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Abstract

In recent years, smart agriculture has become increasingly prevalent, driven by advancements in Internet
of Things (loT) technologies. One crucial aspect of smart agriculture is the ability to monitor and control
irrigation systems efficiently. This article will delve into the design of a comprehensive LoRaWAN
network to control irrigation controller devices with a LoRa gateway connected to a 5G network. The
objective is to provide a detailed guide that encompasses the necessary components, setup process, and
real-world examples.
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1. Introduction

LoRaWAN (Long Range Wide Area Network) is a low-power, wide-area network (LPWAN) protocol
designed for long-range communication between 10T (Internet of Things) devices. It operates using LoRa
(Long Range) modulation, enabling devices to communicate over distances of 10-15 km in rural areas and
2-5 km in urban areas while consuming minimal power.

Key Features of LoRaWAN

Long Range: Up to 15 km in rural areas and 5 km in cities

Low Power: loT devices can last 5-10 years on battery

Low Data Rate: Suitable for small data packets like sensor readings
Secure: Uses AES-128 encryption for data security

Scalability: Supports thousands of devices per gateway

Unlicensed Spectrum: Operates in ISM bands (license-free)

Components of a LoRaWAN Network for Irrigation Control

To design an effective LoRaWAN network for irrigation control, several key components are required.
These components include LoRaWAN nodes, a LoRaWAN gateway, a 5G network, a cloud server, and a
software platform. Below, we will discuss each component in detail.
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1. LoRaWAN Nodes

LoRaWAN nodes are the devices placed in the field to collect data from various sensors and control
irrigation valves. These nodes should be equipped with sensors such as soil moisture, temperature,
humidity, and possibly other environmental parameters. The collected data is then transmitted to the
LoRaWAN gateway.

Example: One example of a LoRaWAN node for irrigation control is the Dragino LSEO01 Soil Moisture
& EC Sensor Node. This device measures soil moisture and electrical conductivity (EC), providing critical
data for irrigation management. It operates on low power, ensuring long battery life, which is essential for
field deployment.

2. LoRaWAN Gateway

The LoRaWAN gateway is a critical component that receives data from multiple LoRaWAN nodes and
forwards it to the cloud server via the 5G network. The gateway should support multiple channels to handle
data from numerous nodes simultaneously and should be capable of long-range communication.

Example: The RAK7249 WisGate Edge is an industrial-grade LoRaWAN gateway that supports multiple
channels and provides robust performance in various environmental conditions. It can be connected to a
5G network for high-speed data transmission to the cloud server.

3. 5G Network

The 5G network offers high-speed internet connectivity, which is crucial for transmitting data from the
LoRaWAN gateway to the cloud server. The low latency and high bandwidth of 5G make it an ideal choice
for real-time data transmission and control.

4. Cloud Server

The cloud server is responsible for storing and processing the data received from the LoRaWAN gateway.
It should have a robust database system to manage the large volume of data generated by the sensors.
Additionally, the cloud server should host the software platform used for data visualization and control.

Example: Amazon Web Services (AWS) offers a comprehensive suite of cloud services that can be used
to set up the cloud server. AWS loT Core can manage the communication between the devices and the
cloud, while AWS DynamoDB can be used as a scalable database solution.

5. Software Platform

The software platform is used to manage the data, make irrigation decisions based on the data, and send
commands back to the LoRaWAN nodes. The platform should provide a user-friendly interface for
monitoring and controlling the irrigation system.

Example: ThingSpeak is an 10T analytics platform that can be used to collect, analyze, and visualize data
from 10T devices. It can be integrated with MATLAB for advanced data analysis and with various cloud
services for seamless data management.
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Setting Up the LoRaWAN Network

With the components identified, the next step is to set up the LoRaWAN network. The following steps
outline the process in detail.

1. Identify the Coverage Area

The first step is to determine the geographical area that needs to be covered by the LoRaWAN network.
This involves mapping the fields where irrigation control is required. The coverage area will help in
deciding the number and placement of LoRaWAN nodes and gateways.

Example: Consider a farm with an area of 100 hectares that needs to be covered by the LoRaWAN
network. Using mapping tools such as Google Earth, you can outline the farm's boundaries and identify
key locations for node placement based on the layout of the irrigation system.

2. Select LoRaWAN Nodes

Choose LoRaWAN nodes that are compatible with the sensors you plan to use. Ensure they have low
power consumption and long battery life. The nodes should also support the required communication range
to transmit data to the gateway reliably.

Example: For a farm with varying soil types, you might select different types of LoRaWAN nodes based
on the specific requirements. For instance, the Dragino LSEO1 for soil moisture measurement and the
Decentlab DL-MBX for measuring soil temperature and humidity.

3. Deploy LoRaWAN Nodes

Deploy the LoRaWAN nodes in the field at strategic locations to ensure optimal coverage and data
collection. Nodes should be placed near irrigation controllers and sensors to collect accurate data. It's
essential to test the communication range and signal strength at each node location.

Example: On a 100-hectare farm, you could deploy one LoRaWAN node per hectare. Nodes should be
placed in areas with representative soil conditions, such as the middle of irrigation zones or near irrigation
lines.

4. Install LoRaWAN Gateway

Set up the LoRaWAN gateway at a central location within the coverage area. Ensure it has a stable 5G
connection for reliable data transmission. The gateway should be placed at an elevated position, such as
on a tower or building, to maximize the communication range.

Example: Install the RAK7249 WisGate Edge on a 10-meter-high tower located at the center of the farm.
This height will ensure optimal coverage for the entire 100-hectare area.

5. Connect Gateway to 5G Network

Configure the LoRaWAN gateway to connect to the 5G network. This may involve setting up a 5G modem
and ensuring the gateway is compatible with the 5G network. Verify the connection by testing data
transmission from the gateway to the cloud server.
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Example: Use a 5G modem such as the Netgear Nighthawk M5 to connect the RAK7249 WisGate Edge
to the 5G network. Test the connection by sending sample data from the gateway to the AWS loT Core.

6. Set Up Cloud Server

Deploy a cloud server to receive data from the LoRaWAN gateway. The server should have a database
for storing data and a software platform for processing and visualizing the data. Ensure the server has
sufficient resources to handle the expected data volume.

Example: Set up an AWS loT Core instance to receive data from the LoRaWAN gateway. Use AWS
DynamoDB as the database and integrate ThingSpeak for data visualization and analysis.

7. Develop Software Platform

Create or use an existing software platform to manage the data, make irrigation decisions, and send
commands back to the LoRaWAN nodes. The platform should have a user-friendly interface for
monitoring and controlling the irrigation system. Implement data analysis algorithms to make informed
irrigation decisions based on the collected data.

Example: Use ThingSpeak to create a custom dashboard that displays real-time data from the LoORaWAN
nodes. Integrate MATLAB for advanced data analysis and develop algorithms that analyze soil moisture
data and determine the optimal irrigation schedule.

8. Test and Optimize

Conduct thorough testing of the entire network to ensure all components are working correctly. Test the
communication between the nodes, gateway, 5G network, and cloud server. Optimize the placement of
nodes and gateways if necessary to improve coverage and data reliability.

Example: Perform field tests by collecting data from all deployed LoRaWAN nodes and verifying that it
is accurately transmitted to the cloud server. Analyze the signal strength and coverage map to identify any
weak spots and adjust the placement of nodes or gateways as needed.

Benefits of Using LoRaWAN and 5G for Irrigation Control

Implementing a LoRaWAN network with a 5G-connected gateway for irrigation control offers several
benefits:

1. Long-Range Communication

LoRaWAN provides long-range communication capabilities, allowing data transmission over several
kilometers. This is particularly beneficial for large farms where traditional Wi-Fi or Bluetooth
communication may not be feasible.

2. Low Power Consumption

LoRaWAN nodes are designed for low power consumption, enabling them to operate on batteries for
extended periods. This reduces the need for frequent maintenance and battery replacements, making it
cost-effective for remote field deployment.
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3. Real-Time Data Transmission

The 5G network offers high-speed internet connectivity with low latency, ensuring real-time data
transmission from the LoRaWAN gateway to the cloud server. This enables timely decision-making and
immediate control of irrigation systems.

4. Scalability

LoRaWAN networks can be easily scaled by adding more nodes and gateways. This scalability is essential
for accommodating the changing needs of a farm, such as expanding the coverage area or adding new
types of sensors.

5. Data-Driven Irrigation Management

By collecting and analyzing data from various sensors, farmers can make informed decisions about
irrigation schedules and water usage. This data-driven approach helps optimize water resources, improve
crop yield, and reduce water wastage.

Real-World Example

Several real-world examples demonstrate the successful implementation of LoRaWAN networks for
irrigation control.

Smart Irrigation in Vineyards

A vineyard in California implemented a LoRaWAN network to monitor soil moisture levels and control
irrigation systems. The vineyard used LoRaWAN nodes with soil moisture sensors placed at different
depths in the soil. The data was transmitted to a LoRaWAN gateway connected to a 5G network, which
forwarded the data

An architectural diagram to illustrate the components and flow of data in the LoRaWAN network for
irrigation control:
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Architectural Diagram of LoRaWAN Network for Irrigation Control
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Explanation of the Diagram

1. LoRaWAN Nodes: These are the sensor nodes deployed in the field, each equipped with various
sensors (soil moisture, temperature, humidity, etc.). They collect data from the environment and
communicate with the LoRaWAN gateway.

2. LoRaWAN Gateway: The gateway (e.g., RAK7249 WisGate Edge) receives data from multiple
LoRaWAN nodes and forwards it to the cloud server via the 5G network.

3. 5G Network: Provides high-speed internet connectivity for the LoRaWAN gateway, enabling
real-time data transmission to the cloud server.
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4. Cloud Server: The cloud server (e.g., AWS loT Core, DynamoDB) stores and processes the data
received from the LORaWAN gateway. It acts as a central hub for data storage and analysis.

5. Software Platform: The software platform (e.g., ThingSpeak, MATLAB) is used to visualize and
analyze the data. It provides a user-friendly interface for monitoring and controlling the irrigation
system. The platform also makes decisions based on the collected data and sends commands back
to the LoRaWAN nodes for irrigation control.

This diagram helps illustrate the overall architecture and data flow within the LoRaWAN network,
providing a clear understanding of how the various components interact to achieve efficient irrigation
control.

Operational Considerations

LoRaWAN operates on different frequency bands depending on the region. These frequency bands are
regulated by local authorities such as FCC (USA), ETSI (Europe), and TRAI (India). Below are the
details:

LoRaWAN Frequency Bands by Region

Region Frequency Uplink Downlink Channel Duty Cycle
Band (MHz) (MHz2) (MH2z2) Bandwidth
North America | 902-928 902-915 | 923-928 125 kHz, 500 | No Duty Cycle
(US, Canada) kHz Restriction
Europe (EU, 863-870 863-870 | 869.4-869.65 | 125 kHz 1% (ETSI
UK) Regulation)
India 865-867 865-867 | 865-867 125 kHz 1%
Australia 915-928 915-928 | 915-928 125 kHz, 500 | No Duty Cycle
kHz Restriction
China 470-510/779- | 470-510 | 470-510 125 kHz No Restriction
787

Japan 920-925 920-923 | 923-925 125 kHz 10%
South Korea 920-923 920-923 | 920-923 125 kHz 1%

Key LoRaWAN Band Considerations

o Duty Cycle: Restricts how often a device can transmit. EU and India have 1% limits, meaning
devices can only transmit 1% of the time.

o Spreading Factor (SF): Higher SF (e.g., SF12) increases range but reduces data rate.

o Adaptive Data Rate (ADR): Adjusts the data rate dynamically based on network conditions.
Choosing the Right LoRaWAN Band

1. Check Regional Compliance — Ensure the frequency band is legal in your country.

2. Consider Application Needs — If long-range is needed, go for lower frequencies.
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3. Optimize Duty Cycle — In restricted regions, use low-power, optimized transmissions.

With growing adoption worldwide, LoORaWAN is set to play a critical role in expanding IoT ecosystems
and driving digital transformation across industries. As technology evolves, integration with Al, edge
computing, and 5G will further enhance its capabilities, making it an essential part of the future of IoT

networking.
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