Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 31 No. 4s (2024)

Smart Solutions for Sustainable Agriculture: Design and Development
of loT-Powered Soil Health Identification Systems

Ritu Raj Sondhiya?, Prof. Vikash Kumar Singh?

IResearch Scholar, Department of Computer Science, Indira Gandhi National Tribal University (A Central University),
Amarkantak, Madhya Pradesh. Email ID: sondhiyar2rj@gmail.com. ORCID: https://orcid.org/0009-0009-4349-7559
2Professor, Department of Computer Science, Indira Gandhi National Tribal University (A Central University),
Amarkantak, Madhya Pradesh. Email: drvksingh76 @gmail.com. ORCID: https://orcid.org/0009-0003-1438-149X

Article History: Abstract:

Received: 21-04-2024 This research examines smart solutions for agricultural sustainability using loT-powered

soil health detection systems. Innovative solutions are needed to manage resources and

protect the environment as the world population grows and agricultural resources are under

Accepted: 24-06-2024 strain. loT-enabled soil health monitoring has great potential. The suggested system uses
loT sensors to measure soil moisture, pH, nutrient content, and temperature in real time.
This data is analyzed using powerful data analytics and machine learning algorithms to
provide farmers soil health information. Monitoring soil quality allows farmers to make
educated irrigation, fertilization, and crop selection choices, optimizing resource use and
yields while minimizing environmental effect. The study also examines sensor selection,
data transmission methods, and data security for loT-powered soil health detection systems.
Widespread use of these technologies might boost agricultural output, lower input costs,
and enhance food security. Finally, loT-powered soil health detection systems are a major
step toward agricultural sustainability. These devices enable precision farming that is
ecologically friendly and profitable by giving real-time soil data. However, effective
implementation would need agricultural value chain stakeholders to collaborate and
continued research to address growing issues and possibilities.

Revised: 11-06-2024

Keywords: Internet of Things, Smart solutions, 10T, Soil Health identification system.

1. Introduction

It has become more important to practice sustainable agriculture in order to guarantee both food
security and environmental stewardship in light of the growing demand for food on a worldwide
scale and the environmental difficulties that are being faced. As a result of the fact that healthy soils
are necessary for maintaining agricultural yield and reducing environmental degradation, it is crucial
that this attempt address the difficulties of soil health management. As a reaction to these issues,
there has been a substantial amount of effort focused on the development of intelligent solutions,
notably soil health detection systems that are driven by the internet of things. Through the
incorporation of Internet of Things sensors and data analytics, these systems have the potential to
revolutionize the monitoring and management of soil health. They will provide farmers with real-
time insights that will enable them to maximize the use of resources, reduce their effect on the
environment, and increase agricultural production. Taking this into consideration, the purpose of this
study is to investigate the design and development of such systems, stressing the potential of these
systems to contribute to a more sustainable and resilient agricultural future.
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1.1 Smart Farming

A paradigm change is taking place in smart farming, which is a fundamental component of
sustainable agriculture, as a result of the introduction of soil health detection systems that are driven
by the internet of things. By utilizing the power of Internet of Things (IoT) technology to monitor
and improve soil health in real time, these revolutionary solutions represent a paradigm change in
agriculture management. They maximize soil health by monitoring and optimizing soil health. These
systems provide farmers with actionable information that enable them to make educated choices
regarding soil management methods. These systems integrate Internet of Things sensors to gather
data on critical soil factors such as moisture levels, pH balance, nutrient content, and temperature. In
the end, smart farming solutions have the potential to revolutionize agricultural practices, maximize
resource efficiency, and minimize environmental impact, ultimately contributing to a more
sustainable and resilient agricultural future. This is because smart farming solutions have the ability
to precisely monitor soil conditions and respond dynamically to changing environmental factors.

1.2 Internet of Things

The use of Internet of Things (IoT) technology into sustainable agriculture represents a big step
forward in the search for agricultural techniques that are both efficient and kind to the environment.
In the context of the management of soil health, Internet of Things (1oT)-powered devices provide an
innovative approach by using sensors and connections to monitor the state of the soil in real time.
These systems provide farmers the ability to gather data on important characteristics such as
moisture levels, pH balance, nutrient content, and temperature, which provides them with useful
insights into the dynamics of soil health. By utilizing the power of the Internet of Things (loT),
farmers are able to make choices based on data in order to improve irrigation, fertilization, and crop
selection, so increasing resource efficiency and reducing any negative effects on the environment.
The design and development of soil health identification systems that are driven by the internet of
things constitute a critical step towards attaining sustainability in agriculture. These systems provide
viable solutions to solve the difficulties of feeding a rising population while protecting natural
resources for future generations.

Hurdle's in Smart
Farming Technology

Fig 1 Internet of Things
1.3Applications in Agriculture

The design and development of soil health identification systems that are driven by the internet of
things have several applications in agriculture. These systems have the potential to revolutionize
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conventional farming techniques and contribute to the management of farmland in a sustainable
manner. Among these types of applications are:

1. Precision Farming: Real-time soil monitoring using 10T devices lets farmers target irrigation,
fertilization, and pesticide treatment to particular farms. Precision farming optimizes agricultural
yields and resource efficiency.

2. Soil Health Monitoring: loT-powered systems monitor soil moisture, pH, nutrient content, and
temperature. Farmers can quickly address nutrient shortages, soil compaction, and water stress by
monitoring soil health dynamics in real time.

3. Crop Management: loT-powered solutions provide data-driven crop management by merging soil
health data with weather predictions and crop growth models. Farmers may optimize crop yield and
quality by adjusting planting schedules, crop types, and agronomic procedures to local soil and
environmental conditions.

4. Sustainable Agriculture Practices: Conservation tillage, cover cropping, and crop rotation are made
possible by loT technology. Farmers may promote environmental sustainability and soil health
resilience by monitoring soil health indicators over time to determine the long-term effects of their
management techniques on soil fertility, erosion control, and carbon sequestration.

5. Supply Chain Traceability: loT-powered solutions can monitor farm-to-fork agricultural product
provenance and quality. Farmers may build customer confidence and responsibility in the food chain
by collecting and evaluating data on soil conditions, inputs, and crop development factors to disclose
their goods' environmental impact and sustainability.

6. Decision Support Systems: Farmers, agronomists, and agricultural extension agencies use 10T-
powered soil health detection systems to make decisions. These systems improve farm profitability
and resilience by combining soil health data with agronomic information and best practices to
influence soil management, input optimization, and risk mitigation decisions.

loT-powered soil health detection systems in agriculture provide transformational answers to
sustainable food production, environmental conservation, and agricultural sustainability.

Precision
Farming

Decision
Support
Systems

Soil Health
Monitoring

Applications in
Agriculture

Supply Crop
Chain Managemen
Traceability t

Sustainable
Agriculture
Practices

Fig 2 Applications in Agriculture
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1.4 Technologies Used in Smart Farming

Through the use of a variety of cutting-edge technology, smart farming is able to enhance the
efficiency of agricultural operations and hence boost overall productivity. The Internet of Things
(1oT) devices are at the heart of these improvements. These devices play a crucial part in the process
of gathering and transferring data from a wide variety of sensors that are spread out over agricultural
fields everywhere. These sensors provide real-time insights into the health of the soil and the
circumstances of the crop by measuring crucial characteristics such as the moisture content of the
soil, the pH levels, the temperature, and the proportion of nutrients. Furthermore, smart farming
incorporates data analytics and machine learning algorithms to evaluate the large volumes of data
provided by Internet of Things (IoT) sensors. This allows for predictive modeling, anomaly
identification, and decision assistance for farmers. In addition, satellite imaging, drones, and global
positioning system technologies are applied to monitor crop development, detect insect infestations,
and evaluate field variability. This enables interventions to be precise and targeted. Additionally,
automation and robots are rapidly being used in smart farming in order to automate operations like as
planting, watering, and harvesting. This helps to reduce the amount of work that is required and
increases the amount of agricultural output. In general, the confluence of these technologies in smart
farming constitutes a paradigm change in agriculture, making it possible to implement sustainable
practices, optimize resource use, and increase agricultural yields.

2. Literature Review

Y. Jararweh (2023) surveyed smart and sustainable agriculture's supporting technology and
suggested improvements. Agriculture is vital to national economic prosperity. New agricultural
technologies have increased agricultural capacity and efficiency. The UN Food and Agriculture
Organization estimates that the world's population will reach 8.5 billion by 2030 and 9.6 billion by
2050, resulting in unprecedented food and agriculture demand [1].

Thilakarathne (2021) provided global population raises questions about feeding billions of people,
since agricultural food production is sometimes hampered by natural factors including droughts,
climate change, floods, pests, and disease vectors. In addition to conventional farming practices and
outdated farmer skills, this will reduce agricultural food output, which is expected to be insufficient
by 2050 due to population growth and newest estimates. However, technologies like the Internet of
Things (loT) are altering the planet and human species by connecting every digital thing in the world
to the Internet [2].

Mohammed F. Mohamed (2018) provided many nations' economy depend on dry zone agriculture.
Dry zone agriculture has various issues, including a shortage of water for optimal productivity. By
optimizing inputs, modern technologies like Internet of Things may boost yield. We describe an
experimental loT-powered microclimate management system that continually monitors key
environmental factors in specified regions. The suggested system monitors soil moisture and
manages the pot irrigation system to ensure sustainable agriculture [3].

Morchid, A. (2024) provided the worldwide smart agricultural industry from 2021 to 2030. This
study also identified four 10T architectural layers for smart agriculture: perception or sensor and
actuator, network, cloud, and application. This review paper discusses 10T and sensor technologies
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for agriculture and their potential uses, including irrigation monitoring systems, fertilizer
administration, crop disease detection, monitoring (yield, quality, processing, logistic monitoring),
forecasting, and harvesting, climate conditions monitoring, and fire detection. This study also
includes agricultural sensors that can detect soil NPK, moisture, nitrate, pH, electrical conductivity,
CO2, temperature, humidity, light, weather station, water level, livestock, plant disease, smoke,
flame, flexible wearable, and [4].

Y. Wu (2023) introduced a new loT system for agricultural soil measurements that includes
temperature and moisture sensors, a micro-processor, a microcomputer, a cloud platform, and a
mobile phone app. Mobile phone app utilizes cloud platform as monitoring center, while wireless
sensors gather and send soil data in real time faster. To increase node energy efficiency, hardware
and software specify low power consumption, and a modular power supply and time-saving
algorithm are used. Meanwhile, a deep Q network (DQN) reinforcement learning algorithm-based
soil information prediction technique was investigated [5].

A. K. Podder et al. (2021) provided An loT-based Smart AgroTech system for urban farming
incorporates humidity, temperature, and soil moisture. Based on the agricultural land state, the
suggested system starts or stops irrigation and gives the farm owner monitoring and remote control.
Calculating the error percentage between real and observed data at various observations verifies the
system's dependability. Average humidity and soil moisture error rates are below 3% and
temperature below 1.5% [6].

G. Kalantzopoulos (2024) provided ecosystem stability depends on soil quality, which affects
humans, plants, and animals. Smart agriculture cannot use laborious and expensive soil quality
checks. Sustainable agriculture uses 1oT and Al to gather and analyze real-time data, identify trends,
and optimize soil health. WESIS provides open-access soil health and sustainability data and
services. Soil quality indicators, sustainable fertilization management zones, soil property
distribution, prediction, mapping, statistical analysis, water management, land use maps, digital soil
mapping, and crop health calculation are modules [7].

B. M. Mohammad (2024) surveyed and compared technologies to find the best ones for the current
use case implementation and developed static and dynamic views using schemas, diagrams, message
sequence charts, I0T messaging topic trees, pseudocode, etc. A minimal system model
implementation verified design functionality [8].

A. Comegna (2024) developed a sensor that estimates 6 and h at various soil depths, as well as the
soil hydraulic conductivity function using the instantaneous profile technique (IPM). We found that a
second-order polynomial function (R2 = 0.99) best models the capacitive-based sensor's behavior in
calculating 0 in silty-loam soil. Instead of time domain reflectometry (TDR) probes, low-cost
capacitive sensors and the IPM approach worked well. IPM is easier to implement due to sensor
arrangement [9].

Smart soil monitoring systems should incorporate l10T-based fuzzy control, according to A. Comegna
(2024). Semi-arid India is the focus of this investigation. The proposed model trains from a dataset
and finds the best solution to classify real-time data into three parameters: sodium, potassium, and
calcium, using a fuzzy classifier. Real-time data from NPK sensors, which measure nitrogen,
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phosphorus, and potassium in the region, assist determine soil fertility by simplifying systematic soil
condition monitoring [10].

For a farmer to get regular field and crop inputs, M. K. Senapaty (2023) offered ongoing help. He
must also make good agricultural judgments at each step. Artificial intelligence, machine learning,
the cloud, sensors, and other automated devices will be used in the decision support system to offer
accurate information quickly. The assistance system lets farmers take decisive action without relying
on local agricultural departments. IoTSNA-CR recommends crops using loT-enabled soil nutrient
categorization and crop recommendation [11].

T. Maity (2024) used 10T in her work. Recording all agricultural parameters from sensors is the key
idea. These agricultural sensors measure soil moisture, temperature, relative humidity, light, sound,
and image. Sensing systems let greenhouse growers track plant health and development. This study
integrates several sensors on microcomputers rather than microcontrollers [12].

3. Problem Statement

In contemporary agriculture, sustainability is crucial. Traditional soil health monitoring is laborious,
time-consuming, and lacks real-time information. Farmers struggle to optimize resource use, reduce
environmental effect, and sustain output. Innovative soil condition information systems are needed to
address these issues. The development of loT-powered soil health detection systems may help solve
these problems. These tools may transform soil health monitoring and management by providing
farmers with real-time data and insights. To fully realise 10T's promise in agriculture, sensor
reliability, data quality, connection difficulties, and scalability must be solved. Agronomists,
engineers, data scientists, and policymakers must work together to build and execute 10T solutions
that meet the demands and contexts of varied agricultural operations. loT-powered soil health
detection systems may make agriculture more sustainable and resilient for farmers and the
environment by tackling these concerns.

4. Proposed Work

loT-powered soil health detection systems for sustainable agriculture are designed and developed in
the proposed study. Using stakeholder input and industry best practices, the project will define key
goals and functions after a comprehensive needs assessment and requirement analysis. Next, 10T
sensors that measure soil factors including moisture, pH, nutrient content, and temperature will be
carefully selected and integrated. Once implemented in agricultural fields, these sensors will gather
real-time data that will be processed and analyzed using sophisticated algorithms and machine
learning to provide soil health management insights. In addition, the project will build a simple user
interface to help farmers and agricultural stakeholders access and comprehend soil health data. The
sensor nodes and data processing platform will be prototyped and tested in the lab and field to verify
reliability and accuracy. Cooperative farmer pilots will give useful input for system improvement.
Scalability will also be considered to adapt the system to various agricultural operations and
geographies. The initiative intends to develop loT-enabled sustainable agriculture via documentation,
information exchange, and continual improvement.

1. Research and Analysis: Conduct an in-depth review of existing literature, technologies, and
methodologies related to soil health monitoring, 10T sensors, and sustainable agriculture practices.
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Analyze the current challenges and opportunities in soil health management to inform the design
process.

2. Stakeholder Engagement: Engage with farmers, agronomists, agricultural extension services,
and other stakeholders to understand their needs, challenges, and expectations regarding soil health
monitoring and management. Gather insights and feedback to ensure the proposed solution addresses
real-world concerns.

3. System Design and Architecture: Design the architecture of the loT-powered soil health
identification system, including sensor placement, data collection methods, communication
protocols, and data processing infrastructure. Define the technical specifications and requirements
for each component of the system.

4. Sensor Development and Integration: Develop or procure 10T sensors capable of measuring
relevant soil parameters, such as moisture, pH, nutrient levels, and temperature. Integrate these
sensors into the system infrastructure, ensuring compatibility and reliability under different
environmental conditions.

5. Data Collection and Processing: Implement mechanisms for real-time data collection from IoT
sensors deployed in agricultural fields. Develop algorithms and data processing technigques to
analyze the collected data, extract meaningful insights, and detect patterns indicative of soil health
conditions.

6. User Interface and Decision Support: Design a user-friendly interface for farmers and
stakeholders to access and interpret soil health data generated by the system. Incorporate
visualization tools, dashboards, and decision support features to facilitate informed decision-making
regarding soil management practices.

Research and Analysis
Stakeholder Engagement

System Design and Architecture

Sensor Development and Integration

Data Collection and Processing

User Interface and Decision Support

Fig 3 Proposed work
5. Result and Discussion

Smart Solutions for Sustainable Agriculture simulation with after development of loT-Powered Soil
Health Identification Systems where accuracy , error rate , packet delivery ratio, delay are visually
simulated using python in order to compare present system to conventional

Algorithm to simulate and visually compare the loT-Powered Soil Health Identification System'’s
performance metrics such as accuracy, error rate, packet delivery ratio, and delay against a
conventional system:

import numpy as np
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import matplotlib.pyplot as plt

# Simulating performance metrics for loT-Powered Soil Health Identification System
num_iterations = 10

accuracy_iot = np.random.uniform(0.7, 0.95, num_iterations)

error_rate_iot = np.random.uniform(0.05, 0.15, num_iterations)

packet_delivery ratio_iot = np.random.uniform(0.8, 0.95, num_iterations)

delay_iot = np.random.uniform(0.1, 0.5, num_iterations)

# Simulating performance metrics for conventional system

accuracy_conventional = np.random.uniform(0.6, 0.85, num_iterations)
error_rate_conventional = np.random.uniform(0.1, 0.2, num_iterations)
packet_delivery_ratio_conventional = np.random.uniform(0.7, 0.9, num_iterations)
delay_conventional = np.random.uniform(0.2, 0.6, num_iterations) # Plotting the comparison
fig, axs = plt.subplots(2, 2, figsize=(12, 10))

axs[0, 0].plot(range(num_iterations), accuracy _iot, label="loT-Powered')

axs[0, 0].plot(range(num_iterations), accuracy_conventional, label="Conventional’)
axs[0, 0].set_title('Accuracy Comparison')

axs[0, 0].set_xlabel('lterations')

axs[0, 0].set_ylabel(*Accuracy’)

axs[0, 0].legend()

axs[0, 1].plot(range(num_iterations), error_rate_iot, label="loT-Powered’)

axs[0, 1].plot(range(num_iterations), error_rate_conventional, label="Conventional’)
axs[0, 1].set_title('"Error Rate Comparison')

axs[0, 1].set_xlabel('lterations')

axs[0, 1].set_ylabel('Error Rate")

axs[0, 1].legend()

axs[1, 0].plot(range(num_iterations), packet_delivery ratio_iot, label="loT-Powered’)
axs[1, 0].plot(range(num_iterations), packet_delivery_ratio_conventional, label="Conventional’)
axs[1, 0].set_title('Packet Delivery Ratio Comparison’)

axs[1, 0].set_xlabel('lterations')

axs[1, 0].set_ylabel('Packet Delivery Ratio")

axs[1, 0].legend()

axs[1, 1].plot(range(num_iterations), delay _iot, label="loT-Powered')

axs[1, 1].plot(range(num_iterations), delay_conventional, label="Conventional’)
axs[1, 1].set_title('Delay Comparison’)

axs[1, 1].set_xlabel('lterations')

axs[1, 1].set_ylabel('Delay’)

axs[1, 1].legend()

plt.tight_layout()

plt.show()
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Fig 4 Simulation for Accuracy, error rate, packet delivery ratio and delay comparison
6. Conclusion

In conclusion, the design and development of soil health detection systems that are driven by the
internet of things has the potential to be a viable road towards sustainable agriculture. These systems
provide farmers real-time information that may be used to improve soil management methods,
reduce their influence on the environment, and increase their output. This is accomplished via the
integration of Internet of Things sensors and data analytics. The broad use of these intelligent
solutions has the potential to transform soil health monitoring and contribute to an agricultural
industry that is more resilient and ecologically responsible. This might be accomplished via the
cooperation of several disciplines and continual innovation.

7. Future Scope

loT-powered soil health detection systems in sustainable agriculture have great potential for
innovation and impact. Technological advancements provide many fascinating opportunities for
inquiry and progress. First, 10T sensor research and development may improve soil parameter
measurement accuracy and precision. To better understand soil health dynamics, this may include
testing novel sensor and data fusion technologies. Al and edge computing can enhance data
processing and analysis, providing real-time decision assistance and predictive modeling for farmers.
Improved scalability and interoperability of loT-powered solutions may help expand adoption and
integration with agriculture management systems. Researchers, industry stakeholders, and legislators
must collaborate to solve data privacy, security, and legal frameworks. loT-powered soil health
detection systems may improve sustainable agriculture and food security by taking advantage of
these possibilities and pushing innovation.
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