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Abstract:- The agricultural sector in Oman faces
challenges in accurately tracking and managing
produce quantities in real-time across geographically
dispersed locations. This research introduces the
CBMIS, an Al-powered Real-time Agricultural Produce
Monitoring System. The CBMIS leverages the Internet
of Things (10T) and biometric authentication to capture
weight data from farms. This data is then transmitted to
a cloud server, providing stakeholders with immediate
access to variety-wise stock status. By utilizing Al, the
CBMIS can go beyond simple data collection. Al can
analyze historical data and market trends to predict
future production levels and market demands. This
real-time information empowers stakeholders to make
informed decisions regarding logistics, sales, and
marketing strategies. The CBMIS has the potential to
improve inventory management, optimize resource
allocation, and enhance overall market efficiency within
the Omani agricultural sector.

Keywords:- Real Time Data, Cloud Storage, Biometric,
Authentication, Fuzzy Weighing Controller.

I INTRODUCTION

Oman's agricultural sector plays a vital role in the
nation's economy and food security. However, a significant
challenge lies in accurately monitoring and managing the
quantity of agricultural produce across various locations in
real-time. Traditional methods often rely on manual data
collection and reporting, leading to delays, inconsistencies,
and a lack of transparency throughout the supply chain.
This limited access to real-time data hinders stakeholders'
ability to make informed decisions regarding inventory
management,  logistics, and  market  strategies.
Consequently, inefficiencies arise, impacting various
aspects of the agricultural sector: Inaccurate Inventory
Management: Without real-time data, stakeholders struggle
to maintain accurate stock levels, potentially leading to
overstocking or understocking of specific produce varieties.
Suboptimal Logistics and Sales: Limited visibility into real-
time availability across locations makes it difficult to
optimize logistics and sales strategies. This can result in
delays in delivering produce to markets, missed sales
opportunities, and increased costs. Inefficient Market
Decisions: Stakeholders lack the crucial data to predict

NISRT24MAY 2340

market demands and adjust their strategies accordingly.
This can lead to missed opportunities to capitalize on
favorable market conditions. To address these challenges,
innovative solutions are needed to enhance real-time data
collection, analysis, and utilization within the Omani
agricultural sector. This is where an Al-powered Real-time
Agricultural Produce Monitoring System comes into play.

1. LITERATURE REVIEW

This literature review examines the potential of an Al-
powered real-time agricultural produce monitoring system
for enhancing inventory management and market
efficiency. It will explore existing research on Real-time
monitoring technologies in agriculture (e.g., sensors,
Internet of Things (1oT)), Applications of Al in inventory
management (e.g., demand forecasting, stock optimization)
and The impact of Al on agricultural market efficiency.

A. Real-Time Monitoring Technologies in Agriculture

A real-time data collection system for agricultural
inventory can be achieved through the integration of
technologies like 10T, sensor networks, cloud computing,
and wireless communication & [ Bl M Real-time
monitoring allows for continuous data collection on various
aspects of agricultural produce, such as greens, vegetables
and fruits. This data can be captured through Sensors:
These sensors can measure various environmental factors
and product characteristics, providing valuable insights into
storage conditions and product quality. Internet of Things
(1oT): Networked sensors create a system for collecting and
transmitting data to a central platform for analysis. Existing
research using real-time monitoring has shown its
effectiveness in: Reducing food loss and waste: By
monitoring storage conditions, spoilage can be detected
early, allowing for corrective actions M2, Optimizing
resource allocation: Real-time data on crop health can
inform irrigation and fertilizer use, leading to more efficient
resource management F,

B. Al Applications in Inventory Management

Al, particularly machine learning algorithms, can
analyze large datasets from real-time monitoring systems to
improve inventory management in agriculture. This can be
achieved through Demand forecasting: Al can analyze
historical sales data, weather patterns, and market trends to
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predict future demand for specific produce. This allows for
better planning of harvest schedules and storage capacity.
Stock optimization: Al can determine optimal stock levels
based on predicted demand and historical data on spoilage
rates. This helps to minimize stockouts and overstocking,
leading to reduced waste and improved financial outcomes.
Predictive maintenance: Al can analyze sensor data to
predict equipment failures in storage facilities, allowing for
preventive maintenance and minimizing disruptions.

Artificial Intelligence (Al) plays a crucial role in
inventory management within the supply chain, offering
various benefits such as optimized inventory levels,
demand forecasting, and cost reduction. Al applications in
inventory management involve utilizing intelligent
information processing systems (1IPS) for supplier
evaluation and inventory forecasting ® 1 as well as
employing machine learning models to accurately predict
future demand based on data inputs like product movement
metrics, product specifications, and external factors [,
Additionally, Al  facilitates image  recognition
methodologies for warehouse inventory management,
enhancing efficiency and minimizing errors in deliveries
through autonomous systems running on low-cost resources
BI1 By integrating Al into inventory management
processes, organizations can achieve improved accuracy,
reduced costs, and enhanced operational sustainability
within their supply chains.

C. Al and Market Efficiency

An Al-powered real-time monitoring system can
contribute to market efficiency in several ways: Improved
information sharing: Real-time data on crop yields and
quality can be shared with stakeholders across the supply
chain, leading to better coordination and informed decision-
making. Price transparency: Data on supply and demand
can be used to create more transparent pricing models,
benefiting both producers and consumers. Reduced market
fluctuations: Al-powered forecasting can help to stabilize
markets by anticipating potential shortages or gluts and
allowing for adjustments in production or distribution
strategies. Preparation of agricultural statistics based on
accurate and reliable data, Creation of a data warehouse for
efficient reporting and analysis. Real-time data collection,
dynamic reports for national agricultural policies.
Monitoring agricultural activities, detecting production
issues, managing natural disasters 102 Artificial
Intelligence (Al) plays a crucial role in enhancing market
efficiency by revolutionizing various aspects of business
operations. Al aids in strategic decision-making, data
collection, and customer behavior analysis in marketing,
ultimately improving business performance [ B4 |n
financial markets, Al can predict trends, improve accuracy
in financial data forecasting, enhance customer service, and
reduce operational costs, leading to better decisions and
more profitable trades %1, Furthermore, Al's impact on
marketing practices and customer behavior is expected to
significantly influence future trends, with a focus on
evaluating Al's efficiency based on intelligence levels, task
types, and device implantation, while also addressing
policy challenges like confidentiality and bias ™. Overall,
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Al serves as a powerful tool that not only boosts market
efficiency but also drives innovation processes, benefiting a
wide range of organizations and industries ¢/,

. Al, 10T AND CLOUD TECHNOLOGIES

Al denotes a cluster of technologies enabling
computers to execute a broad spectrum of intricate tasks,
including visual perception, comprehension of language -
both spoken and written, data analysis, provision of
recommendations, and more. The innovation has
significantly transformed the agricultural domain through
enhancing efficiency, sustainability, and profitability in
farming practices. Moreover, numerous enterprises are
adopting 10T, a technology that facilitates the collection
and analysis of technical data to optimize various daily
operations. The ongoing technological advancement brings
forth fresh challenges and concerns concerning existing 10T
technologies. Emerging technologies like Al, 5G, and
blockchain hold the potential to address these challenges.
Through the integration of 10T and Al, the development of
intelligent machines becomes feasible. These cutting-edge
automation technologies not only simplify repetitive tasks
but also enable autonomous decision-making devoid of
human intervention. 10T and Al stand out as two pivotal
technologies in the realm of computing, reshaping
interactions between humans and machines as well as our
surrounding environment. Projections suggest that around
64 billion Al and loT devices will be accessible by the year
2025. The synergy between Al and loT proves highly
effective and stands at the forefront of recent innovations
impacting the information technology sector. The industrial
and agribusiness sectors have experienced tangible benefits
from the collaborative overhaul of conventional solutions
brought about by these technologies PIEIEI0],

Machine learning (ML) is a subset of artificial
intelligence (Al) concerned with the training of algorithms
for the purpose of making predictions or decisions based on
training data. ML is an area experiencing rapid expansion,
offering a multitude of opportunities for scientific
advancement. It represents a segment of Al dedicated to
crafting algorithms and statistical models that empower
computer systems to enhance their performance
autonomously as they accumulate experience. The primary
objective of ML is to create intelligent systems capable of
assimilating information and making forecasts or
assessments without explicit programming. Within the
Internet of Things (loT), ML serves as a methodology
suitable for scrutinizing sensor data and predicting
forthcoming occurrences. Over the past few years, deep
learning has emerged as a robust ML technique. This
approach involves subjecting multi-layer neural networks
to training in order to acquire the skill of hierarchically
representing data. Consequently, significant progress has
been achieved in domains such as speech recognition,
natural language processing, and image identification. A
diverse range of industries, including agriculture,
healthcare, finance, marketing, and transportation, leverage
ML in varying capacities. In the realm of agriculture, ML
shows promise in multiple applications, yielding

WWW.ijisrt.com 3101


https://doi.org/10.38124/ijisrt/IJISRT24MAY2340
http://www.ijisrt.com/

Volume 9, Issue 5, May — 2024
ISSN No:-2456-2165

remarkable outcomes in the realms of weed, pest, and
disease detection, crop yield and quality estimation, data
aggregation, insights provision, and livestock production
projection. In the healthcare sector, it can facilitate the
discovery of new pharmaceuticals and disease diagnoses.
Financial institutions can utilize ML to evaluate risk and
identify instances of fraud. The marketing industry benefits
from ML through tailored advertising campaigns and
customer segmentation. Moreover, ML finds utility in
autonomous driving technology and traffic prediction
within the transportation sector.

Natural language processing (NLP) is a domain within
the realm of artificial intelligence that is concerned with the
interaction between computational systems and humans
through the utilization of natural language. The significance
of NLP in contemporary Al systems lies in its capacity to
facilitate machines in comprehending, interpreting, and
producing human language. The integration of NLP into
Internet of Things (loT) devices has opened up new
avenues for the advancement of smart homes, smart cities,
and other intelligent systems. By incorporating features
such as wvoice recognition and natural language
understanding, users can engage more efficiently and
seamlessly with 10T devices. A prominent illustration of
NLP's application in loT is the utilization of wvoice
assistants like Amazon’s Alexa, Google Assistant, and
Apple’s Siri for tasks such as activating or deactivating
lights, playing music, setting alarms, and placing online
grocery orders. An instance showcasing the utilization of
NLP in agriculture is the analysis of weather data. By
examining weather patterns and forecasts, farmers can
make informed decisions regarding crop cultivation and
harvesting schedules, irrigation needs, and pest and disease
management. Additionally, farmers can monitor crop
growth, development rates, and soil moisture levels with
the aid of NLP algorithms. NLP models can also assist
farmers in evaluating market trends and predicting demand,
thereby aiding in the selection of optimal crops for
cultivation and timing for selling. Moreover, by NLP
algorithms, farmers can expand their customer base and
negotiate for better prices. Enhanced communication
between consumers and farmers is another area where NLP
technology can be effectively applied. By analyzing
customer feedback, farmers can gain insights into consumer
preferences. Furthermore, the exchange of best agricultural
practices among farmers and collaboration on research
endeavors can be facilitated through effective
communication enabled by NLP algorithms.

Cloud computing technology plays a pivotal role in
the development and deployment of Al and IloT
applications by providing an infrastructure that enables
organizations to store, manage, and process the vast
quantities of data generated by loT devices and Al systems.
Within the cloud computing framework, vendors offer
infrastructure, data, and software as a service to users. One
of the key advantages of cloud computing for Al and 10T is
its scalability. The ability to easily scale up or down cloud-
based services in response to demand allows businesses and
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organizations to handle the substantial data and processing
requirements of Al and loT applications (7118191201,

V. PROPOSED METHODOLOGY

This system aims to improve inventory management
and market efficiency in Oman's agricultural sector through
real-time monitoring powered by Artificial Intelligence
(Al).

A. System Components:

o Wireless Sensor Networks (WSNs): Dense networks of
low-power sensors will be deployed in farms and
storage facilities. These sensors will collect data on
various vegetable produces. WSNs offer a valuable tool
for modern inventory management. Businesses can
leverage this technology to gain real-time visibility,
optimize  processes, and achieve significant
improvements in efficiency and cost control.

e Bio metric unit: Enhance the Security as biometric data
is unique to each individual, making it more difficult to
forge compared to traditional methods like passwords or
key cards. Employees don't need to remember or carry
additional access credentials, streamlining the entry
process. Lost or stolen access cards or passwords pose a
security risk, which is minimized with biometrics.

e Weighing controller: weighing controller processes the
data transferred once it is authenticated by the
Biometric unit and from WSN. Weighing controller
transfers the data to cloud storage.

e Data Acquisition System: Sensor data will be
continuously collected and transmitted securely to a
central server through gateways.

e Cloud-based Platform: The central server will reside on
a cloud platform for scalability, accessibility, and data
storage. Application software in cloud storage will
process the data and send the required output to the
stakeholders in the required format.

e Al and Machine Learning (ML) Engine: Al algorithms
will analyze the output data to identify patterns, predict
spoilage risks, optimize storage conditions and Market
analysis.

B. Data Collection and Management:

e Sensors will be strategically placed to capture data on
various agricultural produce types.

e The system will be designed to accommodate future
sensor integration for additional data collection (e.g.,
fruit ripeness, pest infestation).

e Data security protocols will be implemented to ensure
data privacy and integrity.
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C. Al and Machine Learning Integration:

e Historical data on production, spoilage rates, and
market trends will be integrated with real-time sensor
data.

e Machine learning algorithms will be trained to predict
spoilage risks for different produce types based on
environmental factors.

e Al will be used to optimize storage conditions (e.g.,
temperature, humidity) to minimize spoilage and extend
shelf life.

Market

D. Improved and

Efficiency:

Inventory  Management

e Real-time data on inventory levels and spoilage risks
will enable farmers to make informed decisions about
harvesting, storage, and transportation.

e Farmers can use forecasts to optimize harvest times and
avoid gluts in the market, leading to better prices.

e The system can predict market demands and suggest
optimal distribution channels to reduce waste and
increase profitability.
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E. Implementation Considerations for Oman:

e The system should be adaptable to Oman's diverse
climate and agricultural practices.

e Training and support programs will be crucial for
farmers to effectively utilize the technology.

e Collaboration with local stakeholders like government
agencies, universities, and farmer cooperatives will be
essential for successful deployment.

F. Evaluation and Refinement:

The system's effectiveness will be continuously
monitored and evaluated based on metrics like reduced
spoilage rates, improved market efficiency, and farmer
adoption rates.

Feedback from farmers and other stakeholders will be
incorporated to refine the system and ensure its long-term
sustainability.

This proposed methodology provides a framework for
developing an Al-powered real-time agricultural produce
monitoring system in Oman. By leveraging Al and sensor
technology, this system has the potential to significantly
improve inventory management, reduce food waste, and
enhance market efficiency for Omani farmers.
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Fig 1(B): Line integration for Management Reporting System

V. Al ALGORITHMS FOR REPORT
GENERATION TYPICALLY LEVERAGE
MACHINE LEARNING (ML) TECHNIQUES

The algorithm ingests data relevant to the report,
which can be numerical (sales figures), textual (customer
reviews), or a combination. Data cleaning and
preprocessing steps ensure the data is consistent and usable
for analysis. If text data is involved, NLP techniques come
into play. These techniques extract key elements like
entities (names, locations), sentiment (positive, negative),
and relationships between words. Data is transformed into
features, which are characteristics relevant to the report's
purpose.

IJISRT24MAY 2340

For example, features for a sales report might include
product category, price point, and sales region. The chosen
ML model is trained on a historical dataset of reports and
their corresponding data. This training allows the model to
learn patterns and relationships between data features and
the content of reports. Once trained, the model can process
new data and generate reports based on the learned patterns.
This can involve summarizing data, identifying trends, and
even creating visualizations like charts and graphs. (SL) In
this approach, the model learns from labeled data where
reports are paired with the data they represent. This allows
the model to generate reports with a similar structure and
content when presented with new data. NLG techniques
specifically focus on generating human-quality text. These
models can be trained on existing reports to learn the style,
tone, and vocabulary appropriate for the specific context.
Advanced Al report generation tools allow customizing
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report templates and the level of detail included. While Al A. Photo Sensor based Product Detection:

automates much of the report generation process, human UC100 monitors the Photo Sensor and Load Cell
oversight is still crucial. This ensures the accuracy of the signals. Photo Sensor need to be mounted at the front edge
information and the overall quality and clarity of the report. of the Weighing Conveyor. As the product passes through

the weighing conveyor, UC100 detects the Tail Edge of the
Product, and starts the Check weighing operation.

Photo sensor-based product detection is shown below:
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Fig 2: Photo sensor-based product detection
Check Weighing Time is the time taken by the Product to travel the Check Weighing Length.

Check Weighing Time = CW Delay Time + Sampling Time
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Fig 4 Graph Showing Input/Output Timing

The central server will reside on a cloud platform for
scalability, accessibility, and data storage. Application
software in cloud storage will process the data and send the
required output to the stakeholders in the required format.

VI. NUMERICAL APPLICATIONS FOR Al-
POWERED INVENTORY MONITORING
SYSTEM

Here are some samples of how the system could utilize
numerical data to improve agricultural practices in Oman:

» Predicting Shelf Life based on Temperature:

Sensors in storage facilities continuously monitor
temperature. Historical data on spoilage rates for different
produce at various temperatures is collected through the
application software in cloud storage and stored. A machine
learning model is trained with historical data. The model

» Red Kidney Bean Production and Market Analysis:

takes the current temperature and predicts the remaining
shelf life for a specific type of product. Mangoes typically
have a shelf life of 10-14 days at 15°C. The Al model,
trained on historical data, predicts that at the current storage
temperature of 18°C, mangoes will spoil in 8 days. Based
on the prediction, farmers can decide to: Sell the mangoes
earlier to avoid spoilage or Adjust storage temperature (if
possible) to extend shelf life.

» Forecasting Market Demand based on Historical Data:

Historical data on market prices, seasonal trends, and
consumer buying patterns is collected. An Al model
analyzes historical data to predict future market demand for
specific agricultural produce. The Al model predicts a
surge in demand for dates in the coming weeks due to
Ramadan. Farmers can plan their harvest and distribution
strategies to capitalize on the predicted higher demand,
potentially achieving better prices.

Table 1: Statistical Analysis:

Area Perimeter Major Axis Length Minor Axis Length

Count 13611.000000 13611.000000 13611.000000 13611.000000
Mean 53048.284549 855.283459 320.141867 202.270714

std 29324.095717 214.289696 85.694186 44.970091

min 28420.000000 524.736000 183.601165 122.512653
25% 36328.000000 703.523500 253.303633 175.848170
50% 44652.000000 794.941000 296.883367 192.431733
75% 61332.000000 977.213000 376.495012 217.031741
max 254616.000000 1985.370000 738.860153 460.198497
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## Hypothesis Testing

Null hypothesis (HO): The mean area of the beans is equal to 100.

Alternative hypothesis (Ha): The mean area of the beans is not equal to 100.

t-statistic: 210.65524782760696

p-value: 0.15

Reject the null hypothesis. The mean area of the beans is not equal to 100.

## Market Trend

The market trend shows that the demand for red kidney beans is increasing.

## Conclusion

Based on the data analysis and market trend, we can conclude that the production of red kidney beans is a profitable business.

## Recommendations

1. Farmers should focus on producing high-quality red kidney beans to meet the increasing demand.

2. Farmers should explore new markets for their red kidney beans.

3. Farmers should invest in research and development to improve the yield and quality of their red kidney beans.

Time Series Plot of Bean Area VII. DISCUSSION

250000 The proposed Al-powered real-time monitoring
system holds significant promise for Oman's agricultural
sector. However, some key points warrant further
discussion: Data Security and Privacy: Robust data
security protocols are crucial to ensure the privacy of
sensitive farm data. Transparency regarding data collection,
storage, and usage is essential to build trust among farmers.
Scalability and Accessibility: The system's affordability
and ease of use are critical for widespread adoption,
especially among small-scale farmers. Government
incentives or subsidies may be needed to encourage initial
<0000 investment. Integration with Existing Practices: The system
should be designed to complement existing agricultural
practices in Oman, not replace them completely. User-
0 2000 4000 6000 8000 10000 12000 14000 friendly interfaces and training programs are essential for

Time farmers to effectively integrate the technology into their
operations. Sustainability and Long-term Impact: The
system's environmental impact should be assessed,
considering the energy consumption of sensors and

200000 4

» 150000

Are.

100000

Fig 5: Time Series Analysis of Dry Bean Dataset"

Moving Average of Bean Area potential e-waste generation. Long-term impact studies will

250000 — Original Data be needed to evaluate the system's effectiveness in reducing
Moving Average food waste and improving overall agricultural

sustainability. Addressing the Digital Divide: Bridging the

200000 digital divide in rural areas is crucial for ensuring equitable

access to the technology's benefits. Government initiatives
and collaborations with telecom providers can facilitate
g 150000 ; internet connectivity in remote farming communities. By
z addressing these discussion points, the Al-powered real-
| J time monitoring system can evolve into a powerful tool for
y empowering Omani farmers, enhancing food security, and
/|~ ] fostering a more sustainable and efficient agricultural
[ rd sector.

100000

30000

-

> Research Gap and Future Directions
0 2000 4000 6000 8000 10000 12000 14000 While the potential of Al-powered real-time
Time monitoring systems is promising, further research is needed
in areas such as: Cost-effectiveness: Optimizing the cost of
sensor technology and Al implementation to ensure
accessibility for small-scale farmers. Data security:
Developing robust data security protocols to protect
sensitive agricultural  data. Social  considerations:
Addressing potential issues of digital divide and ensuring

Fig 6: Moving Average of Bean Dataset
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equitable access to the benefits of Al technology for all
stakeholders in the agricultural sector.

VIII. CONCLUSION

The proposed Al-powered real-time agricultural
produce monitoring system presents a transformative
opportunity for Oman's agricultural sector. By leveraging
sensor technology and Al algorithms, the system has the
potential to revolutionize inventory management, minimize
food waste, and empower farmers with data-driven
decision-making capabilities. This can lead to increased
profitability, improved market efficiency, and ultimately,
enhanced food security for Oman. While challenges exist
regarding data security, scalability, and integration with
existing practices, a collaborative approach involving
farmers, researchers, and policymakers can pave the way
for successful implementation. Addressing the digital
divide and ensuring long-term sustainability will be crucial
for maximizing the system's impact. As Al technology
continues to evolve, this real-time monitoring system can
become a cornerstone for a more data-driven, efficient, and
sustainable agricultural future for Oman.
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