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INTRODUCTION

Agriculture plays a crucial role in food production and
economic development. Traditional farming methods rely
on manual monitoring of environmental conditions such as
soil moisture, temperature, and humidity. This process is
often time-consuming and inefficient, especially for large
agricultural fields. To address these challenges, modern
smart farming technologies are being introduced. A
**LoRa based smart agriculture monitoring system
provides an efficient solution for real-time monitoring of
field conditions. The system uses sensors to collect
environmental data and transmits the information over long
distances using LoRa communication. This approach helps
farmers monitor crops effectively, reduce water wastage,
and improve agricultural productivity.

1.1 ENLARGED PROBLEM

Traditional agriculture faces several challenges such as

lack of real-time monitoring, inefficient irrigation
management, and difficulty in supervising large farming
areas. Farmers often rely on manual observation, which
may lead to water wastage and reduced crop productivity.
An efficient monitoring system is required to improve
farming efficiency.

1.1.1 LACK OF REAL -TIME FIELD MONITORING
field
temperature, and

Farmers often cannot continuously monitor
conditions such as soil moisture,
humidity. This makes it difficult to understand the real-time
status of crops. As a result, important farming decisions
may be delayed. Using technologies like LoRa can help

provide continuous remote monitoring.

1.1.2 WATER WASTAGE IN IRRIGATION
Traditional irrigation methods often supply water without
checking soil moisture conditions. This leads to excessive
water usage and wastage. Smart monitoring systems can
help control irrigation efficiently and conserve water

1.1.3 LIMITED COMMUNICATION RANGE
Traditional wireless technologies like Wi-Fi and Bluetooth
have a limited communication range. This makes them
unsuitable for monitoring large agricultural fields. Farmers
cannot receive data from distant areas of the farm.
Technologies such as LoRa provide
communication for better monitoring.
1.1.4 HIGH POWER CONSUMPTION
Many traditional agricultural monitoring systems consume
a large amount of electrical power during operation. This
becomes a major issue when the system is deployed in

long-distance
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remote farming areas where continuous power supply may
not be available. High power consumption increases
operational costs and reduces system efficiency. Devices
that require frequent charging or battery replacement are
not practical for long-term agricultural monitoring.
Farmers may face difficulties maintaining such systems
regularly. Therefore, it is important to use low-power
communication technologies. Systems based on LoRa are
designed to consume very low power while transmitting
data over long distances. This helps improve energy
efficiency and supports continuous monitoring. As a result,
the overall reliability of the smart agriculture monitoring
system increases.

1.2 SOLUTION PROPOSAL

To overcome the challenges in traditional agriculture, a
smart agriculture monitoring system is proposed. The
system uses environmental sensors to measure parameters
such as soil moisture, temperature, and humidity. These

sensors are connected to a microcontroller that collects and
processes the data. The collected data is transmitted
wirelessly using LoRa communication technology. LoRa
provides long-distance communication with very low
power consumption. This makes it suitable for monitoring
large agricultural fields. The system also includes a relay
module to control irrigation automatically. When the soil
moisture level becomes low, the water pump is activated.
This helps reduce water wastage and improves irrigation
efficiency. Overall, the proposed system supports smart
farming and improves crop productivity

1.2.1 LONG-RANGE

COMMUNICATION

Long-range communication is essential for monitoring
large agricultural fields. Technologies like Wi-Fi and
Bluetooth have limited coverage and are not suitable for
wide areas. LoRa enables wireless data transmission over
several kilometers. This allows farmers to receive field
data from distant locations. As a result, the system supports
reliable and efficient remote monitoring.

1.2.2 SENSOR-BASED DATA COLLECTION

Sensor-based data collection is an important part of the
smart agriculture monitoring system. Various sensors are
used to measure environmental parameters in the
agricultural field. Soil moisture sensors detect the moisture
level of the soil to determine irrigation needs. Temperature
sensors measure the surrounding temperature conditions.
Humidity sensors monitor the moisture content in the air.

These sensors continuously collect data from the field. The
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collected data is sent to a microcontroller for processing
and analysis. The microcontroller evaluates the sensor
readings to determine the field condition. The processed
information is then transmitted wusing LoRa
communication. This enables farmers to monitor crop
conditions remotely. Sensor-based monitoring helps
improve farming efficiency and crop productivity

1.2.3 AUTOMATIC IRRIGATION CONTROL
Automatic irrigation control helps supply water to crops
based on soil moisture levels. A soil moisture sensor
continuously checks the moisture content in the soil. When
the moisture level becomes low, the system activates the
water pump using a relay module. The data and control
signals can be transmitted using LoRa communication.
This process helps reduce water wastage and improves
irrigation efficiency.

1.2.4. LOW POWER OPERATION

Low power operation is essential for smart agriculture
monitoring systems used in remote fields. The devices
must operate for long periods using limited energy sources.
LoRa consumes very low power while transmitting data.
This helps extend battery life and reduce maintenance. As
aresult, the system becomes more efficient and suitable for
long-term agricultural monitoring.

1.2.5 REAL-TIME MONITORING

Real-time monitoring allows farmers to observe field
conditions continuously. Sensors collect data such as soil
and humidity. The data is
transmitted instantly using LoRa communication. This
helps farmers make quick decisions to improve crop

moisture, temperature,

growth and irrigation management

1.2.6 OVERALL SYSTEM EFFECTIVENESS

The proposed smart agriculture monitoring system
improves the efficiency of modern farming practices. It
enables continuous monitoring of important environmental
parameters such as soil moisture,

temperature, and humidity. The use of sensors helps collect
accurate data directly from the agricultural field. This data
is transmitted over long distances using LoRa
communication technology. LoRa ensures reliable
communication with low power consumption. The system
also supports automatic irrigation control based on soil
moisture levels. This helps reduce water wastage and
ensures proper irrigation for crops. Farmers can monitor
field conditions remotely without visiting the farm
frequently. The system reduces labor effort and operational
costs. Overall, the proposed solution enhances crop
productivity and supports efficient smart agriculture

practices
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1.3 DESCRIPTION OF THE SYSTEM

COMPONENTS

1.3.1 HARDWARE COMPONENTS

To The proposed smart agriculture monitoring system
consists of several hardware components that work
together to monitor field conditions. A microcontroller acts
as the main processing unit of the system. It collects data
from different sensors connected to it. The soil moisture
sensor measures the moisture level of the soil. Temperature
and humidity sensors monitor environmental conditions in
the field. These sensors continuously send data to the
microcontroller for analysis. A LoRa module is used for
long-distance wireless communication. LoRa enables
reliable data transmission with low power consumption. A
relay module is used to control the irrigation system
automatically. The relay activates the water pump when
soil moisture becomes low. A power supply unit provides
the required electrical energy to all components.
Connecting wires and supporting circuits help integrate all
hardware modules. Together, these components create an
efficient smart agriculture monitoring system

1.3.2 FEATURES OF THE SENSORS

Sensors play an important role in the smart agriculture
monitoring system. They are used to measure different
environmental parameters in the agricultural field. The soil
moisture sensor detects the amount of water present in the
soil. Temperature sensors measure the surrounding
temperature conditions. Humidity sensors monitor the
moisture level in the air. These sensors provide accurate
and real-time data about field conditions. The collected
sensor data is processed by the microcontroller. The
information can then be transmitted using LoRa

communication for remote monitoring.

1.3.3 IDENTIFIED PROBLEMS IN
TRADITIONAL SYSTEMS

Traditional agriculture systems mainly depend on manual
monitoring of field conditions. This method is time-

THE

consuming and often inaccurate. Farmers may not receive
timely information about soil and environmental
conditions. Using technologies like LoRa can help
overcome these limitations by enabling remote monitoring
1.3.3.1. MANUAL MONITORING

Manual monitoring requires farmers to check field
conditions by visiting the farm regularly. This process is
time-consuming and inefficient. It may also lead to delayed
decisions in irrigation and crop management.

1.3.3.2. LIMITED DATA COLLECTION

Traditional farming methods collect very little data about
field conditions. Farmers mainly depend on manual
observation instead of continuous monitoring. Smart
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systems using LoRa can help collect accurate field data
regularly.

1.3.3.3 HIGH WATER USAGE

High water usage is a major problem in traditional
irrigation systems. Farmers often irrigate fields without
checking the actual soil moisture level. This results in
excessive water consumption. Continuous over-irrigation
may also affect soil quality and crop health. Water
resources are wasted due to lack of proper monitoring. In
many regions, water availability is already limited.
Efficient irrigation management is therefore very
important. Smart monitoring systems using LoRa can help
control irrigation and reduce unnecessary water usage

1.3.3.4 HIGH LABOR REQUIREMENT

Traditional agriculture requires farmers to frequently visit
the field to check crop and soil conditions. This increases
physical effort and time consumption. Manual irrigation
and monitoring also increase labor costs. Using smart
systems with LoRa communication can reduce human
effort by enabling remote monitoring and automated
control

1.3.3.5 LACK OF AUTOMATION

Traditional agriculture systems mainly depend on manual
operation for irrigation and monitoring. Farmers must
manually start or stop irrigation pumps. This process takes
more time and effort. It may also lead to delayed actions in
crop management. Lack of automation reduces farming
efficiency. Smart systems using LoRa can automate
monitoring and irrigation processes.
14 MOTIVATION FOR
TECHNOLOGY

The use of LoRa technology in smart agriculture
monitoring systems is motivated by its ability to provide

USING LORA

long-range wireless communication with very low power
consumption. Agricultural fields are often spread over
large areas, making it difficult to monitor them using
traditional short-range communication technologies. LoRa
enables reliable data transmission over several kilometers,
which is ideal for remote farming locations. It allows
sensors and monitoring devices to communicate efficiently
without requiring complex wired connections. This
technology also supports real-time monitoring of important
environmental parameters such as soil moisture,
temperature, and humidity. As a result, farmers can receive
accurate field data and make better decisions regarding
irrigation and crop management. By integrating LoRa with
IoT-based agriculture systems, the monitoring process
becomes more efficient, cost-effective, and suitable for
modern smart farming applications.
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1.5 DATA
OPERATION
In the proposed system, sensors collect environmental data
such as soil moisture, temperature, and humidity from the
agricultural field. The microcontroller processes the
collected data for analysis. The processed information is
transmitted using LoRa communication. Based on the

PROCESSING AND SYSTEM

sensor readings, the system automatically controls
irrigation. This helps farmers monitor and manage field
conditions efficiently.

1.5.1 SENSOR DATA COLLECTION

Sensor data collection is an important part of the smart
agriculture monitoring system. Various sensors are placed
in the agricultural field to measure environmental
parameters. The soil moisture sensor is used to detect the
water content in the soil. Temperature sensors measure the
surrounding temperature of the environment. Humidity
sensors monitor the moisture level present in the air. These
sensors continuously observe the field conditions. The
collected data is transmitted to the microcontroller. The
microcontroller receives and processes the sensor readings.
After processing, the data is prepared for wireless
transmission. The information is sent through LoRa
communication. This allows farmers to monitor the field
remotely and take necessary actions for crop management.

1.5.2 DATA TRANSMISSION
Data transmission is an important process in the smart
agriculture  monitoring system. After collecting

environmental data from sensors, the microcontroller
processes the information. The processed data must be sent
to the monitoring unit for observation. For this purpose,
wireless communication technology is used. The system
uses LoRa modules for transmitting the data. LoRa enables
long-range communication with low power consumption.
The transmitter unit sends the sensor data through the LoRa
module. The receiver unit placed at another location
receives the transmitted data. This communication can
cover several kilometers depending on environmental
conditions. The received data can be displayed on a
monitoring device or system. Farmers can easily check the
field status without visiting the farm. This improves
monitoring efficiency and supports smart agriculture
practices.

1.5.3 DATA ANALYSIS

Data analysis plays an important role in the smart
agriculture monitoring system. After collecting data from
various the microcontroller processes the
information. The sensor readings such as soil moisture,

SE€Nsors,

temperature, and humidity are analyzed. This helps
determine the current condition of the agricultural field.
The system compares the collected values with predefined
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threshold levels. Based on this comparison, the system
decides whether irrigation is required. The analyzed data
helps in making automatic decisions for crop management.
The processed information is also transmitted through
LoRa communication. Farmers can view the analyzed data
remotely for better monitoring. This analysis improves
farming efficiency and supports smart agriculture practices
1.5.5 AUTOMATED CONTROL

Automated control helps manage irrigation without manual
effort. The soil moisture sensor continuously monitors the
water level in the soil. The microcontroller analyzes the
sensor data and decides when irrigation is needed. If the
moisture level becomes low, the system automatically
activates the water pump using a relay module. The system
can also transmit control information using LoRa
This process improves irrigation
efficiency and reduces water wastage.

1.6 LORA BASED SMART AGRICULTURE

1.6.1. SYSTEM ARCHITECTURE

The system architecture of the smart agriculture
monitoring system consists of transmitter and receiver
units. Sensors placed in the agricultural field collect data
such as soil moisture, temperature, and humidity. The
microcontroller processes the collected sensor data. The
processed information is transmitted wirelessly using
LoRa communication technology. The receiver unit

communication.

collects the transmitted data for monitoring. This
architecture enables efficient remote monitoring and
automatic irrigation control in agriculture..

1. Transmitter Unit

The transmitter unit is installed in the agricultural field to
collect environmental data. It consists of sensors, a
microcontroller, and a communication module. Sensors
measure parameters such as soil moisture, temperature, and
humidity. The microcontroller processes the collected
sensor data and prepares it for transmission. The
information is then sent to the receiver unit using LoRa
communication.

2. Receiver Unit

The receiver unit is responsible for collecting the data
transmitted from the field sensors. It consists of a
microcontroller and a LoRa receiver module. The receiver
captures the information sent by the transmitter unit. The
received data is then processed by the microcontroller.
After processing, the information can be displayed on a
monitoring system. This allows farmers to check field
conditions from a remote location. The communication is
enabled using LoRa for reliable long-distance data transfer.
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3. Sensor Module:

The sensor module consists of different sensors used
to measure environmental conditions in the agricultural
field. It typically includes soil moisture, temperature, and
humidity sensors. These sensors continuously collect
important data about the field environment. The collected
sensor readings are sent to the microcontroller for
processing. Accurate sensor data helps improve irrigation
management and crop monitoring.

4. Microcontroller Unit :

The microcontroller unit acts as the central
processing component of the system. It receives input data
from the various sensors connected to the system. The
microcontroller analyzes and processes the sensor
readings. Based on the processed data, it controls
This unit
manages the overall functioning of the smart agriculture
monitoring system.

1.6.2 SYSTEM FLOW DIAGRAM
The system flow of a LoRa-based smart agriculture
monitoring system begins with sensors that collect soil

communication and irrigation operations.

moisture, temperature, humidity, and optionally light or pH
data. The microcontroller processes these readings and
prepares them for transmission via the LoRa module. Data
is sent from sensor nodes to a central LoRa gateway, which
forwards it to a server or cloud platform. The server stores,
visualizes, and analyzes the data, generating trends,
insights, and alerts. Based on the analysis, automated
control signals are sent to irrigation pumps, sprinklers, or
fertilizer systems. This closed-loop system ensures real-
time monitoring, efficient resource usage, and timely
actions for optimal crop management.

1.6.3 ADVANTAGEOUS ASPECTS OF THE
PROPOSED LORA BASED SMART AGRICULTURE
TThe proposed LoRa-based smart agriculture system
offers several significant advantages over traditional
farming methods. First, it provides
communication with low power consumption, enabling
sensor nodes to cover vast agricultural fields without
frequent battery replacement. Second, it allows real-time
monitoring of critical environmental parameters such as

long-range

soil moisture, temperature, and humidity, reducing the need
for manual inspection. Third, the system supports
automated irrigation and fertilization, ensuring optimal
water and nutrient use while preventing wastage. Fourth,
data-driven decision-making is facilitated through cloud-
based storage and analytics, helping farmers predict trends
and take timely action. Fifth, the system is highly scalable,
allowing additional sensors or nodes to be integrated easily
for larger farms. Sixth, it promotes sustainable farming

practices by conserving water and reducing chemical

Website: https://ijcope.org/ 5


https://ijcope.org/

International Journal of Creative and Open Research in Engineering and Management

overuse. Finally, the model enhances crop yield and
productivity by maintaining optimal growing conditions

continuously.

SYSTEM FLOW DIAGRAM
LoRa-Based Smart Agriculture Monitoring System Flow
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Figure 1: System Architecture of Transmitter Unit:
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Concept Explanation: The proposed system integrates IoT
technology with LoRa communication to monitor and
manage agricultural fields efficiently. Sensor nodes placed
in the farm collect environmental parameters such as soil
moisture, temperature, humidity, and optionally light or pH
levels. These readings are processed by a microcontroller
and transmitted wirelessly over long distances using LoRa
modules to a central gateway. The gateway forwards the
data to a server or cloud platform, where it is stored,
visualized, and analyzed. Based on the analysis, the system
can trigger automated actions, such as irrigation or
nutrient supply, ensuring crops receive optimal care. This
approach creates a closed-loop feedback system, where
real-time monitoring and automated control work together
to optimize resource usage. Overall, the concept combines
precision agriculture, automation, and long-range
wireless communication to improve crop yield, reduce
labor, and promote sustainable farming practices.

The transmitter unit of the LoRa-based smart agriculture system
collects data from sensors measuring soil moisture, temperature,
humidity, and optionally light or pH. These sensor readings are
processed by a microcontroller such as Arduino or ESP32, which
organizes the data for transmission. The processed data is sent to a
LoRa module (e.g., SX1278) that wirelessly transmits information
to the gateway or server. Power is supplied via a battery, with
anoptional solar panel for continuous operation.

The receiver unit collects data transmitted from sensor nodes  via
the LoRa gateway. The microcontroller processes the received
information and forwards it to a server or cloud platform for
storage, analysis, and visualization. Alerts and insights are then

delivered to the farmer through a mobile application for timely decision-

making.

LoRa-Based Smart Agriculture Monitoring System
Architecture of Receiver Unit

A8

LoRa Gateway Server / Cloud Farmer
LoRa Platform Mobile App
Wireless

Communication
® Receives & stores LoRa data
= ® Performs analysis & visualization

Data Visualization ® Sends alerts to farmers
& Analysis

locations.

1.8.DISCUSSION

The proposed LoRa-based smart agriculture system demonstrates
significant improvements in farm monitoring and management. By
integrating soil moisture, temperature, humidity, and optional light/pH
sensors, the system captures precise environmental data from multiple
LoRa technology allows long-range, low-power

communication, ensuring that data from widely spread fields reaches the

central gateway reliably. The use of microcontrollers enables local
processing of sensor data, reducing transmission load and improving system efficiency. Data storage and analysis on a

cloud platform provide trends, predictive insights, and alerts, allowing proactive decision-making. Automation of

irrigation and fertilization reduces water and chemical wastage, promoting sustainable farming practices. Real-time
monitoring ensures immediate responses to environmental changes, minimizing crop stress and potential losses. The

system’s scalability allows additional sensor nodes to be added easily for larger fields or different crops. Low-power
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operation with optional solar panels ensures continuous functioning without frequent maintenance. Farmers benefit from
visual dashboards and mobile alerts, improving farm management even remotely. Integration of closed-loop feedback
ensures the system continuously adjusts actions based on sensor readings. Compared to traditional manual methods, the

model reduces labor requirements and human error. Overall, the system enhances crop yield, optimizes resource
utilization, and supports precision agriculture. Future developments could include integration with Al-based predictive
models and weather forecasting to further improve efficiency.

1.9 LIMITATIONS

The LoRa-based smart agriculture system depends on
sensor accuracy, which may be affected by
environmental conditions or sensor drift over time.
Long-range communication can face interference from
obstacles such as trees or buildings, reducing reliability.
Initial setup costs for sensors, microcontrollers, and
LoRa modules can be high for small-scale farmers.
Additionally, cloud-based data analysis requires stable
internet connectivity, which may be limited in rural
areas.

1.10 FUTURE WORK

The Future work on the LoRa-based smart agriculture
system can focus on integrating advanced predictive
analytics and Al algorithms to optimize irrigation and
fertilization schedules. Machine learning models could
analyze historical and real-time data to forecast crop
health and potential disease outbreaks. The system can
be enhanced with additional environmental sensors
such as wind speed, rainfall, and soil nutrient levels for
more comprehensive monitoring. Integration with
drones or UAVs could allow aerial surveillance and crop
imaging, providing visual data to complement sensor
readings. Energy efficiency can be improved by
developing smart power management for sensor nodes,
combining solar energy harvesting with low-power
operation. The communication protocol could be
extended to support multiple gateways for larger farms,
ensuring reliable coverage in complex terrains. Mobile
and web applications can be upgraded to offer predictive
alerts and decision support in real time. The system
could also incorporate automated pest and disease
control mechanisms using loT-enabled sprayers. Data
security and privacy measures can be strengthened to
protect sensitive farm information. Integration with
weather forecasting services could improve system
responsiveness to environmental changes. Multi-crop
monitoring can be explored to manage diverse farming
systems effectively. Research into cost-effective sensor
alternatives may make the system more accessible for
small-scale farmers. Collaboration with cloud service

© 2026 The Published by

providers can enhance data storage, scalability, and
analytics performance. Overall, future developments aim
to make the system smarter, more autonomous, and
more sustainable, supporting precision agriculture on a
larger scale

CONCLUSION

The paper proposed LoRa-based smart agriculture system
enables real-time monitoring of soil moisture, temperature,
and humidity across large farms. LoRa technology ensures
long-range, low-power communication between sensor
nodes and the gateway. Microcontrollers process sensor data
locally, reducing transmission load and improving efficiency.
Collected data is stored and analyzed on a server or cloud
platform to support data-driven decision-making. Automated
irrigation and fertilization optimize resource usage while
preventing wastage. Closed-loop feedback ensures dynamic
adjustments based on real-time readings. Visual dashboards
and mobile alerts allow farmers to manage fields remotely
and effectively. The system is scalable, enabling the addition
of more sensor nodes for larger farms or multiple crops. It
enhances crop yield, reduces labor, and minimizes human
error in farm management. Overall, the model promotes
sustainable, precision agriculture for improved productivity
and environmental conservation.
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