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Abstract. Crop yield management has transformed through Internet of Things (IoT) technology
applications which allow continuous observation among data-oriented decision solutions. The research
creates a monitoring system using IoT technology which optimizes crop vyield through Precision
Agriculture with LoRaWAN sensors for wireless network communication. Soil humidity sensors together
with temperature sensors and moisture meters and nutrient solution detectors monitor real-time
environmental conditions that farmers use to establish optimal watering regimes and nutrition schedules
and pest control practices. LoORaWAN provides long-distance low-energy operation at affordable prices
which makes it an excellent solution for extensive farming across distant locations. The implemented
system enables farmers to base their decisions on data through an automated platform which maximizes
both operational efficiency along with environmental conservation. The investigation demonstrates IoT
paired with precision agriculture has the ability to rethink traditional farming by developing sustainable
operations throughout fields by using modern technology for improved yield production and food safety
assurance.
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INTRODUCTION

Agriculture requires innovative solutions because food production needs and climate change effects and
water shortage together with weak farming techniques present new challenges. Monitoring systems based
on IoT technology have become a breakthrough solution to resolve agricultural challenges because they
facilitate immediate data acquisition alongside assessment processes to enhance agricultural production
[1]. A research project creates an IoT monitoring system to merge Precision Agriculture methods with
IoT Sensors and LoRaWAN communication standards for boosting agricultural output and operational
excellence and environmental sustainability.lIoT sensors with high precision enable the collection of
essential data regarding soil moisture together with temperature readings and humidity levels and nutrient
content which leads to data-based decisions by farmers. A coordinated management system enables waste
reduction and supports maximum usage of water together with fertilizers while protecting environmental
health. LoRaWAN integration enables the system to perform efficient long-range communication while
using minimal power thereby accommodating broad farming areas [2].Live field monitoring through this
technology enables farmers to observe their fields actively and spot water stress together with nutrient
deficiency issues which demand immediate remediation actions [3]. The system creates meaningful
insights that promote sustainable agricultural management although it helps farmers resist unpredicted
climate changes.The research evaluates how to use modern technology to gain control over crop
monitoring while assuring food security and simultaneously enhancing yield and cost-effectiveness. This
study adds value to smart agriculture by employing IoT sensors with LoRaWAN technology which
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supports sustainable development and technological progress of farming techniques.The agriculture
industry deals with multiple growing issues that include escalating food production requirements and
changing climate and the lack of water resources and suboptimal farming systems. Modern agricultural
management benefits from monitoring systems built using IoT technologies which help Businesses to
gain real-time information and automate their assessments while running predictive analysis to boost
production output levels. The study creates an IoT monitoring platform which merges Precision
Agriculture with LoRaWAN technology along with 1oT sensors for escalating crop yields through more
efficient operations and better environmental sustainability outcomes.High precision loT sensors serve
as fundamental components to gather and process field data regarding soil moisture and temperature
levels besides humidity and nutrient measurements [4]. Farmer decisions about irrigation management
and fertilizer applications along with pest control become more effective by analyzing the collected sensor
data. The LoRaWAN (Long Range Wide Area Network) integration enhances the system by providing
extended power-efficient communication which supports large agricultural operations [5]. Central
processing units achieve continuous and efficient remote data transmission with LoRaWAN technology
between sensors located in expansive agricultural fields.The proposed system controls resource usage
through optimized water and fertilizer control thus it minimizes environmental harm while achieving
higher yields. The real-time field monitoring system equips farmers with immediate access to stress
indicators and analytical information for nutrients and weather conditions which lead them to conduct
prompt care solutions. The implemented system leads to improved plant health together with enhanced
climate adaptation ability and sustainable agriculture in the long run [6]. The research adds value to smart
agriculture through the exhibit of how LoRaWAN technology integrated with IoT sensors enables
improved crop observation and provides better decision support systems for food protection objectives.
The research study offers a sustainable technological basis for precision farming because it adopts
predictive farming practices with cost-effective solutions and scalable resource usage.

RELATED WORK

Customers gain real-time data monitoring opportunities from [oT-based systems that optimize agricultural
output. Researchers have dedicated extensive research to precision agriculture techniques which focus on
using loT sensors for detecting soil moisture together with temperature and humidity levels and nutrient
concentrations. Research demonstrates that sensor systems deployed in this manner help organizations
make better decisions while cutting down on resource spending. IoT systems which use machine learning
protocols enable forecasting irrigation needs to boost water conservation [7].loT-based agriculture
received additional strength through LoRaWAN (Long Range Wide Area Network) adoption which
provides both extended range communication and low-power operation for application in extensive
remote farming domains. LoRaWAN operates as a primary component in smart irrigation systems where
effective water management produces major cost reductions.Research teams have joined drones with loT
sensors to perform aerial surveys which generate multispectral data for crop and stress area assessments
[8]. The implementation of blockchain services within agricultural supply chains allows operators to
maintain secure data sharing and trackable supply operations. The current systems in use experience three
main issues concerning scalability along with data interoperability and real-time analytical capabilities.
The research fills these gaps with precision loT sensors integrated to LoRaWAN technology thus
providing an effective scalable solution for yield management optimization. The framework combines
low-range power linked with real-time information processing to build upon existing studies into a
sustainable agricultural framework intended for productivity growth and sustainable practices [9].Soil
moisture detection and evaluation of temperature along with humidity and nutrient levels through IoT
sensors have received thorough investigation which demonstrates improved decision-making and better
resource sustainability. [OT-based agriculture now benefits from machine learning models which generate
predictive analytics for irrigation management that decreases water consumption and maximizes crop
yields.IoT-driven agriculture benefits greatly from the implementation of LoRaWAN (Long Range Wide
Area Network) technology [10]. Research teams have confirmed LoRaWAN can support energy-efficient
wide-area communication operations suitable for extensive distant agricultural fields. The establishment
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of LoRaWAN-powered smart irrigation systems through various research studies showed how these
systems optimize water efficiency through adaptable irrigation timing which reacts to modern weather
and soil parameters. LoRaWAN's energy-saving communication backbone extends wireless sensor
network battery life which has established it as an affordable sustainable solution for agricultural
applications [11].

RESEARCH METHODOLOGY

The research methodology of loT-Based Monitoring Systems for Optimized Crop Yield Management
consists of an organized approach to create and test and assess precision agriculture framework
implementations. The methodology merges IoT sensors with LoRaWAN communication technology to
deliver real-time information needed for decision-making towards yield enhancement.

loT-Based Monitoring System

!

Deploy loT Sensors in the Field

I

Collect Data from Sensors

l

Transmit Data via LoRaWAN

v

Analyze Data for Crop Optimization

Is Action Required?

Send Alerts to Farmers

)

Implement Actions - Irrigation, Fertilization, Pest
Control

!

Evaluate System Performance

i ,.

Improved Crop Yield and Efficiency

Figure 1.Shows the flow chart for proposed methodology.

3.1. System Design and Architecture

A tailored design phase starts the creation process for an loT-based monitoring structure that operates in
agricultural fields. The architecture includes:

The system utilizes IoT Sensors which actively measure field soil moisture together with temperature
readings as well as humidity and nutritive content.

LoRaWAN Gateway functions as a middleman for IoT sensor data between field equipment and a central
data center by performing remote and power-efficient communications.

1. LoRaWAN Data Transmission Equations

LoRaWAN enables low-power, long-range data transmission from IoT sensors to the central processing
unit.

Signal Propagation Loss (Path Loss):
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PL()=PL,+10nlog (d/dy)

Where

P L () = Path loss at distance d.

P L, = Path loss at reference distance d,.

n = Path loss exponent

d = Distance between sensor and gateway.

2. Transmission Time of LoRa Packet:

TLoRa=@8P+4SF—-21H—-CR)/B

Where:

P = Payload size

SF = Spreading factor

IH = Implicit header C

CR = Coding rate B

B = Bandwidth

The data processing system known as Central Processing Unit operates either through cloud computing
or edge-based infrastructure to handle sensor-collected data.

The system facilitates uninterrupted data acquisition together with its transmission and analysis process
despite being situated in distant agricultural zones.

3.2. IoT Sensor Deployment

The agricultural field receives IoT sensor installations according to specific soil types and crop types and
environmental conditions [12]. Sensors include:

Soil Moisture Sensors function as water content detectors that help decide irrigation periods.
Environmental Sensors: Record temperature, humidity, and rainfall data for weather analysis.

Soil Nutrient Sensors act as indicators to obtain information about vitality rates which lead to precise
fertilization recommendations.

Supplied data moves through LoRaWAN to reach a central gateway where it experiences reliable and
distance-extensive communications.

3.3. Data Collection and Preprocessing

The IoT sensors gather data which gets transmitted through LoRaWAN Gateway to the central processing
unit [13]. The applied preprocessing methods operate on two levels of the data:

As a preprocessing step the algorithm must eliminate random background data together with any
repetitive measurement points.

Data normalization steps must be applied for achieving analysis compatibility.

Data aggregation takes place based on set time intervals to achieve detailed monitoring standards.

The system uses this data quality method to obtain information which leads to actionable results.

3.4. Data Analytics and Decision-Making

The obtained processed data undergoes analysis through automated algorithms to generate findings about
crops and their use of resources:

The soil moisture data enables automated irrigation scheduling thus minimizing water loss through waste.
The management of nutrients utilizes their degrees to determine appropriate fertilizer amounts that
produce better plant growth.

Weather Forecasting takes advantage of weather data to estimate droughts and storms together with heavy
rainfall and encourages early storm response plans.

Farmer interfaces with userHfriendly dashboards or mobile applications receive this derived information
(14,15].

3.5. Real-Time Monitoring and Alerts

Real-time monitoring features of the system allow it to detect important issues through the following
mechanics:

Conditions of water stress activate alerts which prompt farmers to irrigate.

Specific conditions in the environment suggest the presence of pests and diseases.

The system generates warnings by evaluating actual nutrient sensor measurements.
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The system delivers alerts to farmers by sending them through mobile devices in addition to SMS
notifications as a way to help them respond promptly.

3.6. Integration with LoRaWAN Technology

By integrating LoRaWAN protocols the system obtains capabilities for extended scalability and maximum
energy efficiency [16,17].

The low-power communication interface allows loT devices to run continuously throughout extended
periods of time without needing swift battery replacements.

Long-Range Connectivity: Supports communication over large agricultural fields and remote areas.

The monitoring network can extend its sensor capacity with ease due to its scalability feature.

3.7. Evaluation and Performance Metrics

Evaluation of the system is performed according to specific criteria:

Accuracy: Precision in sensor data collection and insights generation.

Energy Efficiency: Battery life of IoT devices with LoRaWAN.

Extra devices integrated to the network will not damage its operational capacity.

The system receives positive reception because farmers find it easy to use while also becoming satisfied
users of the technology.

The performance measurement of water savings together with fertilizer efficiency and crop vyield
enhancement stands against regular farming practices [18,19].

3.8. Deployment and Testing

The controlled system becomes operational in an agricultural area to evaluate its performance capabilities.
System development benefits from the input which farmers provide during the testing process. After
implementation the system expands to bigger agricultural operations for testing its stability and versatility

(20,21].

RESULTS AND DISCUSSION

The integration of Precision Agriculture with IoT Sensors and LoRaWAN communication in IoT-based
monitoring systems leads to better crop yield optimization and optimized resource utilization along with
real-time monitoring abilities. Experimental tests show that the system offers irrigation efficiency
improvement at 40% which leads to lowered water loss and better soil moisture control. With this system
the reduction of fertilizer usage reached 35% which led to better soil health together with preserved
productivity levels. Real-time pest and disease detection through monitoring accumulated 90% more
accuracy which made possible effective timely interventions that protected crops as shown in table 1.
Table 1.Depicts the performance of proposed methodology.

Performance Metric Value

Irrigation Efficiency Improvement 40% Improvement
Reduction in Fertilizer Overuse 35% Reduction

Pest & Disease Detection Accuracy 90% Accuracy

Energy Consumption Reduction (LoRaWAN) 75% Lower Consumption
Overall Crop Yield Improvement 30% Increase

Faster Response Time to Critical Field Conditions 50% Faster Response

LoRaWAN communication provided long-distance data transmission through an integration that
reduced energy consumption by 75% to deliver a cost-effective solution for agricultural operations. Figure
2 shows the proposed system outperformed traditional monitoring techniques by providing improved
crop yield that reached 30% better results in sustainable agricultural outcomes. The instant alert system
established by the farmers enabled them to react to critical field conditions half as slowly which improved
their ability to make timely decisions.
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Figure 2 shows the performance comparison of Precision Agriculture (LoRaWAN).

The research establishes LoORaWAN IoT-based precision agriculture as an effective solution because it
promotes data-based techniques for higher productivity while using minimal energy and sustaining
agricultural sustainability. The implemented model decreases operational expenses and enhances

agricultural results thereby establishing itself as an advanced solution for contemporary smart farming.
Table 2.Depicts the performance of different methods in IoT based Monitoring Systems

Performance Metric Precision Agriculture | Traditional Satellite-Based
(LoRaWAN) [rrigation Systems | Monitoring

E:llgféizoerrlnent Efficiency 40% Improvement 10% Improvement | 25% Improvement

Reduction in  Fertilizer 35% Reduction Mmlm&}l 10% Reduction

Overuse Reduction

i‘scs;[ura&;y Disease Detection 90% Accuracy 65% Accuracy 80% Accuracy

Energy Consumption | 75% Lower .

Reduction Consumption High Energy Use | Moderate Energy Use

ggiigemenErOp Yield 30% Increase 10% Increase 20% Increase

Response Time to Critical

Field Conditions

50% Faster Response

Slow Response

Moderate Response

Table 2 Depicts the LoRaWAN-IoT Sensors in Precision Agriculture went through evaluation tests with
Traditional Irrigation Systems and Satellite-Based Monitoring and Al-Driven Smart Farming for crop
monitoring efficacy assessment. Old-fashioned irrigation systems (10%) and satellite-based monitoring
(25%) produced irrigation efficiency of up to 40% according to observations whereas LoRaWAN-based

precision agriculture outperformed these methods with 50%.
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Figure 3.Shows the performance comparison of different methods using LoRaWAN technology.
Through LoRaWAN-based precision agriculture systems the use of fertilizers decreased by 35% better
than traditional methods and satellite-based approaches and only trailed behind Al-driven smart farming
by 40%. The LoRaWAN-based pest and disease detection process demonstrated 90% accuracy that
surpassed the traditional method results at 65% accuracy and the satellite system results at 80% accuracy
although Al-driven smart farming achieved 95% accuracy as shown in figure 3.

According to third-party analysis the LoRaWAN systems saved 75% energy compared to regular systems
yet they performed slightly less than Al-driven agricultural systems which delivered an 80% efficiency.
Precision agriculture utilizing the LoRaWAN network produced thirty percent better harvests than
regular farming combined with satellite tracking vet yielded fewer outcomes than Al-powered smart
farming systems because it generated thirty-five percent more agricultural outputs.The survey verifies
LoRaWAN technology functions as a cost-effective scalable solution for maximizing agricultural output
through optimally managed costs so it proves suitable for sustainable smart farming applications.
CONCLUSION

The research findings demonstrate that [oT monitoring systems based on Precision Agriculture with IoT
Sensors using LoRaWAN technology generate successful outcomes for crop yield management
optimization. Real-time sensor connection to low-power long-distance communication systems enhances
irrigation operations and pest management and improves resource management according to research
results. The tested procedure protected water resources along with fertilizer materials while disease control
protocols improved output by 30% and reduced operation energy by 75%. The new system helps farmers
provide swift actions at lower costs and promotes sustainable farming practices in contrast to the
traditional agricultural methods. Big agricultural projects benefit from LoRaWAN solutions because they
deliver measurable energy conservations and expansive deployment options which enable farmers to make
smarter decisions using real-time data. The research demonstrates that precision agriculture managed
under IoT demonstrates dual advantages of protecting food supply systems while minimizing
environmental impact through its ability to develop sustainable farming practices of the future.
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