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ABSTRACT

Fog and Edge are both distributed computing paradigms that meet the
low-latency demands of upcoming Internet of Things (IoT) applications. The
[oT applications have widely adopted this computing paradigm as the
prevailing one. Its purpose is to connect [oT devices to the cloud. Thus, Fog
computing has been proposed as an essential component to complement
cloud computing for virtualised applications by utilizing containers to
compartmentalise real-time control applications. Containers have become a
feasible substitute for Virtual Machines (VMs) in operating system
virtualisation.

The GreenP1, a new smart irrigation system is designed and developed
in this work, which will facilitate sustainable agriculture through efficient
water and energy utilization. GreenPi utilizes real-time, distributed Fog and
Edge computing alongside LoRa technology to schedule irrigation
depending on sensor data and weather conditions. GreenPi comprises a four-
tier model consisting of the following layers: 1) Sensors and actuators for
data acquisition from the field and command transmission to actuator nodes
such as valves or water pumps; 2) the Edge layer receives sensor data and
transmits commands to actuators utilizing ESP32 with LoRa; 3) a Fog layer
that employs Docker containers for executing applications to oversee data
processing, irrigation decisions, and communication with cloud and Edge
devices; and 4) a cloud layer that supplies weather data and enables advanced
data analysis.

One of the main challenges in designing this system was achieving
real-time distributed containerization on resource-constrained and
heterogeneous Edge and Fog computing nodes. The primary goal of the
system is to ensure low latency and energy efficiency while maintaining
scalability and compatibility across diverse hardware and software
environments.

GreenPi is monitored in real-time by incessantly transmitting
temperature, humidity, and soil moisture data to the Fog. The proposed
system, with improved methodology and diminished latency, yields good
results for smart farming and automated irrigation. A compact agricultural
model is developed to demonstrate the efficacy of the GreenPi system,
yielding substantial water conservation, improved moisture retention
stability, and effective energy savings that guarantee the system's sustainable
operation relative to conventional irrigation techniques.
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In addition to the importance of conserving water and using it
efficiently, optimal energy conservation is equally important. Therefore, the
GreenPi system is designed to save as much energy as possible. Energy
consumption in Edge devices has been significantly reduced by using LoRa
technology, which is a low-power transmitter and receiver, and by using
algorithms that reduce power consumption by activating deep sleep mode.
Also, the use of small solar panels contributes to sustainable agriculture.

The results of the GreenPi system demonstrate significant water
savings, improved moisture level stability, and efficient energy use, ensuring
sustainable operation compared to traditional irrigation methods. The results
also show that utilizing the smart irrigation system markedly reduces water
consumption. Furthermore, results indicate that optimizing the Edge device
with deep sleep modes substantially extends battery life and minimizes
power usage. Finally, the results highlight the effectiveness of LoRa
technology in covering large agricultural areas more efficiently than
conventional communication methods.
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