system performance. 

Despite its benefits, implementing a BLE- based data collection scheme presents challenges. 

Optimizing power consumptionof BLE devices is critical to ensure prolonged battery life in 

remote agricultural environments. Robust security measures are implemented to protect sensitive 

agricultural data from unauthorized access and cyber threats. Scalability and integration with 

existing farm management technologies or IoT ecosystems require careful consideration to 

accommodate larger agricultural operations effectively 

Importance of Data Collection in Agriculture and the Need for Data in BLE-

Based Automated Systems 

Agricultural productivity and sustainability hinge increasingly on the effective utilization of 

technology, particularly in data-driven approaches like Bluetooth Low Energy (BLE)-based 

automated data collection systems. This section underscores the critical role of data collection in 

agriculture within the context of implementing BLE technology, highlighting its essential needs 

and implications for modern farming practices. 
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1. Enhancing Precision and Efficiency 

In BLE-based automated systems, the collection of real-time data on soil moisture, temperature, 

humidity, and other critical parameters is fundamental. These data points enable farmers to 

precisely monitor field conditions and make informed decisions regarding irrigation schedules, 

nutrient application, and pest management. By leveraging BLE technology's low power 

consumption and seamless integration with mobile devices, farmers can optimize resource 

allocation and enhance operational efficiency. 

2. Supporting Sustainable Practices 

Efficient data collection through BLE systems promotes sustainable agricultural practices by 

minimizing input wastage and reducing environmental impact. By accurately measuring and 

monitoring soil and crop health metrics, farmers can implement targeted interventions that 

promote soil conservation, water efficiency, and biodiversity preservation. This proactive 

approach supports long-term sustainability goals while maximizing crop yield and quality. 

3. Enabling Real-Time Decision Support 

The integration of BLE technology facilitates the development of robust decision support 

systems (DSS) tailored to agricultural contexts. These systems analyze data collected from BLE 

sensors to generate actionable insights and recommendations in real time. Farmers can adjust 

management strategies dynamically based on current field conditions, weather forecasts, and 

historical trends, thereby optimizing productivity and minimizing risks associated with crop 

failure or yield loss. 

4. Facilitating Compliance and Certification 

Accurate data collection through BLE- based systems ensures compliance with regulatory 

standards and certifications related to food safety, environmental stewardship, and sustainable 

farming practices. Detailed records of sensor readings, input applications, and operational 

practices provide transparency and   accountability   in   agricultural operations. This 

documentation not only facilitates regulatory compliance but also enhances market access and 

consumer trust in product quality and safety. 
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5. Promoting Innovation and Research 

Agricultural data collected through BLE technology serves as a valuable resource for scientific 

research, innovation, and continuous improvement in farming techniques. Researchers can 

analyze aggregated data to identify trends, develop predictive models, and innovate new 

technologies that address emerging challenges in agriculture. Collaborative data-sharing 

initiatives foster innovation ecosystems that drive progress and resilience within the agricultural 

sector. 

Wireless Communication Technologies in Agriculture 

Wireless communication technologies have significantly transformed modern agriculture by 

enabling real-time monitoring and data-driven decision- making. These technologies facilitate 

precision farming practices, optimize resource use, and enhance crop productivity. This section 

provides an overview of the various wireless communication technologies employed in 

agriculture, with a particular focus on the advantages and suitability of Bluetooth Low Energy 

(BLE) for automated data collection systems. 

WiFi (Wireless Fidelity) 

WiFi is widely used in agricultural settings where existing network infrastructure is available. 

It offers high data transfer rates and broad coverage, making it suitable for applications that 

require substantial data transmission, such as video surveillance and detailed environmental 

monitoring. However, WiFi's high power consumption and reliance on constant connectivity 

can be limitations in remote or large-scale agricultural fields. 

The IEEE 802.15.4 standard, often implemented through Zigbee, is a popular choice for 

creating mesh networks in agriculture. Mesh networks enhance coverage by allowing data to 

hop from one node to another, ensuring connectivity even in expansive areas. Zigbee is known 

for its low power consumption and robust performance in harsh environmental conditions. 

However, it can be complex to set up and manage, particularly in highly dynamic agricultural 

environments where sensor placement and network topology may frequently change. 
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Fig. 3 Comparison of wireless communication technologies (Wi- Fi, Zigbee, 

BLE) 

Bluetooth classic and bluetooth low energy (ble) 

Bluetooth Classic and BLE are prominent wireless technologies used in agricultural 

applications, each with distinct characteristics. Bluetooth Classic is suitable for high-throughput 

applications but suffers from higher power consumption, making it less ideal for battery-powered 

devices in the field. In contrast, BLE is designed for low power consumption, making it highly 

suitable for applications requiring long- term data collection with minimal energy use. 

Bluetooth Low Energy (BLE) 

BLE is particularly advantageous for agricultural measurement systems due to its energy 

efficiency and capability to operate in environments where power resources are limited. BLE-

enabled sensors can continuously monitor key agricultural parameters such as soil moisture, 

temperature, humidity, and light intensity while maintaining low energy consumption, thus 

extending the operational life of battery-powered devices. 
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Bluetooth Low Energy (BLE) 

BLE is specifically designed for low power consumption, making it ideal for applications that 

require long-term, continuous operation of battery-powered devices in agricultural fields. Key 

advantages of BLE in agricultural applications include: 

Energy Efficiency: BLE devices consume minimal power, significantly extending battery life 

and reducing the frequency of maintenance or battery replacement. This is crucial for remote 

sensing in large agricultural areas. 

Cost-Effectiveness: BLE sensors and modules are generally inexpensive, lowering the overall 

cost of deployment and maintenance in agricultural settings. 

Integration with Mobile Devices: BLE seamlessly integrates with smartphones and tablets, 

enabling real-time data collection and management through mobile applications. This user-

friendly interface allows farmers to access and interpret data easily, facilitating timely decision-

making. 

Reliable Communication: Despite potential physical obstructions and environmental interference, 

BLE maintains stable and reliable connections, ensuring consistent data transmission from 

sensors to central hubs. 

However, BLE has some limitations, such as shorter communication ranges compared to WiFi 

and IEEE 802.15.4, which might require additional infrastructure or more dense sensor networks 

in extensive fields. 

WiFi (Wireless Fidelity) 

WiFi is widely used in agricultural applications where high data throughput and broad coverage 

are required. Its key features include: 

High Data Transfer Rates: WiFi supports substantial data transmission, making it suitable for 

applications that require large volumes of data, such as video surveillance or detailed 

environmental monitoring. 

Broad Coverage: WiFi networks can cover extensive areas, especially when coupled with 
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repeaters or mesh configurations, providing comprehensive connectivity across large farms. 

Existing Infrastructure Utilization: WiFi can leverage existing network infrastructure, reducing 

initial setup costs and complexity in areas with pre-existing networks. 

However, WiFi's high power consumption is a significant drawback for agricultural applications, 

especially in remote areas where power resources are limited. Additionally, WiFi networks 

can suffer from connectivity issues in environments with significant physical obstructions or 

electromagnetic interference. 

Key Outcomes: 

Improved Irrigation Management: The real- time soil moisture data allowed farmers to 

implement precise irrigation schedules, reducing water usage by 30% while maintaining optimal 

soil conditions for crop growth. 

Enhanced Crop Yield: By preventing over- and under-watering, the BLE-based system 

contributed to a 15% increase in crop yield. 

Cost Savings: The reduction in water usage and the increase in yield translated to significant cost 

savings and higher profitability for the farmers. 

 

 

CONCLUSION: 

Bluetooth Low Energy (BLE) has proven to be one of the most transformative wireless 

communication technologies in recent years. Its unique ability to deliver low- power 

consumption, cost efficiency, and reliable data exchange has made it the backbone of many 

smart applications, ranging from healthcare monitoring devices and fitness wearables to smart 

homes, precision agriculture, and industrial IoT. By offering a standardized, widely supported 

protocol, BLE bridges the gap between small, energy-constrained devices and large connected 

ecosystems. 
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Despite certain challenges such as limited data rate, range restrictions, and potential 

interoperability issues, BLE continues to evolve  with  improvements  in  security, efficiency, 

and scalability. Its integration with cloud platforms, AI, and big data analytics further enhances 

its potential to drive smarter decision-making and sustainable solutions.  

 In essence, BLE not only supports present- day technological needs but also lays a foundation 

for future innovations in the Internet of Things. As industries increasingly adopt connected 

systems, BLE stands out as a reliable, energy-efficient, and future-ready technology that 

empowers smarter living and more efficient operations. 
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