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The Evolution of Asset Tracking: From Barcode to loT

Introduction

Over time, asset tracking has undergone a significant transformation, going from simple,
conventional identification frameworks to intricate, loT-enabled arrangements that offer never-
before-seen degrees of administration and permeability. This evolution is driven by the need for
advanced expertise, accuracy, and real-time knowledge in the management of lucrative resources
across enterprises.

Projections indicate hatin 2023, the Internet of Things (loT)-generated projects will be valued at
USD 394.0 billion, with a compound annual growth rate (CAGR) of 23.2 between 2024 and 2030. This
breakthrough demonstrates how IoT arrangements are being used more and more to advance
operational adequacy, enhance supply chains, and reduce risks associated with resource
management.

The resource following innovation is examined in this whitepaper, with a focus on significant
changes from standardized tag frameworks to RFID and, eventually, the Web of Things. We
demonstrate how loT has transformed resource management by offering increased proficiency,
operational knowledge, and a reduction in investment costs across a range of segments, using data
from the most recent studies and industry statistics.

The Emergence of Barcode Technology

The implementation of standardized barcodes represents a significant advancement in the areas of
resource verification, supply chain optimization, operational efficiency, and inventory management
for projects. In the 1970s, barcodes were first introduced as a standard method of using printed
designs of parallel lines to identify objects intriguingly.



History and Evolution

Retailers' demand for automated checkout systems gave rise to the idea of barcodes. The Universal
Product Code (UPC), the first standardized tag to be commercially successful, was first applied to a
pack of Wrigley’s chewing gum in 1974. This event verified that stock control began in the present day.
Barcodes gained traction in a variety of industries, including aviation, manufacturing, healthcare, and
coordination, after being widely used in retail at first.

Benefits of Barcode Technology

For asset tracking, barcode technology provides several important advantages:

w Accuracy and Efficiency : Barcodes speed up data capture, minimize errors in
human data entry, lower operating expenses, and increase accuracy.

ﬂg| Inventory management : provides instantaneous insight into stock levels,
allowing for prompt restocking and reducing stockouts.

@ Traceability: Because every asset has a unique identification, it can be precisely
tracked at every stage of its existence.

@5@ Cost-effective: Barcodes are inexpensive to install and require little employee
training.

K Integration: Facilitates smooth data sharing between departments by integrating
850 with current software and systems with ease.
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Applications in Different Industries

Barcode technology is used in many different industries.

Retail: Promotes automated estimating, inventory control, and prompt and accurate checkout.

Manufacturing: work-in-progress, finished goods, and raw materials are followed to expedite
generation techniques.

Logistics and Distribution: Enhances picking precision, expedites shipment tracking, and
simplifies stockroom procedures.

Healthcare: Advances medication administration, monitors confidential information, and
oversees medical supplies.

Asset Management: Monitors equipment, devices, and gear to minimize losses and
optimize resource consumption.

Latest Statistics and Trends

Over time, asset tracking has undergone a significant transformation, going from simple,
conventional identification frameworks to intricate, loT-enabled arrangements that offer never-
before-seen degrees of administration and permeability. This evolution is driven by the need for
advanced expertise, accuracy, and real-time knowledge in the management of lucrative resources
across enterprises.

Future Outlook

Standardized identification is still widely used, but because of its limitations—including the need for
line-of-sight filtering and its vulnerability to physical harm—analysts are now investigating more
sophisticated alternatives, like RFID and the Web of Things. But because of their affordability,
practicality, and convenience of use, barcodes continue to be an essential asset monitoring tool.

Hence, the development of current resource checking has been greatly aided by standardized tag
innovation, which provides projects with a reliable and efficient means of monitoring and managing
their precious resources. Barcodes are still a crucial part of resource management frameworks
because they provide a foundation for better supply chain visibility and efficient operations, evenin
the face of increasingly advanced technological innovations.
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Limitations of Barcode Systems

Barcode systems have certain drawbacks, even though they are widely used. They were inefficient
in large-scale operations since they needed to be scanned in line of sight. Furthermore, the
imprecise nature of human filtering techniques meant that the asset information was inaccurate.
Even in our fast-paced, globally connected world, standardized barcode frameworks continue to
be progressive, but they suffer from a few problems that limit their use.

Line-of-Sight Scanning Requirements: Traditional standardized barcode frameworks
are difficult to use when filtering items in large quantities or crowded areas because they need a
coordinated line of sight between the standardized barcode and the scanner. The process is
drawn out, and the likelihood of errors increases due to this restriction.

Limited Data Capacity: The maximum amount of data that may be stored in a barcode is
typically a string of alphanumeric characters. This means that fewer pieces of information can
be associated with each asset, which reduces the amount of data that can be monitored and
thoroughly examined.

Subject to Wear and Damage: Standardized barcode labels tend to deteriorate and wear
off, especially in areas that are frequently scraped, like stockrooms or open-air spaces. This
leads to imprecise data gathering and requires regular label changes.

Advancements in RFID Technology

Enhancements in Radio Recurrence Recognizable Proof (RFID) technology have produced notable
advantages for various industries. Initially designed as an improvement over conventional
standardized tag frameworks, RFID has evolved into a more advanced framework with additional
features that significantly improve resource management and administration efficiency, security, and
real-time

Enhanced Performance and Range

More read ranges and faster data transfer rates are just two of the enhanced performance features
of contemporary RFID systems. This improvement transforms supply chain and logistics processes by
facilitating easy asset tracking across expansive facilities or outside settings.

According to research about future studies, the global RFID showcase is expected to grow at a
compound annual growth rate (CAGR) of more than 111% between 2023 and 2032, indicating a high
need for sophisticated RFID solutions.
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Miniaturization and Integration

The push to reduce has led to the development of ever-tinier RFID names, which will be integrated
into a broad range of products, including clothing, devices, and medical equipment. Resource
following is made cautious and easy with this integration, without sacrificing usability or plan.
Additionally essential for preventing fraud in a variety of industries, miniature RFID labels stop
goods from being incorrectly duplicated and distributed without permission.

loT Integration

Untapped opportunities for robotization and
resource management have been created by the
convergence of RFID innovation and the Internet of
Things (loT). By connecting RFID-enabled resources
to the Internet of Things stages, organizations can
obtain real-time information about resource areas,
conditions, and utilization designs.

This network increases worker efficiency, maximizes
inventory control, and supports proactive
maintenance.

According to a study, the global loT in the RFID market is expected to grow from USD 15.8 billion in
2023 to USD 40.9 billion by 2032, demonstrating the growing convergence of these developments.

Industry-Specific Applications

Applications for RFID technology are numerous and span several industries.

Retail and Inventory Management: By using RFID, retailers may improve customer shopping
experiences, decrease stockouts, and automate inventory tracking. Using RFID technology,
retailers may increase stock accuracy by up to 95%.

Healthcare and Medical Asset Tracking: RFID is used by hospitals to better track patient
information, manage medical equipment, and ensure patient safety. RFID-enabled resource
tracking reduces operating expenses and optimizes asset use.

Supply chain and logistics: RFID boosts supply chain administration by providing real-time
delivery exposure, improving path preparation as well as defending against item loss or burglary. It
is expected that throughout the following couple of years, supply chain administration will certainly
make use of RFID far more often.


https://2652138.fs1.hubspotusercontent-na1.net/hubfs/2652138/Retail%20Whitepaper/Mojix%20Retail%20White%20Paper_V5_6-5-17.pdf
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Benefits of Advanced RFID Technology

The advancements in RFID technology offer compelling benefits to businesses:

Increased Asset Visibility: The supply chain becomes more observable and less wasteful
in its operations by tracking and monitoring its resources in real-time.

Improved Data Accuracy: As fewer human errors occur in the manual information segment,
RFID ensures accurate and trustworthy resource data.

Cost Savings: Processes for asset management can save money overall by using them more
efficiently and paying less for labor.

Enhanced Security: RFID technology guarantees resources against tampering or illegal
access by enabling secure confirmation and anti-counterfeiting measures.

Transition to loT-Based Asset Tracking ' .

The decision to substitute traditional resource-following
techniques with Internet of Things-based arrangements

indicates a shift in the way businesses maintain and

manage their resources. The Internet of Things (IoT) has @
revolutionized resource sharing by providing real-time

data, enhanced permeability, and proactive assistance

features.
L
Current Landscape |

Expect a rapid surge in the exhibition of Internet of Things (IoT) assets from 2021 to 2026,
projecting an impressive compound annual growth rate (CAGR) of 16.7%. By 2026, envision the
market expanding from USD 300.3 billion to USD 650.5 billion, marking a significant leap in its
valuation.

The reason for this exponential surge is the necessity for efficient supply chain management,
streamlined operations, and increased resource utilization across several organizations.

Applications in Various Industries

Manufacturing: Through the monitoring of equipment performance, prompt maintenance, and
reduction of downtime, loT-based asset tracking optimizes production operations. For example,
machinery that has sensors incorporated into it can identify irregularities and send out
maintenance notifications before problems arise.
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Logistics and Transportation: By giving precise shipment and vehicle position data, oT-
enabled asset tracking improves supply chain visibility in the logistics industry. This makes it
possible to plan routes effectively, deliver goods on schedule, and increase client satisfaction.

Healthcare: loT-based resource tracking is crucial in healthcare offices since it ensures the
development of quiet security, verifies administrative compliance, and inspects restorative
hardware. Clinics may monitor the location and use of necessary equipment, which reduces
expenses and increases productivity.

Retail: Retailers utilize IoT-based resource management to optimize rack stocking, minimize
burglary, and oversee stock productively. Real-time stock upgrades are made conceivable by loT
sensors and RFID labels, which brings down the probability of stockouts and overstocks.

Case Study: Mongrov’s IoT Asset Tracking Solution

With its all-inclusive IoT asset tracking platform, Mongrov enables companies to optimize asset
use and streamline operations. To give decision-makers useful information, their system makes
use of cutting-edge sensors, cloud-based analytics, and configurable dashboards.

loT and Asset Tracking Use Cases

The present era of productivity, cost-effectiveness, and simplicity for many enterprises has
been brought about by the combination of asset tracking and Internet of Things (loT)
innovation. Businesses may obtain real-time information about the location, state, and usage of
their resources with loT-enabled systems, which will improve operations and accelerate
decision-making.

Let us examine a few intriguing loT asset-tracking application cases:

Manufacturing Industry

Intelligent technology (loT) is like having a secret weapon in the industrial industry. The key to
maintaining smooth and effective operations is to use devices and sensors. Just picture the
time and money that could be saved if technology could predict when it will malfunction,
averting expensive repairs. Additionally, by allowing these ingenious devices to utilize resources
even more efficiently, businesses can save trillions of dollars by 2030. It is similar to turningon a
cash cow!

Supply Chain Management and Logistics

The simplicity and end-to-end permeability of IoT have transformed supply chain management
and coordination. In shipments and capacity offices, sensors that track temperature, stickiness,
and goods development in real time are recommended. This information makes stock
optimization, proactive problem understanding, and practical course planning possible. By 2026,
75% of organizations plan to invest in loT-enabled resource management to improve supply
chain efficiency and visibility.


https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/iot-value-set-to-accelerate-through-2030-where-and-how-to-capture-it
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Healthcare Sector

With loT-powered resource tracking, healthcare organizations may ensure optimal utilization of
medical equipment, assist administrative compliance, and promote continuing security. In real-
time, clinics can keep an eye on the locations and usage of vital resources like wheelchairs,
medical equipment, and medication. This reduces equipment mishaps, expedites response
times in emergency scenarios, and keeps pharmaceuticals from going out of business.
According to research, the cost of well-being aberrations is expected to rise to $1 trillion by
2040, or over USS$3,000 per person.

Fleet Management

loT-based resource following—which enables businesses to monitor vehicles plan the best
routes, and advance driver security—broadly enhances fleet management. Web of Things
devices with GPS capabilities provide real-time position data, which facilitates effective
dispatching, fuel management, and route optimization. Additionally, fleet managers can monitor
driver conduct and other vehicle performance data, such as motor health, to reduce repair costs
and enhance overall operating efficiency.

Applications of loT in Asset Tracking:

4,@ Asset Tagging: Give assets IoT-enabled tags or sensors to enable ongoing
% observation.

=2 Condition Monitoring: Track the health and performance of assets in real time to
—~> identify irregularities.

@ Geofencing: Establish virtual borders and get notifications when assets enter or leave
)  assignedregions.

&=

I ‘| Inventory Management: Automate inventory tracking and replenishment processes
FEET  using consumption data.

Benefits and associated Challenges with loT Asset Tracking

It's never been simpler to make use of loT-enabled asset monitoring because companies have to
conquer a couple of unique barriers to completely take advantage of it. To successfully adopt
and optimize loT asset monitoring solutions, it is imperative to overcome various problems,
ranging from connectivity issues to data security concerns.

Connectivity and Coverage

Maintaining a reliable network in a variety of environments is a significant barrier to |oT resource
adoption. loT devices fall under a broad category of distant inventions, each of which has
specific requirements, like Bluetooth, Wi-Fi, and cellular networks.

Inadequate coverage at underground or remote sites can cause latency problems or data gaps.
According to a poll, 32% of firms implementing loT solutions are most concerned about
connectivity problems.



An illustration of this would be a logistics company using loT asset tracking; as a result, real-time
visibility into shipments and inventory levels is impacted by variable cellular connectivity in rural
areas.

Data Accuracy and Quality

Large volumes of data are produced by loT asset tracking, but it can be difficult to guarantee
that the data is accurate and pertinent. Erroneous data can be caused by inaccurate sensor
readings, external circumstances, or device failures, which can affect operational efficiency and
decision-making.

Real-time Example: Industrial manufacturers use |oT sensors to track the functioning of their
equipment. Nevertheless, inaccurate predictive maintenance alerts and needless downtime are
caused by irregular sensor readings brought on by environmental factors.

Data Security and Privacy

Protecting loT-generated data from cyber threats and illegal access requires security. loT
devices are vulnerable to hacking, which puts operational integrity and sensitive asset data at
risk. Complying with data privacy laws like the CCPA and GDPR makes |oT asset-tracking
deployments much more challenging.

Real-time Example: Medical equipment is monitored by a healthcare practitioner via loT asset
tracking. Strong security measures are necessary to protect sensitive data, nevertheless, as
worries about patient confidentiality and data privacy surface.

Integration Complexity

There might be a lot of work involved in integrating loT asset-tracking solutions with current
processes and systems. Problems like interoperability barriers and compatibility with old
infrastructure might impede smooth integration, delaying deployment and driving up costs.

These intricacies underscore the significance of meticulous organization and tactical
implementation in surmounting hindrances and optimizing the advantages of Internet of Things-
based asset monitoring systems.
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For example, an online shop experiences delays in fulfillment and disparities in stock levels due
to difficulties integrating loT asset tracking data with its inventory management software.

Maintenance and Scalability

loT asset tracking systems must be updated frequently and
undergo preventative maintenance to remain scalable and
reliable. To maximize durability and performance, constant
knowledge updates and resource investment are necessary.

This includes handling firmware updates, fixing device issues,
and adjusting to changing technological standards.

Maintaining system efficacy and efficiency over time requires
constant attention to detail and the deployment of resources.

Example: 10T sensors are used in smart city initiatives to
monitor traffic. However, poor maintenance compromises
traffic flow optimization efforts by causing sensor faults.

Latest Statistics and Trends

A recent poll indicates that 30% of firms consider cybersecurity to be a major worry when
implementing loT, underscoring the increasing need for strong security protocols in asset
tracking systems.

It is also anticipated that the global market for IoT device management, which was valued at USD
1.88 billion in 2022 and is expected to reach USD 1.88 billion by 2030, will increase at a compound
annual growth rate (CAGR) of 34.9%. driven by the growing need in various industries for
operational efficiency and real-time visibility.

Addressing Challenges: Applications and Solutions

Notwithstanding these difficulties, creative fixes and industry best practices can assistin
overcoming loT asset monitoring roadblocks.

Edge Computing: By reducing idleness and transfer speed requirements, edge computing
advances real-time information handling and decision-making.

Blockchain Technology: By making use of blockchain technology to provide transparency
and intelligence, loT resource observation systems become more reliable and safer.

Al and Predictive Analytics: By using machine learning and Al technigues to enhance data
accuracy, preventative maintenance, and operational insights are made possible.

Collaborative Ecosystems: Encouraging interoperability and speeding up innovation in loT
asset-tracking solutions is possible through partnerships with industry consortia, standards
bodies, and technology vendors.
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https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/cybersecurity-for-the-iot-how-trust-can-unlock-value
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Evenif loT asset monitoring has revolutionary advantages, enterprises need to solve underlying
issues to fully realize its potential. Businesses may overcome challenges and realize the full

potential of loT in asset management by embracing collaborative ecosystems, utilizing emerging
technology, and adopting holistic methods.

Future Trends in loT Asset Tracking

As loT develops, resource or asset tracking should see significant advancements. Rising
patterns offer previously unheard-of levels of expertise, comprehension, and predictive control,
and they have the power to completely alter how businesses manage and monitor their
resources.

Predictive Maintenance

Predictive maintenance is one of the loT asset tracking trends that shows the greatest promise.
By using real-time data from |oT sensors integrated into these devices, organizations can
anticipate maintenance requirements for recently developed hardware and equipment
breakdowns. Planning maintenance will efficiently reduce downtime, enhance the life cycle of
medical equipment, and save on repair costs. We can reduce maintenance costs by 40% and
downtime by half with this approach.

For example, a fabrication office can monitor the status of mechanical equipment and receive
predictive maintenance alerts based on sensor data analysis by implementing loT-enabled
resource tracking. Adopting a proactive stance increases operational adequacy by making
maintenance preventative rather than reactive.

Blockchain Integration

Blockchain technology has the potential to significantly improve
asset tracking systems’ security and transparency. loT asset
monitoring systems can safely record asset transactions,
ownership history, and maintenance data by utilizing the
blockchain’s decentralized ledger. Data integrity is guaranteed by
this visible and unchangeable ledger, which also promotes
stakeholder trust.

Supply chain management is a real-world use case for blockchain in loT asset tracking. Together,
Walmart and IBM created a blockchain-based framework that tracks food items from farms to stores,
upgrading food security and advancing real-time traceability.

Edge Computing for Real-Time Processing

Real-time data processing and analytics in loT asset tracking are becoming more dependent on
edge computing. Edge computing brings down inactivity and transmission capacity needs by
putting computational assets (such as sensors) closer to the information source. Due to this,
businesses can make data-driven choices more rapidly and freely on centralized cloud servers.
https://www.techtarget.com/searchdatacenter/definition/edge-computing
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Real-time route optimization and delivery tracking in logistics are made easier by edge
computing. Delivery trucks with loT sensors and edge computing capabilities, for example, can

modify their routes in response to traffic and delivery priority, guaranteeing smooth and timely
operations.

Enhanced Security Measures

Ensuring the security of linked assets becomes critical as loT deployments grow. Robust
cybersecurity methods like enhanced encryption, biometric identification, and anomaly
detection algorithms are expected to be prominent developments in loT asset tracking in the
future. These precautions defend sensitive data and vital infrastructure from cyberattacks on
Internet of Things devices and data.

In the medical care sector for example loT-enabled property surveillance systems adhere to
rigorous safety standards to protect personal info together with fulfill lawful commitments such
as HIPAA (Health Insurance Portability together with Accountability Act).

Integration with Artificial Intelligence (Al) and Machine Learning (ML)

Al'and ML advancements have made it possible for loT possession radar to become considerably
smarter and more autonomous. Artificial intelligence (Al) systems can recognize trends,
forecast asset behavior, and optimize resource allocation by evaluating enormous amounts of
sensor data. ML models can learn from data continually, increasing the efficiency and accuracy
of asset tracking over time.

One potential use of Alin the IoT resource management space is fleet management. Fleet
managers may anticipate support requirements, advance vehicle routes, and reduce fuel
consumption by combining Al-powered predictive analytics with current, verified data.

Conclusion: Transforming Asset Management

The transition from conventional identification frameworks to Internet of Things (loT) resource
observation has fundamentally changed how businesses manage their resources. loT innovation
transcends the limitations of traditional standardized tag systems, enabling real-time
permeability, predictive experiences, and made-stride shapes. Modern loT-enabled asset
tracking systems from Mongrov, which increase productivity and promote business growth, are
at the forefront of this shift. Asset tracking offers tremendous opportunities for the global
property, automation, and information analytics industries. Proactive companies such as
Mongrov are leading the way in this direction, advocating for more intelligent and efficient asset
management.
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