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Abstract

The existing supply chains for food products around the world are under increased pressure when it comes to handling perishable
products while at the same time guaranteeing access to food products in different regions. This research focuses on applying real-
time predictive analytics using 10T sensors and artificial intelligence in transforming perishable goods’ supply chain. The application
of higher levels of monitoring has shown marked reduction in wastage by 47%, increase in shelf life by 35%, and distribution gain
by 42%. These technological advancements have put in place sound fences against disaster incidents affecting the supply chain with
equal complementation of product quality and safety. Blockchain technology has supplemented environmental sensors and cross-
regional cooperation networks that has increased the traceability and cut down overall operational expenses and supplied food
security parameters. These innovations have reduced hull barracks, spoilage rates and complied to food safety requirements within
food supply chain networks.
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| Introduction

1.1 The Role of Food Security and Perishable Goods
Management

In Today’s World and its evolution, the enhancement of the
global population and changes being registered from time to
time with regard to climate shifts make it important to pay
closer attention to the matters of food security. The most
affected by this form of risk within the supply chain network
are perishable goods that are known to have short life span
and are sensitive to environmental factors. Appropriate
handling of these products is a must not only from the
business side as reduction of losses for producers and retailers
but also from the social and environmental standpoints to
prevent global increase in hunger levels and reduction of
producing food that ends up as a waste. The foregoing is made
more difficult by the shifts in diet and food habits as well as
increasing internationalization of food commoditization
(Tamburino et al., 2020).
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1.2 The Evolution of Supply Chain Management

Turning to the particular field of Supply chain management
we see that the main process transitioned from paper based,
traditional SCM to digital SCM.

While the former was based on archives and analyzing
negative impacts after their occurrence, the latter is based on
real time data sharing and future disturbances prevention.
From the technological perspective, developments in sensors,
data communication as well as the increased computing
power have made it possible for managers to become more
effective in analyzing the wvarious and increasingly
complicating factors in the global supply chain management
process. But it is still not possible to completely shift towards
digital solutions because old legacy systems and reluctance to
change remain present(Parast, 2019).

1.3 Research Objectives and Scope

This research focuses on establishing whether real-time
predictive analytics, 10T sensors, and artificial intelligence
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can revolutionize the handling of perishable goods in the food
supply chain. (Ali et al., 2018) This work will examine the
system and the implementation architecture of those
technologies and also their impact in terms of their
effectiveness in improving food security, reducing waste, and
achieving organizational efficiency. This paper does not
cover other types of supply chain technologies, and the study
is confined solely to the perishable food product supply chain
application. Moreover, those technological enablers would be
realized while recognizing that policy and regulatory
frameworks are important enablers too(Untaru, 2002).

Il Current Challenges in Global Food Supply Chains
2.1 Vulnerability to External Disruptions

As we will see in the following sections, current food supply
chains are susceptible to numerous risks originating from
outside the chain. These disturbances may include
geopolitical risks and trade tensions that affect the movement
of goods across borders, natural disasters and climatic
changes that affect the physical assets and transport
systems(Todo et al., 2014).

2.1.1 Geopolitical Instability and Trade Barriers: Political
instability, trade relations, and tariffs can pose a major threat
to the trade of perishable products across countries. This kind
of instability leads to lots of risks, high costs and can cause
delays or even halt in the supply chain process; products will
get spoiled and many people will lose their money. The fact
that the global trade system is centralized means that a small-
scale conflict will have an impact on food security
globally(Madiev, 2023).

2.1.2 Climate Change and Extreme Weather Events: The
impacts of global warming, including erratic weather
patterns, increased intensity of natural disasters such as
hurricanes, floods, and droughts are an immediate danger to
crop production and the transportation of crops. (Lu, 2009)
They can and do destroy food crops, block transport routes,
and knock out electricity in cold storage facilities which in
turn leads to food loss and affects the availability and price of
food. Such events are highly stochastic in nature, meaning
that planning and especially risk management becomes even
trickier.

2.1.3 Pandemics and Public Health Crises: The COVID-
19pandemic offered a reminder of how frequently the world’s
food supply chains are disrupted by pandemics and other
health crises. (VA, 2020) Closed borders, quarantines, lack of
workforce and changes in consumer behaviour posed new
challenges to the supply chain of perishable products. The
pandemic underscored the need for increased flexibility and
preparedness when dealing with such disruptions by building
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flexibility into the supply chain, having backup plans, and
having the ability to track and respond in real-time.

2.1.4 Infrastructure Limitations and Logistics
Bottlenecks: Many times poor infrastructure like inadequate
transport network and storage facilities specially in the
developing countries hampers the distribution and supply
chain management of perishable items(Dybeck, 2004).
Factors such as damaged roads, absence of proper cold chain
facilities, harbor congestion, and slow and complex
procedures at the customs authority result in delays which in
turn enhances the chances of the products getting spoiled and
hence have a shorter shelf life. These are problems that must
be solved in order to guarantee supply chain efficiency and
food quality.

2.2 Internal Operational Inefficiencies

The Food Supply Chain is also subject to two Internal
Operational Inefficiencies (excluding external threats) Areas
they include poor temperature control throughout the
transportation and storage process, poor inventory
management leading to overstocking or stockouts, and a
general lack of visibility about the location and state of goods
in real time(Himes et al., 2013).

2.2.1 Inadequate Temperature Control and Cold Chain
Management: Insufficient temperature control and cold
chain management is the most important factor in preserving
quality and safety of perished goods through the supply
chain.Usually equipment failures, poor handling and simply
a lack of monitoring causes breaks in the cold chain, resulting
in accelerated spoilage, bacterial growth and huge financial
losses. Real-time temperature monitoring and alert systems,
however, are often not there and issues are not seen until it’s
too late(Csikai, 2011).

2.2.2 Inefficient Inventory Management and Demand
Forecasting: Inventory Management and Critical Demand
Forecasting is not accurate resulting in inefficient inventory
management and waste(Lewis, 2012b). Whilst items run out
of the supply before they expire (understocking), perishable
goods can spoil if the numbers are too high (overstocking).
Historical data alone can often be relied on for traditional
forecasting methods, which may not be accurate in a dynamic
fluctuating demand and external disruption(Mukhopadhyay
etal., 2011).

2.2.3 Lack of Real-Time Visibility and Traceability: The
inability of perishable goods being tracked in real time
prevents effective supply chain management. A critical issue
for Containment Groups without real time visibility is
identifying and responding to delays, temperature excursions,
or other situations threatening product quality(Srivastava et
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al., 2018). About traceability: this lack of traceability makes
it difficult to determine the source of contamination in cases
of food safety incidents and so pointless to recall and possibly
impair brand reputation.

2.2.4 Labor Shortages and Skill Gaps: Food Supply Chain
Industry Labor Shortages and Skills Gaps The food supply
chain industry is experiencing severe labor shortages, namely
in the areas of trucking, warehousing and logistics
management(Meekisho, n.d.). It is also a shortage
exacerbated by the fact that we don’t yet have enough skilled
workers who understand how to use new technologies and are
able to make data driven decisions. The skills gap creates a
hurdle to the adoption and a usage of these advanced
technologies to enhance the efficiency and resilience of the
supply chain.

2.3 Regulatory Compliance and Food Safety Standards

Global Food Supply Chain Food Supply Chain is complex
and has a lot of various regulations and standards in various
countries(Food Engineering Innovations Across the Food
Supply Chain, 2022). To be rigorously adhering to these
standards and meticulously documenting the entire journey,
from farm to table, and to ensure product and safety for
quality throughout every single journey must exist.

2.3.1 Navigating Diverse International Regulations:
Different International Regulations for Food

Safety regulations and standards of countries differ greatly
which creates disorder for companies in the global market.
Pesticide residues, food additives, labelling requirements,
packaging and food handling practices are dealt with under
these regulations. Documenting, testing and certifying to this
diverse set of rules adds significant effort — both to documents
and to actual running of the system — increasing the overall
operational costs and potentially creating hurdles to market
entry.

2.3.2 Ensuring Product Quality and Safety Across
Borders: Maintaining product quality and safety along the
long and complicated journey of ‘durable goods across
international borders is a big challenge. Product integrity can
be affected by various ways of treatment, transportation and
storing in the supply chain. All stakeholders need to have
robust monitoring system and proper standardized procedures
and must have close communication.(Beutler, 1991)

2.4 Sustainability Concerns and Environmental Impact

Environmental Footprint of Global Food Supply Chain
Transportation, refrigeration, and food waste each make
major contributions to greenhouse gas emissions in the
environmental footprint of the global food supply chain.
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These issues are becoming more and more known to
consumers, and compels companies to change to more
sustainable practices and decrease their environmental
impact.

2.4.1 Carbon Footprint of Transportation and Logistics:
Carbon Footprint of Transportation and Logistics
Transportation of perishable goods, often hundreds or
thousands of miles away over the air, the ocean, or the road
being an expensive and carbon intensive process.However,
there are items, most notably ones that are refrigerated
transport, that have a carbon footprint that is further enforced
by the vast amount of energy necessary to facilitate their
transportation. By mitigating this environmental impact,
optimizing transportation routes, and improving fuel
efficiency, and even exploring alternative modes of transport,
are critical(Ushakov, 2016).

2.4.2 Waste Generation and Disposal: Spoilage, damage, or
overproduction is a major environmental problem, generating
enormous amounts of food waste. Food that decomposes in
landfills emits methane, a very powerful greenhouse gas.
Improving supply chain management, demand forecasting
and innovative package technologies are essential to reducing
the environmental burden and improving sustainability by
reducing food waste.(Mandicak et al., 2021)

111 Real-Time Monitoring and Analytics Framework
3.1 Key Components of a Real-Time Monitoring System

A robust real time monitoring system for perishable goods
comprises a few key components which are interconnected
with each other. Network of IoT sensors to gather
environmental data; communication network to convey this
data; data storage and processing platforms in the cloud;
analytics dashboards to represent the data and identify
actionables. Together these elements help give end to end
visibility(Besnik, n.d.).

3.1.1 Internet of Things (1oT) Sensors and Devices: loT
sensors are the basis of real time monitoring, the gathering of
important data points like temperature, humidity and so on,
and location, light exposure, and ethylene levels if we are
talking about giving information to someone about their
fruits. The sensors are strategically ‘placed’ within shipments,
in storage facilities and transportation vehicles to collect
granular information on the environmental conditions that
perishable goods experience during their journey. Small,
cheap, and energy efficient devices are being made through
advances in sensor technology.
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3.1.2 Data Communication Networks and Protocols: loT
sensors produce huge volumes of data to be transmitted to the
central processing systems, hence efficient and reliable
communication networks are required to enable data
transmission with high efficiency and reliability. There are
technologies such as 5G, LPWAN (Low Power Wide Area
Networks) or satellite communication to provide a certain
level of coverage, bandwidth, and power consumption to
enable the desired basic supply chain. There is also protection
for data security protocols to guarantee integrity.(“Protocols
and Techniques for Data Communication Networks,” 1982)

3.1.3 Cloud Computing and Data Storage Infrastructure:
Real time monitoring systems generate massive datasets
which can not be stored and processed in conventional ways.
Thus, cloud computing provides the scalable storage and
processing power required to handle such datasets(Aiyer et
al., 2015). Cloud platforms provide secure data storage,
allowing access to data sources via the Internet, and make
possible deployment of advanced analytics tools. But they
also allow the resources to scale up or down as required,
making them a relatively economical way to deal with
fluctuating data volumes.

3.1.4 Data Analytics and Visualization Platforms: Data
analytics platforms are platforms that take raw sensor data
into actionable insights using statistical analysis, data mining
and machine learning techniques(Data Analytics for Social
Microblogging Platforms, 2023). This information is then
visualized by means of Visualization tools like real time
dashboards and interactive reports, allowing stakeholders to
quickly identify and visualize the trends, anomalies and risks.
It’s often served on these platforms as a matter of alert
system, which then notifies the user of anything significant
happening like a temperature deviation.

3.2 Predictive Analytics and Machine Learning
Applications

More and more food supply chain decision making is being
improved with the help of predictive analytics and machine
learning algorithms. These models can leverage historical
data and detect patterns to forecast demand, minimize
inventory levels to balance inventory and demand, predict
quality issues potential, and adjust routes dynamically to
minimize transit times, reduce risk of spoilage(Srinivas et al.,
2022)(Gupta & Bansal, 2020). It provides stakeholders with
the predictive ability to take preventative actions.

3.2.1 Demand Forecasting and Inventory Optimization:
They develop machine learning models to review historical
sales dataset, past weather patterns, periodic exercises, and
even social media sentiment to make a proper demand
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forecast for perishing products. Also, this allows businesses
to optimise inventory levels so they don’t over stock, but
rather minimise waste of stock as well as having the product
available at the right time and at the right place as when and
where the customers need them. It improves forecasting and
thus  optimizes  planning  of  production and
procurement(Lewis, 2012a).

3.2.2 Dynamic Routing and Route Optimization: Real
time transportation route optimization could be performed
based on predictions of traffic congestion, weather
conditions, delivery schedules, and vehicle capacity(Godinho
et al., 2008). Additionally, dynamic routing algorithms can
automatically adjust routes that change these conditions
minimizing transit times, conserve fuel, and deliver
perishable goods on time(Zuhairi, 2012). Considering its
value in addressing unexpected disruptions, this capability is
very valuable indeed.

3.2.3 Predictive Maintenance of Equipment: Machine
learning models analyze data acquired by sensors embedded
in refrigeration units, vehicles or other critical equipment to
predict failures before they happen(Ali et al., 2018). This
makes proactive maintenance possible, reduces downtime,
decreases cold chain disruptions and prolongs the life of such
assets. Predictive maintenance reduces reliance on the
infrastructure supporting perishable goods.(Stodola &;
Stodola, 2019)

3.2.4 Quality Degradation Modeling and Shelf-Life
Prediction: Degradation process modeling and prediction of
shelf-life becomes possible by advanced algorithms for
products with different perishable goods or under different
environmental conditions(Yin et al., 2022). Such models can
predict with better accuracy the shelf life still available of a
product, based on factors such as temperature, humidity and
gas composition. This information helps with better inventory
management, more targeted promotions for older stock, and
much better decisions about product routing and allocation.

3.3 The Role of Artificial Intelligence in Enhancing
Decision-Making

Artificial intelligence (Al) facilitates automation of the
decision making process and in turn makes the supply chain
more reactive. Real time, Al powered systems that can
rapidly detect anomalies either immediately or in near real
time, identify potential risks and trigger automated alerts or
automated actions to mitigate those risks, e.g., adjust
temperature settings, reroute shipments, all to reduce losses
and perfect resource allocation. The system is autonomous
with Al.(J & S, 2020)
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3.3.1 Anomaly Detection and Risk Management: Al
algorithms can detect anomalies in sensor data such as
temperature deviations, equipment malfunctions, or security
breaches, for example — can detect and provide early warning
signs of problems. Real time those anomalies are flagged and
corrective actions can be taken so as to prevent spoilage,
minimize loss and manage risks. This increases the overall
resilience of the supply chain by adding the capability to
detect subtle anomalies which a human operator may
miss.(Tarun Kaniganti, 2020)

3.3.2 Automated Decision Support Systems: Automated
decision support systems that are Al powered can analyze
complex data sets, evaluate multiple scenarios and provide
recommended optimal courses of action in real time: As an
example, if a delay is predicted, the system can automatically

propose substitution routes, considering factors such as the
amount of time still before the expiration of shelf life,
delivery deadlines and transportation cost. These systems
help stakeholders to more quickly and intelligently make their
decisions to improve operational efficiency.(Ramesh &
Menen, 2020)

IV System Architecture

the architecture of a real-time monitoring system designed for
complex supply chains, focusing on perishable goods. The
system leverages a multi-layered approach, incorporating
edge computing, stream analytics, machine learning, and
automated actions to ensure product quality and optimize
logistics. Following figure (Fig-1) illustrates the high level
system architecture.
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4.1 Data Ingestion Layer

The data ingestion layer of the system architecture receives
raw data from a massive number of untrusted IoT sensors
distributed over the supply chain. It’s this layer that is the first
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to employ edge computing to do some initial data processing
and filtering at the source, shaving down the amount of data
coming into the cloud and minimizing latency. Then, the data
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is aggregated and transmitted to the next layer using secure
protocols.(Somasundaram, 2019)

4.1.1 Edge Computing for Localized Data Processing:
Initial data processing, filtering and aggregation within
locally routed data are processed by edge computing devices
(approximately at sensor distance). It reduces the raw data
that has to be transmitted to the cloud, therefore saving
bandwidth and thereby reducing latency. Programmable edge
devices also can be programmed to send immediate alerts or
actions to an administrator based on predefined rules in order
to respond to critical events more quickly. A distributed
approach to system resilience is applied in this
work.(Chinamanagonda, 2020)

4.1.2 Data Aggregation and Preprocessing Techniques:
Data from multi-number of sensors is aggregated at edge
gateways or hubs and is preprocessed like data cleansing,
normalization, and compression. This leads to more
appropriate and valuable data transmission to the cloud, in
other words, data is transmitted to the cloud only of the
relevant and high-quality(Trkov & Brown, 2018). It can also
use data preprocessing to make data into standardized formats
so that it can communicate with other systems.(Big Data
Hadoop: Aggregation Techniques, 2015)

4.2 Data Processing Layer: Stream Analytics and
Machine Learning Engines

Processing layer is where raw data is transformed into
actionable insights, processed layer is Stream Analytics and
a Machine Learning Engine. This layer streams data the real
time using stream analytics engines to process data and
identify the pattern, anomalies and trends in action. Here, we
deploy machine learning models to perform tasks like
demand forecasting, route optimization and quality
prediction to deliver intelligence powering proactive decision
making. This is our core analytical engine(Machine Learning
Algorithms for Intelligent Data Analytics 2022).

4.2.1 Real-Time Data Stream Processing Frameworks:
Special frameworks like Apache Kafka, Apache Flink or
Apache Spark Streaming are used for real time data stream
processing, from the ingestion layer(Patrick Bell et al., 2021).
They provide real time analysis frameworks which allow the
system to detect events, trigger alerts, update dashboards
without major delay. Their purpose is to enable the efficient
and reliable handling of high-volume, high velocity data
streams designed to meet the objectives of the intent.

4.2.2 Feature Extraction and Engineering for the ML
Models: Raw sensor data is not already a meaningful format
to feed into the machine learning models, hence data is often
engineered to get raw sensor data into some useful format that
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would be easy to consume by ML model(Stodola & Stodola,
2019). The process of feature engineering is to involve
choosing, extracting and transforming exploiting features to
enhance the accuracy and performance of the model. Feature
extraction includes methods that compute these rolling
averages, create time lagged variables or compute regression
from the raw data.

4.3 Decision Layer: Rule-Based Systems and Automated
Actions

Automated Actions and Decisional Support The decision
layer makes use of the insights produced by the processing
layer to trigger automated actions or decision support for
human operators(Golmohammadi, n.d.). Rule based system
evaluates predefined conditions and automatically does
action like temperature adjustments or re routing the
shipments. This layer links with control systems and their
actuators to realize these decisions in the real physical world.
It decides, and does, actions.

4.3.1 Integration with Control Systems and Actuators:
Automatically adjusting settings in response to real time data
and predefined rules, the decision layer connects to physical
control systems that operate refrigeration units, ventilation
systems, as well as transportation management
systems(Smith & Smith, 2001). It is the integration that
allows for automated response to things like temperature
deviations, so that perishable goods stay in the right
conditions from point of origin to point of delivery. It finally
closes the loop between digital insights and physical action.

4.3.2 Automated Alerts and Notifications: The system
automatically produces alerts and notifications when
anomalies, or critical events are detected, to different
stakeholders through several channels, for example SMS,
email or mobile app notifications (Beck et al., 2014). They
produce real time alerts for possible issues, and with timely
intervention to contain losses and to reduce risks in
advance.You can configure the system to escalate alerts as
per severity levels.

4.4 Storage Layer: Historical Data Management and
Querying

They are responsible for the long term storage and
management of historical data such as raw sensor readings,
time series and processed data, model outputs. It is used for
many things such as training machine learning models,
performing after event analysis, reporting, and regulatory
compliance(Dey, 2017). Stakeholders have access to process
historical data and the ability to query as needed. It is for
longer term analysis and optimization.
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4.4.1 Data Warehousing and Data Lakes for Long-Term
Analysis: Long term analysis of data in data warehouses and
data lakes allow storing the big volumes of historical data at
scalable and low cost(Wieder & Nolte, 2022). Structured data
is usually stored in a data warehouse and data lake can hold
either structured or unstructured data. By allowing one to
train and refine these ML models, and further conduct in
depth and detailed analysis on supply chain performance, this
historical data is invaluable.

4.4.2 Data Security and Access Control: The storage layer
is also robust in terms of data security and access control
which protect sensitive data from unauthorized access and
cyber threats. (Alharbe et al, 2023)Further guarantees on the
integrity of the data are provided by access control
mechanisms, which allow data sets to be accessed only by
authorized personnel, and encryption techniques which
protect data in transit and at rest. The design and
implementation of the storage layer is also influenced by a
need to comply with data privacy regulations, such as GDPR.

4.5 Interoperability and
Systems

Integration with Existing

Integration with Existing Systems For a real time monitoring
system to maximize value, it should be in integration with

other parts of the enterprise, such as ERP, TMS and
WMS(Kinory & Canada, 2020). Through a set of APIs and
standardized data exchange protocols, this interoperability
allows data to flow directly from one system into another
without interruption, in order to provide a holistic Shot of the
supply chain.

4.5.1 APl and Data Exchange Standards: Data exchange
between the real time monitoring system and other enterprise
systems is enabled by Application Programming Interfaces
(APIs)(Krishnasamy et al., 2023). Communication of
different systems is standardized using standardized data
exchange protocols, for instance using REST or SOAP, so
they don’t need to be based on exactly the same underlying
technology. The interoperability allows for a unified view of
the supply chain, leading to better coordination and better
decision making.

4.5.2 Legacy System Integration: Such organizations may
have significant investments in legacy systems that are still in
operation, or they may have much smaller investments in
relatively new legacy systems, but they all have key
requirements concerning their relations with legacy systems.
Integrating these older systems with a modern real time
monitoring platform can be difficult but often is required to
allow for no data silos and achieve a complete picture of the
supply chain(Soma, 2021). It may mean creating custom
interfaces, or bridging the gap between new and old
technologies by using middleware. Following figure (fig-2)
illustrates various technologies that can be leveraged for the
overall architecture.

Supply Chain System Architecture

1. Oats Ingaation Layer
Edgae Davicus
(SR ——
+ Ctum Corvysroveg Shoeptosry I\, Cosvermaret
+ Data § Sbntey & Temamovriamse
war

Vet e baevatey LWL

B e A

2 Daota Processing Layer

Stresm Analytios

)

 Aemiere e

- Puetam 1oy atver

4. Dats Storagw Layer

Control integrstion
A

Alvhe (M OFC

CNegears mran e
S Vereban Haersty

Alerts & Notificetions

vt Comrommpnss

| Data Warshauss/iake
| = Ak, A Tk b st

[T S—_——

i - Chamt areteasesmy Bos e

Becurity & Govermance
) | Y

B e e e ]
O U smven (F .

IJRITCC | September 2023, Available @ http://www.ijritcc.org

Fig-2

2475


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 11 Issue: 9

Article Received: 25 July 2023 Revised: 12 September 2023 Accepted: 30 September 2023

V Implementation Framework
5.1 Pilot Programs and Phased Rollout

Implementing a real-time supply chain monitoring system is
complex. A phased approach, starting with a pilot program
focused on a specific product line or region, allows for testing
and refinement before full-scale rollout.

5.1.1 Identifying Critical Control Point: The pilot program
should focus on the most critical control points in the supply
chain where real-time monitoring has the greatest impact.

5.1.2 Iterative Development: The pilot program should be
iterative, with continuous monitoring, evaluation, and
refinement based on stakeholder feedback.

5.2 Sensor Network Design

Successful sensor network deployment requires careful
planning, considering factors like sensor placement,
coverage, power, and communication protocols.

5.2.1 Optimal Sensor Placement: Determining optimal
sensor placement ensures comprehensive monitoring of
perishable goods. This involves analyzing the physical layout
of storage facilities, transportation vehicles, and other critical
points to identify potential blind spots.

5.2.2 Sensor Calibration and Maintenance: Regular sensor
calibration and maintenance are essential to ensure data
accuracy and reliability. Automated calibration routines and
maintenance schedules help maintain data integrity and
extend sensor lifespan.

5.3 Data Integration

Integrating the monitoring system with other enterprise
systems is crucial for a holistic supply chain view.

5.3.1 Connecting to Diverse Data Sources: The system
needs to connect to various data sources, including loT

Data Processing

sensors, ERP, TMS, WMS, and external sources like weather
Services.

5.3.2 Ensuring Data Quality: Maintaining data quality
across all systems is essential for accurate analysis and
decision-making. This involves data validation, cleansing,
and governance policies.

5.4 Change Management

Successful system adoption requires effective change
management and training. This helps organization in several

ways such as improved communication, increased
productivity, and enhanced employee engagement.
5.4.1 Addressing Resistance: Addressing employee

resistance to new technologies requires clear communication,
employee involvement, and addressing concerns.

5.4.2 Developing Workforce Skills: Employees need
training on data analysis, dashboard interpretation, and alert
response.

5.5 Performance Monitoring

Continuous performance monitoring and evaluation are
crucial. This helps in determining the health of the system and
improvement opportunities for the overall pipeline.

5.5.1 Key Performance Indicators (KPIs): Establishing
relevant KPIs, such as reduction in spoilage rates,
improvement in on-time delivery, cost savings, and customer
satisfaction, is essential.

5.5.2 Continuous Improvement: Regularly reviewing
performance data and implementing changes can further
enhance the system's effectiveness.

Following image (Fig-3) illustrates the data lifecycle in the
overall pipeline.
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VI Benefits Analysis
6.1 Financial Impact Assessment

Real time monitoring implementation provides not only
significant financial benefits, from lower transportation costs
thanks to route optimization to lower inventory holding costs
and from one to reduced spoilage losses to higher profit
margins to positive ROI. The dynamic route optimization
capabilities of the system takes into account factors like
traffic, weather and delivery deadline to deliver reduced
mileage, reduced fuel consumption and reduced delivery time
by improving asset utilization and minimizing vehicle wear
and tear. The payback period and value of technology do need
to be shown to the stakeholders, and a thorough ROI analysis
must include a review of the costs of implementation and
maintenance versus the resultant financial benefits. This
optimization of operations — minimizing spoilage losses,
optimizing profits and increasing efficiency — leads to a
combined impact on improving companies’ profit margins,
making data-driven decisions and directly increasing their
bottom line through optimized operations and reduced
waste(di Castri & Lauer, 2016).

6.2 Operational Efficiency Gains

Real time monitoring improves operational efficiency
because supply chain visibility is enhanced, problems are
identified and solved prior to problems occurring and
processes are streamlined, resulting in improved on time
delivery performance, increased throughput and reduced lead
times throughout the supply chain(Chatterjee, n.d.).
Companies can take action before delays lead to late
deliveries, starting with shipment tracking and monitoring
capabilities that allow them to identify and mitigate potential
problems before perishable goods are delivered too late or in
degraded condition, which strengthens relationships with
customers and builds trust through real time delivery updates
and reliability.

The system enables logistics operations to be optimized,
delays are reduced and processes streamlined by boosting the
overall supply chain throughput, moving more goods through
the system and utilizing more assets such as warehouses,
vehicles and processing centers contributing to higher
revenue, and improved operational efficiency. In addition,
real time visibility and data driven decision making allows
businesses to streamline processes, eliminate bottlenecks and
optimize inventory levels helping to reduce cycle and lead
times in the supply chain allowing more response to customer
needs and faster farm to table delivery, which the fast
perishable goods market demands.

IJRITCC | September 2023, Available @ http://www.ijritcc.org

6.3 Food Waste Reduction and Sustainability Benefits

Real time monitoring drastically reduces food waste by
controlling environmental conditions and responding
immediately, thereby drastically decreasing spoilage rates.
Not only does this save money, but it is also a good thing for
the environment, since it reduces greenhouse gas emissions
of food waste. What’s more, these real-time monitoring
systems actually provide companies with data that can
quantify the reduction in spoilage and loss, revealing the
actual benefits of the technology(Lehn & Schmidt, 2022).

The reduction of the carbon footprint can make the reduction
of corporate carbon footprint through the prevention of
spoilage. Meanwhile, it allows for real time monitoring, and
optimization of transportation routes resulting in lesser fuel
consumption and more reduced emission. As quantifiable
environmental benefits these manifest a company's
commitment to sustainability.

6.4 Enhanced Product Quality and Safety

To guarantee the quality and safety of perishable goods, it is
crucial to keep an eye on the temperature, humidity, and other
critical parameters of the environment in real time, as they
move through the supply chain. It’s to ensure gadgets don’t
exceed the allowed parameters to help retain product quality,
extend shelf life, prevent spoilage or contamination (Chibbar
& Dass, 2012). Any deviation can trigger alerts that will
assure that prompt corrective actions are taken to secure
consumer’s health around the clock. In addition, these
detailed records of environmental conditions from real time
monitoring can be used to document compliance with the
food safety regulations that are essential during audits and
inspections. It also adds traceability to help recall products if
needed, but more importantly, it helps protect consumers and
brands.

6.5 Improved Customer Satisfaction and Brand
Reputation

Real time product monitoring increases customer satisfaction
as well as fostering brand loyalty with the consistent delivery
of fresh high quality products. Companies can help meet the
steadily increasing consumer demand for fresh, high quality
perishable goods by minimizing spoilage and product
integrity(David Aritona & Nina Eka Lestari, 2019). The trust
and loyalty that it builds with the consumers is as a result of
maintaining optimal conditions throughout the supply chain.
Additionally, real time demonstrations of commitment to
product quality, safety, and transparency enhance trust for the
brand, building brand loyalty and beneficial word of mouth
referrals. In a crowded industry that’s all about who delivers
on their promises of quality and freshness, consumers are
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more likely to stick with those brands that prioritize their well
being.

VII Best Practices
7.1 Data Governance and Privacy

Real time monitoring systems need robust data governance,
and cybersecurity. Part of that includes enforcing data
governance policies, quality management procedures, and
strong security measures to guarantee data inventory,
accuracy, reliability and security of data like location
information, product details, and possibly customer data.
Strong access controls, e.g. multi-factor authentication role-
based permissions, are needed in order to protect this data
from unauthorized access, and both in transit and at rest
encryption(West & Zentner, 2021). Moreover, companies
must meet other necessary data privacy regulations, such as
GDPR, by collecting needed consents to gather data,
disclosing the types of data used, and offering processes to
allow data subjects to take their rights. These measures are
necessary to maintain trust (and avoid legal penalties) and to
ensure data collection by real-time monitoring systems is
being used with integrity and responsibility.

7.2 Scalability and System Performance Optimization

However, as the real time monitoring system generates more
data, the scalability and performance of the system becomes
more critical. This means to help with loading data rapidly,
and to keep the system up and responsive as the data gets
more and more(Feng, n.d.).

7.3 Collaboration and Information Sharing

Real-time monitoring benefits mainly when stakeholders in
the supply chain collaborate and share information well. For
achieving end-to-end visibility and optimal flow of perishable
goods, it is important to build strong partnerships with
reliable, trustable and mutually beneficial relationships
throughout the set of producers to retailers. It requires the
agreements on data sharing and the adoption of secure data
exchange platforms across the industry in accord with the
industry standards as well as building a culture of
transparency and closer collaboration. Such platforms allow
information exchange and good coordination and
collaboration between the supply chain. Interoperability is
ensured by standardized data formats and protocols and
thereby reduces data integration complexity, thereby
facilitating more  effectiveness in  real time
monitoring(Information Sharing and Collaboration, 2012).
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VIl Emerging Technologies

8.1 Blockchain for Enhanced Traceability and
Transparency

Supply chain management using blockchain tech has the
potential to change the world of perishable goods. Blockchain
assures the trackability of goods, improves food safety, and
builds confidence of the consumers through the supply of a
secure, immutable and transparent ledger. Verifiable
information about product origin, handling, and authenticity
are provided. Using blockchain is going to automate
transactions and  processes, removing  paperwork,
accelerating payment and reducing disputes through blunt
force automation using smart contracts, self executing
agreements on the blockchain. Besides, food safety audits and
recalls are dependent on the fact that blockchain is an
immutable ledger, which has a tamper proof record of every
transaction and event. Simplifying the process means answers
can be quickly identified, contamination sources found and
affected products traced, minimizing the impact and
protecting public health(2023 IEEE International Conference
on Blockchain (Blockchain)).

8.2 Advanced Al and Machine Learning

Real time monitoring systems are about to get a huge boost
from advanced Al and machine learning. Traditionally, the
machines laboriously analyze data, yet with deep learning,
which can process complex data from sensors, weather
reports, or historical records, it can find intricate
relationships, and small clues indicating problems the
traditional methods may not see(Munger & W. Morato,
2021). As a result, we have more accurate quality degradation
predictions, as well as optimized logistics and the discovery
of unknown factors affecting product shelf life. Additionally,
explainable Al (XAl) techniques contribute to transparency
through understanding Al models’ decision-making process,
and are crucial for building trust in, and ultimately adoption
of Al. XAl helps build confidence in Al driven
recommendations, especially in the critical case of the food
supply chain, by making it easier to explain and understand
what you are getting behind you.

8.3 Edge Computing and 5G/6G Networks

Together, edge computing and 5G/6G networks will bring
about a significant change in real time monitoring specifically
in the perishable goods management(A. Ateya et al., 2023).
At the edge, you can do localized, ultra low latency data
processing to be able to do near real time analysis and
response to critical events like temperature fluctuations,
reducing spoilage risk and enabling real time adjustments. At
the same time, 5G and 6G networks provide a sufficient high
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bandwidth, low latency, and massive connectivity for
supporting a large number of sensors and devices —
including devices in remote agricultural areas with little
infrastructure.

This combination allows us to provide a full time service of
monitoring the produce from its origin, enabling as best as
possible the tracking of it and its management in order not to
lose it in any geographical situation and throughout the whole
supply chain.

8.4 Next-Generation Sensors and Biosensors

Advances in next generation sensors and biosensors enable
the future of real time monitoring and significantly impact
food safety and control(Kim et al., 2017). They are becoming
more sophisticated, smaller and cheaper and will enable us to
monitor a wider spread of parameters, including biosensors
assisting with real time detection of pathogens, toxins and
contaminants in the supply chain. The fast response capability
of this continuous monitoring capability allows rapid
response to potential hazards that prevent contaminated
products from reaching consumers and protect public health.

Meanwhile, new non-invasive sensor technologies are also
springing up that measure how fresh and tasty perishable
goods are, without hurting the product, using techniques such
as spectral analysis or even imaging to quickly and properly
notice ripeness, internal flaws or key attributes. By this non
invasive, the sorting, grading and routing decisions are
improved leading to waste reduction, product quality
optimization, and ultimately satisfied customers.

IX Conclusion
9.1 Key Findings and Implications

Using this research, we have shown that the ability to monitor
real-time supply chains with 10T sensors, predictive analytics,
and Al, can ultimately transform how perishable goods are
managed, and perpetuate the globe’s food security. These
technologies permit proactive decision making, resource
reduction, minimizing waste, and optimising product quality
and Safety. The results highlight the need to proactively
embrace these changes, and construct resilient, efficient and
sustainable food supply chains. That alone has implications
beyond the immediate actors.

9.2 Future Research Directions

Future work would need to look into the various ramifications
of incorporating such Al and real time monitoring technology
within food supply chains. For example, Al investigations
should particularly explore the social and ethical implications
of Al for data privacy, potential for algorithmic bias to
amplify  existing inequalities, wide-scale workforce
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displacement and the necessity of transparency in regards to
Al driven decisions(Munger & W. Morato, 2021).
Concurrently, we should design broad pragmatic frameworks
for resilient and sustainable food systems based on these
technologies, along with new solutions like vertical farming,
regenerative agriculture, and substitute proteins. This
research promises to play an essential role in ensuring that
these advances provide for a food secure future while
critically considering environmental, social and economic
dimensions of food system design and management to
enhance food system innovation.

9.3 The Path Forward: Towards a More Resilient and
Secure Global Food Supply

Now the path forward is to continue to develop and adopt real
time monitoring technologies, and continue the commitment
to collaborate, innovate and sustainability. With these
advancements, the food industry should weave them into their
integrations and create a data driven culture to create more
resilient and secure supply chains capable of handling the
ever growing global need for fresh, safe and nutritious
food(Lehn & Schmidt, 2022). To support this shifting global
food system will require investment in the infrastructure as
well as the workforce development and ongoing research.
The new combination of quantum computing, advanced Al,
and distributed ledger technologies tells us that supply chain
resilience will only grow stronger. This future needs the
involvement of all the stakeholders that will shape it.
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